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1. 	Purpose  

This study purposes to evaluate the interaction of

the productive factor and financial characteristics of 

telephone carriers. A model is developed, estimated, 

and simulated depicting the interaction of the corporate 

àecision mechanisms with regards to pricing, output, 

factor and financial requirements. Conclusions are drawn 

as to the nature of the determinants of demand and hence 

revenues, the nature of the production processes, the 

ability.of the carriers to affect the costs of their al-

ternative financing instruments, the -form of regulation, 

and finally the ability of the model to simulate the 

n;lst 

2. 	Structure 

A general theoretical model is developed of a pri-

vately owned telephone carrier whiCh maximizes profit. 

The profit maximizing utility is envisioned  as  being a 

monopolist in its product, and a competitor in its 

 labour markets. The carrier is financed by both -  debt 

and equity and has some degree of monopoly power in these 

financial capital markets. Indeed, this is one of the 

novel elements of the mode i, in the sense that the firm 

is able to influence the rate of return to debtholders 

and shareholders. Because of the imperfections in these 

markets, there is .a difference- between the average costs 

of the different methods of financing and the marginal 



costs of financing, with, of course', the marginal costs 

-being the elements which are used in determining the 

portfolio composition. There.is a . tax on  the net income 

of .the firm, with interest payments on debt being tax 

.exempt while  dividend payments are not. This fiscal 

policy influences the relative marginal  costs of debt 

and equity and so affects the leverage and capital bud- 

get decisions. Finally; in the general model the utility 

is restricted as - to the maXimilm rate of return Obtainable 

on the physical capital stock, which manifests itself . 

in the . constraint that  the market factor price of capital 

must be less than the allowed 'price  of. capital.  Having 

developed the general model one must proceed to estimate 

the various -relationships which form the structure. 

Demand functions are e-stimated for Bell Canada; 	- 

British'Columbia Telephone; the'aggregation of.Alberta 

Government Telephones, Edmonton Telephones, Saskatchewan, 

Telecommunications,  and Manitoba  Telephone System, which , 

are referred to as the pnblic companies; and finally we 

aggregate Maritime .  Telegraph and Telephone, New Brunswick 

Telephone and Newfoundland Telephone ;  whidh we refer to 

as the private companies. . For each-set of carriers, we' 

specify three types of demand equations, the linear, 

the double-log, and the  Rotterdam models for different 

revenue categories, the nost important boing total, local, 

and toll revenues. The main determinants of demand are 

the prie.  of a particular service divided by the price 

index for the req3on in, which the carrier  lias the juridic-

tion to'operate, and income divided by the price, with 

the latter two variables being geographically specific to 

the operations. 
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I. 

The production module is the section Where the . e  
relationships between output, inputs, and technologi-

cal change are estimated for Bell Canada, British 

Columbia Telephone, the private companies.and the public 

'coMpanies. We estimated Cobb-Douglas production func- 

tions and experimented with.constant and variable returns 

to  scale. In addition, two measures of technological 

change are defined, percentage of calls direct distance 

dialed, and the percentage of telephones in number five 

crossbar and electronic switching 'system. 

The financial module encompasses the estimation 

of the  determinants of the rates of return on debt, 

common equity, and preferred shares,  for. Bell Canada, 

B.C. Telephone -nd the: p ,- iv.ate 'rerrcre. 

due to the nature of ownership of the public companies 

rate of return equations, which summarize hypotheses 

concerning financial capital market structure, are rather , 

less important; and meaningless with regards to equity 

' financing. We experiment with the form of the function, 

the manner which debt and equity enter the equations, 

and we use variables representing alternative assets such 

as the long-term corporate bond rate, and the long-term 

government bond rate. 	 • 

Finally, we integrate the general  mode],  with the 

estimated equations and parameters from the demand-, 

production •and financial modules This integration is 

performed for Bell Canada, by far the most important 

telephone carrier, and simulation experiments  are  carried 

out for the period 1955-1975. These simulation experi-

ments are in two parts; one part assumes that Bell Canada 
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does not have any determining .influence on the average 

costs of its different financing instruments; the second 

segment allows for monopoly . powor (which is clearly shown 

to exist in the financial module) on the part of Bell 

to influence thèse  financial costs, 

3.. Conclusions 

3.1. The Theoretical Model 

1. The capital constraint (the 

.Market value of the balance sheet) is an impor- 

tant element in the integration of real and 

financial. decisions« 

. 2. Imperfections in. the  financial 

capital markets manifest themselves through the 

ability  of the carrier to influence its average • 

costs of financing and thus create a distinction 

- between  marginal and average costs. 

3. The determination ,of'the corpo-

-rate output supply,.labour, debt, and equity demands 

are simultaneously' determined. . 

4. The integration of the real 

and financial aspects of the firm.imply that the 

determination of  the  capital budget is equivalent . 

to the determination of the value of physical, 

capital. 

3.2 ''.1.fie Demand Module 

Bell Canada _ 

The double-log model yielded .a price elasticity of 



11 total demand equal to -1.3 and the income elasticity 

is .8. Thus Bell services can be considered a 

"normalnecessity" from which marginal revenues are 

positive. 

B.C. Telephone  

The double-log model yielded a price elasticity of 

totalflemand equal to -1,1 and an incdme elasticity 

of 1.1. Thus B.C. Telephone  services  can be consi-

dered a "normal necessity",since the income elasti-. 

city is close to unity. Here.also the marginal 

revenues are positive. 

The Public  Carriers 

The linear model yielded • an average price elasticity 

of total demand equal to -3.l and an average income 

etasficify of 	and sr 	ukeG,,, ,  services are 4-nnF1'H.2YCci 

a "normal luxury", from which marginal revenues are 

positive. 

The Private  Carriers 

The double-log estimates of the price elasticity of 

total demand is -1.4 and the income elasticity is 

1.3. So, once aqain, telephone services of thcsd 

carriers are considered a "normal luxury" by their 

customers, who at the margin 	contribute positively 

to the carriers' revenues: 

3.3 The Production Module 

Bell Canada  _ _ _ _ . 

The  Cobb-Douglas function with capital, labour, 

and raw materials as inputs and direct distance . 

dialing as the masure  of technological change, 

characterize Hell as having constant.returns to 

scale. The labour elasticity•is-.616, the capital 
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elasticity is .305  and the  materials elasticity 

is .079. 

B.C.  Telephone 

The 

 

constant  returns to scale Cobb-Douglas function - 

with capital, and labour as inputs, and B.C.'s 

direct distance dialing as the measure of technolo- 

gical change, yield a•capital elasticity of .625 

and - a labour elasticity of .375• . 

The Public  Carriers _ . . _ . . _  _  _ _ . , — 

The  carriers • are characterized by decreasing returns' 

to scale, and the two,factors Cobb-Douglas production 

relation, gives a capital elasticity of .200 and 

a labour elasticity of outpnt of .600. 

The  Private Carriers 

constant returns to scale w;.1.:11. • 

a capital elasticity of .557 and ,  a labour elasticity 

of .443. 

3.4 The Financial Module 

- : Bell Canada 
I 

The rate of-return on-debt equation was linear in .  

II 

the logs and .both the composition and the spm of debt ' 

and equity. influence•this rate. In addition, although 

the equity rate of return equation was linear, both 

the composition and the sum of debt and equity  influ -

ence the equity rate, and corporate. bonds are viewed 

as being an alternative to,helding Bell 's Shares. II 
B.C, Telephone 

IThe rate of return equations show us that B - .C. › Telephone 

exhibits some degree of monopoly power in the market 	. 



fox its common shares, in which the composition 

of debt to common eauity and the composition  of 

 preferred to common equity play the dominant role. 

On the other hand in the debt and preferred share 

markets the degree of monopoly power exertedi by 

• this carrier is insignificant. 

The Private Carriers  

These carriers do exhibit monopoly power in their 

common share mai-ket where the composition of debt 

- to common equity, and preferred to common equity, 

along with the corporate bond rate, determine Uhe: . 

rate of return on common equity. In a similiar 

fashion the private carriers exhibit some influence 

on the rate of return of their preferred shares, 

and on debt. 

3.5 The Simulation Module 

.The results of the simulations are, 

indeed very encouraging. The difference between the 

simulated and actual values for the period  ].953-

1975,  is generally around .3%, Thus, the accuracy 

by which are model reProduces the characteristicd 

of Bell Canada establisheà the - fact that we  have 

 captured•  the essence of the behavibur of a privately 

owned regulated Carrier. 

4. 	Future research 

There are avenues in our model where, 

data permitting, disaggregations will be feasible.. 

These disaggregations can occur in . the supply of the 

product, instead of total services•for example, one 
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can use local, and toll.- One-can also deal with a 

greater refinement of the different types of finan-' 

cing Instruments, along the lines of different classes 

ofdebt, and preferred shares. 

There are important forecasting and 

simulatiOn experiments that can be performed with 

this model. We envision, at least, four important 

areas in whiCh s'i.mulatiOn exercises are to be per-

formed. The first'pertains to the regulatory 

aspect What is  the • impact on production, debt, 

equity', and the inputs when the firm faces a market 

rabe of return on its physical capital rather than 

a regulated rate. Secondly, what .  are the effects 

of an exoyenecius than(je in Lhe prijdution capaLili-

ties  of  the firm, for example a change in product - 

mix or a change in factor'intensity,•such as .the • 

carrier becoming more labour-intensive. Thirdly, 

what is the .impact if the firms are subject to 

maintaining a fixed debt/equity ratio, rather than 

one which is self-determined by the decision-making 

of.the firm: Finally, what iS the effect of an 

institUtionallY fixed level Of investment while the 

debt/equity ratio is free to vary according to the 

optimal behaviour of the.firm. 
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CHAPTER. 1 

INTRODUCTION 
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The purpose of this study is to evaluate the interaction 

• of the product and factor requirements with the financial needs 

for important carriers in the telephone industry. A model is 

developed, estimated, and simulated,dePicting the interaction of 

the corporate,real and financial decision mechanisms. 

In recent years the telecommunications sector, in general, 

and the telephoneeLndustry, in particular, have been absorbing 

a significant proportion of -Canada's resources 	This phenomenon 

may create severe problems for telephone carriers' and polipy-

makers.in the future development of the industry. Thus, a sys- 

tematic analysis of financial and real needs will aid decision-

makers in the assessment of corporate performance with respect to 

to labeur, phy2ical and financial capital needs.' 

The nature of the  study necessitates that we must Simultan- 

eously investigate the determinants of revenues,  production, and 

labour hirings, along With the financial considerations. Indeed, 

(Mmand behaviour and technology are integral parts in influencing 

the size and composition of financial resources. Consequently, 

in Chapter 2, we develop a general model of regulated corporate _ 

activity - with explicit recognition of the-potentially important 

feedback mechanisms between real  and  financial cons:_derations. • 

In  this model, we can isoaate three fundamental aspects-which 

determine financÀal needs; the nature of demand, the characteristics 

of production, and the determinants of the rates of return on the 

-prjong ron 
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various financial instruments. 

The study is then - divided into three further Chapters, 

which are referred to as .the -  Demand Module., the Production Module, 

and the Financial. Module. In these 'Chapters, we isolate the 

three important parts of the general model, in order that we can 

econometrically test for the actual determinants of,demand, pro- 

duction, and  rate of  return characteristics. ' 

The general description of the sub-modules are: 

1) The determinants of the demand for telephone 

services, on a disaggregâted (such as local, 

toll, etc.),as well as aggregated levels. 

2) The dei- P1-minants of -the pr'oduntion retinns 

for telephone services, which Will deiDend on 

the firm's demands for labour and capital 

services, in light of its technological capa-

bilities. 

3) The determinants of the rates of return on debt 

and equity capital, in the context of any mono -

poly power exhibited by the particular carriers. 

These rates of return will in general depend on 

the value.' of debt and. equity, issued by any carrier 

along with variables-which measure alternative 

portfolio endeavours for the investors. 

The  last Chapter of the study  combines' the empirical 
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results of Chapters 3,4, and 5 with the general model, in order 

that we can simulate the corporate historical developments 

utilizing our'model. The simulation Chapter will focus solely 

on Bell Canada, which, by far is the most important telephone 

carrier in Canada. The simulation module consists of the esti-

mated relationships from the demand,, production, and financial 

module, as well as, the optimality conditions, which are derived 

from the general model. This system of equations is then solved 

and the appropriate values of the endogenous variables are deter-

mined. A flow chart illustrates the economic feedback mechanisms 

that occur in our model. 
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J.. ..Introduction 

In the past,.researchers have focused on the elements 

'determining the demand and production characteristics of the 

telecommUnications industry, in general, and the telephône 

industry, in particular. However, the financial and regulatory 

aspects have not been subjected to the same degree of intensive 

analysis. This state of affairs persists, although the roles of 

financing and regulation are now playing a crucial part in the 

present and (proposed) future development  of. the  industry. 

The main stumbling block to adequately understand the 

complete ramifications of the - financial structure urpon corporate 

growth, is the lack of a.model integrating_the financial decisions 

(capital budgeting and leverage) .  with the real decisions '(output 

supply and factor demands). Thus, the first purpose of this 

project is to develop a model, which permits the integration of 

the financial and regulatory setting with the product demand 

(revenue) and production relations. 

. The model, 'itself, will centre around various fundamental 

behavioural equations, which are the demand and rates of return 

(on debt and eauity) functions, a technological equation (the 

production function) and two constraints, a canital constraint 

(the market value of the balance sheet), and a regulatorv con- .  

straint. These relations are then combined into a iprofit maxi-

mi..zing  modal of corporate behaviour.
1 

7.  
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, -The•derived equations from profit maximization will be a 

simultaneous system of equations. The endogenous variables of. 

. this system will be the demand for labour, supply of debt, supply 

of equity and a variable describing the impact of regulation. We 

will observe that the form of the rate of return equations will be 

the key elements in determining -  the interdependence and feedback 

mechanisms between the real and . financial decisions. Consequently, 

in this theoretical part, we will pay particular attention to the 

rate of return specifications, in order to•delimit the nature of 

the financial and real decision-making interdependence. 

A noted feature of this model is, that we solVe for debt 

and equity, and given certain exogenous variables (such as net 

money balances); physical capital.is  then determined. In other 

words., once a firm has decided: hOw to finance it s physical capital, 

given the price of the capital stock, it has simultaneously deter- , 

mined thé quantity of physical capital. Moreover, since we can 

determine the debt:and equity policy for any time period, we can 

• than  compute  the chancie in the number of units of _debt and equity, 

• and so therefore; compute the real investment decision for the firm. 

Finally, our  mode].  -allows us to incorporate the regulatory 

environment. The impact of this environment iSnmanifested by the 

regulatory constreint and the value  of  the-"regulatory variable", 

which we simultaneously ascertain, along With the other aforementioned 

'endogenous variables.. Thus, we are able to determine the finan- • , 

cial needs of any carrier, in light of regulation and the exigency 

to be consistent with the.State.of the product and factor markets.
3 
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2 . The Model 

Let us begin our description of the general model by 

introducing the production function, which is defined by equation 

4 
(l) 

y --- F(K,L) 	 (1) 

where y is output, K is capital services, L is labour services, 'F. 

represents the technology such that the marginal products of capital 

and labour are positive.
5 

These marginal products for capital and 

DF 	DF 

	

labour respectively are -- = F
k  > 

 O.  ur 	> 0 

Demand behaviour mav be Summarized by the inverse function, 

• represented:by equation (2), 

• 
p = D(y), 	(2) 

where p is the price of the product and D is the function with 

d.P(V) = D < O. So, we are assuming that the product is a normal dv 

commodity. 

The pure profits for the firm are defined as, ,  

Tg  = py - w 9 L - wkK, 	(3) 

where uo are gross of :cages .pure profits, w is the factor,price Of 
, 

labour and wk,is  the factor price of capital. We define• the factor 

price of capital to be related to the price of capital, the depre- 



1 W = 1.  (4) [60, . 
, 	(1-ud) 

1 

1 
1 
1 

1 

+ 	P} ...l 

( 5) 

1 
1 
1 
1 

1 0. 
1 

ciation rate, the rate of return on physical-  capital, capital 

gains (or losses) and the corporate income tax rate, by the 

following formul, 

1 Where 6 is the rat tc of depreciation, r is thé - nominal rate of 

return on physical capital (which is often loosely referred to as' 

the cost of capital).,- p 	is the price of the capital stock in -kt 

period t, u'is the corporate incoma tax rate and d is the discounted . 

.value of,depreciation deductions on a unit value  (dollar value) of 

real investMent. 

In regards to the factor markets, we assume that the firm .  

1G a 	 but haS FOMe dCgrC-C.- of mono., 

poly power in the real capital market. 7 
 Consequently, the following 

equation, which combines (1) e(2)1 (3)and(4) summarizes the product 

and factor market relations, . 

D(F(K,L))F(K,L) 	w 	- 	. 

1(1-ud) 

- 	Pkt-1 11071-171T-K. ' 

The financial structure of the firm mav ,be represented by 

à set of relations, the first .o .J which 	.the  market value of the 

balance sheet, and we call this equation the capital cc,nstraint 

p,.17, 	p_S 	p S 	(6) pp 
pK 

 

1 
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1 

in.period t)  

where  I  is the exogenous net money balances, B is the number of 

bonds (long-term and short-term), S
c 

is the number of common . 

shares, S is the number of preferred shares, p h  is the price of 

debt', p
c 

is the price of common shaes, and p is the price-of 
, 	• 

preferred shares.
8 

The capital constraint reflects the fact that 

the market .value*:of:tha.corporation's assets.must . equal 

it's. liabilities. :In-addition, we are 	- 

using the capital stock in (6) and the flow of services from this 

stock in the production function. The dimension problem is over- 

come by noting that the stock-flow conversion parameter (which may 

be. the rate of capacity utilization) is assumed to be unity. 9  

The nominal rate of return on physical capital in period t 

is  4-hc--: value of  the eanital  stock in pe rrjn r-7.  ± 1 	r' 1"1 W a F2 

minus the value of the stock in t divided by this value 

in period t. Similar definitions hold for common and preferred . 

shares. The rate of re -tjirn on debt must take into account the fact 

that interest payments are tax exempt. So, the nominal rate on 

debt is defined as the value in t+1 (contracted in t) minus the 

value, net of tax, in period t divided by this value in . period  t. 

Therefore, with these definitions and utilizing the capital constraint 

We get, 

(11-r)p K = 	(l+rh (1-u)) phE + *(14-r c )pcS c  + (i+r )p S_ 	(1 -4.17m)1'1 	(7) 
P P P 

Dividing (7) by pkK, subtracting 1 from both sides and using 

equation (6) \fields, 

1 
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D -b7 	p S 	P S 
r = (1-u)rbp f P 	

- p p r 
K- 

P Pk i‘ 

where  ai]. variables are defined in period t, and we are assuming the 

rate of return on nominal money  balances  is zero. Itis important • 

to realize, that the fact. that the nominal rate of return on 

physical capital, is a weighted average . of the rates of return on 

the different -types of financial capital', arises, not from any 

ad-hoc definition of r, but rather from the correct -  procedure of 

explicitly incorporating the capital constraint. Tndeed, to 'specify 

an equation like (8) and not utilize the capital constraint in other 	11 

segments of the model, is to implicitly assume particular charac- 

•teristics with respect to the rates Of return on the financial . 

commodities. These particularities;• centre upon the rates.beincr 	• II 

fixed, or that the behaviour of the returns are such  that  the 

liability side of the capital constraint is determined independently 	11 

of the asset side. : Manifestly, .these assumptions are the antithesis - 
I 

for any meaningfully integrated financial and real decision-making 

mode].. It seem s. then that the capital constraint, along with the 	
I 

specification of the determinants of the rates of return equations, 

is - fundaMental to thé nature of the integration.  

• 
The various rates of  return for different commbdities, need 	

II 
not be 	const:-Int, since the rates are defined from the .pot and. forward 

prices. If the quantities of various coMmodities influence t 	Ihese' spot ' 

or forward prices,then the rate of return mav be a  variable. This 

II 
variable rate of return may be affected by the firm's own decisions, 

, 	 II. 	. 

(8) 
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P P . 

(9.1) 

(9.2) 

(9.3) 

rb  = B(pbB, pê c , p S rp ) 

rc  - c(pbB, Pcs c , Pr sp ) .  

= 
"lp" fre- c' 

if the variables influencing the spot and forward prices fall 

under the firmes control. If this  situation • arises, then the 

firm possesses some'degree of pricesetting power or monopoly • 

power in the capital markets. In our general model, we assume 

that the firm cannot influenCe spot prices, but only forward 

prices (for real and financial capital), and,so there,  are imper-

fections in the financial .  capital markets. These imperfections 

are reflected in the following equations,
10 

13. 

where the rates of return depend on the values of debt, commOn 

equity and preferred.equity. 	The rationale for including 

.the values of the financial instruments in equation set (9) is 

quite obvious. The rate of return equations are inverse demand - 

equations reflecting the outcome of the decisions by agents 

(individuals and firms) in their portfolio decisions, with  regard• 

-bo the equity and debt is.sued Ly  the carrier. Obviously, these , 

inverse financial demand  ouations  will be 3nfluenced bv the 

'quantities of the other commodities that these agents are simul-

taneously demanding and supplying. The exact composition of these 

other commodities will depend on the preferences and endmmien.ts 
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of the individual investors, the motivation  (Profit, maximization, 

revenue maximization, etc.)  and the  ability of the corporate 

.investors,  and the process  of  aggregation. Nevertheless, the 

,only variables that.  the  carrier can control/and thereby influence 

the nominal rates of retur%are debt'and equity: 'All other - 

variables.in the investor decisien process are exogenous to the . 

 carrier. 'This meahs that, although equation set (9) is derived 

from a complex interaction of agents (in the same way that the 

inverse product demand. is determined by a complicated mechanism), 

. from-a theoretical vantage point, because we want to focus on 

the monopolY . , power of the carrier, (9) -  includes all the relevant 

variables. HoweVer, for the empiricalimplementation, - estimation 

and simulation, various forms of these exogenous variables must 

be accuunLeLl for in the raLe. of retUrn uquution:;j. 

Equations of similar, but less general, form can be found in 

the literature. It is often expressed,,that the•rates of return, 

depend -on the debt-equity ratio. Let us assume:that common and 

'preferred equity have an additive impact on the rates .of retUrn, 

so that only the total value of equity and the value of debt are in" 

the domain of the rates. 'Next, assume that the rates of return 

are homogeneous of degree zero in debt, and equity, which means 

that proportional changes in the composition Of the firm's port- 

folio do not'affect the rates of return. We can then write the 

-1 . . 
equations in (9) as only depending on the raLio of Cebt to eqviity. 

-While this proposition may be an .  interesting'property to test 

empirically, for the . theoretical formulation, we •see 'no reason to 

• 1 
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impose such a restriction 'a priori' on the inverse demand 

functions for the different types of financial capital. 

Thus, with ecUations (5), (6), (8), and defining  

where 'a is the net of tax pure profits, we can summarize the 

real and financial characteristics.by the equation set  (9) and 

(10)' 

n ::(1 -u)C,b(FHPb
B + p S c c 

+ p S 
P P 

-1 
pkt ,  L" F((PbE 	PcSc 

+ p S 	Mp-1 	w . L1
b
(1-u) +  

P P 	kt' 	 -b 

+ 	+ (r +6-0(1-(S))p S 	(6-0(1-(3))g] 

(1-ud) (1+0) -1 , 	 (10) 

Pkt Pkt-1  
where 0.. - . 	, and .0.. is called, the rate of price 

. 	Pkt-1 

inflation of the physical capital stock. 

The regulatory environment is typically characterized by the 

constraint, • 

Tr -1  + rp
kK(1+0) 	+ urbpb

B(1+0) -1  
-1 < (1-u)(1 	Pjçl  4-0) 	.K 	(11)• 

.where i is the before tax allowed nominal rate of return , on 

capital net of depreciation. Using the capital constraint and 

equation (10), (11) becomes 

n r r. (1 -u14, ut((pbB + p c: S C  + 

,--. 	T ( (pb:r3 	pc S c  + p S 	M) pkt  , ) ) 	1 
P p . 

	

(1-) ) (1 . -ud) (1+0) -1 (p B+r) S 	p S 
b 	r- c.• 	p p ) 

-1 
1. ur.

) 
 (I I-0) 	B 

J 	 b 
(1 -u)(1+0) -1 i(pbB + pcS c  + ppsp 	(12) 
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'Before discussing the objective of the firm,.it bears mention- 
II 

ing that, in our context, we view the'factor-prices of  labour e .. 

and physical capital, the prices of debt and equity, and the depre- 	
II 

ciation rate, as -random variables. Thus, since the prices.of debt 

and the two types of  equity  are  random., then the rates of return are 	II 

also stochastic variables. Due to the presence:of uncertainty, the 

II 
objective function of the firm must ineorporate the manner in which 

thé firM maximizes the expected valUe Of profit. 12 This implies 	
I 

that the firm is risk neutral, in •that it's goal -is,to maximize the 	. 

expected value of profit,  irrespective of the variance of the dis-:- 	II 

tribution (or for that matter any other moments). Therefore, the 

II firm maximizeà the expected value of (10) subject to the expected 	. 

value of (12) and equation set (9), 	. 
II 

. 	.. 	. 	.. 	. 
- 	r 	_ 	...., 

L.-.F1(1.--tiap(Furpc-FIDA,H1-ppsp -pi)p...,L ) ) 	. 
, 	 Kt II 

F  (PIP + Pcc + PpSp - i71)P-1kt' L)  - w£L1-(14-°)-1 	
, 

II . 
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1 
, where L is the Lcgrangian function. Equation (13) is a function 

of five variables, debt (B); common equity (S
c
), preferred equity 

- (S . ), labour (L), and the regulatory variable (X).
13 

The following optimality conditions, are derived by differenti-

ating (13) with respect to each of the control variables and X: 
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The equations in (14) tell us that the marginal revenue 

product of labour equals the expected value of the wage. Also, 

we can relate the first order conditions for debt and both types 

of equity to the .same kind of economic meaning. For instance, the 

net of tax differential between the marginal revenue product of 

physical capital and the difference between the rate of return on 

debt and the allowed rate (everything adjusted for the presence of 

regulation) is equal. to the expected marginal cost of financing 

capital due to an increase in debt. Finally, we can observe that 

the expected marginal costs of financing . capital through debt, and 

equity (common or preferred) are equal. In our model, there is the 

simultaneoUs determination of Jeal and financial decisions where • 

both the optimal capital budget and various financial variable ratios 

are determined from the riv(ti j:undamc:nUal c:quations. 

It is quite clear, that the equations describing the different - 

rates of return play a key role in determining the corporate equil-

ibrium.  This  means that changes in these functiOnal relationships 

due to changes in information or market power will affect our results. 

Nevertheless, our model is consistent with a varied array of equa- 

tion forms of differing degrees of generality. Therefore, once we 

have estimated the different equations from each of the modules 

(demand, production, .and financial) we will find the relevant 

functional forms and parameters to be substituted into.eguation 

set (14). This substitution will occur in the simulation module, 

when we solve (14) for Bell Canada. 
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.Appendix 21 Derivation of the Relationship Between  the Rates 

of Return 

Suppose there:is one type  of  equity,  and the  corporate tax 

rate is zero (or thefinterest on. bonds  is not tax exempt), then .  

the relationship between the rates of.return. is denoted by,- 

20. 

(A.1) 
17kt PktKt = rbtPbtBt+r stP stS t' 

where ,r
kt 

is the  nominal rate of return'on physical . capital, r bt 

is.the nominal rate on bonds, and r
st 

is the nominal rate ,on 

equity, all defined in period t. Also-,-p, is the future price 

of physical capital, p 11 , and p
st

, are the future. prices of bonds 

and equity respectively;-
.:Kt 

is  the quantity of physical capital, 

R •Uhe number of bonilF-... 

in period t. 

and S the  number  of ghres; 	define 

	

S. 	.,; 

Now any real rate of return is, -defined as, 
• 

-it 
P. 	=   ;  i 	k,b,s, 

it4-1 
(A. 2 ) 

where p. is the xeal rate of return on in period t, and . 
rt 	 git 

is the forward price of i in period t. -We - must  note that forward 

prices refer to contracts in the'present for future delivery.  of . 

a commodity, while future prices refer to contract formation  and 

delivery both in the same future period. 

The connect  ion  between forward and future prices may be 

established bY•the following equality, 



1 

which states that relative forward prices equal relative 

futur e prices; where n is the numeraire commodity. Since 

commodity,n is the numeraire all of it's future prices are 

unity, i.e. P t  = 1. This means 'that, 
n 
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q. , 
p 	IL 

it  q
nt 

= k,b,s. 	 (A.4) 

By the capital constraint, the market value of the balance 

sheet, we have, 

-- 
P
kt

K
t 
=e B -EP S., bt 	st t - 

(A.5) 

we abstract from introducing money balances, which does not  affect 

the procedures of the derivation irrespective of Whether r , is 

zero or not. Th,rcreforr., wiLhequa .aons (A‘r) and (A.3) (us'jnq 

the fact that P nt 
1) we get (by multiplying out gnt) 

the following, 

q K = q, B 	qst
S
t 

, 	 (A.6) 
kt t 	nt t 

which is the capital constraint.measured in terms of forward 

prices. Then using (h.2), equation (A.6) is transformed to, 

(A.7) 
(11Pkt )gktVJ, K L 	(1"bt)gbt-El B t 	(14-P st )gst1S t' 

= a. 	and so (A.7) becomes However, from (A.3), P rIAl lg riti.1 

(by diViding Out qnt+ 1  ) 

) P. 	K 	(1+ p, 'c-;  
'kt 	it+1 t 	- nt 	t 	• st - st-1-1" 

(A.8) 

We can multiply and divide each terM in (2\.8) by the appropriate 

future price in period t and therefore, 
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kt+1
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p K = 	bt 
(l+p ) 	P

bt t 
- B + (l+p

t 	

t+1p st t 

kt t - 	P 	.P 
- kt 	bt 	st 

.(A.9) 

The rate: of inflation for'any. commodity i is defined as 

it+1 

P it 
(1+y, ), where y., is the rate of inflation of i in 

it 	it 

period t and so (A.9) becomes, 

(l+p. )(1+y 	)p 	(1A- p 	) (1 1-y 	)p B 	+ 	S 
kt 	kt - kt t 	bt 	bt "bt t 	st - st't 

• (A.10) 

• 

Last, the definition of one plus any nominal rate of return 

eep ,711 to r.lne plus  the rate  of -;_nfla -i--ioh  for  that commcdity 

times.one plus the real rate of return of that commodity, 

1 

1 

(l+r 
"it )  

(11-v. )(1+p. ). 	Hence, 
lit 	it 

(A.31) (l+r
kt )9 kb

K
t 

= (l+r
b 
 )P

t 	
+ (l+r )0 S 

and by(,oapital.constraint)(À.5) 

rktPktKt = 	:%tPbtnt 1-.r stPst S t r _ 

which is the result we want'to derive. 

Therefore, we have established the nature of the relatiOnshiP 

between the rates of return' i.e. that the rate of return  on  

physical capital is equal to the weighted average of the rates - 

of •eturn on the different types of financial capital l, where thescill• 

rates are nominal ones. 

1 



FOOTNOTES 23. 

1. 

I. 

1 
, If we postulate revenue or sales maximization the essential 

structure of the model is not affected, but the derived demand and 
supply equations need to be slightly modified. 

2 
By net money balances, we mean  cash plus  accounts receivable 

minus accounts payable and other residual balances. 

Our analysis builds on the works of Lermer and Carleton (7), 
Robichek and Myers (8), Turnovsky (9), and Vickers (10), (11). 

4
We do not indlude the time variable where it does not lead 

to confusion to omit it. But the time dependence  of. the  variables 
is understood. 

