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Methodology and Assumptions-for the 

Financial and Econcimic Analysis of 

the MSAT Progre 

This  is the eighth milestone report of the "Overall .  Socio-Ecônômic 

Impact Study of the MSAT Program." This report indicates hOw we propose 

toimplement the basic  Methodology outlined,in Report Number 3 entitled . 

 "Outline of the Proposed Methodology for the Socio-Economtc Impact of 

MSAT" by means of the computer-based framework'that is described in Report 

Nùmber 4 entitled "Outline of the Proposed  Data Base Sytem and Economic . 

Model for the Estimation of the Socio-Economic Impacts. of MSAT.7 

•• Econanalysis l• Report'Number 6, "The Socio-Economic Impact Model:- . 

Results for a :  Trial Càse Study  of the MSAT Program" demongtrated the, types 

of output provided by the computer software, the numerical aspects Of the 

cost/benefit méthodologY employed, and the kinds of assumptions necessery 

for such an analysis. However, the Trial. Case  Study used hypothetical 

financial and economic data to illustrate the Model. The primary purpose 

of the eighth report is to indicate specific values and/or procedures  for  

	

estimating the economiç parameters discussed in previous.reports. 	- 

The proposed study methodology requires -a set of annual financial 

cash flows and their correSponding annual econoMic cost§ and benefits for 

each participant of the MSAT prôject. These streams of cash flows and 

economic costs and benefits  are  discounted at risk adjusted private and 

- social discount rates, regpectivèly, in order to determine: 

(a) project attractiveness. from a financial perspective; 

(b) prOject attrattivèness from an ecOnomic perspective; 	. 

(c) the amount of government financial assistance (if any) 



-2-- 

•warranted for the MSAT -iroject. 	• . 	• 

_ Section  1 of this report provides abrief:overview of the  study - 

methodology and the software  developed by Econanalysis to perform.all 

required Calculations. This is followed by 6 detailed discussion of the- - 

- private discount rates, social discount rate, and their associated risk 

adjustments, which will be used as the benchmarks  with whtch tà judge the 

financial and economic attractivénets of theSSAT project. - 	: 

Sections 2 — 6 provide detailed ËXplanations.of the various economic 

.. adjustments - and externalities and the economiç parameters uted to estimate . 

them. The economic adjustmentt'ancrextérnaltties'are addeeto the annual : 

cash flows to generate annual economic costs  and  benefits. The 

. 	_ 
- externalities discussed are as follows: 	• 

. 	(a) foreign exchange, tariff - and sales tax - externalities  (Section  2) 

• .(b) labour externality (Section 3) 	. 	• 	• 

• (c) user'benefits (Section 4) 	• 

(d) indirect social . benefits (Section 5) . 

(e) foreign financing - external -ay (Section 6) . 

Finally, Section 7 outlines the methodology:that will be used to. 

deterMine the amount of government' financial assistance (if any) that is 

both warranted and needed by the MSAT project. This section also contains 

a detailed discussion of how two types of financial assistance, loan • 

guarantees and rate of returh guarantees, can be valued.. 
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1.0 . Discount Rates and the  Financial and Economic Analysis of the 

MSAT PrOgramh, 	. 	. • 	• 	. 	• 

I.1.• 	Introdu.ction. • 

1.1.1 Overview of the Study Methodology 

: The purpose of this section is to review the .  integrated analytical 

framework within which thé financial and economic àssessments of MSAT are 

perfOrmed. The framework is based on an ecônomic cost/benefit analysis 

Methodology that was deVeloped. for Canadian,applicatiàns - by Professors 

Glenn Jenkins . and John Evans :in conjunction with a number of consultants 

and'  departments in the Governffient of Canada. l .The .overall framework. and • 

the,  steps required - to assess - the MSAT project are sumniari.zed in Figure 

1.1.. . 	 • 

The overall socio—eçonomic assessment 'of the MSAT project  relies on a 

number of ,  other studies for detailed marketing, engineering and financial - 

data. The first task was to check the methodology, data and assumptions . 

used by . the other contractors to énsure. not *only their consistency but 

also their conformity to the overall socio—economic appraisal methbdologj/. 

A preliminary review of the other contractors' ,studies was'contained in 

our Report Number 2 entitled:. "Review—of Other Côntractors' Reports, . 

Related Memoranda, Potential Problems and Study Gaps of the MSAT Project.' 