F also has sufficient properties in order that it may be 
used , in the profit maximization problem. 

. The formula for wk 
may be derived in an explicitly dynamic 

model. The fact that we include this formula means that we are 
indeed including the various dynamic elements. See Hall and Jorgen-
son (3). 

7,- • 
rile exact hature Of this monoPoly power will  ne  specified 

below when we discuss the compohents of the nominal rate of return 
on physical capital 

• 8 For theoretical purposes there is no needeLo - assume that M 
is exogenous 	However, for the empirical implementation of thè model 
we want to focus on debt and.equity, rather‘than net money balances. 

We can let  the stock-flow narameter be some number different 
. 	from 1, as long as il:  is an exogenous coefficient. 

.10 These equations will also depend on other variables  re- 
flec 	alternative assets. However, those other variables are 
exogenous to  the firm's decision process, and therefore, we do 
not have to include them for the theoretical Specification, but only 
for the empirical implementation. 

11 	-« see, zor example, the article by Turnovskv (9). 

12 
- We can alternatively assume e the firm maximizes the expected 

utility of profit.. However, our ultimate purpose is to estimate the 
derived relationships, and since virtually nothing is known, con-
cerning the empirical implementation of corpora,te utilitY functions, 
we have elected to assume that U(10 ,---- 71-,. where U is the ‘ utilitv 
function. 

9 

13 According to the Averch-Johnson regulatory modeli as des- . 
cribed in Bailey (1),Baumol and lUevorick (2)., and Johnson (4) /  0<2,<1.. 
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CHAPTER 3 • 

THE  DEMAND MODULE 



1. Introduction 

The nature of the telephone demand module is to describe 

the demand characteristics for the telephone services of the 

1 Trans-Canada Telephone System (TCTS) companies. In describing - 

the demand, and thereby the revenue, conditions for the system, 

we formUlate a model which estimates the historical structure. 

This structural specification is-then utilized to forecast the 	- L 

future trends of the carriers revenues. 

Consequently the purpose of the deMand module is two-

fold. .Firstly, we estimate the' demand aspects as .a separate 

entity in the overall industry model. These estimated coefficients 

are then combined with the relevant segments of the production and 

financial modules so that the integrated model may be implemented 

and the appropriate forecasting experiments carried out. Therefore, 

one must view the results Of this section not only in isolation, 

• but also within the context of the complete model. 

The study of demand behavior for telephone .services is 

an important undertaking, because of—its role in determining company 

revenues. Indeed, demand systems already exist depicting the 

Canadian telephone industry, in generalï for example R. Dobell 

et. al. r31 and L. Waverman L:  . Moreover, other impesrbant 

works have focused on particular demand aspects, as in, V. Corbo 

and I.I.Q.E. [ 5]  . Our immediate interest is in the general. 

structural form  of the telephone demand relations. 

[2] 
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Before proceeding to formulate the module,ewe must.deter-

mine the appropriate aggregations across economic agents (in this 

case carriers) and commodities (in this case telephone services). 

.The demand module disagqregates carriers into four categories. 	• 

We treat,Bell Canada and British Columbia Telephone separately; we 

aggregate Alberta Government Telephones Edmonton Telephones, 

Saskatchewan Telecommunications and the Manitoba Telephone System 

into one category called public companies; we aggregate Maritime 

Telegraph and Telephone, New Brunswick Telephone and:Newfoundland 

Telephone into one category called private ceompanies. The rationale 

for this aggregation is based on the following reasons. Firstly, 

Bell Canada is the leader, in terms of market share,  of the  industry 

and F'f-  is  dealt w“-1, 	.:,. e.flond] ,,7 i  the pubnc companieq., 

as their name suggests, are government owned. while the three comPanies 

operating in the Maritimes are privately. controlled.. Finally, loca-

tional considerations suggest that the western carriers be separated 

from the eastern .area • thus B.C. Telephone is dealt with separately 

from the Maritime private companies'. Hence, our transactor dis- 

aggregations are derived from the maret share, legal and spatial 

characteristics  of the  industry .  

The disaqgregation for the telephone services proceeds along 

the lines of locale  toll and total' revenues. However, in some cases, 

notablv Bell Canada, where there exists a.larger databank on revenue • 

and price series, the services were furtheredecomposed into local 

plus toll and local plUs toll, plus dbi:ectorv advertising. 



The 'explication of the demand module is divided into 

four further sections. In section 2 we describe the various 

theoretical specifications and their rationale, in section 3 we 

describe the data and their limitations,. in section 4 we present 

• the . empirical results and their evaluation. 

28. 

I .  
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2. The  Theoretical Models 

The theoretical basis for the demand model which is 

utilized in the econometric investigations is discussed in this 

section. The economic theory that - we draw upon is larQely the 

analysis of the individual household and also from the firm. 

In developing the model, the first question to be 

answered is who are the demanders of telephone services Manifestly, 

both households and firms  are the demanders, since the telephone 

is a consumption product to households and a'fàctor.of production 

(part of intermediate inputs) to firms. Ideally, then, we would 

-desire to construct . demand equations disaggregated r not only along , 

supplier and service categories, but, in addition, along demander 

groups. 'However, because of data limitations, we follow the usual 

route and aggregate the household and firms' demand for each.revenue 

category into a single aggregate. We therefore assume that • . 	. 

although the motivations and constraints of consumers and producers 

are different the ultimate elements affecting their telephone 

service demand are the same. 

,Individual demand behavior,. according to economic theory, 

su geste  that given the objectives of the demanders (preferences 

for consume):7S and generally profits for firms), that the quantit 

th 
demanded of the i

th 
service by the k household in period t (X

k 
) 

it- 
,‘ 

depends on the nominal income of the k househoJ.0 in period t 

(Y), the price of the i
th 

service in period t  (P) and the it'• 



2 
price of other commodities demanded and supplied by the household 

(P 	• 
 ' 	

and j7-4i), ' In a functional formwe find that, 

	

it' 		• 

.k yk 
Xit  = h

k' (P 

,k 	 • 
where n

it 
is the demand function. of the 

.ith 
service for the kth 

househeld in period t. 

To derive the aggregate household• demand for anv 

service i, in any period t, we must sum equation (1) over all 

households who. are demanding the service. 

X
k 

= E 
 

	

h, 	..,P 	,Y
k

) 	(2) . 	it 	lt" 	nt t k=1 	k=1 

where j is the number of household demanders. So then, 

(1) 

:71 	
O. 

V. 	 . 

it 	 • • • •lt' nt".t".•"-I-1 

J ,H 	 • 	- 	1 	. 
where .n. . = r, 

k 
and h.  it k=1

Xit 	it lt 	nt t 
• 

/.-) t 

= E h 	(P.,,P - 
. it 	lt" 	nt! k=1 

Notice that in the aggregate demand 

function - the income terms• for each hoUsehold enter separately 

and not  as ah aggregate. This fact takes into consideration that 

the distribution of income among households is not fixed. If we 

assume that the distribution of income 'among 	housei- olds in any - 

period of time is fixed then we can write equation_(3) as, 

X
1.1 	

= h. 	(P. 	P H ) it. 	it ' It 	r- nt' - t. 

where YU,
= 	Y

k 
is the îsggregate income of the households. 

k=1 

(4) 
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Moreover, let us assume - that the form of the demand function 

does not depend on the time period and so 

I. 
H 	 , 

X. = h (P P 
It 	:it' 	nt Lt  

For the producers, these demands for telephone:services 

-are derived, not from utility maximization procedures as in the 

. case of  households,  but  from cost minimization techniques. 	The  

quantity demanded of the i
th 

telephone service by the 2
th 
 firm 

inperiodt(x
it
.)depends on the nominal: income (since output is 

3 	 th 
given) of the 2

th firm in period t (Y), the price of the i 

service in period t (P it  ), 
and the price of ail  other commodities 

4 
demanded and supplied by the firm (P

jt 
 ;j=1,...m and 	Hencr- 

we have 
0 	• 	. 	0 	. 	. 	. 	. 

= 	._,P ,,Y - ) 
it 	it 	it' 	mt t 	(6) - 

2  th 	 'th 
where . is the 2 	firm

,
s demand function for the i 	service 

git 

in period t. Summing s over all the firms yields,. . 

X. 	= q. 	(P. 	P 	Yl 	YI ) 	(7) 
it 	-it 	it 	1- mt 1  t" . °' t 

where  I  is the number of firms, Xi t = E X .t . and 
£=1 1 ' 

• 

g 	(P 	..,P 	Y
1 

... YI ) 	(P 
it 	it" 	rat' t".t 	J. t gi 	it'Pmt rYt ).  

2— 

Again it is not aggregate  output  which affects the aggregate 

producer demand function for the i
th 

service in period t, but 

rather all the outputs separately which reflecb the size'and 

( 	 ) 



32. 

• i composition of output levels for firms demanding telephone services 

By assuming that the output  composition  is fixed in every period and 

the demand functions do not change over time we get, 	. 	11 

P 	Ta • 

g. (P lt ,... P 	Y 2 ) ' 	• 	, 
it - i 	' mt' t  

II . 	 . , 

I i  

	

-F 	- , - Where x t = L x t  

 To derive the consumer and producer demand  for the ilhh 	Il 

service in period t we must suai  equations (5) and (8). 

 
x. =  Hi 	(9) . 	it 	i 

F 	H H F 	11 wherexit 1- X 	H. . 	, 	(Plt'..,P , Y ,Y ') = hi (P lt' .'..,P 
nt' Xit. 	it 	i 	rt t t  

AL . 	_F, • II 3,._ ) + g 	(P., ,...,P-,,I_i and '-Ç H. .t. the aggKegaLe (cJontmmer 1.. 	i 	.I.L 	mt.. 	C. 	-: 	1 
.• th 	 . 

and, producer) demand function for the i :telephone service. 
11 

Once again by assuming that the'dibtribution  of  income 

11 ' between households and firms is 'fixed and  by  letting the prices 
.th of all commodities other than the I, service be represented by Hi 

.a price index in period t (P ) , we can write equation (9) as, 
. 

. 
. _ 

	

x., = H. 	 11 (10) 	. 

, 	. 
H 	. F 	 . 

where Y = Y .  -1- Y 
II "t 	t 	• 	. 	. 	. 

. 	. 
. 	NoW that we have arrived at the:aggregate demand - function 	le 

for any telephone service, we are able to impose the 'a priori' . 
I/ restrictions from economic theory.• Ecenomic theory does not predict 
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theformofthe-demandfunction(11.), but the theorV does impose 

restrictions on the .pattern of price and income effects in - Systems 

of demand behavior.' Firstly, household and firm behavior is such 

that the demand function should be . homogeneous of degree zero in 

the priceà and income. In other words, if there is an equipropor-

tiOnate change in all prices and income then the cost minimizing 

producer demand and utility maximizing consumer demand do not 

'change. Consequently, the aggregate demand is not affected. This 

result implies that .we can write equation (10) as, 

x. 	=lii 

where .
t 
 P. /P 	and y 	Y ) /P, . The variable p 	is the 

Pi 	it t 	. t 	 it  

relative p.rie of the 
 th 

service in period t  and y, is the real 

income in period 

The second proposition pertains to the nature of the 

effects of a change in the relative price and the real income on 

demand. Economic theory states that if the effect.of a change in 

y t is to increase the quantity demanded then it must be true that 

theeffectofachangeinp.is to decrease the quantity.demanded. at 

• Therefore the negativity condition  is  

Dx 	 Dx
i  . 	 t. 

0 then it must b the case th t 	< 
*iy t 	

`JP it 

The last restriction, in this context, is the so-called . 

adding-up condition whicfn states that the sum of the proportions of 

expenditure on all commodities out of income (or output) must 

equal unity. This means that if p. t 	is the expenditure on the - 
i 	it 

(11) 
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• 	Pit
x
it th 

service and there  are •r commoditied then 5- -1  • 1 

	

- t . 	• 

.ribis restriction, however, is not  as importantas - the previous 

- two because we are aggregating across households and firms. The 

reason is that,in-general,this third.condition hold.sfor.consumers, 

but does not de so for Produderà, nnleds their production functions 

exhibit constant-returns to scale. Since the nature of the 

production functions.for the-producers who demand telephone 

services is outside the purview - of  or  study, we shall develop 

demand models which do and do not incorporate this last condition. 

'Moreover, whether this•last condition is Satisfied or not will.. 

not be a prerequisite for the acceptance or rejection àf a - 

,partioular functional form. • • 

After the description of the relevant features of our 

specification which are derivable from -the theory, for the empirical 

applications of equation (11), it is necessary to specialize the 

general form of the'demand relation and to account for stochastic 
5 

phenomena. 

2.1 The Linear Demand Model • 

The linear ‹Jemand modc.:1 assumes th:3.t the form of the 

aggrete derm.uld .function (fi.) is linear, so that, 

.-.: 	-1- e
t - 	(12) 

:where e rr,,- )resents the disturbance' that can occur because H
t may t 

not be strictly linear  or there may exist measurement errors in 

the dependent variable-and also other minor variables may have 

.been omitted from the equation. 
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Here we must find that if B
2 

>0 then it should be the 

case that B
1
-< O. This means that if increases in income tend . 

to increase demand then increases in the service's price tend 

to decrease demand. it bears mentionning that equation  (12j 

satisf„ies the homogeneitv.and negativity conditions but does not 

satisfy the adding-up restriction. Nevertheless, in light of 

the caveat  stated at the end of section 2, concerning the adding-

up condition, the linear model should not be dismissed outright 

on these grounds. 	 • 

,2.2 The Double-Log Demand Model  

In the double-log model we begin with the general demand 

equation, but instead of assuming that it is linear, we assume thaf.. 

it is multiplicative, 

X. 
 = 0 

p
it Yt 	ut 

where u
t 

represents thé error term and a the constant.. By taking 
0 

logarithm's of equation (13) we arrive at, 

+ ri
1 
 log p it  + B 2  log yt 	et  , 

log xit = '0  

where log a
0 
 = B and log u = e

t 0 	- .t 

The double-log formulation, as in bhe linear case, 

. 	 , incorporates the homogenety condition. Moreover if B > 0 then f 	. 	
. 

2 	
1 • 

1 

B 1 . B 2 
(13) 

(3.4) 

we F.lhould expec:t  B 3  < O. Notice Uila -t the magnitudes of i 
C'  f31' 

and B i  will be different from the linear model but the signs of the 
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coefficients should be' the-same. The reason for this is that 

- we are specifying an alternatiVe hypothesis concerning the true 

structural form and in this case 1 
and f3

2 are partial 
price and 

partial income elasticities rather than partial rates of change. 

Finally, the double-log equation does not incorporate the adding-

up condition. 

2.3 The Rotterdam  Demand Model 

The Rotterdam model,.as applied to the demand for telephone 

services, imposes a more complicated set of restrictions. upon the 
, 

demand relations (see - H. Theil p i). 

Using the demand function, aiven by equation (11), take 

total d 	e 	 r.P1-1 	i. elds, 	• 

	

H. 	H. 
1 

dx. = 	dp. + --dy t  . 
it 	Dp, 	it 	Dv 

.Lt 

Using the equality dz 	zd, log z, where z- is any, variable, we get, 

	

H. 	H. 
x
it 

d log x 	1 	 pit  d log pit  + 	log y4: 	(15 ) 
. 	 • 	 , 	 Dp. 

aYt 

Pit Next, multiplying both sides of equation (15) by -- we have, 
Yt 

However because,eqr,..ation (16) is a finite .  linear approximation 

2 	• 
DH 	p . 	 DH Pit xit d log x. 	.Log pi 	p t  + , i  d log y it 	

u t 	
t 

. 
it 	 (16)1 

. 2  t 	 JL  it I  t 

there is implicitely a . remainder term in it , The approximation to 

r P:i t  xit  . Pit+3.  xit+1  the'remainder is 	1/2- 1( " ) d log :m.  
Y L 	Yt+ 1 	 it 	01 



Therefore including the remainder in equation (16).yields, 
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1/2 
•  xit , Pit+1 xit+1 

Yt 	Y t  

• (3''0  aM i 	1:).t 	(17) - d log xit  = 	+ 	----d log  pit 2 
Yt 

• Dfli 
 +

/t
pit  d log yt  . 

- Letting a - 
it it 	

ce. = 1/2 (a. +a. • 	= 
it it+1

) 	
0 	

0 
it 	yt 	it . 

' DH. p 2 
DH
e  n 	1 	it 

then equation (17) becomes, "1 	Y 
f 2  

DP 	
=   

it 	t 	C 

cx.dlog...x. dlog...„2 d log yt  . 	(18) 
3,t 	it 	Pit 

Since d log z = log z
t 

- log z t-1 and allowino for stochastic 

phenomena then (18) can be written as, 

104X., I 
L 	I L. 	1 L - . 	'IL 	IL-1 

+ ,B 2  (log yt  - log yt_l ) + et  . 

Equation (19) represents a variant of the Rotterdam . 

demand model. In this model, we not only have the homogenc-,.ity and ne- 

qativity conditions, we also. have the adding-up condition because 

of the presence of the weights in defining the dependent variable. 

Notice, also, that P,
1 

and (3
2 do not mean the partial elasticities 

as they do in the double-log model. In this case to compute the 

parnalelasbicitieswemustdivide 	I 
and 	a.,. Hce en 	if 1 	L 

we want to compuLepartial price and income elasticities  e have 

 to compare: 

fl  o 
(3 -4 it (:oo (3 D to (31 	for the parti L 	 i al  prce elasticities, — 	1 	. _ 

xit 	ait 
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Y 
t 

to• 8, .to 
it  

--"for the partial income elasticities, 
it 

where the superScripts L, 'D, and R stand,for linear,' double-log 

and Rotterdam. This means that in 'the linear and RotterdaM Models 

the partial (and therefore total) elasticities will be variable, ' 

while in the double-log.model the partial elasticities (but not 
• 

the total) 6  will be constant. 
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3. The Data  

The data in the  demand module consisted of published 

Series which had to be collected from  various sources. 

3.1 The Quantity  Demanded 

. In a study, of the demand  for  telephone services, the-

quantity demanded should be measured in some homogeneOus unit such 

as minutes of calls. Unfortunately, we do not have .data at such 

a disaggregated level. Therefore, we used a variant, of revenue 

deflated by it's price. We took the revenue for any service i 

(including uncollectibles, since they represent unpaid output) • 

and substraCted from it the proportion of revenue from service i 
• 	-1 - 

out of total revenue time 	Lamts:' 

SR. 
SI. i  = SR. - 	x INT, 

1 SR 

where.SI iS thpndefined for the i
th 
 service, SR is the revenues 

th 
from the i 	service, SR are total revenues, and INT are indirect 

taxes. 

For the revenue figures, we utilized the income statements 

of the TCTS companies and Edmonton Telephones. Thus the level of 

disaggregation of revenues was limited to that whiCh appears in 

the . financial. statements (which are local, toll and total). 

However for . Bell Canada, th3 rev,Ernues were more disaggregatr 

from R.Sillen p5] and Dell Canada Rate Hearings E:(hibits  l 	r  
- 4 
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which included local, directory,  ira-Bell toll, Trans-Canada 

and adjacent members toll, and 1J;S and overseas toll revenues. 

Also because We dealt with the public and private carriers .as 

seperate carriers we summed the revenues, as previously defined, 

'for each category and used these figures for aggregate revenues. 

To convert revenue figures into output figures we need 

the price index of each revenue category for each carrier. These 

price indexes were only available for Bell Canada in R. Millen i rl _ , - 

and the previously mentionned exhibits [6 ]..  The procedure for the 

price index was to deflate the current dollar revenues for each service 

:,(as defihed) by the constant dollar revenues (which were defined 

in the same manner as current).- After,with this implicit price 

•.71,(..fla 4- er  for each r-Fi- ;r1 ,-v(fr-,-r 1967 - 1.n0)we ohl- ai.ne(-3 output, 

SI ;  
SO. - 	 PI , ' 

 

where SO
i 

is the demand for the ith Service and PI
i 

is the price 

- index of the i
th 

  service. 

Having these price indexes for Bell Canada we assuMed 

that.the price indexes for any .  category and for any other carrier 

is a fixed proportion toBell)s.over the sample period. If this 

assumption does not hold:then the consequences• of the error in 

the measurement of the price indexes are unknown, in terms of the . 

bias and the inconsistency in the values of the parameters obtained 

in the demand equations.. Nevertheless, our assumption is reasonable 

because'Bell is the market leader in the industry, Thus, proceeding 
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with this 'assumption we deflated the current appropriate, revenues • 

by the relevant price index and we obtained a measure of quantity 

demanded for any telephone service. 

3.2 The Relative Price of Telephone Services 

There is no information on price data relating to a 

homogeneous unit such as minutes of calls. We used the price 

indexes for the revenue categories of Bell (as described in . 

section 3.1). Moreover, we used this series for ail  carriers. 

-• To define relative prices we divided the Price index 

of any service by the consumer price index of a large metropolitan - 

area, within the 1-egion in which the carrier has juridiction to 

operate.
8 

Fur Bell Canada, we considered- the weighLed arithmeUe iman of 

the consumer price indexes for Toronto and Montreal; for D.C. 

Telephone we used the consumer  price index of Vancouver; for the 

Public carriers we•used the consumer price index of Winnipeg, and 

for the private carriers we used the Weighted arithmetic Mean of 

the consumer price indexes of St. John's, St. John and Halifax. 

3.3 The  Real Income 

The demand equations pertain to households and firms, 

so then the'income variable must include more than consumption 

expenditures. Indeed, for the income variable we used the gross 

9 provincial product. For Bell Canada we considered the sum of 

the Gross Provincial Products of Quebec and Ontario; for B.C. 
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Telephone. we used the Gross Provincial Product of BC.;. for the • 

public companies we use the suM of the Gross Provincial Products 

of Alberta, Saskatchewan and Manitoba; for the private companies 

we used the sum of the Gross Provincial Products of New Brunswick, 

Nova.  Scotia and Newfoundland. 

Finally to deflate.these nominal,income variables we 

utilized the appropriate consumer price indexes from each of the-

-jurisdictions, as explained in section 32.' 
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4. The  Empirical Results 

4.1 Bell Canada 
• 

4.1.1 The  Linear Demand  Model 

The linear model, in the_context of Bell Canada, may 

be represented by the following set of  equations (thesample 

period for Bell is 1950-1975);
10 

BLTSO
t = 0 

+(13
1 
BLPDTS t 

+ P.
2 
BLGPD

t 

BLLSO t 
= +

1 
BLPDLS

t:F 2 
BLGPD

t 

BLTTO t = o + (3
1 
BLPDTTt + 2 BLGPDt 

InTooto + BLPDTOt 
+ 5 2 BLGPDt 

BLDAO
t 

= 	+ 	BLPDDAt  +
2 
BLGPD a_ 

BLMSO t  = r () 	r)1  Inrpms, 	.3 9. nLcrnt  

BLLTO t  = (3 0  + 1 . 13LPDLTt  + 2  BLGPDt 

 BLBMOt  = (3 0  + 
 13

1  BLPDBMt  + 2  BLGPDt 

 BLBDOt  =f3 + f3 BLPDBD t  + f3 2  BLGPD t  

The results for the ordinary least squares regression, 

which are found in table 4.1.1, show us that f3
1 

< 0.  , and 9 >.0, 

except for the directory and miscellaneous categories but the 

Durbin-Watson statistic points out that positive autocorrelation 

is pxesent. 

Upon correcting for autocorrelation; we :and that, although 

the results improve, the Durbin-Watson is still quite low. When 



Table 4.1.3 

Linear Demand Model: N.L.R.. 

(t-values in parentheseS) 

Demand Category 	
0 	1 	f3 2 	p1 	D.W. 	R2  II 

Toll 	-17.485 	-134.088 	-.005 	1.062 	.024 	1.946 	.999 
(-1.270) 	(-1.305) 	(-2.222) 	(4.192) 	(.090) 

Local 	-3.892 	-35.247 	-.0003 	1.523 	-.473 	2.010 	.999 

	

(-1.046) 	(-.864) 	(-.298) 	(6.552) 	(-1.919)  

Toll 	-29.322 	-110.274 	-.001 	.907 	.249 	2.178 	.998 

	

(-2.058) 	(-2.227) 	(-.791) 	(3.821) 	(.954) 

• Toll-Misc.Toll 	-22.017 	-83.874 	-.001 	.924 	.218 	2.163 	.998 

	

(-2.058) 	(-2.159) 	(-1.064) 	(3.867) 	(.838) 

Directory 	3.188 	-10.237 	-.001 	1.348 	-.377 	1.634 	.896 
• (1.429) 	(-.568) 	(-1.572) 	(5.503) 	(-1.631) 

Misc. 	3.503 	-6.098 	-.001 	1.397 	-.416 	1.625 	.886 

	

(1.284) 	(-.211) 	(-1.783) 	(5.745) 	(-1.774) 

Tiocal+Toll-Misc.Toll 	-17.111 	-108.323 	-.003 	1.083 	.009 	2.035 	.999 
• (-1.337) 	(-1.243) 	(-1.439) 	(4.391) 	(.032) 

Local+Toll+Directory 	-13.151 	-106.695 	-.004 	1.135 	-.056 	1.929 	.999 

	

(-1.110) 	(-1.126) 	(-2.015) 	(4.450) 	(-.207) . 

Local-I-Toll 	-23.507 	-138.817 	-.003 	1.000 	.103 	2.059 	.999 

	

(-1.536) 	(-1.488) 	(-1.485) 	(4.118) 	(.395) 	
•  I 

1 
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Table 4.1.1. 

Linear Demand Model: O.L.S. 

(t-values in parenthesis) 

Demand Category 	 2 D.W. 	R2 
M 	

r?, 0 
- --- 

il Total 	1651.598 	-1379.052 	.011 	.401 	.978 : 
1 	 (4.223) 	(-5.068) 	(3.889) 

II 	
Local 	643.238 	-558.150 	.008 

	

(3.424) 
	

(.--4.i88)) 	(5.733) 	
.362 	.981 

	

(1.598) 	
-456.734 	.005 	.220 	.935 

il 	
Toll 	546.127 

	

(-2.165) 	(1.753)  

1 Toll-Misc.Toll 	311.036 	-275.093 	.005 	.242 	.934 

	

(1.244) 	(-1.783) 	(2.333) 

	

37.008 	.0005 
11 	 (-4.235) 	(5.37G) 	(9.5CG) 	

1.035 	.821 

II 	

Directory 	-30.123 

Misc. 	 .806 

1 	

-38.932 

	

(-3.860) 	(4.902) 	(9.221) 

	

1446.241 	 .352 

48.339 	.0005 

Local+Toll-Miso.Toll 	-1173.877 	.009 	

1.053 

.973 

	

II (3.545) 	(-4.230) 	(2.993) 

1Loca11-To1li-Directory 	1399.301 	-1159.831 	.010 	' 	.388 	.977 

	

il (3.855) 	(-4.609) 	(3.935) 	, 

1 	Local-I-Toll 	1738.657 	-1410.870 	.009 	.360 	.973 

6 	
(3.813) 	(-4.557) 	(2.671) 

5 	- 
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Table 4.1.2  • 

Linear  Demand  Model:  C-O.L.S. 

.(t-values in parenthesis) • 

Demand Category 	o 	e ].. 	2 	0 1 	
D.W. 	12

2 	
1 

	

-------- 	 

Total 	2055.058 	-1043.557 	.006 	.971 	.827 	.9 9 2 

	

(4,454) 	(-4.777) 	(1.267) 	(20.206) 

Local 	955.353 	-444.680 	.004 	.968 	.713 	.994 	1. I  

	

(4.770) 	(-4.5 3 2) 	(1.823) 	(19.209) 

Toll 	104.957 	- 	68.863 	-.003 	1.097 	2.261 	.998 	i  

	

(1.362) 	(-1.299) 	(-3.377) 	(18.200) 	I 

Toll-Misc.Toll 	152.973 	- 	86.921 	-.0004 	1.134 	2.083 	.998 

	

(2.847) 	(-2.381) 	(-.636) 	(19.201) 

	

Directory 	80.327 	-11..548 	-.0006 	.932 	.1.198 	.893.  

	

1,-,% 	(-.878) 	( 	1.904) 	(12.090) ,,,..i..),, 
I 

Misc. 	101.224 	-12.809 	-.0008 	.938 	1.161 	.878 	! 

	

(3.038) 	(-.689) 	(-1.971) 	(13.492) 

Local+Toll-Mise.Toll 	1741.904 	-834.902 	.006 	.973 	.711. 	.992 	1 

	

(4.027) 	(-4.229) 	(1.323) 	(21.002) 

..iocal-I-Tolli-Dir(,, ctory 	1901.555 	-869.403 	,005 	.972 	.800 	.992 

	

(4.486) 	(-4.490) 	(1.136) 	(20.700) 

! 

	

Locall-Toll 	2063.695 	-964.032 	.006 	.976 	.720 	.992 	1 

	

(3.851) 	(-4.280) 	(1.226) 	(22.459) 

: 
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Table 4.1.3 

Linear'Demand Model: N. L.)?.. 

(t-values in.parenthess) 

II Demand ategory 	
f30 2 	

p
1 	P 2 	

D.W. 	R
2 	' 

L 	 

II 	Toll 	-17.485 	-134.088 	-.005 	1.062 
(-1.270) 	(-1.305) 	(-2.222) 	(4.192) 	

(: (()J 291 	1.946 	.999 ))  

	

-3.892 	-35.247 	-.0003 	1.523 
(-1.046) 	(-.864) 	(-.298) 	(6.552) 	(-71 .'1

9 ' 	2.010 	.999 
II 	

Local 	
• 

)  

Toll 	-29.322 	-110.274 	-.001 	.907 	.249 	2.178 	.998 
(-2.058) 	(-2.227) 	(-.791) 	(3.821) 	(.954) 

Toll-Misc,Toll 	-22.017 	-83.874 	-.001 	.924 	.218 	2.163 	.998 

1 (-2.058) 	(-2.159) 	(-1.064) 	(3.867) 	(.838) 

	

Directory 	3.188 	-10.237 	-.001 	1.348 	-.377 	1.634 	.896 

II (]./129) 	(-.568) 	(-1_572) P5.503) 	(- 1 _63M 

Misc. 	3.503 	-6.098 	-.001 	1.397 	-.416 	1.625 	.886 

II (1.284) 	(-.211) 	(-1.783) 	(5.745) 	(-1.774) 

Locall-Toll-Misc.Toll 	-17.111 	-108.323 	-.003 	1.083 	.009 	2.035 	.999 
(-1.337) 	(-1.243) 	(-1.439) 	(4.391) 	(.032) 

Rocal+Tolli-Directory 	-13.151 	-106.695 	-.004 	1,135 	-.056 	1.929 	.999 
(-1,110) 	(-1.126) 	(-2.015) 	(4.450) 	(-.207) 

	

Locali-Toll 	-23.507 	-138.817 	-.003 	1.000 	.103 	2.059 	.999 
(-1.536) 	(-1.488) 	(-1.485) 	(4,118)  

em_ 

• 
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we then adjust . once.more,we can observe from  table .4.1.3  that 8 2.  

consistently has the wrong sign. Thus' the linear - model does not . 

perform well for Bell Canada.: 

41.2 The Double-Log Demand Model 

For this model we estimated the equations in the form 

given by the 'following subset of the nine regressiOns: 

log BLTSO t  = 8 0  + 8 1  log =mist  + 8 2  log BLGPDt  

log BLLSO t  = 8 0  + 8 1  log BLPDLS t  + 8 2  log BLGPDt 

 log BLTTOt  = 8 0  + 8 /  log BLPDTTt. + 8 2  ,log BLGPD t  

log BLMSO 4_:  = 8 0  + 8 1  log BLPDMS t  + log BLGPDt  

rJr.prIn 	PP 	nrnn.nn 4- ( 	1,, rcr.r,rn 
"t 	O- 	• 1. 	

t 	"2 

I i  
-S.  I 

The results for the 0,L.$. regressions are:presented  in 

 table 4.1.4. In most cases 8 1  < 0,  and ' 2 
 •> 0, however the presence 

of autocorrelation discounts -these positive findings. -Correcting 

once for autocorrelation significantly improves the results,except , 

for the directory and miscellaneous categories. Moreover,the 

statistical tests show us that, from table  4 1,6, local  and the  

last three categories perform best (in this context) when we 

adjust twice for autocorrelation. 



49. 

Table 4.1.4 

Double-Log  Demand Model: O.L.S.  

(t-values in parenthesis) 

:-. 	

,_ 	_, .-- 	,.. 	i 	ry 	I3, 	
D Dc.x.o.nd Ca eLo 

, 
Total -10.503 	

f3 1 

-.196 	
.

2 

1.595

D'7.  

.507  .985 

11 	
(-9.750) 

Local 	-10.333 

Toll - 	

(-.692) 

.054 
(.184) 

(15.694) 

1.528 

12.914 	-.743 

	

(14.879) 

1.728 	.547 

.467 .98:1  , 
(-9.520)  

.992 
• (-9.861) 	(-2.678) 	(14.098) 

-.691 	1.562 	.512 	.989 • 711-Misc.Toll 	-11.331  
(-8.186) 	(-2.316) 	(12.079) 

• r  .-.00 4rn 	1.562 	.937 	. .858 	.870 Directory 	-0  

•
(-7_802) 	(5»124) 	•(11 	466) _. 	, 	. 	. 	_ 

Misc. 	-5.402 	1.552 	.836 	1.005 	.864 

II (-7.052) 	(4.961) 	(11,385) 

Local+Toll-MiscoToll 	-10.100 	-.225 	1.546 	.469 	.985 
(-8.549) 	( • .756) 	(13,893) 

Local+Toll+Directorv 	-10.124 	-.128 	1.552 	.478 	.983 
(-8.800) 	(-0427) 	(14.40 6 ) 

I Local-non 	-10.668 	-.283 	1.605 	.477 	, 987  
(-9.260) 	(-,985) 	(14.793) 

-- 
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. 	Table 4.1.5 

Double-Log  Demand. Model:' • C-0.r.S. _ 

„ 	(t-values 	Darenthes. is) 

_ 
r--- 	 .--- 	- 	I 2 	1 

Demand Category o1 	
r32 	P1 	

D.W. 	R 

r------  

	

Total 	-2.156 	-1.325 	.816 	.812 	1.228 	.998 

(-1.997) 	(-8.318) 	(8.044) 	(6.954) 

	

Local 	-1.825 	-1.061 	.734 	.821 	1.012 	.998 

(-1.742) 	( -7:02 1 ) 	(7.454) 	(7.191) 

	

Toll 	-7.311 	-1.566 	1.205 	.692 	1.600 	.998 

	

(-5.711) 	(-7.631) 	(10.031) 	(4.795) 

	

To11-Misc. 	Toll 	-6.280 - 	-1.455 	1.092 	.673 	1.448 	.997 

	

(-4.720) 	(-6.586) 	(8.753) 	(4.555) 

	

Dircry• 	11 	n' ,./ 
..._z..u.L; 	-.400 	-.770 	.894 	1-19 1 	. 94 7 
(2.598) 	(-.979) 	(-1.832) 	(9.954) 

	

Misc. 	13.286 - . 	- ..454 	-.887 	:899 	1.162 	.929 
(2.800),. 	(-.941 )' 	(-2.028) 	(10.289) 

Local-I-Toll-Misc. 	Toll 	-2.787 	-1.291 	.863 ' 	.776 	1.178 	.998 

	

(-2.646) 	(-7.719) 	(8.702) 	(6.149) 

tLocal+Tollq-Direc .c_ory 	-1.963 	-1.268 	.790 	.802 	1.209 	.998 

	

(-1.850) 	(-7.879) 	(7.923) 	(6.712) 

	

Local+Toll 	-3.190 	-1.343 	.907 	.785 	1.214 	.998 

	

(-2.998) 	(-13.176) 	(9.061) 	6.337) 
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Table 4.1.6 

Double-Loq Demand Model: N.L.R. 

(t-values in parenthesis) 

Î 
11  Demand Category 
I 	 0 1 	P1 	P2 	D.W. 	R2  

Il- 

1 	
Total 	-.068 	-.420 	.166 	1.334 	

9 	
2.386 	.999 

(1.447) 	(-2.538) 	(1.376) 	(10.337) 	(--2-.0)  

II 	Local 	-.053 	-.275 	• 	.149 	1.493 	-.427 	2.032 	.999 
(-1,407) 	(-2.248) 	(1.553) 	(13.623) 	(-4.305) 

Toll 	.067 	-.666 	.439 	1.078 	-.082 	2.356 	.999 
(2.624) 	(-2.773) 	(2.105) 	(5.859) 	(-.458) 

Toll-Misc.Toll ' 	.055 	-.578 	.364 	1.153 	-.151 	2.382 	.998 
• 	(2.024) 	(-2.411) 	(1.599) 	(6.304) 	(-.847) 

. 	Diructory 	.784 	-.554 	-.777 	1.318 	-.385 	1_508 	.942 
(1.691) 	(-1.130) (-4.078) 	(5.862) 	(-1.873) 

Mi5.;c. 	.836 	-.578 	-1.133 	1.326 	-.378 	1.560 	.926 
(1.715) 	(-.744) (-1.488) 	(5.900) 	(-1.797) 

' 
ocall-Toll-Misc,Toll 	.046 	-.381 	.232 	1.366 	-.367 	2.398 	.999 

(1.044) 	(-2.146) 	(1.768) 	(10.247) 	(-2.885) 	. 

Irli-Tolli-Direr:!tory 	.063 	-.400 	, 176 	1.359 	-.364 	2.276 	.,999 
(1.209) 	(-7.269) 	(1.343) 	(9.988) 	(-2.815) 

(1.356) [(-2.473) 	(2.057) 	(9.985) 	(-_.:53
)_ 2.432 	.999 

Il 	

Local-I-Toll 	,053 	-.431 	.261. 	1.331 

	, 	 
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4.1.3 The Rotterdam Demand Model 

52. 

The Rotterdam model  Bell Canada can be represented 

by the following subset of equatios:
11 

BLTSO, 	[log BLPDTS - 	) 0 	P1 

+ 0 2  [log BLGPDt  - log BLGPDt_ 11] 

12,LLSDt_ij = 0 0  + (3 1  [log BLPDLS
t 

+ [3 -
locj  

BLTTO 	=+ + 	rioa BLPDTT
t 0  

+ (3 2  Elog BLGPDt  log BLGPDt 1 

= 

ait 
[log =SO

t 
 •- log  

- log BLPDTS t_ i l 

. 	[Log BLLSO,_ - log 

- log BLPDLS t... 0 

a
it 

[log  BLTTO t - log 

- log BL_PDTTt_] 

[-log BLMSO.F_ - log 0 I:log BLPDMS, 

- log - DLPDMS t ] . 4 0 2 -:,g- D.LGrDt  - lOg ; DLG.PD, 

BLmso u....]:1  

a
it 
. [log BLBDDt [log - log BLBD0t_11 = 0 0  + (3 1  [Log  BLPDBDt  

- log BLPDBDt_;" +og BLGPDt  - log BLGPDtI3 . 

The results for the ordinary least sguares estimates 

in table 4.1.7. We can observe that the signS of 
. 	1 

and
2 are generally correct. However, price appears to affect 

local services in a positive fashion and this can alsb account for 

the positive 0 1. in the local plus.toll . - miscellaneoustoll category. 

• After adjusting for the positive . autocorrelation, we see that the 

estima tes are generallv insignificant and so we must reject the 

Rotterdam model, even though in . all cases 0 1  has the right sign and 

only for miscellaneous and directory categories does 0 have the 

wrong sign. 

are found 
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Table 4.1.7 

Rotterdam Demand Model: O.L.S.  

(t-values in parenthess) 

	

Demand Category 	
l 	 2 	

D.W. 	R
2 

0  
77a.a1 

Total 	.001 	-.004 	.001 	1.135 	.079 

	

(7.839) 	(-1.338) 	(.452) 	. 

Local 	.6007 	• 	.0004 	.0003 	.707 	.009 

	

(7.153) 	(.278) 	(.221) 

Toll 	.0004 	-.004 	.002 	1.644 	.302 

	

(4.651) 	(-2.989) 	(1.084) 

Tol1-Misc».0o1l 	.0004 	-.003 	.001 	1.629 	.207 

	

(4.613) 	( ,2.309) 	(.828) 

1)in,-:ctory 	.0001 	.0004 	-.0.-J1 	1.245 	.169 

	

(3.214) 	(1.602). 	(-1.719) 

Misc. 	.001 	-.005 	.002 	2.441 	.320 

	

(9.969) 	I 	(-2.781) 	(1.075) 

	

Local+Toll-Misc.. Toll 	.0001 	.0007 	-.001 	1,174 	• 	.251 

	

(3,843) 	(1,922) 	(-2.449) 

	

Local+Toll+Directory 	.001 	-.003 	,002 	1.041 	en r.) 

	

(6.737) 	(-1,00R) 	(.694) 

' 	Local+Toll 	.001 	-.002 	.001 	1.008 	.030 

	

(6.949) 	(-.795) 	(.402) 
. 	 , 

I. 
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Table 4.1.8- 	. " 
• 

Rotterdam Demand Model:  C-O.L.S.  

(t-values in parenthesis) 

-- 

 Demand Category 	f3 	(31 	P. 2 	P 	D.W. 	R
2 	

MI 
 

1 0 	 _ 

Total 	.001 	-.005 	.002 	.158 	2.441 	.320 

	

: 	- 

	

(9.970) 	(-2.781) 	(1.075) 	(.765) 

Local 	.001 	-.002 	.001 	.394 	2.135 	,432 

	

(10.580) 	(-1:705) 	(1.281) 	(2.057) 	. . 

Toll 	.0004 	-.004 	.002 	.124 	1.915 	.351 

	

(4.265) 	(-2.968) 	(1.221) 	(.600) 

I Toll-Misc, Toll 	.0003 	-.003 	.001 	.084 	2.022 	.277 

	

(4.417) 	(-2.607) 	(.994) 	(.407) 

	

Direchorv 	.0001 	. 	-.0004 	,.0004 	.746 	1_570 	.467 

	

(1.006) 	C-1.732) 	(-1.318) 	(5.372Y 

	

Misc. 	.0001 	-.0002 	-,0008 	.636 	1.617 	.463 

	

(2.074) 	(-.466) 	(-2.381) 	(3,951) 

Local+Toll-Misc.Toll 	.0009 	-.004 	4 002 	.222 	2.352 	.284 

	

(8.096) 	(-2,264) 	(1.485) 	(1.094) 

Local+TolliDirectory 	.0001 	-.004 	.002 	.238 	2.338 	.260 
• (8.470) 	(-2.099) 	(1.083) 	(1.176)  

	

Locall-Toll 	.001 	-.006 	.003 	.150 	2.322 	,353 

	

(8.683) 	(-2.966) 	(1.714) 	(.727) 
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4.1.4 Partial Price  Elasticities of Demand 

In this section we report the Partial price .  elasticities 

of demand for Bell Canada. For the linear model a subset of the 

formulae are: 

BLPDTS, 

1 BLTSO
t 

BLPDLS
t 

. 	  1 BLLSO
t 

- partial price elasticitv of total demand . 

 in period t. 

- partial .price elasticity of local demand 

in period t. 

BLPDTT
t 

- partial price elasticity of toll demand 1 BLTTO
t 

in period t. 

BLPDM.S 4_ 

BLMSO 
t 

BLPDBD 
• t 

1 BLBDO
t 

parLial peice elasticity Of miscellaneouS' 

demand in period t. 

- partial price elasticity of local plus 

toll demand in period t, 

In the linear model the elasticities are variable over 

time, because
1 is just the rate of change. Indeed, we can  sec 

 by the formulae that the trend of the elasticities, in the linear 

model, is defined bni the trend of relative prices to demand. 

The elasticities for the O‘L.S. e:-!timates xanged from 

-12.724 in 1950 to -.750 in 1975 for  the  total  demand, for local 

demand -7.897 in 1950 to -.565 in 1975, for toll -16.899 to -.573, 
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for toll minus miscellaneous toll -10.600 to*-.452, for directory 

4.233 to .881, for miscellaneous 4.092 to  •1.014, for local Plus 

toll minus miscellaneous toll -12.185 to -.733, for local plus . 

toll plus directory -11;155 to -.70,3, for local plus toll 

-14.461 to -.789. Therefore we_find that for all  the  cases-where 

8
1 

< 0 the elasticities increase over the sample, and for the cases 

where 8
1 

> 0 the elasticities decrease over the period,' Indeed, 

for tdtal demand a 1% ,  increase in the price of total services led 

to 12,7% decrease in demand in 1950 while only 

For the Cochrane-Orcutt estimates- of the-linear model. 

the ranges of the elasticities are, for  total. demand ,9.629 in 

1950 to -.568 in 1975, for local demand -6.292 to -•.450, for toll 

414. , and. -2.548 to -,086, for toll minus miscellaneous t011 -3.349 

to -.143, for directory -1.321 to -.275, for miscellaneous .  -1.084 

to -.269, for local plus toll minus miscellaneous toll -8.666 to 

-.521, for local plus toll plus directory ,-8.362 to -.527, 

and for local plus toll -9.882 to -.539. In this set of elasticities 

• the signs are 	correct because 8
1 

< 0 for all  the services .  • 

under the C-O.L.S. estimates. Moreover for all the elasticities 

the values Are monotonically increasing. 

The nonlinear regression estimates for the linear mode_1' 

exhibit the same trend as in the previous cases. For total demand 

the rance is -1,237 Lo -.073, for local demand -.499 to -.036, 

for toll -4.080 to -.138, for toll minus miscellaneous toll demand 

-3.232 to -.138, for directory -1.171 to -.244, for miscellaneous 

to  8% decrease- in 1976' 
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-.516 to -.128, for local plus . toll minus miscellaneous toll 

-1.124 to -.068, for local plus toll :plus directory-1.026 . 

to -.065; for local plus toll -1.423 to -.078. 

The double-log demand moâel incorporates the assumption 

of constant price (and income) elasticities over the Sample - period. 

Thus for each  category- (given the estimation technique) we get 

a single elasticity. For the O.L.S. estimates, the elasticities 

are, for total -.196, for local .054, for toll -.743, for toll 

Minus miscellaneous toll -.691, for directory 1.562, for misCellaneouS 

1.552, for local plus toll minus miscellaneOus toll -.225, for 

local plus toll  plus  directory. -7.128, for .local plus toll -.283. 

The Cochrane-Orcutt estimates are, for total -1.3, for 

local -1.1, for toll -1.6, for -Coll minus miscellaneous toll -1.5, 

for directory -.4, for miscellaneous -.5, and for the last three 

categories the elasticities are all -1.3. 

The nonlinear regression estimates for each category 

are -.420, -.276, -.666, -.578, -.654, -.578, -.381, -.400, -.431. 

The last.group  of  elasticities pertains to the Rotterdam 

model and it's method of estimation The elasticities, in this 

context, are computed by dividing the 8 1 
estimates in tables 4.1.7 

and4.1.8byait .Sincea..(as defined in section 2,and footnote 11) it 

is a variable, the partial price elasticity of de]mnd is variable. 

For ox'dinary least squareS the elasticities tend to 
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1 

-fluctuate over the samole period for each type of service. The 

range for total demand is -.210 to -:410, for local demand .;047 

to .102, for toll -.561 to -1.425, for toll minus miseellaneous - 

toll -.444 to -.931, for directory-2.454 to .494, fer miscellaneous - 

3.384 to .730, for local plus toll  minus  miscellaneous toll -.179 

to -.350, local plus toil - plus directory .  - ..143 to  -.280,. for 

'local  plus  toll -.265 to - -.516, 

laneous 

The C-0.3-...estimates of the Rotterdam modelyield the • 

following range of values for the elastieities in the nine deMand 

categories, -.311 to -.606, -.154 to -.330, -.575 to -1.460, -,484 

to -1.014, -.490 to -2.430, -.183 to -.848, -.292 to -.570, -.271 

to -.528, -.353 to -.689. . 

We  previously stated that for Bell Canada the equations 

which generally yielded the - best results were the double-log'C-O.L.S. 

estimates. Moreover, because we ultimately will integrate the • 

demand module into a more complex framework.relating such variables 

as revenues, costs and rates of return, we are interested  in the 

value of the price•elasticity of demand. From economic theory we' 

are. aware 'that a monopolist(given a particular geographical 

location) must - always have - a price elasticity Smaller or equal 

to -1.000. We - can see that the price elasticity for total demand 

giVen from table 4.1,5 iS -1.3, and this figure is consistent 

with economic analysis. 

1 
1 
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4,2 B.C.  Telephone 
• 

4.2.1 The Linear Demand Model 	• 

The first equation we estimated for British Columbia 

Telephone was the linear model given by eguation . (12),„ Table 4.2.1 

presents the results for the linear case when we used ordinary 

least squares and estimated the equations for the period .  1961-19-75, 

BCTSO = t 	0 

BCLSO = 
t 	0 

BCTTO t= (() 

BCMSO L= 
0 

BCBDO t= 0 

BCPDTSt 2 + 	BCGPD
t 

BCPDLS
t
+ P

2 
BCGPD

t 

BCPDTT
t
+

2. 
BCGPD

t 

BCPDMS
t
+

2 
ECGPD

t 

BCPDBD
t
+

2 
BCGPD

t 

The reaults for the 	regressionS are such that, , 

although in ail  cases P 2  > 0 and so we should and do find P, < 0, 
1 	. 

there is serial correlation, which is reflected by the low D.W. 

statistic. 

Correcting for autocorrelation we find that the results 

significantly improve. Indeed, for the toll category there is a 

radical change  in' the  coefficients and their importance. , We 

also find that the estimate for p1  in  each case is aignificant but 

the serial correlation still persista, as found in table 4.2.2. 

This time we estimated the 'linear model us.-i.ng  the nonlinear 

approach because we are twice correcting for autoccxrelation. These 

results appear in table 4.2,„ We can observe from table 4.2.3,that 
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Table 4.2.1. 	. 	. 
II 

. 	Linear Demand  Model: 0.L.S. , 	. 
. 	 . _ . 	 (t-values in parenthesis) , 

Demand Category 	 r3 2 	D.W. 	R2  0 	1 

Total 	352.602 	-318.667 	.014 	.429 	.979 

	

(2.096) 	(-2.633) 	(2.130) 

Local 	166.888 	-134.175 	.005 	1.208 	.989 

	

(3.488) 	(-3.863) 	(2.482) 

Toll 	3.166 	-47.920 	.015 	.487 	.965 

	

(.033) 	(-.723) 	(3.787) 

MIscollaneous 	23.833 	-22.712 	.0005 	.958 	.985 

	

(7.137) 	'(-0.692) 	(4.014) 

Local -I- Toll 	282.308 	-262.804 	.015 	.471 	.978 

	

(1.746) 	(-2.272) 	(2.402) 

Table 4.2.2 

Linear  Demand Model:  ..C-O.L.S. 

(t-value  in parenthesls) 

2 Demand Cabegory 	P 	P. 	D.W. 0 	1 	2 	p ., 	 R 

Total 	386.142 	-386.848 	.016 	.764 	1.332 . 	.994 	il 
(3.624) 	(-5.183 	(3.352) 	(4.437) 

1 

Local 	176.676 	-144.058 	.005 	.344 	1.805 	.990 	II 

	

(3.582) 	(-4.061) 	(2.284) 	(1.371) 	 1 

Toll 	111.444 	-159.695 	.014 	.749 	1.198 	.991 

	

(1.818) 	(-3.630) 	(4.815) 	(4.234) 
I 

Miscerianeous 	15.372 	-17,132 	.0008 	.700 	1.578 	.990 	1 

	

(2,668) 	(-4.510) 	(3.037) 	(3.666) 

I Local  -I. Toll 	365,383 	-364.283 	.016 	.753 	1.380 	.993 

	

(3.471) 	(-4.895) 	(3.294) 	(4.231) 
t 
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Linear  Demand Model: M.L.R. 

(t-valUes in parenthess) 

i3 	 P2 	
D.W. 	R

2 
Land Category 	0 	2 	1 	P1 1  

'b tai 	-30.728 	-116.986 	-.0007 	1.016 	.164 	1.837 	.998 
(-1.701) 	(-2.219) 	(-.116) 	(2.248) 	(.322) 

Local 	-4.728 	-21.542 	(-.005 	.488 	.653 	2.079 	.994 

11 	(-.511) 	(-.585) 	(-1.050) 	( .960 ) 	(1.167) 

Toll 	-18.345 	-64.925 	.004 	1.943 	-.004 	2.120 	.998 

II . 	(-1.892) 	(-2.643) 	(1.075) 	(3.830) 	(-.010) 

Miscellaneous 	4.402 	-14.3e", 6 	.001 	.892 	-.286 	2.034 	.993 
(1.159) 	(-3.268) 	(3.289) 	(3.0 1 3) 	-1.042) 

Lai + Toll 	-26.279 	-108.132 	-.001 	1.058 	.106 	1.787 	.998 
(-1.507) 	(-2.033) 	(-.252) 	(2.276) 	(.202) 

ern 



In this section we estimated the double-log equations,• 

which for B.C. Telephone demand categories ',Eire 	• 

. 	• 

using the non-linear regression in.order to compute thé estimates 

from the double correction specification,.that for an:categories 

p 2 is inSignificant and so.-the second adjustmen -tis inappropriate. 

This outcome could be due to the-fact that we are using Bell's ' 

data as an approximation for the output prices. 

It appears then that the C-O.L.S. approach . to  the linear 

model for B.C. Telephone yields the best results. 

4.2.2 The Double-Log Demand Model 

1 

log BCTS0 t= 

- log BCLSO
t
= 

log BCTTO t= 

log BCMSO t= 

log BCBDO t= 

4 4-  fi»  log BCPDTS t+ 2  

log per.173LS t r3
2 0 

o 
+ f3 log BCPDTTt

+ 13
2 

o 
+

1 
log BCPDMS + t 	2 

r3 0 
+-(3 1 

log BCPDBD t+ (3
2 

log BCGPDt 

log BCGPDt  

log BCGPDt  

log BCGPDt  

log BCGPD t  

The results for the O.L.S. estimates are presented in 

table 4.2.4. Ue find that for all cases 2 > 0 and P, < O. In 1 

addition, the coefficients for each category are all significant 

while there does seem to be a minimal degree of autocorrelation; 

except fo'r'rniscellaneous demnd, because Of the residual nature 

of the component,-the.autocorrelation is quite severe.' 

For the Cochrane-Orcutt,adiustment the results are found 

in table 4.2.5. Again•we find that the price and.income effects 
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Table . 4,2..4 

Double-Log  Demand Model: 0.LS.. 

(t--values in parenthesi.$) 

. 	r 
Demand 	Cabegory o 	1 P 	D.W. 	

R2 
' 	z. 

-------- 

Total 	-5.296 	-1.077 	1.138 	1.543 	.999 

	

(-11.072) 	(-8.634) 	(21.057) 

Local 	-3.183 	-.929 	.826 	1.878 	.99 7  
• (-5.255) 	(-5.924) 	(12.037) 

Toll 	-10.5766 	-.873 	3.641 	1.334 	.999 

	

(-15.496) 	(-5.191) 	(21.384) 

Miscellaneous 	-7.000 	-2.409 	.950 	.809 	.944 
(-3.616) 	(-4.168) 	(4.324) 

Local + Toll 	-5.486 	-1.016 	1.156 	1.932 	.999 
• (-12.197) 	(-8.779) 	(22.743) 

Table .4.2,5  • 

Double-Log  Demand Model:  C-0.L.S.  

(t-values in parenthess) 

Demand Cato,jory 	. 	f-3o2 	. 	P 	D.W. 	Re' 1 	1  
1 

Total 	-5.417 	-1.069 	1.152 	.180 	1.956 	.999 
(-9.609) 	(-7.860) 	(18.111) 	(.686) 

Local 	-3.319 	-.907 	.811 	.030 	1.996 	.996 
(-4.7.1 0 	(-5.288) 	(10.628) 	(.113) 

Toll 	-10.20 	-.936 	1.600 	.336 	1 .644 	.999 
, 	(-13-042) 	(-5-194) 	(18.195) 	1 .333) 

MiLIce1lancous 	-12.086 	-1.51'; 	1.516 	.557 

	

(-3.048) 	(-2.023) 	(3.412) 	(2.510) 

0 	

2.136 	.959 

Local + Toll 	-5.586 	-1.000 	1.167 • 	--024 	1.998 	.999 

II 	
(-11.593) 	(-8.317) 	(21-462) • 	(-.089) 

_______ 	____I 	_ 
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Table 4.2.6 

Double-Log .Demand Model: N. L . R. 

(t  -values. in  par:en -tiles s) 

_ 
. 	 q 

Demand Categor:y 	(3 2 	O. 	p
2 	

D.W. 	RI" 
0 	1 	1  

- 
Total 	-7.156 	-1.015 	' 	1.184 	.128 	-3.829 	2.134 	.999 

• (-2.647) 	(-6.004) 	(16.347) 	(.350) 	(-1.175) 

Local 	-4.568 	-.958 	.832 	.083 	-.493 	2.173 	.996 
(-2.109) 	(-3.731) 	(7.646) 	(.212) 	(-1.022) 

Toll 	-9.706 	-1.030 	1.564 	.572 	-.554 	2.202 	.999 
• (-1.832) 	(-3.041) 	(9.850) 	(1.734) 	(-1.593) 

Miscellaneous 	-12.314 	-.493 	2.156 	.266 	.042 	1.358 	.992 
(-6.411) 	(-1.095) 	(7.207) 	(1.571) 	(.296) 

Local -1- Toll 	-8.958 	-.962 	1.188 	-.040 	-.512 	2.254 	.999 
(-2.372) 	(-5.706) 	(16.097) 	(-.098) 	(-1.347) 

1 
1 

1 
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1 
1 
1. 

1 

have the appropriate sign, however p i  is insignificant in all 

cases except the miscellaneous category. This result is what 

we expected, given our conclusion concerning the O.L.S. estimates. 

Therefore one would have to say that, for the double-log 

equation, the simple ordinary least  squares  estimates are prefe-

rable (except for the miscellaneous catogorv) and it is of little 

value to analyse the nonlinear regression, but for completeness 

we present the results in table 4.2.6.  

4.2.3 The Rotterdam  Demand  Model 

• In this section we estimate equation (19) which in this 

context n7fives the following system of equationsr 

a
i 
 A log BCTS0 ), - log BCTS0 t_ ii 	+ 	['log BCPLY,12S t  

— 

t- 

- log BCPDTSt-1  + R 2  [1og BCGPD
t - log BCGPD t-j 

a4-1og BOLSO t  - log BCLSO] = R o  + R i  [log BŒDIs t  - log BCPDLSt _..4] 

. 	+ f3 2  [log  BCGPDt  - log BCGPDt _ /1 . 	- 

1-lo BCmT0 - lc BC'TO 	• =-B -Lq 	l• BcPTY0T 
_ 

()itt: g 	'-` • t 	'g 	--'s • t 	0 ' '1 [.."-cxJ 	- ' - t 
---1 	 . 

- log BCPDTTt-1  1 + R- 
z 
 riog BCGPD t  - log BCGPD 
L 	t-1 

a.
t 
 rlog BCMSO t - log BCMS0 4-1 = R 	R1 [log BCPDMS t i -L” 	 0 

. t-. - log BCPDMS I + i3 2  'log BCGPDt  - log BCGPD,_.171 t-1 	 I - 	 _ 
I 	.. • 	(- .),- , 	- a . A leg BCBDO . .- log BCBDO 1A - R + R , 1(.,g , B _I J...3D 

3 t 1 	t 	*-- 	0 	1 L 	t . _ 
- - log BCPDD1)t-1  1 + R..) i  i

. log BCGPD
t - log BCGPD 

- L 	t 1--1. 

The results for the ordinary least squares estima tes 

are found in table 4,2.7, We can observe that the income (R 2 ) and 

1 
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Table 4.2.7 

Rotterdam Demand Model:  O.L.S. 

(t-values in parenthes;s) 

- 

2 ' 	Demand Category (13 	P. 	r-D 2 	D.W. 	n o 	1  
 	, 

Total 	.0008 	-.019 	.010 	1.940 	.496 
' 	(2.125) 	(-2.743) 	(2.295) 

Local 	.0008 	-.00005 	-.008 	1.786 	.009 

	

(2.856) 	(-.002) 	(-.264) 

Toll 	.004 	-.006 	.008 	1.393 	.542 

	

(1.465) 	(-2.321) 	(2.613) 

Miscellaneous 	-.0005 	-.002 	.001 	1.527 	.519 

	

(-.698) 	(-3.269) 	(1.225) 

Local + Toll 	.009 	-.009 	.009' 	2.030 	.506 

	

(2.964) 	(-2.630) 	(2.539) 

Table 4;2.8 . 

'Rotterdam Demand Model: C-0,L.S. 

(t-values in parenthesis) 

• 
Demand Category 	

1 	130 	
1 	0 	.  

P 	' 	R 
P 1 	" 	1 	D.W. 2 

_- 

Total 	.0009 	-.012 	.010 	.017 	1.671 	.495 

	

(2.127) 	(-2.622) 	(2.117) 	(.057) 

Local 	.0000 	.0004 	-.00 1 	.090 	1,837 	.018 

	

(2.757) 	(.113) . 	(-.400) 	(.313) 

Toll 	.0004 	-.008 	.008 	.225 	1.715 	.620 

	

(1.807) 	-2.961) 	(2.59 .3) 	(.801) 

Miscellaneous 	-.0002 	-.003 	.002 	.494 	1.317 	.504 

	

(-2.020) 	(-3.634) 	(2.840) 	(1.970) 

Local 1- Toll 	.0009 	-.009 	.009 	-.044 	1.846 	.510 

	

(2.899) 	(-2.601) 	(2.380) 	(-.154) , 

1 
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price 1
) effects have the correct sign for all categories: . In 

. addition, for the total and local plus toll regressions, hot only . 

are  all  the variables significant, but there is virtually no auto- • 

correlation. The toll category cannot be analysed due to the 

autocorrelation,while the local results show us thatthe adding-up 

restrictions do not approximate the true structural characteristics. 

Therefore because of the generally geod results for the Rotterdam 

model using ordinary least squares we adjusted for autocorrelation. 

The results for the model corrected for autocorrelation 

are presented in table 4.2,8. We find that for total and local 

plus toll where the 'results were favourable the correction was not 

a factor and where the results were unfavourable as in the local 

rategory there was basically no*improvement. One must conclude:. 

then that on the whole the Rotterdam model,in particular the 	• 

imposition of the adding-up constraint, does not perform well for 

B.C. Telephone. 

4.2.4 Partial Price Elasticities of Demand .... 

In this section we report the partial price elasticities 

of demand for B.C. Telephone 	For the linear model the formulae are 

BCPDTS
t 

1 BCTS0,- .  
- partial price elasticity of total demand 

in period t. 

BCPDLS, 
173 

1 BCL E*()It 

BCPDTT 
• t' 

@ 1 7-ôï- 

- partial price elasticity of local demand 

• in period t. 

- partial price -elasticity of toll demand 

in period 



*demand in period t. 

BCPDBD 
t 	. 

- partial price elasticity Of lôcal plus. 

toll demand in period t. 

1 BCBDO. 

1 

1 

1 
1 

B .CPDMS
t 

- partial price elasticity of miscellaneotis 

68. 