This report identified a number .of inconsistencies between the various 	. 

studies.that have by and large been resolved. Thus, we hope to have soon 

a.useable set of marketing, engineering, and financial data that is 

1 
John C. Evans et al., "A Manual for the.Analysis and . 
Appraisal of Industrial Projects in Canada,' prepared for 
the  Departments of Regional Economic  Expansion and  Industry, 
Trade and Càmmerce (Ottawa, 1983). 	. 
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• • available for further analysis. 	• 	• 

' •The  incremental cash flowsfrom Telesat'S Commercial Viability Study • 

. and Woods Gordon's Manufacturing Impact Study, .and-the.Service Providers' 

Study conducted by DOC using the ROC Impact Model provide  the basic 

 building  blocks for the financial and economic analysis of MSAT. • The net 

*present value (NPV)•of the incremental net cash flow, - calculated using.a 

. private discount rate,  serves as the basis forassessing MSAT's financial 

attractivehess for each of the participants.. • However, in order to measure 

a project's attractiveness from a - public perspective, the financial cash 

flows_must be modified-  tà take. account of a number of economic adjustments 

and - eXternalitie-s. The NPV of the resulting étoneic benefits and costs, 

calculated using a.social discount rate, proVides a Mèasure of economic 

attractiVeness. Thus, the economic cost/benefit eialysis of MSAT•requires 

(a) accurate and consistent financial data, and (b) a correct 

specification and estimation of the eConomic externaliti6s àssociated with 

• each  phase of the Overall project. 	: 

1.1.2 Overview of the Financial and Economic Software System 

Econanalysis has designed Computer software for a financial  data base 

system and economic model referred to as the Socio—Economic Impact Model. 

The flow*chart presented in Figure 1.2'illustrates the sequence "of steps - 

executed by the Socio—Economic Impact Model. First - i-aw . data from the 

other contractors is loaded into the.financial data base of each 

'participant. The data from the.financial data.base are then entered into 

ail itemized Cah  flow on an annual basis. The eqùations of the economic 

model*then Operate item by item" on  thé cash flows.to  caTculate detailed 

econômic èdjuStments and externalities for each year.  Note that the . 
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.eqUations.of the economic .  model are the same:for. all  participants, but the 	• 

variables 'are  different. Annual ecenomiC benefits are calculated by -- . 

combining the cash flows with the appropriate economic adjustments and -

externalities. Annual summary data for the cash-flows, economic 	• 

adjuttments and . exiernalities, and economic benefits and costs, by major 	• 

item are subSequently génerated . to standardize all results. 	-.. 	• 

The tumm4ry for each participant's  data 'are  added together on an 	• . 

itemized basis to produce sumMaries of total MSAT cash flows, economic 
. 	• 

'adjustments and externalities, and econemiC benefits and costs. Using • 

-.both normal:risk and abnormal risk—adjusted discount rates, NPV's of the 

net cash.flows, externalities, and net economid benefits for each 

participant and the total MSAT project  are  calculated-from the data 

summaries. These NPV's form a basis . for an estimate of the amount of 

dirèct goVernment financial assistance (if.  any) to . tbe total MSAT . project 	• 

and to each of the participants. 	. • 

Section 1.2 focuses on one aspect of the. financial data base, namely 

the private discount rate, and all aspects  of the economic data base. The . 

primary purpose of this report is to indtcate specific values and/or 

. procedures- for estimating the economic parameters of the Economic Model. 

1.2 	Private Discount Rates 

The attractiveness of a project from a private financial point of 

view is measured by the net present Value of the incremental  net cash, 

flows at a private discOUnt.rate (PDR). Since we are dealing with the net 

cash flow to total capital (debt and equity), the PDR is calculated - as a 

weighted average cost of capital, where the weights are determined by the 

proportions of the project fundedwith.debt and equity capital. The cost 



- of debt capitel . is the rate of return required by bondholders, and: 

similarly. the cost of equity.capital is the,rate :of return requirèd .by 

sharehàlders. _ 

•As a bençhmark for the real.(net of inflation) Pe, we proposé to:use 

. Professor Glenn Jenkins' estimate of the 'approximately 5.9 per cent foriH 

' overall'eVerage real .  rate of return-to  total capital in Canada  1  . This  -is 

.largely consistent with a 4'per cent reel:rate of - return on debt capital,: 

a 7 per - cent real rate of return on equity capital, and a 40/60 average 

debt . equity ratio. - Jenkins' - 'estimate is.representive of the broed 
• 

performance of capital in Canada,- becaue it'is baSed on the ex post 	. • 

•returns to total capital  for public sectôr and private sector corporations 

.with. and•without traded shares, 	his esttmates are not confined tà 

corporations listed on stock exchanges,. 

• - 

 

More  recent research by the Tax Policy and. Legislation Brançh of the 

Department of Finance, using a methodology similar to.thet ofJenkins,- • 

suggests that the ex post private real rate of return to productive total 

capital in non—manufacturing industries from 1965-81 was 5,6 per tent,. ' 

'while in menufacturing industries it was even lower at 4.8 per cent. 2  Sée 

Table 1.1. This yields an.overall average private real rate of return of 

approximately 5.3 per cent. The variation in these rates of return,.as 

well as in the rate of.return to productive' equity, over time is evident 

from Figures 1.3 and 1.4. 

1 
G.P. Jenkins, Capital in Canada: The Social and Private  
Performance 1965-1974,  (Economic Counéil of Canada; 1977)., 

2 
Th

'e
se results were. presented at a Seminar by thé Tax. . 