We must notice that in the linear model the elasticities are 

variable over time because the estimated coefficient gives the 

rate of change and not the percentage rate of change. 

First we discuSs the elasticities which were computed 

for the linear môdel using O.L.S. estimates. The range for the 

IItotal demand Was from -5.835 in 1961 to -.758 in 1975, with monotonic 

increasing values for the figures, The local demand numbers,wel-e 
, 

also monotonically increasing wi.th a range from -3.901 in 1961 

to -735 in 1975. The toll demand ranged from -2.865 in 1961 

to a continual increase to -.222. In addition the miscellaneous 

and local plus toll elasticities also increased from a low of 	II 

11 -7451 to a high of -1.226 for miscellaneous, and -5.125 to -.65 

for local plus toll. Hence the linear model restrictions yield there to 

be a gradual decrease in the .  responsiveness of demand to a change 

in the price of the telephone service; for example a 1% increase 

in the price'of total telephone services caused a 5.8% decrease 

'in the total demand in 1961, while'a 1% price inerease,for services 

only caUsed a .8% decrease in 1975. 

1 
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When  we estimated the equations using Cochrane-Orcutt 

least squares technique We found the elasticities to monotonically 

increase over the sample period. For total demand the range was 

from -6.753 to -.878; for local demand the range was from -4.188 

to -.789; for toll demand the range Was from -9.549 tà -.740; 

for miscellaneous demand the range was from -5.621 to -.925; and 

finally for local plus  toll demand the range was from -7.104 to 

-.907. Again there is a gradual diminution of the responsiveness 

of demand for telephone services to the prices of these services. 

As in the previous two cases, for the linear model which 

was twice corrected for serial correlation the elasticities 

exhibited a decreasing dsmand responsiveness to price. For total 

dem-n,1  the elasticity ranged from - 2.1 4 2 fo  -27R for local  demand  

the range was -.626 to -.118, for toll demand -3.882 to -.301, for 

miscellaneous -4.710 to -.775, and for local plus toll -2.109 to 

-.269. 

In the double-log model we constrain the partial price 

elasticities to be constants. Indeed they are the coefficients: 

 called 	in tables 4.2.4, .5, .6. From the ordinary least  squares 

we have, -1.077 for total demand, -.929 for local demand, -.873 

for toll demand, -2.409 for miscellancoUs demand, and -1.016 for 

local plus toll. demand. From the Cochrane-Oroutt methéd the . 

elasticities are -].069 for total,. -.907 for local, -.936 for toll, 

-1.517 for miscellaneous, and -1.000 for local plus toll. Finally 

the twice corrected estimates yield the elasticities to be -1.015 

for total, -.958 for local, -1.030 for toll, -.493 for miscellaneous 

an à -.963 for local plus toll. 



70. 

The third model estimated was the Rotterdam and once 

more we had. variable partial price elasticities of demand.. In 

each  casé the Rotterdam model elasticities are the 5. coefficients 
• 1 

.from tables 4.2.7 and .4.2 , 8.divided by a. . Since a, , which is • 
it 

the two.7year average share of the'expenditure  on any.telephone . • • 

.service out of the income in the carrier's jurisdiction, is variable; 

then  of course the elasticity. is variable. 

For ordinary Ieast squares the elasticities tend to 

fluctuate over the sample period. This : is due to the imposition 

of the adding-up restriction,which was described in section 2. 

The elasticities for total demand ranged from -.641 - to -1.254, for 

local demand - from -:0005 to 	for toll demand from:-.580 to- 

7-1.133, for miscellaneOds demand from -,2.500 to -5.005, and-for 

local plus toll demand from -.520 to -1.009. 

For C-0..L.S. estimates we have, a range of -.639 to 

- -1.250 for total, .035 to .086 for local, -.785 to -1.534 for toll, 

-3.242-to -6.493 for miscellaneous, -.517 to -1.010 for local Plus 

toll. - 	• 

Recalling that for B.C. Telephone the equations which 

yielded the best results, on average, were the double-log estimated 

by ordinary least squares. Since demand conditions determine 

revenues, and we are interested (for the integrated model) in total 

revenueiJ, and therefore total demand, the partial price elaticity 

of total demand will play a crucial role in our simultaneous model. 
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Moreover from 'economic theory we know  that  a firm operating as - 

a monopoly• in its own jurisdiction must always ,  have an elasticity • 

of total demand smaller than -1.000 e  then the price elasticity from 

the double-log 0.L.S. specification..of -1.1 is consistent with this 

theoretical result. 
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4.3 Public Carriers 

In this section we estimate the - demand characteristics 

for the aggregation of Alberta Government Telephones, Edmonton 

Telephones, Saskatchewan TeleCommunications, and Manitoba Telephone 

System. 

4.3.1 The tinear  Demand  Model  

The linear equations for.the.public•companies are- , 

TGTSO
t = o 

TGLSO
t. 

TGTTO
t 

TGMSO 
• 	t 

TGBDO
t 

+ 0, TGPDTS t .+ r3 2 Y2GGPDt  

+ 13 1  TGPDLS t  +. 13 2  TGGPDt  

+ TGPDTT ;+ (3
2 TGGPD

t 

+ 13 1  TGPDMSt  + 2  TGGPDt  

+ 13  TGPDBD
t 
+ e 2 TGGPD

t 

The results for the O.L.S. estimates are found in 

table 4.3.1. In all cases  13 7  > 0 and (3 1 
<O (in other words all 

telephone services are normal commodities). The results are gene• 

except for the presence of autocorrelation, suggested 

D.W. statistic, although the miscellaneous demand .  . 

equation does not show an important price  coefficient. This 

occurs because 

We must notice 

sWamp the weak 

of the residual nature of the 

that the strOng'price effects 

response from miscellaneous demand, as  depicted by , 

the highly significant price term in the demand equation for total 

telephone services. we should be careful in interpreting the -  t - 

the preSence of autocorrelation. values, because of 
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Table 4.3.1 

'Linear Demand Model: O.L.S. 

(t-values in parenthests) 

P
2 	

D.W. 	R
2 

Demand CateQ'ory 1 	
0 5

0 	(3 

Total 	291.147 	-315.392 	.019 	1.137 	.990 
(2.575) 	(-4.079) 	(5.877) 

Local 	161.665 	-136.732 	.005 	.652 	.995 
(6.074) 	(-7.451) 	(5.891) 

Toll 	22.489 	:-96.940 	.016 	1.379 	.9816 
(.291) 	(-1.913) 	(6.840) 

Miscellaneous 	-1.260 	-4.043 	.001 	1.753 	.981 
(-.197) 	(-.851) 	(7.870) 

Local -I- Toll 	246.137 	-278.272 	.019 	1.103 	.988 
(2.225) 	(-3.703) 	(5.914) 

- 

Table 4.3.2 

Linear Demand  Model:  C-O.L.S. 

(t-values in parenthesis) 

I 
I/ 	Demand Category 	f3 	 f31 
	--- P)

2 	P1 	
D.W. 	R

2 
0 

 
Total 	524.163 	-482.819 	.014 	.555 	1.541 	•994 

II (4.744) 	(-6.338) 	(4.295) 	(2.49 3 ) 

Local 	101.542 	-152.215 	.004 	.587 	1.257 	.997 

II (7.880) 	(-9.35-1 ) 	(5.954)  

Toll 	231.815 	-253.830 	.011 	.469 	1.753 	.9S1 

	

II (2.629) 	(-4.144) 	(4.417) 	(2.000) 

Miscellaneous 	20.311 	-18.214 	.0006 	.499 	2.071 	.988 

	

(2.946) 	(-3.794) 	(3.165) 	(2.152) 
II 
II 	Local 1- Toll 	500.809 	-473.233 	.013 	.567 	1.531 	.994 

	

(4.800) 	(-6.428) 	U.374) 	(2.573) 
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Table 4.3.3 

Linear Demand 'Model. N L R 

(t-values in parenthesi.$) 

- 	 _ 	- 	 , 

I 	. 	
, 	 • 

!Demand Category (3 	f3 1 	(3 2 	p. 	 P 2 	]).W. 	R2 	_I 
0 	 1 I ...... 	. 	. 	

, 
i 
:1.1 cital 	-77,447 	-260.275 	.002 	.797 	.428 	2.385 	.999 	i 

; 	(-3.896) 	(-8.440) 	1.387) 	(3.014) 	(1.386) 
I I 
!Local 	.-12.010 	-97.265 	.002. 	1.106 	-.009 	2.109 	.999 	I 
; 	(-1.823) 	- 	(-6.567) 	(3.013) 	(3.444) 	-.025) 

.;'---- 
!Toll 	-44.032 	-150.209 	.0002 	1.106 	.109 	2‘226 	.998 . 	i I 	• i 	(-3.166) 	(-6.009) 	(.113) 	(5.246) 	(.426) I 	 1 
!Miscellaneous 	-.064 	1.484 	-.0009 	1.069 	.070 	2.220 	.993 	1 
! 	(-.084) 	(.291) 	(-..439) 	(3.076) 	(.182) 
! 1 !Local 4- Toll 	-72.061 	-251.989 	.002 	.926 	.289 	2.484, 	.999 	1 

(-3.689) 	(-8.141) 	(1.354) 	(3.721) 	.(.987) 	i 

I_ 

1 
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Correcting for autocerrelation we find ,  that from 

table 4.3.2 the.results improve over the 0.L.S. estimates .1n 

all cases
2 

> 0 and < 0, and the t-values show that the 
- 1 

variables are more significant, once we adjust for serial corre-

lation. However, in two cases, local and local plus toll the 

D.W. gtatistic suggests that we should correct for. autocorrelation. 

The results for the nonlinear regression are found in 

table 4.3.3. We see that p 2  is insignificant for all the demand 

categories, and the income effect (0 ) is not significant for all 2 	, 

services except local demand. Thus for the linear model the 

be .4- he 

4.3.2  The Double-Log  Demand Model 

The double-log model, in this context,• is represented 

by the following equations: 

log TGTSO t  = 0 0  + (31  log TGPDTS t  + 02  log TGGP- Dt  

log TGLSO t  = 0  + (3 1  log TGPDLS t  + 0 2  log TGGPDt  

log TGTTO t  = 0 0  + (3 1  log TGPDTTt  + (3 2  log TGGPDt  

log TGMSO t  = 0 0  + 0, log TGPDMS t  + 13 2  log TGGPDt  

log TGDDO t 	f3 0  + 0 1  log TGPDDD t  + 0 2  log TGGPD t  
• 

The results for th  e ordinary least squares estimates 

are found in table 4.3.4. For all  the  categories, except 

miscellaneous, the price effect is nogative and for all the 

services 0 2' 
the income effect is positive. However, we cannot 
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Table 4.3.4 

Double-Log Demand Model: O.:L.S. 

(t-values in parenthesis) 
- 

Demand Category i 	R 	 D.W. 	n2 	' 

	

,0 	3_ 	_  

Total 	-5.845 	-1.411 	1.181 	.454 	.982 
(-2.162) 	-2.581) 	(4.057) 

Local 	-3.455 	-1,284 	.829 	.371 	.980 
(-1.565) 	(-2.896) 	(3.482) 

moll 	-7.600 	-1.754 	1.303 	.594 	.983 
(-2.476) 	(-2.997) 	(3.958) 

Miscellaneour, 	-17.829 	.842 	2.147 	1.790 	.970 
(-9.440) 	(1.885) 	(10.520) 

Local 1- Toll 	-5.228 	-1.544 	1.109 	.468 	.983 
(-1.963) 	(-2.907) 	(3.868) 

Table 4.3.5 

Double-Log  Demand Model: (..1 0.L.S. 

(t-values in parenthesi.$) 

9 Demand Category
2 (3 	 P 	D.W. 	R 	11 0 	' 	:1. 	1 

-1 
Total 	1.800 	-1.103 	.423 	.918 	1.588 	.998 

	

(1.146) 	(-5.276) 	(2.6b3) 	(5.675) 	
II , 

Local 	1.401 	-.921 	.352 	.918 	.995 	.997 

	

(1.031) 	(-5.223) 	(2.555) 	(8.633) 

!I  Toi]. 	.445 	-1.019 	. 	.524 	.923 	1.510 	.996 

	

(.185) 	J 	(-2.396) 	(2.165) 	(9.004) 
111 

 Mii.;cellan.--ous 	_ -3.536 	-1- 16 1 	.622 	.630 	1.447 	.991 	1 

	

(-3.765) 	(-3.787) 	(2.902) 	(3.036) 

II 
Local 4 	Toi]. 	3.741 	-1.098 	.428 	.9 2 5 	3.418 	.997 	1 

I 

	

(1.017) 	(-4.790) 	(2.483) 	(9.099) 	
11 
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L. 
/ .. mand Cat_i:Dgory 
_ . ..,..--.._ 

Total 	• 

I 
Local 

I 
Toll 

/l'y _scellaneous 

.314 
(1.979) 

.383 
(2.827) 

.370 
(2.649) 

r'o 	13 1 

.203 
(1.935) 

.064 
(.782) 

(.994) 

-,940 
(-4.118) 

-.894 
(-3.284) 

-1.118 
(-3.682) 

1.381 
(4.397) 

.990 
(3.654) 

1.239 
(5.480) 

-.444 
(-1.420) 

-,058 
-.220) 

-.161 
-.865) 

--- 	77. 

Table 4.3.6 

Double-Log Demand Model 	N.L.R. 

. 

 

(t--values • in parenthes:1-s) 

T 

.109 	-.382 	.050 

	

(1.144) 	(-.828) 	(.199) 

"cal 4- Toll 	.175 	-.982 	-.332 

	

(2.742) 	(-3.906) 	(2.027) , 

- 2 

.850 	.091 	2.328 	.998 
(2.793) 	(.306) 

	

2.375 	.998 

	

2.452 	.997 

	

2.864 	.994 

,966 	-.023 
(3.340) 	(-.080) 

2 	:'•• 	P1 • 2 	. 	D.W. 

2.443 	.998 



1 

1 

1 
1 
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take.much stock in those-results because of the very h

auto-correlation which of course biases the values of the parameters 

and their t-values.. 

Once we correct for autocorrelation, we see from 

table 4:3.5, an enormous improvement in the D.W. statistics, 

except for the local services. Moreover, B 2  > 0 and B l '‹ 0 for 

all of the demand categories, and the values of  these coefficients .  

.are significant. 	 • 

Because of- the inconclusiveness of the D.W. statistic,in loc - 

category, it appears interesting to run the model correcting twice 

IIfor serial correlation. These results are presented in table  4.3,6.  

In all cases we find that p 2 
is insignificant • and  therefore we - 

can immediately. *c.14smiss theSe estimates. ConSequently,'for the • 

double-log model - the Cochrane-Orcutt-estimates appear to bc'thc 

best ones.' 

113.3 The Rotterdam Demand Model 

The equations of the Rotterdam model'are 

• c/.. [log TGLSO t  - log TGLSOt_ 1 1 = B o  + B i  [log  TGPDLS t  
it 

- log TGPDM t. _. ;] + B 2  [log  TGGPDt  - log TGGPD„..., 
v... 

(y. 	Li.0g  T G jj.1 r.r 0 	-- 1 0 g 1,PGT12 0 	71 nr- (3 , + PI . 	I 10 g 'II  CPUS' 171  
i t. 	 t 	u 	I 	. 	• 	• - t • 

_ 
. 	, 	•- log TGpD T rf

t -Itj 
--.1 --I- 13,,

% 
 [log TGGPD, -. log TGGPD . •,, I . 
, 	- 	t. 	 t -1 _. 

“. [locr TGMSO - log 	MSU, 1 .= B 	B, rg TGPDMS. t it 	--) 	t 	l 	TG 	
. 	-1 	+ 

- 
.L..- 11 _ 	0 	1 tio  

I - log TGIMMS,.._.-11 + , B nog irGGPDt  - log 	Dt_ i  : TGGP 	I 
.  _ .ti 

u 3_ tri og TGBDO - log TGI3D0 t.:3 1 = (3 0  -1-  (3 1  [log  TOI'IN3pt • 
--,. 	 -4 	

, 

L. 	 II 
• - log TGPDBD,11 _ 	+ B2  riog TGGPD t  - log TGGPP,L  _ :1 , j 	. 	,--- 	- 

e, [log TGTSO t  - log.  TGTSO t-__ ]1 7  (3 0 	B1  ['log TGPDTS t it - 
- log 	 1 TGPDTS.E  1 + B2  [log  TGGPDt  - log TGGPD,_ ]1 - 

7..I 

1  
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Table 4.3.7 

Rotterdam Demand Model: 0.L.S. 

(t-values in parenthesIs) 

R2  Demand Category 	i3 	(3 2 	D.W. 	R' 0 	1' 

Total 	.001 	-.014 	.004 	2.045 	.540. 

	

(4.805) 	(-2.927) 	(1.329) 

Local 	.0004 	-.005 	.0008 	1.572 	.465 

	

(3.859) 	-2.832) 	(.715) 

Toll 	.0007 	-.007 	.003 	1.768 	.423 

	

(3.758) 	-2.007) 	(1.300) 

Miscellaneous 	.0001 	.0004 	.0001 	1.680 	.072 

	

(3.388) 	(.847) 	(.368) 

Local + Toll 	.001 	'-.014 	.004 	1.782 	.530 

	

(4.280) 	-2.815) 	(1.282) 

Table 4-.3.8 

Rotterdam . Demand Modelz C- O. L.S.  

(t-values in parenthesis) 

II 
 

Demand Category (3 	I 	(3 2 	P1 	
D.W. 	'122 

0 	1  

"Total 	.001 	-.015 	.003 	-.151 	2.164 	.621 

	

(5.788) 	(-3.452) 	(1.277) 	(-.530) 

II Local 	.0003 	-.005 	.002 	.465 	1.994 	.502 

	

(2.230) 	(-2.483) 	(2.050) 	(1.820) 

II Toll 	.0007 	-.nla 	.003 	.008 	2.440 	. 644 

	

(4.642) 	(-3.326) 	(1.366) 	(.027) 

II Miscellaneous 	.0001 	.0005 	.0003 	-.354 	2.975 	.j94 

	

(6.617) 	(2.918) 	(2.0 30) 	(-1,311) 
, 

IR Local + Toll 	.001 	-.015 	.004 	-.044 	2.244 	.630 

, 111 	(5.156) 	(-3.430) 	(1.395) 	(-.153) 
, 
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1 

- partial pride elasticity of tetal.domand 

in period t 

TGPDTS
t 

TGPDLF 
't 

1 TGLSO 

With respect to the Rotterdam model, the results are 

•presented in table 4.3.7. For the.total demand, there is virtually 

no autocorrelation and 8 1 
< 0, 8 > 0, but the income effect is a 2 - 

•marginal variable. The toll and local plus toll are acceptable 

equations but again the income effect is insignificant. The 

miscellaneous category, dUe to the random noise from.the datat is 

a very poor fit. When we adjust for autocorrelation .there-is only 

a marginal improvement in the demand for local services. This result 

is expected because the D.W. »statistic .in • Table 4.3.7 indiéates an 

- 'absence of autocorrelation. • 

. One - can then saY that in general, except. for the lobai 

services, the Rotterdam model does not perform well for the public 

carriers. 	 _ . 	 - 

. Indeed, we find that for the total, toll - miscellaneous and 

local plus toll the linear model using the Cochrane-Orcutt least-

squares yields the best results; for the total services the Rotterdam 

model using ordinary least squares also does quite well, while for local 

services the Rotterdam model utilizing the C-CM:i.S. estimates gives 

the best results. 

4.3.4 Partial Price Elasticities of Demand 

In-the linear model the price eldsticities are computed from-1 

- partial price elasticity of local.demand 

in period t 



TGPDBD„.  

(31 TGBDO
t 
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TGPDTT
t  

- 	- partial price elasticity of toll demand 1 TGTTO
t 

TGPDMSt  
in period t 

- partial price elasticity of miscellaneous 

demand in period t 

- partial price elasticitv of local plus 

toll demand in period t 

With the ordinary least squares estimates all the 

elasticities showed a monotonic decrease in demand responsiveness to 

price,because of the fact that given a constant 	the ratio of 

relative'prices to output declined over time. The range for total 

demand is from -4.305 to -.563, for local -3.670-to -.700, for toll 

SIZQiit -3.195 to -.293, ro ï misel:laneous from --1.195 Lo -.155," and 

fôr local plus toll from -4.015 to -.521. 

The Cochrane-Orcutt estimates yield the ranges of the 

elasticities to be, for total -6.727 to -.879, for local -4..086 

to -.776, for toll -8.363 to -.767, for miscellaneous -5.384 to 

.-.699, for local plus toll j6.828 to -.886. 

The nonlinear estimates are, for total -3.553 to -.464, 

for local -2.611 to -.496, for toll -4.950 to -.454, for miscellaneous 

- .439 to .057, for local plus t011 -3.636 to -.472. 

The double-log  elasticities are: for ordinary least 

squares, total -1.411, local -1.284, toll -1.754, miscellaneous 

.842, local plus boll -1.544; for C-0. least  squares,  total -1.103, 
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local -.920, toll -1.019, miscellaneous 7-1.161, local plus toll 

-1.098; for .N.L.R. estimates, total -.940, local -.894, toll -1.118, 

• - miscellaneous -.382, local plus toll -.982, 

• 	The Rotterdam elasticities.vary over the'sample period 

because they are defined by PI_  divided by ait  

The ordinary least squares results are: for, total a high 

of -.828 and a low of -1.077, for local -.717 (high) and -1.700 

(low), for toll -.661 (high) and -1.291 (low), for miscellaneous 

.932 (high) and .409 (low), for local plus toll -.856 (hig)i) and 

-1.691 (low). 

The C-0 least  squares  estimates  are z for total .  -.801 

(high) and -1.691 (low), local, -.692 (high) and -1.642 (low), toll 

.950 (high) and -1.869 (loi),. Miscellaneous 1.359 (high) and .596 

local plus  toll -.849 . (high) and -1.785 (low). 

For the total demand services, it appears that the linear 

model corrected for autocorrelation yielded the best results and if 

we calculated the mean of the range of the elasticities, we find 

that the average partial price elasticity of total demand for the 

public companies is -3.1. 



4.4 Private Carriers 

This section deals with the estimation of the demand 

structure for the aggregation of the private. companies, Newfoundland 

Telephone, New Brunswick Telephone, and Maritime Telegraph and 

Telephone. 	 • 

4.4.1 The Linear Demand  Model 

' 

 

The  linear equations which were—estimated for the private 

companies are, 

OPTSO = t 

OPLSO
t  = 

OPTTO. = t. 

OPMSO
t = 

OPBDO
t = 

+ 0 

+ 

	

0 	1 

	

p, 	-4- (%_. 

	

0 	i 

r3 + I 

+ 1. 0  

OPPDTS
t 

+ B, OPGPD 
t 

OPPDLS
t 

+  132 OPGPDt 

Q1?IOTT ±  13 opc,PD 
t 	n 

OPpDMS
t 

+ B
2 
OPGPD

t 

OPPDBD
t 

+ B
2 OPGPDt 

The- results  for the  ordinary least squares estimates 

. are found in table 4.4,1. We can observe from this table that, 

although, the price and inceme effects have the correct Sign, the 

problem of autocorrelation is-quite severe. 

• 	After adjusting for the positive autocorrelation, we 

see from table 4.4.2 that the :.igns of the coefficients are correct 

and p
1 
 is significant, iihich implies that wo were correct in carryng  ' 

out the adjnstmeht. However, if we adjust once more then p 2  isnot 

significant (table 4.4.3) and so we have to conclude that, in general, 

the linear model'.does not adequately describe the private companies 

demand structure. 
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Table 4.4.1 

Linear Demand  Model: G.L.S.  

(t-values in parenthesi . $) 
_ ..._ 

Demand Category 	
n2 

- -- ---To -FaÏ 	235.569 	-223.778 	.016 	.436 	.968 

	

(1.882) 	(-2.514) 	(1.7(:)7) 

Local 	91.779 	-84.054 	.006 	.639 	.980 

	

(2.259) 	(-2.887) 	(2.328) 

Toll 	23.544 	-50.060 	.016 	.439 	.948 

	

(.326) 	(-1.017) 	(2.924) 

Miscellaneous 	12.639 	712.438 	.0005 	1.002 	.969 

	

(5.184) 	(-6.555) 	(3‘1 4 0) 

Local I- Toll 	186.232 	-185.127 	.018 	.429 	.967 

	

(1.518) 	(-2.137) 	(2.016) 

Table 4.4.2 

Linear Demand Model:  C -O.L.S. 

(t-values in parenthesis) 

Detnand Category 	(3 	f3 	[3 2 	D.W. 	R2  
0 	1 	P 3_ 

ToLal 	198.438 	-235.941 	.025 	.760 	1.325 	.990 
(2.330) 	(-4.148) 	(3.244) 	(4.379) 

Local 	79.351 	-81.7 66 	.009 	.624 	1.583 	.9 9 0 
(2.377) 	(-3.571) 	(3.230) 	(2.992) 

Toll 	54.779 	-108.043 	.020 	.778 	1.230 	.987 
(1.242) 	(-3.569) 	(4.596) 	(4.628) 

niscolidneous 	I 	35.270 	-14.188 	.0003 	.414 	1.463 	.976 
(4,064) 	(-5,304) 	(1.039) 	(1.700) 

j,Jcal 	-I- 	Toll 	178.611 	-220, 790 	.0 25 	.766 	1.356 	.99 1  
(2. 2 58) 	(-4.57) 	(3.510) 	(4.459) 

_____ 	-, 	...._ 
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Table 4.4.3 

Linear Demand l'iode  1:  N.L.R. _ . , _ 	_ 
•(t-values in parenthesis) 

- 
Irmand.Categery P 	

, , 	
R2 	• 	ï P 2 	• 	

D.W. 
- 	 , 

Total 	59.147 	-249.072 	.019. 	1.109 	. 	-.352 	1.261 	.990' 
(.632) 	(-2.759) 	(1.057) 	(2.508). 	(-.765) 

II 	

• 

Local 	-.206 	-3.770 	-.010 	1.045 	.039 	. 	2.058 	.996 
(-.050) 	(-.115) 	(-1.464) 	(1.731) 	(.060) 

Toll 	-1.900 	-22.837 	.013 	1.887 	• 	-.317 	2.389 	.999 	• 
(-.216) 	(-2.377) 	(7.386) 	(5.975) 	(-.807) 

ILscellaneous 	-.388 	.942 	-.001 	1.097 	.018 	2.076 	.992 
(-.924) 	(.317) 	(-1.506) 	(2.728) 	(.166) 

cal + Toll 	-9.169 	-42.558 	-.010 	1.099 	.031 	2.030 	.998 
(-1.245) 	(-1.113)  1 	(-.811) 	(2.309) 	(.060) 

1 



4.  

-I- 

+ 

P) 2 

f3 2. 

2 

B 2 

4.4.2 The Double-Log  Demand Model 

86. 

The equations for the double-log model, in this section, are; 

log OPTSOt  = 8 0  

log OPLSOt  = 8 0  

log OPTTOt  = 8 0  

log OPMSO
t 

= 8
o 

log 0PBDOt  = f3 0  

+ 8. log 

+ 8 1  log 

(3 1 19g  

+ 8 1  log 

+ 8 1  log 

OPPDTS
t 

OPPDLF , t 

 OPPDTT t 

OPPDMS t 

OPPDBD
t 

log OPGPD, 

log OPGPDt  

log OPGPD
t 

log OPGPD
t 

log OPGPDt  . 

The results for the double-log model, estimated bv ordinary 

least squares arepre.se.nted in table 4.4.4. Once more, the problem 

of autocorrolation iS severe, even though the coefficients (8 1 and 8 8 ) 

have the right sign. Table 4.4.5 shows us the adiusted results and 

th:7wP. 	Ftn•tfflprouemeD'f: TIe pro:h)pm of 

overcome, especially in the total, local, and local plus toll 

categories. In addition the estimatés . have the right  sign.  and are 

all significant for these three categories. 

The second correction for autocorrelation (table 4.4.6) 

brings about a significant improvement in the results for each demand 

category. Indeed, it seems that for the linear - and double-log 

models the best estimates are the double-log nonlinear regression 

estimates. _ 
• 

4.4-3 The Rotterdam Dernand Model _ _ .  _ .  _ _ . _ . _ _ _ . _ _  

The equations•for the 'Rotterdam model are: 
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Table 4.4.4 

Dou9le-Log Demand  Model 

(t-Values in parenthes1s) 

Demand Category 	f3 	(3 	(3 	D.W. 	R
2 

	

___ . _ _ _ _ _ _   	_ I___________ 

Total 	-6.777 	-1.293 	1.327 	1.381 	.998 

	

(-9.396) 	(-6.798) 	(15.215) 

Local 	-5.433 	-1.171 	1.077 	.914 	.992 

	

(-5,108) 	(-4.210)- 	(8.359) 

Toll 	-10.101 	-1.239 	1.639 	1.529 	.998 

	

(-12.589) 	(-6.215) 	(16.989) 

MiscellaneouR 	-9.560 	-2,018 	1.244 	.858 	.984 

	

(-9.675) 	(-6.723) 	(10.377) 

Local + Toll 	-6.910 	-1.251 	1.339 	1.374 	.998 

	

(-9.136) 	(-6.363) 	(14.649) 

Table 4.4.5 

Double-Log Demand Mbdel: C-O. L.S. 

(t-values in parenthes.is) 

I IlDcmand Category 	

- 	
2 (3 	P1 	D.W. 	R

2 
0 	1 	I 

Total 	-7.514 	-1.182 	1. 4 15 	.178 	1.911 	.998 

II (-10.435) 	(-6.809) 	(16.294) 	(.675) 

Local 	-6.938 	-.941 	1.257 	.440 	1.712 	.995 
(-5.309) 	(-3.412) 	(7.983) 	(1.831) 

Toll 	-10.333 	-1.238 	1.667 	.150 	1.240 	.998 

	

(-12.617) 	(-6.291) 	(16.932) 	(.560 

M..isccllanuous 	-9.177 	-1.987 	1. 900 	.569 	1.100 	.998 

	

-3..662) 	(-4.384) * 	(4,000) 	(2.588) 

Local 1- Tor). 	-7.626 	-1.349 	3. 4 24 	.167 	1.906 	.998 

	

( •10.616) 	(- 6 .651) 	(16.4 4 0) 	(.637) 
film 
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Table 4.4.6 

Double-Log Demand Model: N.L.R.  

(t-values  in parenthesis) 

F- 
1 	 il 	P, 2 	' 	

p
2 	

D.W. 	R ,Demand Category 
I 	0 

Total 	-8.566 	-1.347 	1.329 	.325 	-.585 	1.994 	.999 

L 	(-3.266) 	(-5.744) 	(12.239) 	(1.003) 	(-2.316) 

'Local 	-5.087 	-1.233 	1.104 	.683 	-.582 	1.880 	.996 
i 	(-2.280) 	(-2.700) 	(4.951) 	(1.945) 	(-1.754) 

, 
'Tllo I• 	

-9.880 	-1.457 	1.530 	.461 	-.536 	2.311 	.999 
(-3.551) 	(-6.831) 	(14.667) 	(1.997) 	(-2.471) 

Miscellaneous 	-6.833 	-2.558 	1.087 	.989 	-.814 	2.012 	.995 
(-3.656) 	(-7.279) 	(7.679) 	(4.825) 	(-3.827) 

Local + Toll 	-8.746 	-1.301 	1.343 	.312 	-.571 	2.083 	.999 
(-3.272) 	(-5.616) 	(12.351) 	(.970) 	(-2.354) 



- partial price elasticity of total demand 

in neriod t 

OPPDTS t  

89. 

ait  D_og OPTSOt  - log OPTSOti] = B o  + 13 1 : log OPPDTSt  

- log OPPDTS t_ 31.1 -I- B 2  [log OPGPDt  - log OPGP. Dt _ i] 

riog OPLSOt  - log OPLSOt... 0 = B o  + B i E log OPPDLS t 

- log OPPDLSt_i] + 	[log OPGPDt  - log OPGPD t.r.1] 

ait  [Log OPTTOt  - log OPTTOt_ 37] = 	B1  [log OPPDTTt  

- log OPPDTTt_i + B 2  log  OPGPDt  - log OPGPDt_] 

ait  [log  OPMSOt  - log OPMS0t-1]  = 	[log OPPDMS t  

- log OPPDMSt_ I:j + B 2  ['log OPGPDt  - log OPGPDt_ :i] 

. D.og OPBDOt - log OPBDOt 	= 	1 - 0 o + 	riog OPPDBD t -I-  

- log OPPDBDt-1  j 	2 	g OPGPDt j + 	Elog_OPGPD -  log 	. . 

The results for the ordinary least squares estimates 

for the Rotterdam mbdel (table 4.4.7) are not very promising;  or  

. 1nr- 
tc e s:I:vices the income 	--c --  w.L 	zinc L , .ur 	loca Lii 	 ., 

demand the price effect is also signed incorrectly, In addition 

the Cochrane-Orcutt results, for the correction of the problem of 

autocorrelation, do not improve the explanatory power of the m.odel. 

Consequently, the nonlinear regression estimates for th e  

double-log model, in general, are the best results. 

4.4.4 The Partial PriCe Elasticities - of Demand 

In the linear model the price elasticities are computed from:: 

OPPDLS t - partial price elasticity of local demand 

in period t 
1 OPLSO.t 
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Table  44. 7  

Rotterdam Demand Model: - O.L.S. 

(t-values in parenthesi.$) 

Demand Category 	f3 2 	D.W. 	
u2 

0 	1 
- _- 

Total 	.003 	• 	-.007 	-.021 	1-430 	.299 

	

(2.411) 	-.970) 	(-1.122) 

Local 	.002 	.001 	-.023 	1.996 	.423 

	

(3.439) 	(.416) 	(-2.419) 

Toll 	.001 	-.005 	-.002 	.878 	.182 

	

(1.534) 	(-1.442) 	(-.173) 

Miscellaneous 	.0001 	-.0001 	-.0002 	1.118 	. 3v5 0 

	

(.596) 	(-1.895) 	(-.095) 

Local -I- Toll 	.003 	-.006 	-.021 	1.416 	.283 

	

(2.515) 	(_,896) 	(-1.159) 
- 

Th1e  448 ' 

Rotterdam Demand Model: C-O.L.S.. 

(t-values in parenthesis) 

Demand Category 	 2 	p1 1 	 D.W. 	P:- 	1 0    
in  

Total 	.002 	-.010 	-.008 	.216 	1.770 	.332 

	

(1.793) 	(-1.326) 	-.426) 	(.765) 	 MI 

	

1MLocal 	.002 	.002 	-.022 	-.035 	2.004 	.385 

	

(3.213) 	(.433) 	(-2.200) 	(-.122) 
MI  

Toll 	.0005 	-.006 	.011 	.523 	1.390 	.547 

	

(.790) 	(-2.105) 	(1.144) 	(2.325) 
Ill 

MiscollaheGas 	.0001 	-.0009 	-.00 0 4 	.411 	1.540 	.494 	i 

	

(.744) 	(-2.129) 	(-.20 3 ) 	(1.561) 

Local_ 	i. 	ToLl 	.002 	-.009 	-.008 	.215 	1.790 	.323 	I 
0 

	

(1.257) 	(-1.318) 	(-.413) 	(.7'.,2) Il 
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OPPDMS 
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OPmSO

t 
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t 

OPPDTT
t 

OPPDED
t 

1 OPBDO 

- partial price elasticity of toll demand 

in period t 

- partial price elasticity of miscellaneous 

demand in period t 

- partial price elasticity of local plus toll demand 

in period t 
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The price elasticities for the 0.L.S. estimates in the 

linear case monotonically increase since the ratio of the relative 

price to output for . each service declines. The ranges are  for 

total -7.324 to -.882, for local -4.766 to -.786, for toll -4.546 

to -.373, for miscellaneous -10.075 .to -1.217, for local plus toll 

-6.375 to -.761. The C-O.L.S. estimates  are for total -7.722 to 

-.930, for local -4.636 to -.765 for toll -9.811 to -.805, for 

miscellaneous -11.494 to -1.389, for local plus toll -7.604 to • 

-.908. The N.L.R. estimates are: for total -8.152 to -.982, for • 

local .7..214 to -.035, for toll -2.074 to -.170, for miscellaneous 

.092 to .763, and for local plus toll -1.466 to -.175. 

The double-log elasticities are: For 0.L.S., total -1.293, 

local -1.171, toll -1.239, miscellaneous -2.018, local plus toll 

-1.251; C-O.L.S.,  total -1.182, local -.942, toll -1.238, miscetlaneous 

-1.987, local pluF3 Loll -1.149 N.L.R., LoLU -1.347, local -1.233, 

toll -1.457, miscellaneous -2.55 8, local plus Uoll -1.301. 
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The Rotterdam 0.L.S. estimates vary over the sample, 

for total -.347 (high) to -. 6 72 (low), for.local .320 (high) 

to <159. (low), for toll -.470 (high) to'-.905 (low),  for  • miscellaneous 

-1.083 (high) to -2.025 (low), and for  local plus toll -<311 (high) 

to -.603 (low). The C---O.3, S.  estimates also vary and they'are; 

for total -.468 (high) to -.905 (low), for local .345 (high) to 

.171 (low), for toll -.550 (high) to -1.059 (low), for miscellaneous 

-1.175 (high.) to -2.198 (low), and for local plus toll -.446 (high) 

to -.864 (low). 

It has been stated that the best results for the total 	11 

demand  services are thé double-log 	estimates, In this 

case the partial price elasticity iS -1.4 which is indeed lower . 

than -1;0 and i- i 	tJ.L 	i L L with economid:theoIy‘ 

I. 

• 1 
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Appendix -  3.1 - Demand  Module  Symbols 

Provinees  and  Country 

QU 	QuebeC 

ON 	Ontario 

NS 	Nova Scotia 

PE 	Prince Edward Island 

NF 	Newfoundland 

NB 	New Brunswick 

MN 	Manitoba 

SK 	Saskatchewan 

AL 	Alberta 

BC 	British Columbia 

CA 	Canada 

Cities 

Mt 	Montreal 

TR 	Toronto 

HL 	Halifax 

JF 	St. John's 

JB 	St.  John  

CL 	Charlottetown 

WN 	Winnipeg 

ST 	Saskatoon 

RG 	. Regina 

ED 	Edmonton 

VC 	Vancouver 

2. 
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Cullpanies 

DL 	Bell Canada 	• 

BC 	British Columbia Telephone Company 

MT 	Maritime Telegraph & Telephone Company 

NF 	Newfoundland Telephone Company 

NB 	New Brunswick Telephône Company 

AG 	Alberta,GovernMent Telephones 

MN 	Manitoba Telephone System 

SK 	Saskatchewan Telecommunications 

ED 	Edmonton Telephones 

OP 	Private telephone companies other than  DL and BC 
(MT + NF + NB) 

4! ,-0- 7-11 puh3. -;(-1 felepuione.› nompanie 	(AG + MN + SK + BD)  

ID 	Total telephone industry 

ror 

4. .Revenues 

- TSR 	Total Revenue 

LSR 	Local Revenue' 

TTR 	Total Toll Revenue (including  mis cell. Toll Rev.) 

TOR 	Toll Revenue (excluding. miscell. Toll Revenue). 

DAR 	Directory Advertising Revenue 	- 

MSR - . Miscellaneous Revenue (TSR - LSU 	TTR) 

LTR 	LSR + TOR 

BMR 	LSR 4 TOR + DAR ;All revenue but miscell.) 

BDR 	LSR + TIR (All revenue but directory advertibement 
miScell.) 

and 
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I .  

1 • 

TSI 

LSI 

TTI 

TOI 

DAI 

MSI 

LTI 

BMI 

BDI 

TS0 

LSO 

TTO 

TOO 

DAO 

14S0 

LTO 

BMO 

BDo 

TSR minus Indirect Taxes 

LSR 	
It 

TTR 

TOR 	
It  

DAR n . 	
n 	11 	 • 	• 

MSR 	n 	
. 1, 	n 	. . 

	

• 	
.. 	. 	. 

il 
 

, 	 . 

BMR 	n 	
• 	u 	n 

... 
, 

BDR 	u 	
n. 	n 

.,..., 
s 	

. 

TSI deflated (output ,of the first revenue category) 

LSI 	n 	
n 	n 	second  

TTI 	n 	n 	n 	third 	" 	ll 

TOI 	. n 	
n 	" • 	fourth 	II 	 II 

DAI 	I? 	 II 	 II 	fifth 	ii 	 II 

MSI 	n 	u 	u 	sixth 	n 	II 

LTI 	n 	II 	 • II 	 seventh 	" 	' 1, 

BMI 	I; 	• 	U . 	 II 	eighth ' 	" 	• . 	II 

13DS 	n. 	n 	n 	nineth 	;5 	5.: 

5. 	Price  Indices  

PITS 	Price  Index' (of the first revenue category) TSI/TS0 

n PITS 	n 	( n 	second 	" 	n 	) LSI/LSO 

n PITT . 	Il 	( 	II 	third . 	It 	 IT 	) TTI/TTO 

PITO 	11 	u 	( n 	fourth . CI 	 ti 	
) TOI/T00 

II 	 li PIDA- 	n 	/ . n 	fifth 	It 	). DAI/DAO . 

ti 	

. . 	\ 

Il PIMS 	n 	( II 	sixth 	n) 	) MSI/MSO 

II  . 	' I; 	 n' u PILT 	( 11 	seventh 	) LTI/LTO 

Il PIDM 	II . 	( - " . 	e 3, (il 1...1-1, 	
II 	 li 	

-) )3MI/BMO 

ft 	 II PIBD 	II 	( It 	nineth 	u ) -  BDI/BDO . 

POTS 	PITS deflated by the consumer Drice index 

POIS 	PILS 	.11 	 II 	 it 	 If 	 ll 	. 

PDTT- 	PITT 	li 	 • ll 	 11 	 It 	 ll 

PDTO 	PITO 	. II 	 if 	 . 	If 	 II 	 Il 

PDDA 	luDA 	
H 	' 	n 	II 	 II 	 II 

. 	. 
PDMS 	PIMS 	n 	n 	It 	 Il 	 It , 
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6. 

PDLT 	PILT deflated by the consumer price index 

PDBM 	PIBM 	H 	H 	H 	H 	H 

PDBD 	PIBD 	If 	 - If 	 II 	 II 	 II 

, 
CPI 	Consumer Price index . 	• 

GPI 	Gross  Provincial  produ.ct price  index 

Gross Provincial Product 

GPP 	Gross Provincial-Product (current prj,ces) 

GPD (deflated) 



'Foôtnotes 

1. Along with the T.C.T.S. carriers, we include Edmonton Telephones 
because of its large share of the local reve .aues from the 
telephone services in the province of Alberta. 

97. 

(n) .  of commodities in ea.ch 2. There are an arbitrary number 
household's decision process. 

-3. Since we are only dealing with' the telephone industry and not 
the Canadian economy we are using partial equilibrium analysis. 
Hence, we are assuming the outputs (and revenue) of all non-
telephone producing firms are given. 

4. There is no reason for the type and number (m) of commodities, 
in any one firm's decision, should be the same as the type and 
number (n) in the household's choice problem. 

5. Of course we have tried other variables in the aggregate demand 
• function such as population, and the percentage of direct 

distance calls, as a measure of technological change, but they 
created problems of multicollinearity, or had the wrong sign, 
or were insignificant. 

elasticities replace p. 	bY y t  • 

7. The need for this procedure arises because we do not have 
information on indirect taxes by the type of revenue services. 

8. The data source for the consumer price indexes is Cansim.' 

9. The data source for the gross provincial products is Cansim. 
- ) 

10. The list of mnemonics is given in Appendix 1 of the demand 
module_ The first'two letters pertain to the company and the 
remaining letters  rater  to ,the particular type of variable. 

.11 	a.
; 	

refers to the a ,:),,:::, race valr,  u 	(J.-.)etwc--en two pe.rio ds) of.  the ') snare of expenditure on the i 	service out of total expendi-• 
ture in Deriod t. Thus u,„ chan;,4es for any service over timc 
and it changes across difMrent services. 

â log x.. 
6. The partial price elasticity - of demand is „ 	, whereas Jog r it  

d log xit  
the total price elasticity is d log  p.  

	 , and for the income 
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1. 	Bell Canada, Rate  Hearings, Exhibit No's. B-73-61, B-73-62, 
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THE PRODUCTION MODULE  . 
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1. Introduction 

The purpose of the production module is to investigate 

the structural characteristics of.both the technology and the 

factors of production of telephone services for the TCTS 

companies and Edmonton Telephones. . 

In this module we estimate functional forms which describe 

production relationships such as the marginal products and the 

degree of returns to scale, 'These relevant estimated parameters 

are then integrated with the demand and financial modules, so 

that the overall môdel•can.be  solved and the various forecaSting 

experiments carried out. 

Tbr-  an& y 	Of  the p duction conf7i gurations fr,r 

services has generally been studied at two levels of carrier 

aggregation. One level is at the industry, where production 

functions are estimated for all the important carriers combined; 

as is found in the study by R. Dobell et. al, [7], 

The other level is at the firm level, but for a particular 

firm, which is  Bell Canada; as is found in the studies by the 

- 
I.A.E.R. [10j, J. Carr pl and R. Millen [13] - .In this study, 

we estima te production functions not only for Bell Canada, but 

àlso for British Cojuiràj.a Telep!lone Company; the aggregation • 

of Maritime Telegraph and Te2ephone Company,. New Pirunswick 

Telephone and Newfoundland Telephone Company. Finally,.we 

estimate funëtions for the agciregation of Alberta Government 

1 



o 

Telephones, Edmonton Telephones, Manitoba Telephone System 

and SaSkatchewan Telecommillnications. 

In addition to the' types of carriers usually studied, 

there is generally only an 'aggregate production .relationship 

specified. This arises because of the detailed ..data which is 

needed in order to estimate sets of disaggregated 

functions. .1n particular,•one would need the contribution of . 

capital e -  labour -, and any other, factors to each service category. 

Because we do not have such'"micre" data, we follow the route Of 

previous authors, and utilize an aggregate production function 

for each set of carriers under ,2orisideration. 

The production module is divided into:four sections, where 

each Flection pertainFi to a diffe,..p,p-ft. set cf  narrjc,..rs  in the  industry.' 

(by services) 
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II 

2. Bell Canada 

The production function,fOr Bell Canada, as for  ail the 

II - other carriers, is a .  variant of the Cobb-Douglas specification. 

11 	
• 	Basically, we have 	 . 

ci  a2 (131, 
' 	Yt = AK- L

t  e 
	tu

t t 	(I) 
• 	. 

II 
where y, is output, A is a constant (representing the transformation 

11 	of inputs into the output), Kt is capital, Lt is labour, 1 is t 
.. 	:. technological change, u is the random error. By taking naLural 

II 	logarithms of (1) we get, 

II . 	

. 

2.nyt  = a + a £11K + a 9,11L + a-I + v 0 	1 	t 	'2' : 	4-t 	t 	(2) 

II wherc ZnA 	(1 0 ,.anu x:nut  = 
	We can.observe from equation (2 ) 

II • 	

that a 1 
is the elasticity of output with respect to capital '  a - 	2 

istheelasticityofoutputwithrespecttolabouriandu,is 

the average effect of a change in output with respect to à change 

in the technology. 

II - 	An immediate question arises as to the appropriateness of 

11 	. the Cobb-Douglas. function as a representation of the technology 

for Bell Canada, or for that matter, any other carrier in the 

te.lephonc: industry. Indeed, -Lb  is ques on ha 5' been tested by . 

hypothesizints a more gençDral production function, called the trans- 

I/ logarithmic production function- This so-called translog function 

can be considered as a second order approximation to any production 

function around a point in which the logarithms of - each,of the in-

puts are made equal to zero.' 
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We write the translog function as, 

c41 PAIK
t 	aenL • y 	(2,n1, . 11 	t 

2 
J^, 	) 	v, (PAIK £.111, ) + .g ) 22 	t 	12 	t 	.t 

cx, 	v . 3 - t 	t 

The . ,essential ingredient of the above relationship'is that it 

allows for a non-unitary elasticity of substitution between 

capital and labour, besides non-constant returns to scale. This 

function was estimated:for Bell Canada in pl and it was found 

that We could not reject the hypothesis that the technology:was 

Cobb-Douglas. This essentially meanS that 

• and with this restriction we see that equations (2) and "(3) are 

identical. We. shoUld remark that we still have not :imposed con- 
_ 
stant returns to scale,'We have only claimed that the production 

function exhibits a particular form of separability. . 

2-1; The Data  

The data series that .we used to estimate equation,(2) came 

from two sources, the Bell Rate HearingS [3] ,and R. b4illen11.3L" 

The output variable we used was defined as total -telephone 

service reverius minus indirect taxes (but including uncoIlectibles) 

deflated by the once  index  for  total .services, .as in the Bell 

Rate Hearings .U1 

The labour input in production was defined in terms.of• 

manhours Worked (excluding hours spent in construction) rather 

(3 

Yil 	Y22 u:  Y12 	9' 
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than  by the number of employees. In addition, we adjusted the 

manhours for differences in the quality of work among different 

types of labour. A complete description of the method of ad-

justment for.differences in skills_can be found in Bell Rate 

Hearings [3] 	It does  )car  mentioning that differendes in 

nominal wages reflected the differences in skills and these 

weights were computed for 1967 and aSsumed to be  contant  over 

the sample period. Moreover, the definition of the payment to 

labour to compute the weights included. not only wages but also 

other forms of remuneration, such as fringe benefits. 

The physical capitaleinput is.defined to be the net capital 

stock as defined in R. Millen [13] . The capital stock is com-

prised of plant and equipment, including Plant under construction. 

The rate of depreciation is eConomic depreciation computed from 

the life expectancy curves for the different vintages of capital. 

For a measure of technological change, we used two different 

variables; the percentage of calls direct distance dialed, and 

the percentage of telephones in number five crossbar and electronic 

switching system. 2 

- 2.2. The Empirical Results 

We have three different specifications for Bell Canada. Two 

equations include technological change and one does not. We also 

estimated the equations using ordinary least squares and the 
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Cochrane -Orcutt adjustment for autocorrelation. The equations 

• that we estimated for 1950-1975 were the following:'' 

ftIBLTSOt  = a o  4- a 1 5,nBLKt .21- a 2 ZnB4Lt  

£11BLTSOt  = a o 	al£nDLKt l- a2 2,nBLLt -l- a1•3LDD t  

• 

• PAIBLTSOt  = a o  ± a1 £11BLKt+ a 2 £n13LLt+ a 3 BL>l 1  

• 

The O.L.S. estimates are found in Table 2.1:and the C-O.L.S 

estimates are presented in Table 2.2. 

We:can observe from Table 2.1 that the equation without 

technological change shows that a2  .(the labeur coefficient) 

nr, t sirmif5cani- 1y different fl-om 2.ero apr'; tht a, is  not  signi-

ficantly different.from one. 'Indeed, when we introdüce techno-

logical change, whether through a direct distance dialed variable 

- or number five crossbar, the labour coefficient becciMes digni-

ficant. The probleM is, %not -only -  autocorrelation as the 

Purbin-Watson statistics point out, but also we must restrict 

.to be equal to 1-a
1 
 . In other words, we must impose constant 

returns to scale. These results are presented in Tables 2.3 and 

If we test for constant retUrns to scale for the no techni-

cal charge O.L.S equation, we find that the computed F statistic 

is 7.59 and the tabulated F 
23 

at the 1% level of significance . 
-r- 

is 7.88 and so, we accept the existence of constant returns to 

scale for this equation. 	The computed values of F for the other 

1 
1 
1 

1 
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TABLE 2.1 	 . 

Cobb-Douglas Productiof:1 Function 
. Variable Peturns to Scale: O.L.S. 

(t-values in parenthesis) 

Technological Change Variable 	a 	a1 	a2 	a3 	D.W. 	P
2 

- 
0  

-None 	 -1.519 	.956 	.134 	1.553 	.929 
' 	(-.783) 	(8.521). 	(1.205) 

Direct Distance Dialed 	(Bell) 	-1.752 	.404 	1.143 	.957 	.830 	.997 
(-4.434) 	(7.881) 	(7.214) 	(13.446) 

Number Five Crossbar 	(Bell) 	-1.040 	.530 	.743 	1.648 	. .749 	J 	.997 
(-2.517) 	(11.694) 	(4.915) 	(12.772) 

TABLE 2.2 

Cobb-Douglas Produâtion Function 
Variable Returns to Scale: C-O.L.S. 

(t-values in parenthesis) 

Technological Change Variable 	a 	a2 	a 	.•. p 	D.W. 	R
2 • &_ 

	

0 	i 	3  
, 	 

None 	
. 	

-1.298 	.968 	,057 	,189 	1.935 	.919 

	

(-,471) 	(7.131) 	(.064) 	(.964) 	' 

Direct Distance Dialed 	(Bell) 	.253 	.328 	.773 	1.118 	.494 	1,483 	.999 

	

(.679) 	(8.335) 	(6.792) 	(19.404) 	.(2.842) 

Number Five Crossbal- 	(Bell) 	1.513 	.436 -cr  

	

.z.J(., 	2.045 	.532 	1.619 	.999 

	

(4.850) 	(15.453) 	(3.144) 	(25.187) 	(3.145) 	. 

CD 



TABLE 2.3 

Cobb-Douglas Production Function 
Constant Returns to Scale: .  0 ..L.S 

(t-values in parenthesis)" 

2 Technological Change Variable 	ao 	.c`i 	a3 
 _. 

. 	None 	 -1.210 	.970 	1.549 	.905 

	

' (-5:430) 	(15.078) 

Direct  Distance Dialed 	(Bell) 	-:040 	.552 	.849 	.484 • 	.993' 

	

(-.255) 	(10.254) 	(9.315) 

Number 7:'ive Crossbar 	(Bell) 	-.142 	.587; 	1.597 	.623 	.595 

	

(-1.203) 	(14.461) 	(11.586) 

TABLE 2.4 --  
.r 

• Cobb-Douglas Production Function 
Constant Returns to.Scaler C-O.L.S. 

(t-values in parenthesis) 

• 
ql..e-hnological Change Variable 	cr., 	P 	D .W . 	

i›,2 
.i. 

None 	 -1.210 	-971 	.190 	1.935 	.896 
(-4.044) 	(11.401) 	(.966) 

Direct Distance Dialed 	(Bell) 	.691 	.316 	1. 1 44 	.540 	. 	1.523 	.999 
(5.627) 	(7.678) 	(18.626) 	'(3.205) 

Number Five Crossbar 	(Bell ) 	.257 	.460 	1.903 	-409 	1.146 	.999 
(3.427) 	( 9.189) 	(24.457,) 	(2.243) 

an IRO 1111111 IMO • MN UM OM
• 111111,  01111111 	SIM 	011ie • MIN 	ONO 	11118 , 1111111111 •dill 	1111110• 
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two equations found in Tables 2.2 and 2.4.also tell us that we 

should accept constant returns to scale. .Since it appears that • 

autocorrélation iS particularlv strong  'ne  need only carry out our 

tests using Tables 2.2 and 2.4. From these Tables we see that 

by single equation criteria,  the  direct distance dialed measure  of  

technological change yields the best results, so we accept contant 

returns to scale for Bell Canada. We complite that  à.32 and 
1 	. 

- 
so that1 2 

 aA-a =1. Given that we are interested in a complete 
2  

integrated .model the final acceptance or reiection of a particular 

equation will be determined by the equation's performance in 

tracking the actual data in the sample• period, when we simultaneously 

• solve the modules. 
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The production functions which we have estimated 

contain equipment and labour as inputs, and revenues in 

constant dollars as the output. Consequently, because 

we  have  excluded materials as an input, we are assuming 

that materials affects output through a fixed coefficient 

technological process.  This process may be represehted by 

y =  min. (F (J:,L) , R); .  

where R represents-materials and 'il  and y are positive constants, 

The preceeding equation implies that 

y = F.(K,L)  - R . 
. P 

Since we have already estimated the relationship y = F(KiL) 

we now need to find tha estimated value of v. We ran regressions 

of the form R.vy using the ordinary least squares and Cochrane - 

Orcutt adjustment and found that, 

R = .14(y1, -.956y t-1)-4-.956 	Rt-1 
(13.1 163) 	(16.226) 

D.W. n2 
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where v= .14 which is the estimated share (or average product) 

of materials to output. 

. There also exists the possibility that the fixed coefficient 

assumption is not valid and that the actual technological 

process of Bell is 

• 	y = r(K,L,R) 

where R, materials, is included, with equipment and labour, in 

the group of factors which are potentially subtitutable. 

It should be mentioned' here that the figures of materials 

series also include services rent and sun/plies and it  bas  been 

taken directly from the Memorandum on Productivity, Exhibit 

No. B-73-62, by Bell Canada. 

The results from the estimation, When we included 

materials in the Cobb-Douglas Production function, are presented 

in tables 2.5 - 2.8. For the variable returns to scale model we 

utilized the ordinary and Cochrane-Orcutt least squares methods, 

while for the constant returns to scale formulation we used the 

restricted least.squares estimation technique. In the following 

tables ud repreents the materials elasticity of output. 

It is clear from the variable and constant returns to 

scale resultsthat technological change must be included in the 

production relationship.Moreover . „ we find yhen we perform our. F-test 



TABLE 2.5 

Cobb-Douglas Production Function 
Variable Returns 1:o Scale: O.L.S. 
(t- values in parentAesis) 

. 	. 
Technological Change Variable , 	a 	• 	a2 	a3 	• a4 1  

0 	 D.W. 	R
2 

	• 	 

None 	 -7-1.982 • 	.335 	7.689. 	.998 	' .655 	.991 

	

(-2.260) 	(2.936) 	( -2.659) 	(6.419) 

Direct Distance Dialed 	(Bell) 	-.973 	.345 	.830 	.818 	,216 	• 	.919 	.998 

	

(-1.570) 	(5.581) 	(3.339) 	(7.386) 	(1.596) 

Number Five Crossbar.(Bell) 	-.236 	.437 	_449 	1.368 	256 	, 	.810 	.998 

	

(7.410) 	(6.736) 	(2.072) 	(7.150) 	(1.904) 
• 

TABLE 2.6 

Cobb-Douglas Production Function' 
Variable Returns to Scale:  C -OLS. 
(t- values in parenthesis) 

•, Technological Change Variable 	 D.W. 	R
2 

a
o 	a2 	a 3 • 	a4 	0 	' 01  

None • 	 7.316 	-.121 	.016 -'.277 	.952- • 	:873 	.998 
(1.647) 	(7.253) 	(.057) 	f 	(2.000) 	15-.512) 

Direct Distance Dialed 	(Bell) 	.329 	.317 . 	.68 8 	1.043 - 	. 	.082 	.457 	1.619 - 	.999 
(.790) 	(7.56D) 	(4.613) 	13.574) 	(1.100) 	(2.570) 	' 

Number Five Crossbar 	(Bell) 	1.600 	.406 	.172 	1.860 	.123 	.501 	1.827 	.999 
(5.510)1(14.03.5) 	(1.939) 	(2.5.00) 	(2.000) 	( 2.891) 

, 

IIIIII 	IMO UM MO MN all IMP 1111111 SIN OM MO IMO IMO MO Ill. OM 	11111111 
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(for constant returns), and indeed solely by adding al a2 a.4 

in tables 2.5 and'2:6, that Bell exhibits constant returns to 

scaje. This means that we estimate-a
1 
 ,and a

2
but

4
is defined 

from  • -a1 -a2. 
The constant returns results are presented in 

tables 2.7 and 2.8. Illâmm these tables we can observe that the 

direct distance dialed measure of technological change in table 

2.8 seems to perform best,'with a capital elasticity of output 

equal to .305, a labour elasticity of output equal to .616, and 

a materials elasticity of output equal to,1-.616-.305 = .079.' 



TABLE 2.7 

Cobb-Douglas Production Function 
Variable Returns Scale: R.L.S. 
(t- values in pari?nthesis) 

Technological Change Variable 	ao 	a7 	(12 	(13 	
P Ter 	R

2 

None 	 .565 	.343 	:-.270 	.47 1 	.988 

	

(1.620) 	(2335) 	(-5.489) 	. 

Direct Distance Dialed 	(Bell) 	.640 	.324 	.463 	.906 	1 .084 	.999 

	

(6.270) 	(9.185) 	(9.112) 	(15.049) 

Number Five Crossbar 	(Bell) 	.300 	.142 	.454 	1.725 	1.004 	,999 

	

(3.653) 	(15.500) 	(11.545) 	(19.250)' 

TABLE 2,8 

Cobb-Douglas  Production  FunctiOn 
Variable Returns to Scale:' A.R.L.S.• 
(t- values in parenthesis) 

Technological Chancre Variable 	ot o 	' 	vi 	 r- 	D.W. 	R
2 

'1 	a -) ,.. 	a3 	
n 

• 
None 	 -.326 	.533 	.469 	- 2-061 	1 .244 	.999: 

	

(-1.533) 	(34.375) 	(3.143) 	(34.375) 

Direct Distance Dialed(Bell) 	. 	.716 	.05 	.616 	1.071 	. 	.519 	1.673 	.999 

	

:(3.618) 	(4.818) 	(5.366) 	(8.130) 	(3.225) 	. 

Number Five Crossbar 	(Bell) 	.338 	.130. 	.480 	1.782 	.362 	1.132 	.999 

	

(3.306) 	(12.361) 	(9.006) 	(14.537) 	(2,348) 

Ile MO MI OM MO MN Ile ale MO OM IMO Ile IMO 	BIM OM ell 
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3. British Columbia Telephone 

We estimated variants of the Cobb-Douglas production function 

for B.C. Telephone under both variable and constant returns to scale. 

3.1 The  Data  

• 

The output measure was defined as total revenue minus indirect 

taxes plus uncollectibles (these were obtained from the income 

statements) deflated by the.price index of Bell Canada for total . 

services. This variable was defined and described  in the demand 

5 
module of the study. 