Analysis and 'Commodity Tax Division using the5OCRAT data 
base and computer programme (August ;  1984). 



Table 1.1 

PRIVATE RATES OF RETURN TO NET PRODUCTIVE CAPITAL 
( PERCENTAGES ) 

1965-72 1973-81 1965-81  

A. MANUFACTURING  (101-399) 

REPORTED NOM I NAL 	 8.6 	12,6 	10,7 

REPORTED REAL 	 4,6 	2.7 	3,4 

ADJUSTED REAL 	 5.0 	4,9 	4.8 

% DEBT — REPORTED 	 51 	57 	54 

— ADJUSTED 	 45 	48 	47 

•  NON-MANUFACTURING  (404-899_EXCL. 712-793) 

REPORTED NOM I NAL 	 7.6 	11,7 	9,8 

REPORTED REAL 	 3.6 	1,9 	2.7 

ADJUSTED REAL 	 5.7 	5.7 	5.6 

% DEBT — REPORTED 	 63 	69 	66 

— ADJUSTED 	 62 	60 	61 
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• - These estimates -  of ex post private real rate of return across all • 

sectors of the Çanadian• economy reflect normal business risk. Onaccount 

of differential risk premia,. priVate-rates of return can be.exOected tO 

- vary among .  firms and sectors of the economy.-  :ATso, incremental 

debt—equity ratios can differ substantially from their average Values. 

For the purposes of thit.study, we- shall initially assume à 6 per-

cent Private  discount rate, unlèts other study contràctors indiçaté that 

it - should be higher or lower for  -a particUlar participant due to higher or 

lower than•normal business and/or financial - risk.
1 

Teletat's private 

. 

 

discount rate appears to be à likely candidate  for a risk adjustment based 

on ltt perception of greater tnannormal  business  risk inherent in the 

MSAT -project.' Any.sensitivity analysis that is carried out on the Private 

discount rate should'probably be done at lower rates in line with the • 

'Department of Finance results cited above. A.higher PDR, other things 

being•eqbal, woUld tend to biaS - upward the aMount of goVernment financiàl 

assistance  Offered to MSAT participants. 	• • 

1.2.1 	Inflation 

In our study we propose to èonduct the financial and economic 

analyses in constant dollars, which reqUiret that we discount all constant. 

dollar cash flows and economic benefits at real'-(net of inflatiôn) 

discount rates: We are taking this approach because it allows us to check 

data. consistency across the studies of the other MSAT contractors more 

easily. Note that discounting current dollar cash flôws at a nominal 

(gross of inflation) private discount rate will yield the same NPV as 

• 1 
This 6 - per cent figure is the "rounded" value of Jenkins' 5.9 

- 15'e r  dent estimate. . 	
• 
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discounting constant:dollarcash flows'at a real (net of -relation) 	. 

discount rate provided that both the current dollar projections and the 

.nomiiial interest rate reflect the 'same -  expected rate of inflation. 1  

For'example, Telesat in. the-Task 7 report of its Commercial Viability 

Stay entitled "EcônoMic and Financial, Analysis" (August, 1984) employs a 

16 per cent cost of capital.- Implicit in this figure is an 8 per cent 

'average annual Inflation rate. Therefore the imPlicit real (net of 

inflation) discount rate is 	• 

• 
1.08) 	

1 x 100 = 7.41 per .dent. 

This figure is  somewhat higher than the ex post real rates of return 	• 

'epôrted for the average  performance of productive total capital in 

Canada. 2  The lion's share  of the difference.is  more than likely due to the 

'greater : than average perceived risk of .the MSAT.project. Note that 

Telesat has subsequently 1owered.its nominal discount rate to 14 per cent 

for the purposes of its forttcoming Business Proposal. • 	— 

1.2.2 Risk. 

Although the cost of normal business  risk to investors was included 

• in the estimates  'of discount  rates presented above, -  there was no . 

discussion as to hoW the cost of riSk Might be isolated and adjusted to 

reflect different risk  conditions,.  Recent corporate finance literature 

1 
See Econanalysis' Report Number 2, "Preliminary Financial 
Reporting System" (February, 1984) for a complete discussion 

of this issue. 

2 
Or conversely, the 5 - per cent real  discount rate èan be 
converted to  a nominal discount rate with an implicit 8 per 

. cent expected rate  of inflation. This would equal • 
(1.06)(1.08) = 14.5  per, cent,  which is less than Telesat's 
16 per cent reqùired rate of -  èturn. 
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has developed a .Methodology, namely thé Capital asset pricing Model . 

(CAPM),.for estimating the supply priée of capital and associated: risk. • 

'adjustments explicitly. CAPM is not a dèfinitive . approach to  risk and.is  

	

certainly - not without flaws, but it does offer insights as to ..h .ow risk 	• 

- might be dealt with in project evaluation. 	• 	. 