The labour input in Lhe producLion procoss.wa5 defined in 

terms of weighted manhours. We had data in the number of employees 

(obtained from the Annual.Penorts'oeB:C .: Te1ephone[4]. We then cen- 

verted employee data to manhours by assuming Seven hours of wbrk . 

per day, •5 work-days per week; and 50 work-weeks. Thus 1750 hours 

were worhed per year per employee times the number of employees gives 

total manhours. Moreover, we utilized the weights of Bell Canada 

to convert manhours to weighted manhours in order to account for•

quality differences of workers. Therefore, we assumed the weights 

we.re not only . constant in a temporal sense, but also constant across 

different carriers 	- 

The capital input was computed from the book values of the 

net capital stock reported in the balance sheets. We computed the 
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ratio of net capital stock (for Bell) in constant 1967 prices. 

obtained from. R. •Millen11133 to - it's net•book value in current 

prices. We then multiplied this number by the net book value in 

current prices of B.C. Telephone. This computed value is net 

capital stock for B.C. Telephone in 1967 prices. We are assuming 

that the proportion  of, the market value of net capital to book 

'value is the same for all Companies and that.the price of capital 

.for Bell Canada  is identical to all other carriers. There are 

two advantages to this appronch. Firstly, the . longer a unit of 

capital (plant, equipment, etc.) remains in the production process, 

the more obsolete becomes it's book value. Hence, our method 

.uses a measure of the market value of capital. Secondly, our 

.method shows the manner that one can move from .  book values to 

market values tor capital or from market to book values, depending 

on  one's imMediate interest. 6  

The technological change variable that we'used . was.the: 

percentage of calls direct distance dialed for B.C; Telephone.
7 

3.2 The Empirical Results 

We have. 
-
:two different specifications for the Cobb-Douglas 

production functions, and two methods of estimatio n. ., The equations 

we estimated for 1961-1975 •were 
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2,11BCTS0t; 	o  = a + al knBCK t  + a 9 tnBClit  

	

9,nBCTS0 = a ± 	9,11BCK + a 9..nBCL 	BCDD 
t 

	

0 • 	1 	• 	t 	2 - 	3 	• t 

•  The results for the variable returns to scale equations 

(i.e. a
1 

+  a 2 1) are presented in tables 3.1 and 3.2; The 

constant returns to scale equations (i.e. a + a = 1) are 
1 	2 . 

found in tables 3.3. and 3.4. After performing our tests, we 

found that we could not accept constant returns to scale for 

British Columbia Telephone. However, it seems quite 

that B.C. Telephone , should exhibit increasing returns to scale 

solely from capital, as shown  in tables 3.1 and 3.2. This is 

true, especially in light of the:relatively old machinery and 

little technological innovation by the carrier. This leadS 

to the conclusion that for, an appropriate specification of the 

production relations one needs an exact measure .  of physical.çap-

ital for B.C. Telephone itself. In any event the results which 

seem most credible are found . in  the second equation of table 3.-4. 

In this case we estimate a1 . .63 and a2 = .37. 

implausible 
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Table 3.1 

Cobb-Deuglas Production Function 
Variable Returns to Scale: 0.L.S. 
(t - values in parenthesis) 

. 	 AU 

Technological Change Variable
[ 

a
1 	• 	

a2 	(13 
	D.W. 	R2 - a o 

  

11 
None 	 ..4'.61J. 	1:131 	.382 	1.082 	.995 

- 	(9.711) 	(7.220) 	. 	(2.752) 

Direct Distance Dialed 	(B.C.) 	4.279. 	1.007 	.397 	.258 	1.021 	.9.9J 

	

(6.993) 	(4.738) 	(2.814) 	(.878) 	I . 

• . 	
1 

f .. 
	II 

Table 3.2 

Cobb-Douglas Production Function 
Variable Returns to Scale: C-O.L.S. 
(t - values in parenthesis) › 

. 	. 	 - 

	

. 	. 
Technological Change Variable a o 	- a 	a 2 	a- 	P 	D.W. 	R

2 	
I 

• 
• 

None 	 4.402 	1.049 	.444 	 .394 	1,400 	...991 
- 	(7.972) 	(5.352) 	(2.771) 	(1.606) 	' 

Direct Distance Dialed B.C.4.321 	1.027 	. .402. 	.217 	.501 	1.534 	.99 5  

	

(7.431) 	. 	(4.965) 	(2.400) 	(.647) 	(2165) 
I 

. 	. 
......___ 	... .__ 	, 	. 

• 1 1,n....... n 
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Table 3.3 

Cobb-Douglas  Production  Function 
Constant Returns to Scale: 0.L.S. 
(t - values in parenthesis) 

• Technological Change Variable 	' 	ao 	I. 	a
1 	

a, 	D.W. 	R
2 	' 

11--- 	
_ 

None 	 L 557 	-.193 	.365 „ 	.011 
(.895) 	(-.372) 
	

• 

11  Direct Distance Dialed 	( B.C.) 	2.954 	.501 	1.136 	1.261 	.904 	. 
( 5.104) 	(2.776) 	(10-.574) 

0 	

. 

_ 

Table 3.4  

Cobb-Douglas ProdUction Function 
Constant RetUrns.to Sca1 	C-O.L.S. 
(t - values in parenthesis) 

	

Technological Change Variable 	 • 	P 	D.W. 	
R2 

il 	
(10 	(xl 	a3 	

. 

:None 	 5.267 	.721 	.940 	1.488 	• 935 ,  

	

(12.674) 	(6.064) 	. 	(10.290)  

I 
I/Direct Distance Dialed 	(B.C.) 	3.300 	.625 	1.221 	.265 	1.314 	.860 

	

(4.536) 	(2.563) 	(5.920) 	(1.026) 	I 
I 

. 	 , 	I 
• 

I 
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4.. The  Public  Carriers 

In this  section  we estimated Cobb-Douglas production 

functions for the aggregation of Alberta Government Telephones 

Edmonton Telephones, Saskatchewan Telecommunications and  Mani-

toba Telephone System. 

The Data 

The output measure, as for Bell Canada and B.C. Tele-

phone was the total service demand variable which was defined 

and described in the demand module. The labour and capital 

factors of production were derived in the saine  fashion as those 

for B.C. Telephone. For technological change, we tried three 

different measures, the percentage -Of calls direct distance 

, dialed for -bell, for B.C., and the number five croSsbar variable 

for Bell. These measures were used as proxies  for  the public 

companies.. Nevertheless, it is a reasonable assumption to 

use Belles data given that it is the industrial leader in in-

novation and the public companies would tend, with a lag, to.a-

dopt the new technology of the 1argest carrier. 

4.2 	. The lï:mpirical Pesults 

The equations which we estimated for 1961-197 were: 



a o  + al.q.nTGK t  + a 2  £nTGLt  + u 3BLDDt  TGTSO, 

£nTGTS0
t 

a 	u 9,nTnK + a, P,nTGL• + a BCDDt 0 	1 	t 	3  

£nTCTSO
t  

a + a 9,11TGK
t 

+ a 9,11TGL • + a BLX 
0 	. 1 	2 	. * ' t 	 t 

1 
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2,11TGTso I- 
 ; a

0 
 + a

1 
 qtrTGKt 

 + u
2 
 £nTGLt .  

• 	-The results ,for  the variable  returns to scale equa- 

tions are presented in tables 4.1 and 4.2. The constant returns 

equations are presented in tables 4 . .3 and 4.4. Clearly, from 

table 4. - 1 there is no significant autocorrelation. Next 	when 

we performed the tests for the acceptance of rejection of cons-

tant returns we concluded that we must reject the hypothesib of 

consLanL reti_trns 	For thé equation which performs relatively 

better than any of the others for the public carriers,  we 

accept decreasing'returns to scale. We compute that 

1:1 1  =.2tar.61andso+ (1  - =.8 <1-; 	This equation is 	' . ci 1 	2 

the one in table 4.1 with number five.crossbar as the measure 

of technological change. Here .2 is the capital elasticity of 

output and .6 iS the labour elasticity of output 
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I .  

1 	., 
Technological Change Variablel 	uo 	' 	a 	a2 	p 	1 D.W. 	Re".  

1 	 i 

1 
None 	 .086 	.438 

	

1 	1.674 	.232 	1.888 	.9E 

1 

	

4 	

(.861) 

I 	

' 	(.072) 	(1.832) 	(4.799) 

Direct Distance Dialed 	(Bell) 	2,097 	, 	.379 	.796 	.012 -.121 	2.161 	.99 

	

• 	(2.8 7 7)(1. 538)(31 2 0)(11,941- . 438 	) 

I 	

I 	• 
)irect Distance D3aleo 	(B.C.) 	- .14 5 	.306 	1.628 	.399 	. 1 87 	1.902 	.98 

	

(-.119) 	(1.021) 	(4.523) 	(.673, (.686) 

Lumber Five Crossbar 	(Bell) 	2.540 	.190 	i 	.667 	.023 -.164 	2.152 	.99 

	

(3.590) 	(1.839) 	(2.707) (5.600' (-.600)  

Table 4.1 

Cobb-Douglas Production Function 
Variable Returns to Scale : 0.L.S. 
(t - values in parenthes;s) 

i 

Technological Change Variable 	a 	a
2 	

a 	D.W. 	R2 
 

0 	 .3 
- 

.one 	 -.137 	.372. 	1.739 	.1.442 	.989 
(-.129) 	(1.809) 	(5.599) 

Direct Distance Dialed 	(Bell) 	2.27,5 	.163 	.726 	.013 	2.044 	':.997 
(3.018) 	(1.343) 	(2.762) 	(5.094) 

Direct Distance Dialed 	(B.C.) 	-.415 	.199 	1.649 	.603 	1.647 	.991 
(-.388) 	(..794). 	; 	(5.235) 	(1.173) 

gumber Five Crossbar 	(Bell) 	2.763 	.180 	: 	.582 	.025 	2.101 	.998 
(3.775) 	(1.656)• 	(2.293) 	(5.784) 

Table 4..2 

Cobb-Douglas Production Function 
Variable Returns to Scale : C 	O.L.S. 
(t - values in parenthesis) 



D.W. 

2.366 

2.183 

2.201 

2.302 

a 1 
 

-.102 
(-.361) 

.120 .012 
(1.667)(19.466) 

.942 
(10.079) 

-,133 
(-.484) 

.927 
(8.925) 
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Table 4.3. 

Cobb-Douglas Production Function 
Constant Returns to Scale': 0.L.S. 
(t - values in parenthesis) .• 

a0 	1 
a 	a 	. 

Technelogical Change Variable 	 D.W. 	R
2 

	

' 	3
' 

_ 
None 	 8.785. 	1.894 	.404 	.711 

(7.132) 	(5.438) 

Direct Distance Dialed 	(Bell) 	2.006 	.169 	.011 	2.139' 	-991 
(4.557) 	(1.465) 	(18.109)  

Direct Distance Dialed 	(B.C.) 	.36.6 	.015 	2.120 • 	1.490 	.939 
(.253) 	(.044) 	(6.383) 

Number Five Crossbar 	(Bell) 	2.163 	.191 	.021 	2.308 	.992 
5.304) 	(1.770) 	(19.231) 

- 	et•n••see 	 .rneNnorrn,1 	 n-eb.evw- 	 L,•0•SterLtt. 	 TY,C.t.1.7, 	 --.1 

1 
.9-.'ab  10 4. 4 

Cobb-Douglas- Produetion Function 
Constant Returns to Scale : C-O.LeS. 
(t - values 3..n parenthesià). 

Technological  Change  Variable 

None 

Direct Distance Dialed (Bell) 

Direct Distance Dialed  (B. C.)  

Number Five Crossbar .(Bell)  

0 

2.721 
(2.918) 

2.037 
(4.9 (54) 

	

2.442 	-.118 	.002 

	

(2.164 	(--.381) 	(,004) 

2,174 	.196 	.021 	-.233 

	

(6.117) (2.078)(22..062) 	(-..862) 
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t 
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irm,) Private Carriers 

In this section we estimated Cobb-Douglas production 

functions for the aggregation of Newfoundland Telephone, New 

Brunswick Telephone, and MaritimP . TelegràDh àna •eler)hc:me 

pompanies. 

51 The Data 

The data, with respect to outPut, labour,  capital, and 

technological  change are  defined in the identical manner as for 

- the public carriers. 

5.2 The Empirical  Results 

The regression eStimates are found in tables 5.1 through 

5.4 for the Private companies-. The equations we estimated 

were  

£nOPTSO - a + a
1 t . 	0 

knOPTO 	a + 
- t 	0 

£nOPTS0t rez a o + a, 

ZnOPTSOt 	ao  .••  a l  

a
2
hlOPL

t 

a 2
UlOPL

t 
+ a

3
BLED

t 

.0;
2
hlOPL

t 
+ a

3
BCED 

51,110P1, + 	a,BLX 

We immediately  ob serve  from table 5.1 the severe problem 

of serial correlation. This problem is subsequently alleviated by 
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1 

the Cochrane-Orcutt adjustment under variable returns to scale. 

In addition for constant returns to scale we must also deal with 

the C 	O.L.S. estimates from. table 5.4. When we perform the 

Lests whether to accept or reject constant returns, between 

the eq -Uations found ih tables 5.2 and 5.4, we - find .  that we can 

accept constant returns. With the hypothesis of constant returns 

to scale, we see that the equation in table 5.4 with the;number 

• fiVe crbssbar yields the best results. In this case we have a 

capital elastiCity-of output of .55 and a labour elasticity of 

output of .45. 

6. Conclusion - 

Therefore we accept constant returns to scale for 

Bell Canada, B.C. Telephone, and the private <Jarriers, an,.:1 We 

accept decreasing returns• to scale for the public carriers. Com- , 

paring the companies by capital elasticities.of output we find, 

writing the highest to the lowest carrier gives, a ranking of 

B.C, Bell, private, public. Comparing the. companies by labour 

elasticities gives a ranking of - highest to lowest carrier which, 

is public, private, Bell and_B.C. ,The fact that each ranking is 

the converse of the other is not surprising, given that we accep-

'ted constant returns to scale for three out of four sets of 

• carriers. 
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TabJe 5.1 

Cobb-Douglas Production 'Function 
Variable Returns to Scale : 0.L.S. 

- values in parenthesi,$) 

I. ......_.7........._  

Technological .:Change' Variable 	ad 	a 1 	 a 3 	D.W. 	R
2 

,  	_ 	_ 	. 	::.-_.... 	. 	 ... 	• 

il None 	 3.553 	1.013 	.915 	 .612 	.984 

Il 	

(3.302) 	(4.368) 	(2.622) 

Direct Distance Dialed 	( 3e11) 	3.159 	.168 	.118 	.020 	1.163 	.998 

I 	

(7.415) 	(1.217) 	(.700) 	(8.156) 

Direct Distance Dialed 	(B.C.) 	. 	1.443 	.434 	1.136 	1.071 	1.021 	.988 

	

(1.037) 	(1.254) 	(3.481) 	(2.080) 

> Number Five'Crossbar 	(Bell) 	3.376 	.119 	.015 	.039 	1.258 	.999 

I 	 ( 1 1.639) 	(1.253 	(. 19 3)(1 7 ,4 20 ) L_________,.._._.2 ' _____• ,___  
Table 5.2 

Cobb-Douglas Production Function 
Variable Returns to Scale : C 	O.L.S. 
ff. - 	lnpq in narpnthrl 

- R2 Technological Change Variable 	a o 	a 1 	. 	a 2 	a
3 	

D.W. 

None 	 3.954 	1.126 	.791 	 .602 	1.865 	.9.9 .1  

	

(3.408)(3.932) 	(2.156) 	, 	(2.818 

Direct Distance Dialed 	(Bell) 	3.497 	.366 	.138 	.017 	.436 	1.771 	.9.9v 

	

(6.778)(2.144) 	(.745) 	(6,644)(1.814) 

Direct Disbance .  Dialed 	(D.C.) 	2.359 	.708 	.894 	1.020 	.319 	1.977 	.99 ,: 

	

(2.062)(2.534) 	(3.040) 	(2.556)(1.260) 

Number Pive Crossbar 	(Bell) 	3.563 	.249 	.041. 	.036 	.354 	1.812 	.99 

	

(10.694 )
J
(2.157) 	(.333) (10.756) 	(1.418) 

L__ 	• 



1 

1 

ITechnoloaical Chahge Variable a 
0 

4.642 
(7.351) 

3.437 
(5.580) 

.762 
(.612) 

0.
1 

.434 
(2.168) 

0. 3•  

•.951 
(11.452) 

.560 
(2.530) 

.583 	.012 
(3.504) (12.367) 

.176 	2.352 
( . 597) 	(8.456) 
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Table 5.3 

• Cobb-Douglas Production Function 
Constant Returns te'Scale•:» 0.L.S. 
(t - values in parenthesis) 

-1 	--- 
Technological Change Variable 	a o 	a 	a3 	D.W. 	R,2  

1 
. 	

_ 
None 	 9.820 	2.194 	.:415 	.787 	, 

(8.790) 	(6.933) 	' 

Direct Distance Dialed 	(Bell) 	2.990 	.449 	.012 	.672 	.987 	. 

	

(5.134) 	(2.934) 	(13.505) 

Direct Distance Dialed 	(B.C.) 	.506 	.065 	2.203 	1.529 	. 	.947,  
(.304) 	(.166) 	(5.980) 	' 

Number Five Crossbar 	(Bell) 	3.091 	.455 	.021 	.611 	.988 

	

(5.597) 	(3.112) 	(14.096) 

Table 5:4  

Cobb-Deuglas Productiow:Function 
Constant Returns to Scale 	C'O.L.S. 
(t - . values in parenthesi.$) 

D.W. 

	

1.166 	.986 

	

:1.887 	.9 0 3 

.'.36(.) 

	

1.792 	994 I
•  

_ _ _ 

None 

Direct Distance Dialed (Bell) 

Direct Distance Dialed (B.C.) 

Number Five Crossbar (Bell) 3.415 	.557 	.022 
(5.975) 3.578) (13.004) 

..588 
(2.718) 

-.029 	.1.746 
(-.109) 



. Now that we have estimated the production functions we • 

can determine the. capital - labour ratios for any given ratio of 

factor prices. From optimality conditions of corporate bahaviour 

we know that the ratio of the marginal products of the two 

factors equals the factor price ratio. This means that, 

a,
4 
 TS0 

w .  
a TS() 

--- 
K 

where W is the factor price of labour, W the factor price of 

capital, al  is the capital elasticity, of output, a2  the labour 

elasticity of output. Therefore 

17 • 	 Tel 
—e 

- 

L 	a2Wk 

and so given the factor price ratio for each carrier, we can 

determine the capital intensity. This implies that for the same 

factor price ratio we can rank the capital intensity of firm 

by the ratio of a1, 	we have estimated,. For Bell Canada 
Uy 

the ratio is• 	for B.C..Telephone it is 1.70, for the 

public companies-it is .33 and for the private carriers the ratio 

is 1.22. These ratios tell  us. the  number of units  of capital 

per unit of labour for any level.of output,. when the ratio of' 

factor prices is unity. 
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• 1 

1. Provinces and Country 

Q" 	Quebec 

ON 	Ontario 

NS 	Nova Scotia 

PE 	Prince Edward Ibland 

NF 	New.foundland 

NB 	New Brunswick 

MN 	Manitoba • 

SK 	Saskatchewan 

AL 	Alberta 

BC 	British Columbia 

CA 	Canada 

2. Factors of Production and Output-, 

Physical Capital 
- 

L 	. Labour 

BD 	Percentage of Calls Direct Distance Dialed 

X 	Percentage of TelephOnes in Number Five Crossbar 
. and Electronic Switching System 

Materials 

TS0 'Output o.e. Total Services 
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1 Footnotes 

I 2 

See for example Christensen, jorgenson, and Lau [6]. 

See the thesis by R. Mi11erH13] 	• 

II 	

3. 

	

4. 	. 	. SSR - SSR 
vn 	en 	 . 

I 	
The test is F = 	

1 

	

SSR 	' ' 	
• 	

• • 

cn  

II 	

23 	. 

Where F is the computed F .-:. statistic for the O.L.S. equation 
withOut technological change, SSR_ is the regression sum of 

II
squares for the variable returns ul scale with no technological 

. change equation, SSRon is the regression sum of squares for 
constant returns and no technological change. An equivalent . 

1  formula is : 

See appendix 1 for the definition of the symbols. 

-2 
Krn 	R-  ) cn 

F = 

(1 - R2  •  vn 

5. 	As in the demand module, we utilized Bell's price index for 
total services, because as long as the price indexes for_ 

• the other carriers are in a fixed proportion to Bell's_there 
will not be any bias in the estimated values of the parameters. 

6. We do not'have access to Bell 's computation methods for the 
market values of net capital and their capital price index. 

11 

We are, consequently, assuming taab the  vintages of capital 
are identical  for Bali, and B.C. (and also identical td the 
other carriers under consideration. ). 

7. The only measwres of technological change available to us are 
Bell and B.C.'s. direct distance dialed and Bell's number 
five crossbar- 

1 

1 
1 
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1. Introduction 

The financial module describes the relationships which 

determine the rates of return on the variouS financing instruments 

for the different classes of telephone carriers. The formulation 

of such a system, which estimates the past structure, enables . us  

to determine the impact of a firm's financing and factor hiring 

decisions on the rates of return. In fact, if these.impacts exist, 

then . we have found empirical evidence whictrshows that the carrier 

has ménopsony power in its'capital markets. This monopsonv power 

is manifested by the significant  coefficients  which arise out  of our 

estimation: 

An immediate question concerns the types of financing 

instruments. Although there are  man'' instrumenLs, we can define 

three broad classes, debt (both long and short term), common equity 

and preferred equity. These different types of financial commodities 

hold relatively different position of importance'in  the porLfOlios 

of the various companies.
1 

Due to our aggregation over financial commodities-we must 

compute the rates of return on debt, common, and preferred equity. 

These rates of return play an important role in the integrated 

model, of which this model 3s one seqment. The rates are part of  

the computation of the marginal costs associated with a partictaav 

financial commodity. Consequently, difforences in both the return 

and the functions which determine them, will cause differences in 
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the marginal financial costs, and. thereby, affect the attractive-

, ness of the alternative instruffients. 

The financial module is divided into three broad sections.. 

Each section describes the equations and results• for a different 

carrier; the first is Bell, the second is-B.C. Telephone, and the 

third is.the private  carriers.  Because the nature of the financial 

characteristics depends,not only on the market structure Confronting 

any carrier, but alsb on Its internal ownership strUcture, we feel' 

.that it is inappropriate to develop the financial module for the 

publicly-owned companies. This justification stems from the fact' 

that it'is completely meaningless to analyse equity and in most 

cases bond debt for crown corporations. Whereas, with regards to 

demand characteristics, which depend on product market structures 

and production relations, which 4,epend on technology, the nature 

Of the ownership of aeparticlilar carrier is completely irrelevant 

and  so demand and production functions were estimated for the 

crown corporations. 

2. Bell Canada 

2.1 Introduction  

In the case of Bell  Canada the three types of financial 

instruments, common equity, prel'erred equit- y, and debt, play 

distinct roles 	Debt and common equity are by far the most important, 

since the company just began to issue preferred sharesin 1970, We 
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discuss the data which was used• for the Bell Canada financial module. 

2.2 The Data 

Firstly We needed to calculate the rates of return.
2 

The rate of return on debt for any time period is defined as the 

interest payments and other fixed charges, on debt during the 

period, divided by  the value ofoutstanding• debt. This definition 

is sufficiently general in that.it is sensitive to changes in the 

maturity composition of debt. The data on  interest Payments.and 

outstanding debt-were.obtained from the financial statements of Bell. 

The rate of return on coilmil.ewaiLy was derived in 

terms of a more complicated formula. Investors who purchase com-

mon shares must - expect some minimum level or return to induce.them 

to invest. This compensation, which may be in the'form of income 

(dividends) or capital gains (or both), when related to the market 

price of coMmon shares is . the rate of retUrn. With this concep- 

'tion of the rate of return we can apply the discounted cash flow 

formula to find the rate. This formula is, 

D
ct+1 



1 
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where r 	is the rate of return in period t, 
Dct-Pl.is 

 the value ct 

of dividends per common share atethe end of period .  t (or the 

beginning  of  period t1-1), p
ct 

is the market price in period t, 

and g is the rate of growth of dividends per.share in period t: 
t 

and 	can be obtained from the balance sheets. Obviously .1) 	p 
ct1-1 	. ct 

In addition, we adjusted the issue price for any premiums or 

discounts. The rate of growth, however, reflects investor's ex- 

- pectations and so cannot be directly measured. : To arrive at a 

plausible estimate of gt  for every time:period, the mean of the 

log-linear least squares grOwth.rates of dividends per share was 

computed for the past ten years. -The growth rate (i.e, the re-

gression coefficient), was significant for the years 1957, 1958, 

1964, and 1971 - 1975. Thus we used g
t 

in the r
ct 

formula for 

these vers and.fw: the i)ther -•-:-.-.-.we  •took cf, to be'equai Lc 

3 zero. 

The rate  of xeturn on preferred shares was calculated 

according to the same type of formula we:used for common shares. 

However, because Bell has only issued preferred shares since 1970, 

we took g
t 

to be i=.1 constant and thereforeeit does  no enter into 

the method of measuring the return. The preferred issues for Bell 

have various distinct classes. Therefore to determine the rate 

of return on .preferred shares we weighted the returns on the 

different series by the proportiOn of each series out of  the total 

outstanaing value of pref.erred shares foleeach year according to the 

data described in Bell's balance sheets. 



..(value 'of preferred equity t) . 

value of equity i;  

1 

1 

1 
1 
1 
1 

1 
1 

1 

1 
1 
1 
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2.3. The Empirical Results 

We estimated relationships for the rates of return, in 

other words inverse investOr demand functions, which depended on - 

the value of debt, equity, income, long-term government bond , yieId, 

and a long-term corporate bbnd yield. The rationale for this sel-

ection of regressors rested on the grounds that the values of debt 

and equity infllience the rates of return. In other words we want 

to test for the existence of monoPsony power on the part of Bell. 

In addition, the government and corporate bond yield represent 

the alternative forms of investment available to the bondholders 

and shareholders, while income stands for the 'aggregate measure of. 

economic activity which facilitates investors attempts to increase 
. 	 • • 	 . 	 A 	- 	 . 	 . 

. their invcstibic funds:*  In gneral, then, :•:,,,, oan x..p-ite the f .- ..u.nc- 

tional specification of the rates of return as depending on the 

financial commodities of Bell, the returns on alternative assets 

and the general level of economic activity. 

Before we proceed to the estimation of the rate of re-

turn eqùations, let us recall the fact that Bell has only begun 

to issue preferred shares in 1970. 'nerefore we believe that any 

results obtained from the rate of.return on preferred shares equa- 

tion 	not be sufficiently robust. Therefore, after CompUting 

the 	of return on common and preferred shares we formed a . 

weighted average return on equity such that 	• 

.(value of common equity *) : 
r
st i r = r

ct 	 YP value of equity, 



rbt 
. (2.3) 

(2.4) 
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where r st 
is the rate of return:on equity, r

ct 
is the return on 

common shares and rpt 
is the'return on preferred, all - defined in 

period t. • 

The equations that we estimated-Were 

-Y) 
bt 	L bt-  t' st t

r
' at' t 

rs 	S(pbt Bt pst S,,r  at, . Yt  ) 	(2:2) t 	,  

where r
bt 

is the rate of return on debt, -1,Land- are the functions 

for debt and equity respectively, pbt  ià the price of bonds, p 
st 

is the price of shares,  r 	the return'on the alternative asset, 

and Yt is income, with all the variables defined in period t. We 

estimated equations (2.1) and (2.2) in  linear and log-linear forms. 

The linear forM can'be rePresented 

B .1-y 	S 	r t. 	st t 3 a 

'st = 1 e 1 1PbtBCY2Psts L 4- Y3rat' Yet' 

while the log-linear or double-log equations can-be expressed .as 

1°g rbt YeY11°"btECY2 log p 5tS t+y 3 log rat+y 4 log Yt  (2.5 )1 

(2.1) 

'Yet 

log r- 	+y log p B 	p ,  st 	0 1 - 	bt t 2  g 	
) 4 104 Yt . (2,6)11 

r,„ -I- 	allle 

'-luite as 

We_also estimated equations using the ratio of the value 

of debt to the value of equity, but these results were not quite as 
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robust as the ones we accepted when debt and equity were not con-

strained to be in ratio form. 

For r
st' we can observe that when we assume that the 

alternative asset's rate of  return does not affect the return On 

equity then the equations suffer from a high degree of positive 

autocorrelation. Moreover, once we adjust for autocorrelation, we 

find that the income variable is insignificant and that the equations. 

still do not perform well. 	We feel, then, that the rate of return 

on  long-term corporate bonds, should be.inCluded as representatives 

of substitutable or complementary choices.for the investor. 

Tables 2.1 and 2.2 we find that the corporate bond rate is a 

what better explanatory variable than the government bond rate. 

Once again,,income is.not a significant  variable,  and by the Durbin-• 

regressions in Table 2.1. It does bear mentioning, that the values 

of the estimated coefficients are remarkably stable; that is, for 

example, for all the regressions in Table 2.1 . and 2.2, the estimates 

of y l. are .0001, A word should be said concerning the values of 

R2
. We can observe tha -te from the following tables the R2  's are 

 remarkably high•for rate. of return equations. Giving u s .  one more 

indication that we are on the right track towards .an adequate 

representation of the determinanUs ' for the rate of return cn 



TABLE  2.1 

Rate of Return on Eauity 
Linear  Mode   

(t - value in parenthesis) 

. 	 ' 
! Alternative  Asset 	1 	Yo 	Y1 	1

2 	i 	13 	. 	"Yo. 	D.W. 	R
2 

i i 	 L 	. 

i 	 ' 	 • , 
None 	! 	.057 0=71 

1 	
.0001 	-.0001 	 .1.070 	.783 

1 	(11.541) 	(2.902) 	(-2.333) 	- 
, 

; 	
. ' 
	 • 

! 	 , 	. 
None 

1 	
.048 	- 	.0001 	-.0001 	• 	.000001 	1.44 	..-805 

• (6.283) 	(1:379) 	(-2.469) 	::. 1 	 i 	
(1.581) 

1 	 ! 

i 

Government  Bond 	1 	073 	.0001 	-.00005i 	-.478 	1.305 
1 	U.516) 	(3.246) 	(-2:373) 	(-1.853) 
1 
! 	• 	 • 	1 	. 

. 	, . 	 ..! 
Government Bond 	1 	.065 	- .0001 	-.00005; 	-358 	.000001 	1.242 	• 	.81 

1 	' 	(3. 
	- 
76 0›) 	(1.742) 	(-2,380) 	(-1.083) 	(.600) 

1 	' 	
. 	. 

‘ 
Cor'parate Bond 	1 	.080 	.0001 	-.00006! - 	-.548 	1.467 	. 	.830 

1 	(7.845) 	(3.755) 	(-2.853) 	1 	(-2.479) 1 	 1 1 	. 	, 
•- 

1 	
• 

Corporate Bond 	1 	.073 	.0001 	-.0001 1 	-.477 	.00001 	1.400 	.833 	. 

1 	(4.816) 	2,197) 	(-2.802) 	( -1.887) 	-- (.616) 	" 
I 	

1 

1• 	 ) 	' i 

• 
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TABLE  2.2 

Rate of Return on Equity 

Linear Model: C-O.L.S. 

( t - values in parenthesis ) 

. 	
.-) 

Alternative Asset 	Yo 	Y1 	Y2 	Y3 	YI 

	

, 	P 	D.W.  

None 	.049 .049 	>0001 	-.00002 	 .545 	1.686 	.843 
6.811) 	(1.485) 	(-.882) 	 (3.260) 

None 	1 .047 	.0301 	-.00003 	.000001 	.482 	f1.687 	.846 
(5.414) 	(1.082) 	(-1.184) 	.660) 	(2.749) 

Government Bond 	.059 	.0001 	-.00002 	-.267 	.486 	1.674 	.848 
(4.668) 	(1.649) 	(-.924) 	(-.850) (2.782) 

Government Bond 	.056 	.0001 	-.00003 	-.235 	.000001 	.455 	1.674 	.849 
(3.573) 	(1.211) 	(-1.074) 	(-.707) 	(.467) 	(2.558) 

Corporate Bond 	.066 	.0001 	-.00002 	-.383 	.457 	1 .704 	.856 
(5.250) 	(1.878) 	(-1.064) 	(-1.433) 	(2.569) 

Corporate Bond 	.063 	.0001 	-.00003 	-.362 	-.000001 	.423 	1.698 	.857 
(4.198) 	(1.416) 	(-1.233) 	(-1.306) 	(.480) 	(2.332) 	1 

, 
1 
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Proceeding to the double-log model, we find -that from 

Table 2.,3 the corporate bond  rate performs quite well as the e .x.p-

lanatory variable representing the alternative asset. Although, in 

this case income is significant, it becomes so at the expense of 

the -b-viEllAles of'y l  and .y.„, 'which are the coefficients  of the rates 

of return on debt and the corporate  bond rate. In Tables 2.3 and, 

2.4 we also observe that adjusting . for autocorrelation does not 

adequately improve the results, and indeedi for the last equation 

in - Table 2.3, which seems the best for the double-log model, that 

the D.W. statistic is in the acceptable region and so the Cochrane 

Orcutt adjustment is not:really necessary. 