— CAPM was developed_to explain why inyestOrs might want to_hOld • 

Aifferent types.of assets in their. portfolios and how the risk Of their 

- portfolios could:be lowered .by diversification.. The starting point of the 

theoryls that risk averse investors will want to be compensated•fôr any. 

additional risk.in  their portfolios by an ificrease in the expected rate of 

• return. 

The 'teal. risk of an individual - asset - is measured by the variance 

. around its expected rate of return. However,- investors can form • • 

-portfolios of assets, and hence-  diversify away at least  part of 

Therefore, .the relevant, risk of an asset is its Contribution to the risk 

of a sufficiently diversified portfolio of assets, and notfits risk- . 

'measured in isolation from a diversified portfolio. This measure of risk 

is termed covariance risk. . 	. 

Assuming no transactions costs or market imperfections, thé  key 

equation in CAPM is as followS: 

E[R] = R
f 
 +.[E[R

m
] — R

f
] B

j 	
(1.1) 

J  

where, 

E[R] -= expected rate of return  for asset j 

R
f 	

= risk—free  rate of  return 

. E[ft
m 
 ] = expected. rate of return on the market portfolio 

B. 
	

= the "beta" of asset  j, a measure of covariance risk 

• [ÉP
m 
—R

f
][3

j 
= risk premium on asset • 
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If investors behave rationally and seek to minimize risk, then according 

tôecluaticin.(1.1)',thesupplypricee —caPitalfor'assetj,R
7  
.'consists 

3 

of  a risk—free 'rate Of return plus à risk premium which is based on the 

risk:of:a market portfolio and a beta coefficient which ftieasures the 

contribution of asset j to  the market portfolio's variability. The beta 

of an,asset is measured . by  its.covariance with the market portfolio 

divided bythe  variance  of the market portfolio itself. Thus, the asset's 

. risk 'premiiim is based.on covariance risk, i.e., systematic risk that 

cannot . be  diversified away in a - portfolio. 	. • 

If asset ji s beta equals.nne in the above èciuàtion, then asset j has 

a risk equal to the market or àyèrage risk. In keeping with  the 

terminology used in the discussion of private discount rates,   we would say 

thàt asset j .  has normal business and financial risk. . 

For the  pepose of this Study we shall initially assume that the 

expected - Teturn on the market portfolio is.the Sàme as.the average private 

return to capital in Canada as measured by Jenkins, i.e., 

E[R ] = 6 per cent. We shall also assumé a long7 term, real, risk—free 

interest rate of 3 per cent. ' 

In Inflation: Its Financial Impact on Business in  
Canada  (Economic Council of Canada, 1977) Jenkins 

estimated a long—run real rate of return of 4 per cent on 

long—term corporate bonds in Canada. On' average there. 
appears to be roughly a 1 percentage point differential. 
between the return  on  long—term corporate bonds and 
long—term, federal government debt. Thus, we take 3 (=4-1) 
per cent as our estimate of thelong—term, real, risk—free 
interest rate for the purposes of the MSAT prôject. Note 
that the returns on Tong—term bonds include a return for 

• the risk of inflation. Thus, the real yield 6f long—term 
government .bonds will èxceed . that of treasury bills .  which 
'aré .usually taken- to be the risk—free investment 	. 
alternative. This distinction becomes Important in 	• 
Section 7 when valuing loan and.raté—of—return guarantees. 

1 
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• By substitutin g . the aboveasSumptions into-equation  (1.1), the normal 

market business rfsk premiuM is roughly. 3  percent  (6-3). Recall from 

Section.1.2.1 that an- implicit real discount rate of 7.4 per, cent was 

.estimated for Telesat basèd on its Task 7, Report. This impliès.that • 

Telesat's.MSAT project beta is' equ'al to 

E[R.] 	R 

	

B . 	f  

	

J 	E[R ]R m 	f 

7.41 — 3 

= 6 — 3 	
=1.5 

 

i.e., Teiesat perceives that the MSAT project is 1.5 times as risky as the 

average Market.fnvestment.- This may not be an unreasonable assumption . 

given  the  uncertainty attached to the market.  projections for MSAT 

services.  

Listedbelow are industry—wide betas for thé electrical products, 

broadcasting and telephone systems industries that have activities siMilar 

to those of participants in the MSAT project. All - the betas Shown are 

less than one, indicating less than normal risk in these industries. The 

betas for broadcasting and telephone systems are substantially lower than 

those in electrical products, possibly because of the regulated.  nature of 

these two industries and the near monopOly status granted to the firms 

involved. 

These beta values are useful only as a point of.reference because - 

they are industry—wide averages and most likely not representative of' 	- 

betas specifically  for the MSAT project. . Since:the MSAT project's betas 

are the item of interest for this study, Teletat's implied MSAT project 

beta is probably a.better guideline to MSAT related risk than the betas 
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. ,shoWn in Table 1.2. 

1.3 	The Social Discount Rate 

The social discount raté (SDR) measures the tiffie'value of a project's 

economic benefits  and  costs, and.hence is used-to calculate the net 

, preSent value of its net economic benefits.
1 

If this NPV were equal to 

'Zero', then Canadians would recover thèir investment in a-project and earn 

an  annual:rate of return equal to the SDR. In  such a case Canadians'would 

neither be better off nor worse off as a result of a project, because they 

wOuld have.received a rate of return eqUal to that from Other activities 

that would have been undertaken in thé, absence  of a project. 

In 1976 the Treasury  Board  endorsed a 10 per cent SDR for Canada. 

. This  estimate Was based on the earlier empirical:work of Professor 	• 

•Jenkins. . Other estimates of the SDR indicate that it lies in the 7-10 per 

cent, range, roughly 1 to 4 percentage points above the average real 

private rate of return to capital -  in Canada, measured at approximately 6 • 

• • per cent. • 	• 

The 1.0 per cent estimate of the SDR was-initially calculated  as a 

weighted average of the social opportunity costof capital drawn from 

variOus sources in the Canadian economy, where the weights  are the 

proportions of  incremental government borrowing that are drawn from each 

source. Specifically, the SDR was calculated as a weighted average of the 

èconomic'opportunity cost of forgône domestic cOnsumption (4.14%), 

1 
The  discussion in this section is based on J.C. Evans et..al., 
"A Manual:for the AnalYsis and ApPraisal of.Industrial 
Projects in Canada," prepared for the Departments of .Regional- 
•Ecônomic Expansion and•IndListry, Trade  and  Commerce. - 

 (Ottawa, 1983), Chapter 10. 	› • 



- 

• 	Table 1.2 	-. 

IndustrY44ide Beta Estimates- 

. :Industry Betas 
- (1977-1981)  

Electrical Products 	 • 	' 	..707 + .139 

' Broadcasting 	- 	• 	.276 + .134 

Telephone Systems 	• 	.259 + .073 

1 

1 
A.L. Calvert and J. Lefoll "Risk and Return on Canadian 
Capital Markets: Estimation and Sensitivity Analysis 
(Ottawa: Department of Finance, 1983). 



• - increased foreign investment (6.11%), forgone private industrial 

investment (12.53%) and forgone priN;ate residential  construction (7.5%), 	- 

where the respective weights . were 0.05, 0,2, 0.59  and  0.16. - - 

. The  social discount rate can'also be interpreted. as the social rate 

. of . return that capital would have generated elsewhere in the economy, 	- 

which includes the private return to capital, corporate income taxes, less. 

 perSonal 'income taxes, sales taxes, labour and foreign exchange 

...externalities. 'Thus, taxes and other- externalities form the bulk of. the-

wedgebetween the social discount rate and the privàte return to 

• capital. 	 • 	•  

For the  purpose of this study we shall initielly use an SDR of 10 per 

.cent and'run sensitivities for the project around this figure. .  In  most 	- 

instances  it will be advisable to vary jointly the private and social 

discount rates.  

Although - risk does hot entail the use of real resources, it does 

createa social cost, because uncertainty and risk YediAce net economic 

well-being.  For the purposes of this study'we will assume thàt the - 

federal government is no . more efficient at diversifying risk than the 	- 

private sector. 

The measure of the SDR at 10 per cent includes normal private 

business risk, i.e., average business and financial risk Which is present 

in alternate uses of capital. If the activities of MSAT participants give • 

rise to higher or lower than normal levels of business and/or financial- . 

risk resulting in abnormal risk premia in their respective -private 

• discOunt rates, then these abnormal risk premium§ should also be reflected 

in the social  discount' rate. Therefore, if-  different Private  discount 

rates reflecting different risk levels are used to discount the financial 
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cash  flews of . each MSAT participant,' the n.  different  social discount rates  - 

reflecting different risk.levels will also . be used  to  discount the  net  

economicbenefits,of each MSAT participant. 

- 1.4 	Concliisions 

- 	...Table 1.3 prevides reference values for private and social discount  

rates .te be - used initially- in .the overall socio—economic analysis of MSAT. 

' The discount rates vary by. participant module in  the software system. -As 

'explained'above, all discount rates, except those of . Telesat, ihcorpôrate 

normal  business risk.. Telesat's private . and  social  klisceunt  rates  have a 

1,41 per cent abnormal risk premium, based on Telesat's apparent 

perception of MSAT projeCt risk. 

• 	We propose.to  use the discount rates in Table 1.3 as basé values 

around which we will run sensitivities. If more information becomes 

available on the risk of the MSAT project to the various participants, we 

Ishall modify the discount rates'acccordingly. 	• 	• 
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Table 1.3 

Initial Real Discount Rates 

Real Private Discount Abnormal Risk Risk-Adjusted 
Rate with Normal Risk Premium 	Real Private 
	 Discount Rate  

Manufacturers 	6% 	 6% 

Telesat 	6% 	1.41% 	7.41% 

Service Providers 	6% 	 6% 

Real Social Discount 	Abnormal Risk Risk-Adjusted 
Rate with Normal Risk Premium 	Real Social 
	 Discount Rate  

Manufacturers 	10% 	 10%  

Telesat 	10% 	1.41% 	11.41% 

Service Providers 	10% 	 10% 
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2.0 . Foreign.EX.change, Tariff and Sales  Tax Externalities  

2.1 	Introduction  

Foreign exchange externalities, tariff and tax externalities arise 

from the commodity inputs and outputs of the-various participants of the 

MSAT project. These externalities are positive when the .purchase or sale- 

: of A' commOdity e.arns or 2 sayes foi-ei,gn exchange, or 'generates additional 

tariff  and  tax revenues. They  are negative when a project uses up or . 