_7..gain, one should notice that the values of R
9 

for the 

double-log are not as ; high as for the linear model. Suggesting, 

among other .criteria,that the lihear specification performs better 

than the log-linear. 
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TABLE 2.3 

Rate of Return on Ea.uity 

Double..-.Log 0.L.S. 

t - values in narenthesis ) 

. 	1 ! 
Alternative Asset! 	y 	 D.W. 	R

2 
: 	0 	Y/ 	Y2 	Y3 	Y4 

	

. 	. , 	 

None 	1 	-2.421 	1. 1 7 5 	-1.094, 	 .991 	.560 

• - 	1(-2.874) 	(2.455) 	(-2.036) 	1 
1 
I 
1 	' 1 

None 	1 	-8.221 	.498 	-1.134 	1.007 	. 	_. 	.1.226 	.709 
1(-4.416) 	(1.117) 	(-2.538) 	(3.362) 
1 
, 
1 Government Bond 	. 	- 2:750 	1.230 	-1.127 	-.072 	1.028 	.560 

•
1 

. 	. ç(-1.367) 	(2.137) 	(-1.947) 	(-.181) 	 . 
i 	 . 
1 	 -, 	 • 

 Governm,,nt Bond 	1 	-8.710 	:575 	-1.182 	
1

-.104 	1.010 	1.269 	. . 	-.710 

1(-3.540) 	. 	(1.111) 	(-2.456) 	(-.313) 	(3.300) 	. 
. 	 . 

1 	
.. 

• 1 	 . 

Corporate Bond 	1 	-2.711 	1. 2 30 	-1.130 	-.070 	1.01 5 	.560 

1(-1:588) 	(2.176) 	(-1.950) 	(-.092) 
i 
i 	 . 	• 
1 i 	. 

Corporate Bond 	i-10.814 	.740 	-1.359 	-.430 	• 	1.146 	. 	1.446. 	.734 

I
(r4.180) 	(1.580) 	*(-2.922) 	(-1.411) 	(3.708)  . 

, 	 . 
, 



TABLE 2.4 

Rate of Return:on EQuity 

Double-Log  Modal:.  

( t - values in parenthesis) 

1 	 .-) 1 
,1 	 1 2 2 	13 	14 	. 	P 	D.W. 	R- 

Alternative Asset 	YO 	 Y 

, r  

i 
! 

None 	1 	-4.622 	.298 	-.009 	 • 	.664 › 	1.736 	.742 
1(-4. 562) 	(.824) 	(-.022) 	 (4.438) 

1 	
. 	 . 

i 
1 Non 	-8.346 164  ._,_ 	-.690 	.900 	.456 	1.635 	.761 
1(-346) 	(.479) 	(-1.384) 	(1.830) 	(2.559) 
1 	

• 

i 
Gov-.--, 1-nmez..n+. 	Bond L 	1 	-4.876 	.298 	.009 	-.04Q 	.664 	2.737 	.742 

1 (- 1 .884) 	(.806) 	(.020) 	-.101) 	. 	(4.442) 	• 
1 	 . 
1 	 • 
; 
! 

Gov,=rnmeAnt  Bond 	! -8.490 	.199 	-.686 - 	-..026 	.900 	.455 	1.636 	.761  
1(-2.585) 	• 	(.473) 	(-1.323) 	(-.068) 	(1.787) 	(2.55,5). 

1 
i 

Corporate 	Bond - 	! .--A>.8à8 	.306 	.145 	-.367 	• 	.686. 	-1.761 	.754 
(-2 	

- 
.1;-2.830) 	.853) 	(.334) 	(-.986) 	(4.711) 

! 
! 	 . 	! 

	

. 	i 
Corporate Bond 	1-10.780 	.230 	• -.689 	-.370 	.997 	.442 	1.658 	.773 

1(-3.210) 	(.614) 	(-1.396)(-1.043) 	(2.050) 	. 	(2.464) 	i 
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TABLE 2.3 

Rate of Retu:rn on iDebt 

Linear Modeir 

( t - values in parenthesis) 

2 
Alternative 'g..sset I 	Yo 	Yl 	Y2 	1, 	Y4 	

D.W. 	R 
._ 	..) 

i 
1--  

None 	.030 	-.000003 	.0000L 	 1.497 	.969 
11(25.261) 	-..308) 	(2.040) 

I 
1 

None 	 ( 	.031 	.000002 	.00001 	 -.000001 	1.634 	.959 , 
1 ( 15.205) 	(.150) 	(2.036) 	 (-.629) 

i 
Government Bond 	1 .027 	-.000004 	.00001 	.076 	 1.503 	.970 

1 
	, 
i(1.L.344) 	(-.447) 	(2.007) 	(1.'192) 

Government. Bond 	.027 	-.00001 	.0000: 	.081 	.000003 	1.481 	.970 
(6.286) 	(-.372) 	(1.946) 	(.986) 	(.102) 

Cornorate Bond 	.029 	-.000004 	.ocoon 	.029 	 1.470 	.969 
(10.491) 	(-,423) 	(2.050) 	(.491) 

Corporate Bond 	.030 	.000003 	.00 001 	.015 	-.000001 	1.589 	.969 
(7.338) 	(.017) 	(2005). 	(.224) 	(-.443) 



TABLE 2.€ 

Rate of Return . = Debt 

Linear Model: C-O.L.S. 

( t - values in parenthesis) 

Alternative Asset 	yn 	Y1 	Y, 	 D.W. 	R2 
 

None 	.028 	-. 0 0002 	.00002 	 .3 4 5 	1.668 	.974 
(18.846) 	(-1.746) 	(3.413) 	 (1.835) 

None 	.028 	-.00002 	.00002 	-.000007 	.323 	1.708 	.974 
(14.124) 	(-1.297) 	(3.185) 	( .--.252 	) 	(1.705) 

• Government Bond 	.025 	-.00002 	.00002 	.090 .345 	1.737 	.976 
(8.829) 	(-1.893) 	(3.387) 	(1.267) 	(1.839) 

• 

Government Bond 	1 	.0 9 4 	-.00002 	.00002 	.101 	.00001 	.337 	1.702 	.976 
( 6.202) 	(-1.754) 	(2.918) 	(1.270) 	(.333) 	(1.911) 

CorPorate Bond 	.026 	-.00002 	.00002 	.044 	.355 	1.684 	.975 
(8.497) 	(-1.247) 	(3.414) 	(.674) 	(1.897) 

Corporate Bond 	.026 	-.00002 	.00002 	.043 	-.00001 	.354 	1.684 	.975 
(6.729) 	(-1.510) 	(3.098) 	(.627) 	(-.002) 	(1.894) 

Cl 
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TABLE 2.7 

Rate of Return on Debt 

Doublé-Log 	O.L:S. 

( t - values in parenthesis) 

	

Alternai- ive Assf 	- 	 1 	 2 	1 

Ir 	1 	"Y, 	Y2 	Y3 	T4 	
D.W. 	R 

1 
 i 

i i 
Non 	-4.805 	1 	.250 	.D ..11 	 1.184 	.921 1 

	

(-14.666) 	1 	(1.344) 	(- 354) 	- 

None 	-7.131 	-.021 	-. 303 	.404 	1.260 	.950 

	

(-10.013) 	(-.125) 	(-.027) 	(3.526) 

Governme,n .- 	Bond 	-4.010 	.117 	.D92 	.174 	.945 	.926 

	

(-5.272) 	(.539) 	(.118) 	(1:155) 	 • 

Gove=ment  Bond 	-6.369 	-.142 	.D70 	.161 	.400 	1.087 	.954 

	

(-7.026) 	(.743) 	(.395) 	(1.324) 	(3.546) 

Corporate Bond 	-4.142. 	.126 	. 393 	.159 	
. 	

.994 	.926 
(6.298) 	j 	(-590) 	(.124) 	(1.160). 	

. 

Cortoratp 	7--;ond 	-6.915 	-.042 	.D14 	.036 	.399 	1.210 	.950 

	

(-6.992) 	(-.222) 	(.076) 	(.294) 	(3.178) 	
. 



TABLE 2.8- 

Rate of Return on Debt 

Double-Log Model: . C-0.L.S. 

( t - values in parenthesis ) 

., Alternative ?set 	- , 	I o 	Y1 	y2 	y3 	Y4 	P 	D.W. 	- R- 

None 	j 	-6.403 	-.300 	.720 	 .696 	1.691 	.974 
-20.432) 	(-2.913) 	(6›.082) 	 (.4851) 

None 	1 	-6.783 	-.317 	.634 	.108 	.659 	' 	1.608 	.974 
(-7-014 ) 	(-2.737) 	.(3.563r 	(.519) 	(4.384) 

; 
; 1 	- 

Government Bond 	1 	76.090 	-.302 	.700 	.D52 	.698 	1.717 	.974 «  
ifq.1' 	.80) - 	06 	(-2 	8 1 	l 	'., • 	- i 	 (5.455) 	» 	(.461) 	(4.878) 
1 	 • ; 
i 

Government !Bond 	L-6.479 	-.321 	..614 	.052 	.109 	.660 	1.631 	.974. 
1(75.432) 	(-2.708) 	(3.277) 	(.452) 	(.516) 	- (4.388) 

; 
no,..00rate= Bond 	1 	-6.472 	-.209 	.723 	-.013 	

• 	
.695 	1.689 	.974 

i(-9.025) 	(2.831) 	(5.657) 	(7.122) 	- 	(4.832) 
1 	 . 
1 
1 

Corporate Bond 	i -6.895 	-.317 	.638 	-.017 	.111 	.659 	-1.608 	.974 
1(75.571) 	(-2.669) 	(3.464) 	(-7-.150) 	(.518) 	( 4. 2 84) 
I 	• 
1 ; 

+.> 
OD 
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.The rate of return on debt equations are presented in 

Tables 2,5 to 2.8. Table 2.5 and 2.6 refer to the linear mOdel. 

Thèse  results show us.that from the investor's point of view the 

government bond rate is not much more adequate as an alternative 

rate of return compared to the corporate bond rate, although we must 

observe that both rates do not perform exceptionally well. More-

over, from economic theory we should expect that an increase in the 

value of debt tends to increase the rate of return on debt. In 

other words, we expect tà find:that y,>O, and 12 
- 

<O. On these groundS 

we can reject all the regressions in Table 2.6 and most in 2.5. 

For the other equations in Table 2.5 the value of y l , although 

positive, is insignificant and so the linear model as it appears 

in these Tables, is inadecuate.e 

In Tables 2.7 and 2.8,  we find the double-log model for 

r
bt

. We reach the same conclusions as in the linear model, that is, 

the alternative rates of return do not perform well. One mus t .  also 

say that in general, in Tables .2.7 and - 2.8, that 	has the wrong 

sign, and when y
1 is positive ,• it is-insignificant. Thus, all the 

equations in Tables 2.5 to 2.8 have limitations. The problem may 

be that the dependent variables do not properly show the investors' 

preferences towards the different types of capital utilized by Bell 

Canada. We are saying that,  sot onlv'should the prices of debt and 

eqUity be included, also the price of physical capital should be 

one of the regressors: 



R2  = .853 1.200 

.054 (1•.051) + .00005 (PbtBt 

+ ”051'(pbt _i Bt _ i  - .00002 (13stSt 

'kt--1 	Pkt 

rst 

+ .051 p,St_ l ) • .290 

Pkt-1 
raC-051 rat-1), 

D.W. = 1.650 	R2  = .500 

1 
150, 

1 

Moreover,•we also tested for an alternative definition'of the 

rate of return on equity. Because equity includes,  no  t only common' • II 

and preferred shares but also capital surpluses, retained earnings 

etc., we can define the rate of return as net. income divided by 

equity for any time period. We then ran regressions' including the 

price of physical capital in the returns.on debt and equitY equations', 

along .with the new definition of rst. The best.results are 

log rbt  = -4.521 + .618 	log ph!-B1  - .358 	log p c,st  
(-9.806)(2.700) 	Pkt (-1 . 370 	Pkt 

where 	.618 >0 and .?2- -.358  <0 (the  t- values are  in parenthesis). 

the rate of return on equity equation is, 

s' including the 	II 

ons', 

' II 

11 

11 

where 1> i= .00005>0 and ?2, = -.0002<0.1 with rat Adefined as the corporate 

bond rate of return. 



F 
o 

	P 
r. 	f 	 Pt _Pt 
I L 	p s 	rat ,  

st ci; - st"ct 
= b,c,p 	(3.1) 
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3. e British Columbia Telephone 

3.1 Introduction 

In this section we discuss the results for the .rate of 

return equation which are applicable  to  B.C. Telephone. 

3.2 The Data  

The data for the dividends per share (common and preferred) 

were obtained from the companies financial statements, as were 

interest payments and the value of debt. Moreover, from the 

accompanying financial data, we were able to obtain - market prices 

of the different classes  of shares. With this data, we Computed . 

the rates of return on common equity, preferred shares, and debt in 

the  amc fashion  as for  Prs1-1  Canada. • 	
. . 

• 

3.3 The Empirical Results 

The equations that we estimated tested for the form of the 

function i.e. linear, double-log, semi-log etc., and the manner . in 

which the regressors entered the function i.e. in ratio form, 

additively etc. The results which we present in Tables 3.1 to 3.8 

- arise from the equations  of the  form 

where the subscript i = b refers to debt, i = c refers to common 

equity, and i = p refers to preferred shares 	The equations which 

we  prescrit are for common equity, and debt in linear and double-log 

form. These Tables illustrate B.C. Tel. 's position  in.  financial 

markets . . 	 • 



1 
1 
1 
1 
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• • Upon inspection of the rate of return on common equity . 	
II 

' 

equations (Tables 3.1 to 3.4), that the linear équation with 	. 

y 3 = y4  ,-- .0 in Tables 3.2 is . the best one in terms  of the values 

'  of the t -'statistics, D.W.,.and R
2  which is•98.5%..Indeed, we 

see that y
1 

> 0 and y
2 

> 0 which should be the case, for as the 

 debt to• common eqUity and preferred sharesto common equity ratios 

increase,the holders of•commen shares require ahigher-rate of 

return- We see.then. that B.C. Tel.- exhibits monopoly power in 

the common share market. 

. 'Turning to  Tables 35  to 3.8, the rate of return on debt 

equations, we observe by the values of the t - statistics, that 

. • in the cases where there is no autocorrelation the degree of monopoly 

power in the debt market is  minimal.  We see that the motivating 

variable determining the investoi:s required return on debt, is not 

the variables which B.C. Tel. have direct control over, namely debt 

and equity, but. rather income. 	 • 

Finally, the preferred rate of return equations (which are not 

presented here):showed that the carrier  has no rate determining power 

in the preferred shares market.. In.  other words, the more senior the 

security or asset (from the -investor's. viewpoint) the smaller the 

degree•of monopoly power exhibited  by  B.C. Tel. in that particular 

market. 

[ore senior the 

1 



MI BM MI Mall MI MI 11•11 IMMM 1 11111 MI MI M1111 IIMM UM MI MI MU 
TABL.r_. 3.- 

Rate of Return•on Common Equity 
Linear Model: O.L.S. 
(t-values in parenthesis) 

, 	 • 

R--  

	

Alternative .1::ssetiY0 	Y 	v, 	D.W. 	
7 

	

1 	Y2 	,j 	Y4 
i  

" 	! 
None 	1 	.018 	.178 	-.375 	 .716 	.4 -', 9 

	

(.280) 	(2.126) 	(-3.147)1 

None 	1 	-.143 	.020 	.263 	.00001 	2.400 	1 	.974 

V -7 . 802 ) 	(.896) 	(5.172) 	(14.846) 
, 	1 

Government Bond 	i 	-.045 	.176 	-.296 	.628 	.664 	.464 
1 	(-.226) 	(2.014) 	(-1.122) 	(.339) 
; ; 

'-7-r--, vel-nmPnt Bond 	1 	-.104 	.019 	.212 	-.415 	.00001 	2.212 	.977 
1(-2.392) 	(.900) 	(3.242) (-1.008) 	(14.811) 
1 	 . 
. 	. 

Corporate Bond - 	! 	.039 	.179 	-.405 	-.179 	.740 	.460 

I . 	(.198) 	(2.035) 	(-1.390) 	(-.113) 	 , 

1 
Corporate Bond 	-.095 	.022 	.197 	-.041 	.00001 	2.132 	.978 

(-2.193) 	(1.010) 	(2.66E, ) (-1.207) 	(15.191) 	, 

1 	
- 



TABLE 3.2 

Rate of Return on Common Equity. 
 Linear Model: C 	0.L.S: 

(t-values in parenthesis) 

Alternative Asset 	Yo 	- 	
.?. 	 P 	D.W. 	:IE.

2 

	

`1 	'1', 

r 	 . 

None 	.240 	.026 	.126 	 .964 	.822 	.900 

	

(2.634) 	(.725) 	(1.C89) 	(13.480) 

None 	1 	-.177 	.046 	.227 	.00001 	-.551 	2.099 	.985 

	

1(-13.617) 	(2.617) 	(8.891) 	(23.873)(-2.473) 

Government  Bond 	.270 	.026 	.326 	-.271 	.964 	.866 	.897 

	

(2.027) 	(.690) 	(1.C39) 	(-.295) 	(13.522) 

Governmsnt Bond 	-.200 	.043 	.211 	• 200 	.00001 	-.576 	.324 	,986 

	

-5.302) 	(2.634) 	(&.262) 	(.700) 	(23.211)(-2.634) 

Corporate Bond 	.279 	.029 	.1 1 6 	-.442 	.962 	' 	.897 	.898 

	

(2.137) 	(.755) 	(.47) 	(-.530) 	(13.157) 

Corporate Bond 	-.203 	.048 	.321 	.184 	.00001 	-.584 	2.352 	.986 

	

(-5.095) 	(2.656) 	(5.E14) 	(.700) 	(23.600)(-2.690) 

(77 
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Rate of Return on Common Equity 
Double-Log Model: O.L.S. 
(t-values in parenthsis). 

1 	
. 	

2 I Alternative  Asst I 	 „ 	Y- 	 D.W. 	R 

. 	

..) 
1 	

Y O 	 ïl 	 e. 

k None 	 -4.508 	2.151 	-1.625 	 .850 	.569 
1 	(-9.939) 	(2.501) 	(-3.918) 
1 
1 	i 1 	None 	 1-14.131 	. 	1.233 	1.034 	 1.398 	1.575 	.914 

1 	 1 	(-9.715) 	(2.898) 	; 	(2.319) 	 (6.621) 

i 	Govermment Pond 	- 1 .694 	2.184 	-1.02 	.829 	 .773 	.583 
(-.349) 

l 	
(2.466) 	(.-1.:.43) 	(.604) 

1 	 . 	. 
i 	Government -.  Bond 	1-15.629 	1.196 	.872 	--.360 	1.432 	1 .453 01,7  

..., ..,il 

I 1 (-4.913) 	(2.685) 	(1:580) 	(-.550) 	(6.295) 
1 
1 Corporate Bond 	-4.205 	2.153 	-1.539 	.114 	 .833 	' 	.570 

1 	(-.903) 	(2.396) 	(-1.430) 	(.087) 

• 	1 
' 	- I  L.orporate Bona. 	1-16.425 	1.198 	.6 6 8 	-.578 	1.434 	1.392 	.921 

1 	I (-5.908) 	(2.798) 	(1.'2.45) 	( 	1.000) 	(6.671) 
1 	 1 	....J 	

. 



TABLE 3.4 

Rate of Return on Common Ecruity 
Double-Log Model: C - O.L.S. 
(t - values in parenthesis) 

; 
Alternative Asset 	Y 	 P 	D.W. 	R

2
•
,0 

None 	•.290 	.4 2 2 	.432 	 .963 	.850 	.921 

	

(.225) 	(1.175) 	(1.044) 	 (13.424) 

None 	-18.335 	_139 	.3 7 3 	1.719 	.824 	1.604 	.968 

	

(-6.427) 	(.505) 	(1.282) 	(5.728) 	(5-441) 

Governm2nt Bond 	- 	.861 	.410 	.438 	-.007 	.959 	• 	.870 	.923 

	

(.411) 	(1.106) 	(1.027) 	(-.011) 	(14.669); 

Government Bond 	1 -18.393 	.141 	• 	.369 	-.062 	1.739 	.832 	; 1.580 	.968 

	

(-5.089) 	(.500) 	F 	(1.225) 	(.200) 	(5.253) 	(5.603) 	! , 1 
Corporate Bond 	.111 	F 	.428 	.414 	-.181 	-965 	1 	.893 	.922 i 

	

(.053) 	1.140) 	(1.000) 	(-.255) 	(13.847); 

1 
Cornorate Bond 	-18.485 	.145 	.361 	-.107 	1.707 	.816 	1 1.665 	.968 

	

(-5.377) 	(.495) 	(1.143) 	(-.222) 	(5.478) 	(5.273) 	i 
i . 

; 

UI 
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TABLE 3.5 . 

Rate of Return on Debt 
Linear Model: O.L.S. 
(t - values in parenthesis) 

, 	 1 

	

Yo 	. 	yl 	..- 	.., 	,i,.. 	1 	D.W. 	1 	R
2 

iAlternative Asset Y.-.) 
I 	 I 	,  

! 
1None 	.067 	1 	.029 	-.111 	 1 	1.1-P9 	[ 	. 535  

	

- 	1 
i 

1 	• 	
• 	r ! 	 (4.025) 	(1.360) 	(-.651) i 	
, 

I 	 1 	
1 

1None j 	.030 	-.007 	- 	.035 	. 	
,1)00003 ; 	i..,  9 	1 .900 

1 	• (2.850) 	(-.587) 	(1.205 	(5.956) 	1 	1 1 	 ; 
I 	 i 

 IG--, vernreni- 	Bond 	.061 	.029 	-. 	 I104 	. 	.050 	11.1221 	! .536 

1 	
1 	. 1 	 (1.220) 	(1.285) 	(-1.553) 	(.106) 	1 

1 	 . 
i 1 
1Government Bond 	1 	.048 	j 	-.007 	• 	.014 • 	-.190 	.000003 1 2.128 	.897 ! 
i j 	(1.911) 	I 	(-.590) 	• ,(,369) 	(:-.799) 	(5.908) 	1 
1 	 I 
i 	

. 

	

.128 	-.102 	1.137 	1.538 [Cormorate Bond 	.079 	.029 	- 	 i 

I 	(1.554) 	.(1.319) 	(-1.724) 	(-.255) 	1 	
i 

1 	1 	O ! 	! 
!Corporate Bond 	.048 	-.006 	.010 	-.154 	.000003 12.175 	i.896 
; 1 	(1.861) 	j 	(-.510) 	(.300) 	(-.744) 	(5.375) 	' 	, 
1 	 I 
I 	 . 	. 
,• 	I . 	 - 



TABLE 3.6 

Rate of Rettrn on Debt 
Linear Mcèel: C - - O.L.S. 
(t - values in parenthesis) 

f 	 I i 	 i 	• 	I 	 . 	1 	 ..) 
t 1Alternaive Asset 	1 	Y 	! 	Y- 	

. 	1 

	

0 	1 	1 	12 	. Y:à 	P 	I P-w- 	K" 
1 	 1 	

T2 	
I. 	

- 
i 	. 

; 	1 	 ; 	.  

I 	1 	 . 	i 

	

! 	. 

	

! 	
. 	 i 

!None 	. 1 	.110 	1 	-.018 	1 	-.00') ! 	.955 	i 1 	
1 
2.067 	.731 

i 	. 
1 (3 -.396) 	1( -1.163) 	(-.045) 1 	' 	! (11. 	, 	! 

	

1 	• 	. 	1 	
....98P) i  

1 
i 
None 	: 	.015 	1 	.007 	.037 1 	.0000031 -.562 	12.246 	.907 1 	, 

i 
 

1(1.817) 	1 	(.600) 	(1.776) ! 	• (8.439)1 (-2.542) 1 1 
i 	1 	;. 	. 	1 1 	h 
1 	 1 
1Government Bond 	1 =. 1 65 	1 	-.0 1 8 	-.003 1 -.55- 0 	I 	.953 	11.667 	.784 

	

1 	1 
i 	1 (3.530) 1( -1.256) 	(-.070) 1( -1.559) 	(12.544) 1 	- 
1 	i 	1 	

. 
1 1 

iGovernment  Bond • 	' i -.002 	1 . .009 	- .:059 1 	.169 	.0000031 -.648 	1 2.651 	' :914 . 	 i 
. 	(-i.182) 	1 	(.804) 	(1.900) 1 	(.877) 	. (8.595y-3.180) 1 1 	 1 1 	• 	1 	1 	

. 

1Ccrpora±e  Bond 	1 	.160 	1 	-.016 	. -.013 1 -.456 • 	1 	.956 	11.789 	.774 
(3.356) 	1( -1.070) 	(-0268.)  !(_1.385) 	1i(12.240) I 

• 	 r 	, , 	
. 

CorT)orate. Bond 	-.006 	j 	.008 	.066.1 	.0000031 -.651 	12.635 	,914 
. 	i ( -.262) 	1 	(.760) 	1 	(1.806) 1 	(.914) 	(8.805)J(-3.208) 

1 	1  

H • 
(Jr 
co 
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?ABLE 3.7 

Rate of Return on Debt 
Double-Log Mode l : 0..L.S. 
( t - values in parenthesis) 

I 	 . 

I 
Alternative Asset 	 • 	D.W. 	Re" 1 Alterna 	Y0 	 Y3 	Y4 , 	Y1 	Y2 	I  

; 	•  [ 	
t 

' I 	 1 , 
I None 	-3.512 	.364 	-.579 	1 	

1.215 	.569 

1 	
K-21.162) 	(1.181) 	(-3.899) 

1 I 	
1 

I None 	' 	-6.388 	.087 	.224 	I 	.422 	2.248 	.814 
i 	. 	l 	(-8.366) 	. 	(.388) 	• 	(.957) 	1(3.809) I , 
; 	 I 
!Government Bond 	I 	-3.299 	.366 	-.541 	- 	.061 	1 	. 	1.228 	.569 1 . 	I 	(-1.870) 	(1.137) 	(-1.541) 	(.122) 	1 ! 
I 	1 
IGovernment Tione21 	I 	-7.696 	.054 	-.083. 	-.314 	I 	.452 	1.903 	.828 ; 	. 	(...,. 	730) I 	

1 	, 
I 	.... 	(.239) 	.(.292) 	(-.913) 	1(3.884) , 

1CorPorate Bond 	1 	-3.943 	.361 	-.670 	-.121 	1.212 	.571 
i 	I 	(-2.373) 	(1.127) 	(-1.745) 	.(-.260) 
1 	1 .  
'Corporate Bond 	•1 	-7.719* . 	.066 	.011 	-.335 	.443 	1.920 	.834 
I 	I 	(-5.345) 	(.298) 	(,037) 	( .-1.082) 	1(3.968) 
I 	, 	 I 
I 	I 

- 	I 	 I 



TABLE: • 3.8 

Rate of Rcaturn on Debt 
Double--.Log 'Model: C - 
(t - valucEls in parenthesis) 

I 	 . 

Alternative Asset 	' 	YO 	Y 1 Y-) 	i3 p 	D.W. 	R 

	

,. 	
Y 

1  
I None 	I 	-2.65 6 	-.266 	-.090 	 .929 	2.165 	.681 
I 	(-4.424) 	(-1.061) 	(-.311) 	 (9.371) 

None 	I 
1 	-6.619 	.362 	.277 	.459 	-.447 	1.982 	.829 
( -10.361) 	(1.630) 	(L.429) 	(4.920) 	(-1.870) 

1 
Government Bond 	-4.019 	-.281 	-.075 	-.682 	.953 	1.802 	.746 

I 	( - 3.307) 	(-1.213) 	(-.281) 	(-1.579) 	(11.780) 

I Governrent Bond 	-9' 561 
1 

 1 	-.377 	-.079 	-.656 	.525 	.494 	1.923 	.838 
 1 -4.612) 	(-1.371) 	(-.309) 	(-1.794) 	(3.436) 	(2.127) 1 	, 

corporate Bond 	1 -3 .996 	-.235 	-.151 	-.648 	.931 	1.905 	.737 
(-3;170) 	(-.986) 	(-.546) 	(-1.442) 	(11.491) 

Corpol-ate Bond 	-9.290 	-.325 	-, 1u5 7 	-.622 	.04 	.438 	1.967 	.838 
(-4,776) 	(-1.159) 	(-.560) 	(-1.790) 	.(3.498) 	(1.821) 

f-e 
(..71 
CD 
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•
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4, The P.rivate Carriers 

4.1 Introduction 

In this section of the financial module we estimate 

the rate of return equations for the aggregation of Newfoundland 

Telephone, New Brunswick Telephone, and Maritime Telegraph and 

Telephone. 

4.2 The Data  

We calculated the rates of return in the same fashion 

as for Bell Canada.. However, in this case, we are dealing with 

three distinct carriers. Consequently,. after computing the rates 

of return on debt, common equitv, - and Preferred shares for each 

individual company, we then formed the various rates pf return 

for the  private carrier by taking the weighted average of the 

appropriate rates. In other -  words fer-exaMple, with regards 

to common equity, we computed the rate of return for each carrier 

by finding - dividends per share divided by the price Per 'share 

and adding this latter ratio to the exnected growth rate of 

dividends per share. Where.the growth rate was computed in the 

same fashion as that for Bell Canada, and these rates were set - • 

equal to zero for the years in which their values were Statistically 

insignificant 	We then compUtd the ratio of each carrier 's common 

equity to the total common equity of the three companies - and used 

these values as the weights for each carrier 's rate and 'then suffimed - 

these weighted rates of return 	This sum we :efer to as the rate 



1 
r' =7)PbtBÉ PptS 

Pt 	-13-71:c 	P . - " Pt  

	

ct ct'ct 	' r  at ' Yt) (4 . •) 
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of return on common equity.for the private companies_ The same 

procedure was utilized in computing the rates of return on debt 

and preferred shares for the private carriers. 

The  Empirical Results 

We  find, upon observing the balance sheets for thé 

companies comprising-the private carriers that preferred shares 

played an important role in .their financial picture. This is contrary- 

to the ,  role of preferred shares in the case of Bell Canada. Indeed, 

we observed from ,the balance sheets that the proportion of preferred 

shares to total equity is roughly 30% for Newfoundland Telephone 

,for 1961, 1962, and 1963 and 10% for 1972 to. 1975. 

Thr-  data for the  comp.tation  of the rates of  return 

were obtained from the financial statements of the carriers in' 

question and the methods of coMputing the rates were identical to 

those for Bell Canada. 

We tested many functional forms for the rates of return 

equation and we found that the equations which are homogeneous of 

degree zero in common equity', preferred shares and debt, performed 

	

.best. Thus, we have, 	' 
• 

› ( Pbt I3 J - r 	y 
 

	

r
bt . ‘p S 	n 	at' - 	ct  et. 'et  et 

1P  B n 1)1: t - pt  nu 
ct 	•, 	s 	 a L. \PGUct L ot.ct 

(4.2) 
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Specializing these functions to the double-log form we get, 

p S 
.• • L'iDt:-'t 	 pt pt 

log r 	= y
0 

+ y
1 

loq 	+ 
' 2  lo 	4- -y

3 
log r

at 
+ y

4 	t 
log Y. . 

bt 	Pctct 	
2 	p S 	 •  

rt et 

• (4.4) 

PbtBt 	
p S 
pt pt 

log r
ct 

= y o  + yi  log n S 	2 
ct ct

4- y log -- 	4.  Y3 1°5  rat 1- y
il •  log  Y.  

p
ct

S
ct 

B 

(4.5) 

p 	
n 

btB* 	e-pt'i  
log 	, 	

pt 
± Y log r 	+ V, log Y... log r , 	y, + y, 	y 2  log n s 	, 3 	at 	,  

cc • ct ct 

(4.6) 

The results for the estimation of equations (4.4) to (4.6) are 

presented in  Tables  4.1 fo 4,6. 