II - 	forgoes foreig«n exchange earnings, .or forgoes tariff and tax revenues. 

In order to calculate tariff, tax and fàreign exchange extetAnalities 

on MSAT commodity inputs and outputs all commOdities must first be 

classified as tradeable or non—tradeable. «A commodity is considered 

tradeable if there exists a well—defined international market for jt. 

Whether it is purchased domestically or abroad is immaterial, as long as 

the option to purchase or sell abroad is available to the producer. 

A further distinction between importable and exportable categories is 

necessary'for tradeable *commodities. This distinction is necessary 

becausè differences in the types of trade distortions and in the effect of 

domestic freight costs alter the foreign exchange calculations on 

importable and exportable commodities. Thus, an exportable commodity is 

one where domestic industry outputsatisfies all domestic demand with the 

residual being exported at the world f.o.b. price. An importable 

commodity is one where domestic industry output can only partially satisfy 

domestic demand with the residual being imported at the world c.i.f. 

price. 
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• • :The formulae for estimating thé externalities associated with  the  

:purchase  or sale  of . tradeable cdmmodittes werè• outlined in our.third 

•report entitled "Outline of the Proposed Methodology for the Estimation of 

the.Socio—Economic Benefits of MSAT" (June,. 1984). Appropriate tariff • 

rates, tax  rates, freight rates and'trade margins are applied to the 

'Market Prices of tradeable commoditie s .  in,  order to determine the actual . 

amoùnt of foreign eXchange earned or forgone on . the.sale or purchase of an 

item, i.e., the amount of foreign exçhange  in the  presence of these market 

distortions will differ from the amount that'appears in a participant's 

financial cash  flow. A foreign exchange premium Is applied to the, ambunt 

of foreign -exchange to determine the foreign exchange externality. Tariff 

*rates 	where applicable — are also applied to the foreign exçhange value 

of a commodity to determine earned or forgone tariff revenues.. .Federal. • 

and  provincial  sales tax rates ••-• where applicable 	are applied to both 

tradeable and non—tradeable commodities to  détermine  earned . or forgone tax 

revenues. 

The next section provides a brief ,  discussion of the general 

methodology for the calculation of the foreign exchange externality as 	• 

• well as the empirical estimate of the foreign exchange premium used .  in 	• 

thiS study. The methodologies for the calculation of all econoMic • 

externalities for importable; exportable and  non—tradeable commodities are 

reviewed in Sections 2.3, 2.4 and 2.5, respectively. Although the 

. 

 

discussion  addresses only commodity inputs, the methodology is readily 

' extendable to evaluating outputs inall three cases.
1 

' John C. Evans et al., "A Manual for the AnalYsis•and Appraisal of 

Industrial Projects in .Canada," Chapter 11. 
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reign exchan 
premium 

2.2. The Foreign 'EXchange Premium 

The formula for calculating thé foreigh éxchanje externality is as 

( 

Nèt change in foreign 
exchange earnings -

.' .caused by MSAT. 

The foreign exchange premium has been estimated . at  roughlY 7 per cent.
1 

 

1 

1 

1 

1. 

1. 

Thus, for every dollar of foreign exchange earned or saved by MSAT, there 

is a 70 additional benefit to Canada. Conversely, for every dollar of 

foreign exchange used or forgone by MSAT, there is a 7 e cost to Canada 

over and above the cost of foreign exchange as measured by the foreign 

exchange rate. 

The foreign exchange premium captures the indirect effects of foreign 

exchange earnings on government revenues that arise from tariffs, excise 

taxes and subsidies on non—MSAT commodities. In other words, whenever 

foreign exchange is earned by a project, it will cause the Canadian dollar 

to appreciate and will lower the cost of foreign exchange. This will 

'allow increased domestic expenditures on imports and decrease foreign 

•demand for our exports. This will result in increased tariff and excise 

tax revenues on imports and decreased subsidy payments on exports. The 7 

per cent foreign exchange premium is a weighted average of thèse changes 

in government revenue per unit of foreign exchange. Conversely, if a 

project uses or forgoes foreign exchange, then the opposite exchange rate 

effects will likely occur, but the premium remains the same. 

• • • . - 1
Glenn  P.  JenkinS and Chun—Yan Kuo, "On Measuring the Social Opportunity 

• Cost of Foreign Exchange" (Ottawa: .Department of Finance, 1984). 
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2.3 . 	importable.Commodities  

If a tariff rate of t 1  were the  only  distortion in the market for an 

importable commodity with a market price of P, than when this commodity is 

used as an input, it would generate a foreign exchange externality equal 

to 

x P 	 (1) 

(1 + t
1 ) 

and a tariff revenue externality equal to 

(2) p t1  

(1 + t
1

) 

where, 	P = domestic market price of commodity 

t1 '=" 
tariff rate 

f
x 

= foreign exchange premium 

All frieght costs, trade margins and other excise taxes are assumed zero.
1  

Note that the foreign exchange and tariff externalities are the same 

regardless of whether the commodity is directly imported or purchased from 

a domestic producer. This is made clear in Figure 2.1. A project is 

shown to increase domestic demand for a commodity by shifting the demand 

curve from D to D
1

. Domestic producers supply Q
s 

units  of' the  commodity 

at a market price of P = Pcif (l+t i ). The increased demand does not affect 

the price that domestic producers receive, since P
cif 

is assumed to be 

determined in world markets. Hence, domestic supply remains fixed at Q s  

' Note  that the world c.i.f. price 
(Pcif) 

 is equal in this case to 
P/(1+t 1). 



Figure 2.1  

Tariff And Foreign Exchange Externalities For An 
• . 	Importable Project Input 	. 

$/unit 

Cif 	1 

P 

tariff externality 

Di 

Quantity us 	 ' 	 ' 	Q0  

S e domestic industry supply curve .  
D E domestic demand curve • 

Q1 - Q0 E project demand 

P  = world price in Canadian dollars cif - 

t1 	e tariff rate 

P=(1+ti )Pcif  E. domestic price in Canadian dollars 

fx :=" foreign exchange premium 

A.tariff revenues = (Q1  - 00 ).ti .Pcif . 

Foreign Exchange Externality = -(Q1  - Q0 )-Pcif-fx  • 
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•and the inpreased demand is ultimately .Sourced,off—shore.  This  gives rise. 

to a'positive externality equal to the. additional tariff  revenues 	• 

generated and a negative ekternality due to the'foreign exchange required. 

• The - het externality depends  on the relativehagnitudes - of the ta .riff 

and foreign èxchange externalities. In this casé the net externality' 

would.bé positive if the tariff rate exceeds the foreign - exchange premium. 

A . positive net externality i'mplies, that the *economic cost of this input 

• would be less than its financial - cost. 

2 A similar analysis cah be conduCted for an. importable project output 

by shifting the sUpply çurvb in Figure 2.1 rather' than the deffiand curve. 

2.3.1 	Trade Margins and Freight. Rates  

Commodities imported into Canada must gener'ally be shipped from the 

point of entry to their final destination. Thus a domestic freight cost 

will be incurred on top of the gross of tariff import price. This' cost . 

can alSo be expressed as a proportion or rate. Furthermore, if a 	. 

commodity is iffiported by one commercial entity then sold to another, the 

gross of tariff import price will be marked up by a trade margin.. Freight 

rates and trade margins can provide an additional degree of protection orL 

top of tariffs to domestic prOducers of importable commodities. 

The economic model in the software system adjusts for freight rates 

and trade margins in foreign exchange externality calculations on 

importable commodities. The formula for a foreign exchange externality 

iaith tariffs, freight rates, sales taxes and trade margins is equal to 

f A . (1 	P 
x ' 	4)  

(1+t 1 )(1+t2 )(14,m 1 ) 

(3) 



where, 	A = domèstit value of the importable Coffimodity' 

P4 	proportion of  freight costs • • 7 

t
1. 
= tariff rate 

t2 	sales tax rate (if any) - 

m i  = trade margin 

. For the purposesCf the Overall Socio—Economic Study we assume . 

freight costs of 5 per cent on all  importable  items, 	P
4 
 . .05 And 

...  

...negligible trade margins ;  i.e., m l  = O. Thé 5 per cent figure is,roughly 

consistent with freight costs -in the computer hardware industry, ,which. 

.,bear Arouerequtvalence to the price and weight. of MSAT equipment inputs.  

• and outPuts.. 	 • 

• In addition to the_foreign exchange,- tariff and tax externalities on 

importable commodities, there may alto . be econômic rents earned  in 

transporting goods to their destination. These .rents.arise.when- - the ' 

freight costs exceed the resource costs of transportation. 

2.4 Exportable Commodities  

Figure 2.2 provides a diagrammatic analysis of the externality 

calculations for exportable commodities. A project is shown to increase 

.domestic demand for a commodity by shifting the demand curve from D to D
1

. 

Domestic producers supply Q s
o 

units of the commodity at a world price of 

P
fob 	

The initial volume of exports is equal to 

Q
o
s 	Q

o
d). :Sales  taxes are not  levied  on  exported items. 

The increase in demand caused by the project, Q 	—,Q 0 , does nàt 

affect the world price, Hence, domestic supply remains fixed at 
95 

and 

the inpreasè in demand tt met by an equivalent reduction in exports, This:. 