We would expect 'a priori that y
1 

= 0, and y
2 

> 0 for 

the common equity rate of retUrn equation. indeed, as debt to 

common equity increases, and preferred shares to 'common eqUity also 

increases the shareholders would desire a larger rate of return on 

common« equity because of the fact that preferred shares and debt 

are more senior financial commodities, in terms of the payment 

obligations by the suppliers: We find that in Tables 4.1 and 4.2 

that income does not affect the rate of return when'y
1 

and y
2 

have the right sign and when there is no autocorrelatIon. Also, -  

the corporate bond rate is a more appropriate variable to represent 

alternative sources of investment to the common shareholders. Therefore 

we feel that the equation, with the corporate bond rate being r
at 

and y A 	0, which was estimated using ordinary least squares provides 

the best description for r
ct

, explaining 94% of the variance. 
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Table 4.1 

Rate of Return  on Common Equit_y - 
.Double-Log Model: 	 
(t-values in parenthesis) 

_-) 	Y4 	D.W.  Alternative 	sset 	0 	l Y2 	Yn 

None 	-1.166 -1.166 	2.684 	-.072 	 .977 	.682 

	

(-3.695) 	(4.820) 	-1.185) 

None 	-9.568 	-.043 	.016 	.828 	.539 	.865 

	

(-4.369) 	(-.053) 	(.346) 	(3.855) 

Government Bond 	2.869 	.741 	.053 	1.741 	1.383 	.940 

	

(4.757) 	(1.956) 	(1.604) 	(6.886) 

Government Bond 	1.173 	.522 	.053 	1.563 	.127 	1.279 	.942 

	

(.353) 	(.910) 	(1.571) 	(3.633) 	(.521) 

Corporate Bond 	2.122 	.654 	.068 	1.535 	1.305 	.942 

	

(4.3 36) 	(1.715) 	(2.036) 	(7.015) 

Corporate Dond 	.G19 	.455 	• re-t1 	1.350 	' 	.117 	1.221 	.943 

	

(.199) 	.818) 	(1.941) 	(3.720) 	(.488) 

1 
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Rate of Return on Common Eauity 
Double-Log Modell C-O.L., s. 
• ( .L-values in parenthesis) 

, 

,3 	P 	D.W. 1.ternative Asse 	yo 	Yi 	Y 2 	
v 

Ine 	-1.330 	.185 	-.002 	 .958 	1.063 	.928 

	

(-1.988) 	(.405) 	(.-065) 	(12.409) 

Itne 	-14.759 	-.556 	-.057 	1.353 	.677 1 1.106 	.9611 

	

(-5.298)(-1.209) 	(-1.641) 	(4.681) 	(3.441)1 	! 
1 tvernment Bond 	2.668 	.856 	.025 	1.682 	.401 	1,682 	.9471 

	

(3.391) 	(2.347) 	(.740) 	(5.362) 	(1.636) 	1 

rwernment Bond 	-10.137 	-.376 t 

1/ 	

-.052 	.925 	1.117 	.743 	1.019 	.9801 

	

(-3.199)(-1.034) 	(-1.867) 	(2.911) 	(3.880) 	(4.151) 
- 	 . 	 i 

.466 	1,658 	.9491 Coroorate Bond 	1.969 	.704 	.041 	1.506
!  

II (2.795) 	(1.909) 	(1.212) 	(5.117) 	(1.972) 	
. 

Corporate Bond 	-10.738 	-.467 	-.044 	.927 	1.166 	.775 	.933 	.980! 

li 	
(-3.248)(-1.304) 	(-1.545) 	(3 028) 	(3.752) 	(4.581) 	1 
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The  results for the return on preferred shares are 

presented in Tables 4.3 and 4.4. Again, we believe that y • must 
1. 

be greater than zero but y 2  mav be negative. •Deeause .  as thé pre—' • 

ferred shares to common equjty ratio increases, all other things 

being equal, the riskiness of the carrier has not increased, but 

rather decreased and so preferred shareholders may be satisfied • 

. with a lower rate of•return. Once again, income is not a meaningful 

determinant of:rpt':while  the Corporate bond rate performs margin- 

. ally better than - the government bond rate. Consequently, the second, 

to last equation in Table 4;3, statistically  and: in an economic • • 	11 

sense iS the best equation.. • 
, 	. 

II ; Finally,.fol-  the rate of return on debt, we refer to Tables 

4.5 and 4.6. Obviously an increase in the debt to common equity ratià 
II , 

, 
mus t  lead to an increase in the rate of return to  the  demanders of 	. 

, , 

II I  this  debt. On the other hand, an increase in the ratio of preferred 	I 

shares to common eqUity should, in general, lead to an increase in- 

r 	if the-debtholders are acutely aware of. other competing senior btJ 

financial instruments in the corporate portfolio . Henee, because 

of the lack of' autocorrelation and by the signs of y l , y2 , and 

the values of the t-statistics for the regressors, the equation 

with y l  ,., 0 and the corporate'rate  as r' 	•Table  4.5 is the 

best equation in explaining 84% of the.variance. 
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Table 4.3 

Rate of  Return  on Preferred Shares 
Double-Lou Model: 0.L.S. 
(t-values -  in parenthesi 

Ilternative Asset 	yo 	Y1 	Y2 	Y3 	14 	D.W. 	
R2 

tone 	-2.416 	.793 	-.061 	1.054 	.755 
(-31.984) 	(5.944) 	(-4.201) 

tone 	-2.032 	.917 	-.065 	-.038 	1.160 	.760 
(-2.554) 	(3.145) 	(-3.790) 	(-.485) 

Irovernment Bond 	-2.846 	1.000 	-.074 	-.186 	1.481 	.794 
(-9.335) 	(5.224) 	(-4.465)(-1.452) 

irovernment Bond 	-4.494 	.788 	-.073 	,-.358 	.123 	1.443 	.814 

1 	(-2.782) 	(2.819) 	(-4.433)(-1.711) 	(1.039) 
111

.  

Corporate Bond 	-2.793 	1.025 	-.077 	-.176 	1.509 	.801 

II (-11.298) 	(5.320) 	(-4.532)(-1.590) 

Corporato Bond 	-4.601 	.791 	-.078 	-.350 	.141 	1.432 	.827 

II 	
(-3.100) 	(2.956) 	(-4.689) (-1.969) 	(1.235 
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Table 4.4 

Rate of Return  on  • Preferred Shares 
Double-Log Model: C-O.L.S. 
(t-values in parenthesis) 

.nn•n•n ..... ..nnoe... ...a.. *or. -, ha, .,• nnn--aws.......«. oen_,,...,..n .nn 	 nn„,, 	 .nnnnn 	 n-n 	 nn. 	 nnn•nnn •nnn •nnnnnnnnn*nnn ...nnnnnn 	 -_____m  

!terrabive Asset 	YO 	
,,,. 	 2 	III 
ii 	Y2 	Y 3 	14 	P 	D W. 	R 	1 1 

)ne 	-2.383 	.801 	-.056 	.741 	1.668 	.763 	11 

	

-22.84 (i )(4.650) 	(-3.132) 	' 	(2.015) 	I 
• 

)ne 	-2.316 	.812 	-.056 	-.007 	.463 	1.666 	.763 	II 

	

(-1.937)(2.889) 	( • 2.859) 	-.056) 	(1.956) 

)vernment Bond 	-2.760 	.890 	-.059 	-.152 	.344 	1.676 	.779 

	

(-7.052)(4.632) 	(-3.321) 	(-.968) 	(1.370) 

wernment Bond 	-4.453 	.715 	-.065 	-.316 	.131 	.331 	1.645 	.794 

	

(-2.051)(2.400) 	(-3.350) 	(-1.218) 	(.792) 	(1.313) 
/ 

)rporate Bond 	-2.731 	.915 	-.062 	-.151 	.338 	1.688 	.784 

	

(-8-468)(4-659) 	(-3-420) 	( • 1-100) 	(1-144) 

	

- 	 ' 
)rporate Bond 	-4.955 	.695 	-.072 	' 	-.353.178. 	.329 	1.669 	.808 	is, 

	

(-2.334)(2.433) 	(-3.547) 	(-1.507) 	(1.059) 	(1.305) 
J 	 II 

1 
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Table 4.5 

Rate of Return on Debt 
Double-Lor' Model 	O.L.S. 
(t-values in parenthesis) 

II 	 , 	 2 
Alternative Asset 	y 	Y 1 	

DW. 
• 

I. 	0 	
Y 3 	

. 	R 

None 	-2.220 	1.223 	-.023 	, 	1.487 	.643 

! (-13.782) 	(4.302) 	-.745) 

lone 	-7.157 	-.333 	.027 	.473 	1.227 	.900 
(-7.711)(-1.000) 	(1.391) 	(5.297) 

"'Government Bond 	-.573 	.430 	.028 	.711 	1.820 	.829 
(-1.163) 	(1.391) 	(1.036) 	(3.445) 

Government Bond 	-6.144 	-.288 	.030 	.127 	.416 	1.413 	.902 
(-2.958) 	(-.800) 	(1.421) 	(.471) 	2.731) 

11Coxporate Bond 	-.853 	.379 	.035 	.638 	1.772 	,837'  
1 	--.2.15'7) 	(1.2:-J0) 	_ 

"'  Corporate Bond 	-5.934 	-.280 	.033 	.148 	.397 	1.450 	,903 
(-3.026)1 	(-.792) 	(-.792) 	1.491) 	(2.626) 
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Table 4.6 

'Rate of Return on* Debt 
Double-Log Modelr 
--(-7---707aes-Tri-7771-7éni717) - 

Lternative Asse' 	 1
3 	P 	D.W. 	R2  1 	Y2 

me 	-2.073 	-.364 	.014 	 .959 	1.319 	.865 II 

	

(-4.660) 	-1.227) 	(.561) 	(12..579) 

)re 	-11.524 	-.802 	-.018 	.937 	.749 	1.704 	.930 	II 

	

(-5.378) 	-2.703) 	- .79 9) 	(4.177) 	(4.235) 

)vernment Bond 	-.621 	.403 	.032 	.692 	.042 	1.842 	.818 	II 

	

(-1.179) 	(1.242) 	1.107) 	(3.152) 	(.158) 

>vornment Bon. 	-13.325 	-.864 	-.020 	-.380 	1.023 	.715 	1.411 	.944 	II 

	

(-5.491) 	(-3.019) 	(-.918) 	(-1.514) 	(4.742) 	(3.828) 

)r -porate Bond 	-.890 	.337 	.041 	.624 	.061 	1.820 	.829 	I 
1 -') 	1 n 1 \ 	- n 	n"‘ 	II 	Ar1 1 \ 	" 	•

i\ 	 (..)i8) 

	

)rporate  Bond-12.803 	-.819 	-.022 	-.319 	.990 

	

(-5.121) 	-2.791) 	-.955) 	(-1.272) 	(4.467) 	
3: 3 ) 	1.493 	.94 0 	11 

_ 	II 
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1 FOOTNOTES 

1 

1 

1 
1 

1. One might want to distinguish between short term and long • 
term debt but for our purposes we were interested in the rel-
ative benefits and costs of debt versus 'equity financing. 

2.. In this module we are discussing rates of return which are 
unadjusted for the existence of taxes. 

3. We adopted this procedure because, even though g t  was not 
equal to zero in many years it was also - not Statistically diff-
erent from zero. 

4. Of course, we used other variables such as population  and the  price 
indexof.services,. 	but none of them performed as.well as the . 	. 
variables we mentioned in the text. 

1 
1 
1 



1 

1 

REFERENCES 

172. 

1. Alberta Government Telephones, Annual Report, various'issues.. 

2. Bank of Canada, Statistical Review, various  issues.  

3, 	Bell Canada, Annual Report, Various issues. 

4. British Columbia Telephone Company, Annual  Report,  various 
issues. • 

5. Edmonton Telephones, Annual Report, various issues. 

6. Manitoba Telephone System, Annual Report, various issues'. 

7. . Maritime Telegraph and Telephone Company, Annual Report, _ _ 
various issues. 

8... -.New Brunswick.Telephone Company, Annual Report,  various issues. 

9. Newfoundland Telephone Company., Annual Report,  various issues. 

10. Saskatchewan Telecommunications, Annual Report,  variouS issues. 

11_ 	nr, 71(1=', 	Pp i  NJ,?rinu 

1 
1 
1 

1 
1 
1 



CHAPTER 6 

S IMULA9.1 I ON NODULE 

, 



174. 

L The. Structure 

The simulation module.integrates the general theoretical 

model with the three estimation modules. In this part of the study 

we bring forth the demand for total services, the production 

function, the rates of return equations, that we accepted for Bell 

Canada, and combine them with the first order conditions, regulatory 

and capital constraints. 

The  first set of equations we estimated were the demand 

equations. In the demand module we stated that the double-log 

demand equation estimated by the Cochrane-Orcutt method performed 

quite well. This equation is: 

.188 	-1.325 	.816 	.812 -.413 .116 
(1) 

-.519 -1.076 	.663 
Pt 	Pt-1 	Yt-1 

where yt  is output (which is the same as demand in equilibrium), 

Pt  is the -price index of output, P
t 

is the consumer price index, 

Yt  is the provincial product. From equation (1) we get that the 

price elasticity of demand is -1.325 and we can solve for P
t, 

. 384 	616 	.613 	.812 p 
Yt L 	Yt-1  Pt-1 P

t 
- 	 ' (2) . 	 , . 	 . 

1.358 Y
.500 	D y

.755 	.312 
t - 1 	t 	- t-1 

this equation determines the price index of total telephone services. 

The production function we selected'for Dell was the 

constant returns to scale Cobb-Doublas one with direct distance 

dialing as the measure of technological change, and materials 



1 

1 
1 
1 

.011 D.:
618 

U 
0 E. kt  -t 

(4) 
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explicitely included'as an input. The estimated equation is, 

. 305 .616 .079 1.0711DD y .519 1.411K 	Lt 	R, 	e 	t  
-t-1 

	

. 	
320 	041 	. 158 	556DD 

	

K 	L.t-1 R • 	e 	-t-1 

	

t 	t-1 

(3)  

where K is capital, L is labour, DD is direct distance dialing, 

and R is materials. The production function yields marginal 

»Dy 	y 	Dy 	y.  products of capital and labour which are TIT  = .305' - , 	= .616 K 	L • 

We see that the marginal product of capital is .305 times the 

average product of capital; ana the marginal product of labour is• 

.616 times.its average product. . 	 • 

The rate of return on debt equation is 

where pkt  is the price index of  physical capital, Dt  =. 
PbtBt is  

the value of debt, and Et 7 pstS t'is•the value of equity. With 

equation (4), we can compute that, 

Dr 	.618 r. 	Dr
bt  -.358 rbt bt 	bt = 	- 

: .
D
tt 

DD
t 	 E

t 
 • 

. The rate of return on equity equation Is;' 

Dt 	
1)1. -1 	• 	E, 

r 	.057 	.00005 .(,---- 1. .051 	-• .00002 st 
. 	Pkt 	. 	'Pkt-1 	' Pkt 

E
t-1 -1- .051 	 ) - .290 (rat  1- :.051 ra . 1_1 ) -  

Pkt-1 

where rat ià the rate of return on long-term corporate bonds. 
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Equation (5) implies that 

âr_, 	.00005 	Dr 
= 	_ist 	

-.00002 

Pkt Pkt 

These are then the equatibns and the important. derivatives, • 

which are obtained from the three estimation modules. The -next 

step is to integrate the preceeding equations with the first order 

conditions in the general model. Before doing so, we must modifV 

these conditions,  in  view of our aggregation of common and preferred 

equity, and the fact that W2 determine the value of debt and equity.
2 

In addition we tested for the actual regulatory constraint in the 

context of Bell Canada  and found it to be 

(1 - u)(pv - 	w
r
R) - 	ud)p

k
K 

. 	. 	. • 

+ udr pK+r
b
u(B - M) < i(1 	u)p K

' 	(6) k  

where w
r 

is the price index of materials and r
b 

is not also the 

rate of return on the exogeneous variable M. We must note that 

changes in the price of equipment are not considered by either•the 

tax or the regulatory authorities and therefore for the  • imulation 

we omit Ot  from the regulatory constraint. 

The test for the constraint was carried out bv noting 

that from the theory of regulption we must have 

py w, 	R 
g, 

where S is called the allowed factor price of capital. Also, 

in the context of our model the first order conditions. imply an 

equation for S (the allowed fad -tor price). • 

) 
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This derived equation for S:must be - consistent with (7) and 

with equation (6), and we computed S to be •• 
• 

• Pi_ 	 D-M S = 	76(1-ud) 	udr 	urb 
	

. 	
..(8) (1-u)  

Indeed the values of S implied by equations (7) and (8) are 

identical. Consequently, with the mariner in which the authorities 

treat changes in the price of equipment, and aggregating the values 

of common and preferred eauitv.we can rewrite the net profit 

'equations as, 3 

ll 	 0 
n 

= 	R)(1-u) 	--(-17i7gypkK - S(1-ud)p
k 

- rp
k
K(1-ud) 

and recalling the capital constraint, the regulatory constraint, 

. and noting that R and its price are exogeneous, the first order 

conditions now beCome 

(9 .1) UL-  - 	Wi = 

.-. = F (e0E-1-.(A) - (1-A)6(1-ud)p. + ----.T) 0 
(14 . 0) - k 

Dr 
- p (1-ud (1-A ) r-__32. (D-m.) (1-u) 	. »k  

Dr 
s ri 	) Tr-  pi ( 15-M) -

" 
r 	( 	) [1-ud ( 1 -X )-1 k. 

• À Pk. 1-" - b
)i(l-u) p1.0  

• = 	' F-1-à;) 

 

(i- A )  (1-ud) ID; DE 	k 

0 	 r.  
 -1- 	pk  •(1-ud.(1-À)) 	( )--M) (l-u) 

(9„2) 
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Dr 	àrb  
+ TÊTEJ 	Xuuï7  pk (D-M) - p krs  (1-u) ri-ud(1-X0 

+ Xi(1-u)pk  = 0 	 . 	(9.3) 

To implement equation set (9) for simulation we must 

substitute the values of the various estimated  terras.  We can 

A 	-1 	 nl 
rewrite equation (9.1) as, F t (

t
tz) F 	+1) which is  

Given that the price elasticity of demand is -1.3, we can write, 

1 
F. n() y_71-1) = F 	= .23F t.-) . 
£e 	 i.3 

Also, from our computations on the marginal product of labour/ we have 

F p(.23) = (.616) (.23)n 	.142 n . 	• L.  

Thus equation .(9.1) becomes • 	. 
• 

.142 ptyt 	w1L*t  = 0 , 	 . (10) 

where L* is the equilibrium quantity of labour. Because the 

•carrier may not be in equilibrium in the labour market, we must 

incorporate an equation which depicts the labour input dynamic 

adjustment process. This process is . denoted. by the following 

difference equation, • 

II - I 	= p(L*,-L 1  ) t 	it-1 	 t- 

Thus with the values of L* t we can estimate 
p and.then we  have 

an equation for the computed value of labour. Upon estimating 

equation (11) we found that, 

(11) 



ru,,d(1-x ) i 
'k - bt x Pkurbt U.(1-u) 	= 0 Pk (13) 

	

0 	' 

	

, 	• 	. 
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t 	, t-2 	.010L* 
Lt  = 1.703L t-1 	•015L* 	699L 	

+ 
 

where (12) will be uSed to determine the-simuiated quantity of • 

labour. 

Next equation (9.2) becodes, 

YPt •(1-A) (1-u) (.0'70) 	(1-"À) (3(1-U.d)p
1 

P 

(12) 

-- 

+  .00005E* - 
t- 

Pkrbt• 	• Àu(.618) D* 	(D*t-M) 
t' 

and equation (9,3) becomes 

•YtPt  (1-M (1-u) (.070) 	(1-À1(.1-udIp K 

0 	

t- 

Pkrbt  (D* _m)(1-u) + ( -14, 0) pk 	(1-ud(1-ME-358 
E* 

n 
- .00002L•

t- 	
AU G350 	(D*•t -M) 

'  

7 rkrst D-7ud(17X)1 	(1-u)  Pk 	' 	(14) 

where i was computed by Mtakblg. (6) an equality. .1n the.same 

fashion that we provided a dynamic adjustMent equation for labour 

we also specify one fOr debt and one for nquity. The equations are 

Dt  D 1  = 

Et - Et-1 =  Y  (E*t-Et-1) 



(18) 

(19) 
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and with the values of D* and E* which are found by simultaneously 

solving equations (13) and (14)• for these variables, we .get .; 

D = 1.113 D 
t 	• t-1 

- .113D*
t  

and  

Et = 1.431Et_i  - .343E b _ 2  - .131E*t 
	' " 
+ 0 4 0E*

t1 	
(16) 

- 

(15) 

I. 

I. 

1 •  

I. 

To-close the system we include the rate of return on physical 	. 

capital equation, the factor price equation, and the capital constraint, 

• . 	(Dt-MY 	E 	 . 	• • 

	

-- 	 (17) rt = rb 	
(1-u

t P
k
K
t 	) + 1..t. F K - . 	 / k t 	• 

(1-un) . 	0 	Pk  
gkt 

= p
kt) 

(1-u) 	(1+0) (17u) 

• 

- 

.t. 
= 	- + 
Pk Pk Pk 

Therefore the set of equations; (2), (3), (4), (5), (6), (10), - 

(12), (13), (14), (15), (16), (17), (18), (19), gives us fourteen 

equations in fourteen unknowns, p, y, r,r cl ,. X, L*, L, D*, E*, 

D, E, r, w
k
, U . In addition the exogenous.variables are; the .  

consumer price index (p), the provincial product (Y), technological 

change (DD), the ware rate (w9, ), the  price of physical capital (pk ), 

the corporate income tax rate (u), the depreciation rate (e!;), the 

before tax nominal allowed rate of return (1), net non-capital 

assets (M), the corporate,bond rate h.7 ), and also the .constant. • a 

(d = .5 4 079), which is the discounted value of depreciation deduc-

tions on a dollar value of investment in physical capital. 
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This constant was computed from 
-I r 

- , 	. 
• 

	

a  4- . 1 	, I 1, -(1-u)il 	. 

	

(1-:u) 	r pl 	e 	

' ' II 

. 	. 
__ 

for the continuous case and as a discrete approximation,. 

,• 	r - 1 	i r  - 	_ 1 . 	 I T1 . 

. 	. .. d '= ITIT 	Ll - (D7-(1-2-1-1-J7 ) j ,  : , 
. 	 . 

• . 
i 

, 	 , 

where-p-  is the - before tax rate of return and T is the'lifetime of 

the asset. The average value of T for Bell Canada was obtained by 

dividing the average capital bv-the depreciation rate for tax purposes 

which is 5.3% so T = 18.868 years.. For u (the corporate:tax rate) 	I 

we used the average, and for p we used 15% which was close to the 

average before tax- allowed rate of return. 4  ' 	. 
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2, -  Simulation Within. the Sample Period  

The tests of the . adequacy of  multiple. equation simulation 

models are performed in two stages. The first stage pertains to 

the selection of the appropriate equations from the estimation 

process. This selection is based on two criteria; the first.being 

consistency with economic propositions and the second being statis-

tical analysis. Indeed, we have completed the first stage in the 

Previous  parts of the study dealing with the demand, production and 

'financial modules. The second stage encompasses the simulation of 

the equation system within the estimation time period. This equation 

system was explicitly derived  in section 1 of this module. We 

are now ready to specify the form in which the equations haVe'been 

placed into the Computer and to observe the values Of the endogenous 

variables, which have been calculated using our modea in order to 

compare them with the actual data. 

The simulation was performed in two parts. The first 

part pertained to a model which assumed that Bell Canada did not 

possess. any monopoly power in its financing ability, while the 

second part allowed for monopoly power. As it turns cut, the model 

without monopoly power is a subset of the model.with monopoly power, 

and so we are able to compare both sets of results and in that wav 

test for the ability of our model to integrate te real and iinancia.1 

characteristics of Bell. 

2.1 Simulation Without MoncrDolv Power . 

The assumed absence of monopoly power for Bell in the - 

capital markets implies that the carrier cannot affect the rates 
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of return.on its. financing instruments. Thus the equations 

determining r
b 

and r
s 

are dropped and these. variables as well as 

r and also w become exogenous.' This means that the share of debt 

. to phvsical capital, and equity  ta ,physical capital is fixed but 

the capital bUdget (debt plus equity) is Still'an endogenous .  

variable. Hence, because these later shares are fixed the first 

order conditions for debt and-equity collapse into one equation 

.for physical capital; The equation is, 

.(.070)pv(leX) 7 (wk-Xs)K* = 0' 

Then with the value of U* obtained from.(20) we estimated the 

dynamic adjustment eqUation for physical capital and obtained, 

K = 1.105Y 	-K ng* 
t 	 t 

Finally, instead - of solving the Lagrangian multiplier X from the 

system of equations by including,  the constraint as a separate 

equation, we can estimate X from equation (20). By letting 

K = K* (which is the case in steadyestate equilibrium) and then 
wj K 

.solvin for Me g 	k = 	we geL, 
PY 

(20) 

( 9 1) 

M
k 

= .070(leA) + 
PY 

bue to the nature of technological innovations and Other, structural 

changes we split .the sample period into three sections of eight 

years, nine years, and nine yeayes. The estjw,lted value of A•ffor 

the first sample period was .339, for the second .672, and for the 

third .707. We can observe then that,eas X increases, the impact 



184. 

regulatory policies on the output, input, and financing 

requirements has tended to beçome much' more intensified. One 

can alb°, say that, because of the movement of X oVer the sample 

period, by taking a single estimate of the multiplier the reSuits 

would tend •to be,quite distorted, for.purPoses.other'than looking 

at average behavoural characteristics of Bell. In addition, by 

k observing the ratio —i;7 , which is the market price of physical 

capital services over the allowed  price, (X must be less than this 

.ratio for regulation to be effective) we can detect evidence of 

- regulatory lag; especially in 1951, 1952, 1253, 1958, 1965, 1970, 

1974. Therefore the values of X, found in appendix 1 of.this chapter, 

have been adjusted for nine and twelve month regulatory lags. We 

also took the pricè of telephone services as exogenous for this 

part of the simulation and so .the system is comprised of equations 

(3), (10), (12), (20), (21) and equation (19). This means we can 

Solve for y, L*, L, X*, K, (D1-E). Equation (19), in this case, 

determines the capital budget (DI-E), and not physical capital. 

The simulated values of these endogenous variables are compared 

with the actual values in appendix 2. We can observe ,  that this 

model performs 'extremely well, in that the simulated values are 

very close to the actuals. Indeed we can conclude that our model 

reproduces the behaviour of Bcil Canada over the sample period, 

quite accurately. The remaining test is whether the incluSien of 

the financial segment will reproduce these fine result «s
.
5 



2.2 Simulation With Monopoly  Power 

For the ,simulation in this part, we endogenized the 

rates of return on capital and so also the factor price  of  physical 

capital. We retained  the  values  of the Lagrangian multiplier which 

we calculated in section 2.1. Thus our system of equations is (2), 

(3) 1  (4), - (5), (10, (12), .(13), (14), (15), (16), (17), (18), 

in the thirteen unknowns (excluding X). 

(19 ), 

The values of the endogenous variables are compared with 

the actual values in appendix 3 of this chapter. We can Observe 

once more that the results are very.good. Starting with  the price 

for total services, we'compute that the average proportional 

difference between the simulated and actual values is .003. The 

average proportional difference for the output variable is -.002, 

for labour -.001, for physical capital -.003, for debt -.0004, for 

equity .004, for the rate of return on debt -.008, for the' rate of 

return on equity- -008, fôr the rate of return'on physical capital 

.0002,for the factor price of physical capital -.006. 

Therefore,we can conclude that our model successfully 

integrates the real and financial characteristics of Bell Canada 

and this simulation model, as a whole, can be utilized to forecast 

the impôrtan.t aggregates of output, labour, physical capital, debt 

and equity requirements (as well'as other variables) for this' 

regulated carrier. 
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Appendix 6.1 	Exogenous  Variables  for the Monopoly System 

CPI 

BLR 

BLDD 

BLWL 

PI 

BLPi< 

Consumer Price Index of Montreal and Toronto 

Gross Provincial Product of Quebec and Ontario 
in Current Dollars 

Raw Materials for Bell 

Percentage of Calls Direct Distance Dialed for 
Bell 

Wage Rate for Bell 

Price Index of.Investment Products. 
• 

Trice Index of Physical Capital for Bell . 

BLM 	Net Non-Capital Assets in Current Dollars for 
• Bell 

• RBUS 	Long-Term Corporate Bond Raté Of Return 

BLAR 	Allowed Rate of Return of Capital for Bell 

BLDEL 	Rate of Depreciation for Bell 

BLLAM 	Regulatory Constraint Multiplier for Bell 

THETA 	Rate-of Price Inflation for Investment Products 

Corporate TaX Rate 
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Appendix 6.2 Endogenous Variables for the Competitive System 

BLTSO 	Total Services for Bell 

BLL 	Labour for.Bell 	• . 

BLK 	Physical Capital for Bell 

BLDE. 	Debt Plus Equity Capital for Bell 

The 	hé- ve 1-111 sRm'e svmhnip. 
an S at the end. 
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Appendix 6.3 Endogenous variables  for the Monopoly  System 

BLPITS 

BLTSO 

BLL 

BLK 

BLp 

DT,F 

BLRD 

BLRE 

BLRK 

BLWK 

Price Index of total Services for Bell 

Total Services for Bell 

Labour for Bell 

PhySical Capital for Bell 

Debt.in Current Dollars for Bell 

in  Curren:  Dollars 

Rate of Return on Debt for Bell 

Rate of Return on Equity for Bell 

Rate of Return on Physical CaPital for Bell 

Factor Price of Physical Capital for Bell 

Equity -Rev,- Pall 

The simulated values have the same symbols but with an 
S at the end. 
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I. 

FOOTNOTES 

1 
•

1

In this Chapter we have rounded the numbers to the 
third and fourth decimal place. In the actual simulation 
we did not round  the  numbers becaUse of the errors this 
would have caused. 

2
Given the fact that we have aggregated the financial 

instruments of•Bell Canada into two categories, it is sim-
pler, from the viewpoint of forming aggregate price indices 
of debt and equity, to treat  the. values of debt and equity as 
the,carrier's decision variables, Given our assumption that 
the prj ,- 	nf nnrs  ‹7:11F1 ecilitv are ogenoris; vF:rjahl, the. 
two treatments are essentiaaly identical. 

e drop the expectations operator for ease of notation. 

4 The values of 0 were obtained from an eight year moving 
average of the Canadian price index of investment products« . 
This also means that the price bywh.ich we multiply 0 is not '121,, 

. but rather the former price index. The justification for this 
procedure stems' from the fact that 0 is the expected rate of 

• price inflation of physical capital and these exPations 
are captured by the Cahadian index. 

It should be recalled that most of our data series for 
Bell Canada were from 1952-1972 and we extrapolated tn 1950 
and to 1975. Therefore one should focus on the simulation 
results for the period 1955-1972. 
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