Sales Tax Externality 

Figure 2.2  

Sales  Tax«And Foreign Exchange Externality For An 
Exportable Project  Input  • 

. Pfob 

Quantity 

S z• domestic industry supply curve 
D domestic industry demand curve 

d d Qi  - Qo  r- project demand 

P 	=  fob world price in Canadian dollars - 

t 	Fr domestic sales tax rate 

P=(1+t)Pfob r. domestic price in Canadian dollars 

fx 7-1 foreign exchange premium 

Atax revenues = (Qd Qd )0  t Pfob  1  
nd ) ..p 

0 fob x Foreign Exchange Externality  



(1 ÷ t) 

.P 	. fx 
= foreign exchange externality 	(1) 

I 	 . 1 	 1•• • 

for an exportable commodity 

gives rise to a positive externality equal to the additional  sales  tax 

revenues  generated and a negative:externality due to the fôreign exchange 

earnings that are forgone. The net externality depends. on the "relative . 

magnitudes of the sales tax and-forgign exchange - .externalities.' 

It is intere'sting to note that the magnitude of the foreign exchange 

externality•will be greater for, ah exportable commodity input thàn an 

importable commodit3i input if the, two cômmodities have identiCal domestic. 

prides  and  there .are positive sales taxes and tariffs. • This point Is 	• 

illutrated by coMparing the magnitudes of equations (1),and (2). 

P 	. f 	= foreign exchange premium 	(2) 

	

(14-t)(11-t
1

) 	
x 	

for an importable commodity 

	

t, t l 	0 	. 

p = price of exportable and importable commodities 

t = sales tax rate 

• t
1 
 = tariff rate 

f
x 

= foreign exchange premium 

All frieght rates and trade margins are assumed zero. 

However, giVen these assumptions, the opposite is true for the value 

of ,the  sales tax and tariff externalit{es. Thus the relative magnitudes 

of the net externality will be indeterminate, until t, t 1  and fx  are 

• known. 

A similar type of analysts can be —conducted  for  an  exportable  project 

output by.shifting the supply curve in Figure 2.2 rather thàn the demand 

curvé. 	 . • 	 .  



2.5 	Nobtradeable CommoditieS  

. 	 10 —, 

-Figure 2.3 below provides a diagrammatic analysis of the exterheity 

calculations for nontradeable commodities. Recall that a non-tradeablé.. 

commodity has its price determined solely by domestic market' conditions. 

• Domestic produters are asseed to supply.Q s
o 
 un'its of the commOdity 

.  

at *a constant per unit cost of C•. A Sales taX at a rate of t is . levi_ed 

on the coMmodity raising its market pride to . 

P = C[1 ± t]. A pY'ojedt is shown to increase demand - for the commodity 

input by shifting the demand 'curve from D to .D . 

In this case the increase in demand caused by the project is shown-to 

have no  effect on the domestic price, whith remains fixed at C[1 + . 

Yet, 'while project participants must pay C[1 +t 
1,,s 

1 
 --s 

o
) for their 	. 

J`'  

purchaSes of the commodity, additional tax revenues of t.C(Q 5 ,-.0 
0
) are • 

.  

generated. These tax  revenues,  while they are a private financial cost, 

they  are  not an economic resource cost. Hence., they,  are counted as a net 

positive externality, and the economic cost - of the input lies below its 	- 

financial *cost. 

Note that if a projet causes a decrease in demand for a commodity, . 

then forgone tax revenues are treated as a net negative externality. This • 

type of calculation is performed on commodities appearing in the diSplaced 

cash flows of the participants *of the MSAT project. 

Generally, sales tax externalities will be the only externalities • 

incurred by nontradeable MSAT tommodities. The only  noteworthy exception 

to, this is the adjustment for consumers i .surplils (user benefits) from the 

tonsimption of MSÀT services. 



sales tax externality 

c( 1 4-t) .9 

, 

Quantity Qs  0 

1 $/unit 

- 1 1 - 

Figure 2.3  

C r doffiestic industry supply curve :constant cost 
D r domestic demand curve 

t := sales tax rate 

s - 
Q1 - Q = 

project demand 0 

tc(Qs  - Qs ) r additional tax revenues 1 	0 
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•• Proposed Assumptions i  and  Economic Variables  

2.6.1 	Federal and Provincial Sales Tax Rates  

In October 1984 thé general federal sales tax on all manufactured 

items (domestic or imported) will rise from 9 to 10 per cent. This tax is 

applied to all finished coMmodities at the manufactured level -, i.e., • as a 

commodity is sold by•its manufactiirer or its importer  to a wholesaler or 

other entity. If a commodity - is iMported, this-tax is•applied to the ' 

gross 6f tariff value. • 

Commodities that are direct input s .  to the Manufacture of -another. 

- commOdity are exempt from the federal -  sales tax. For example, an - 

integrated circuit, which is either a direct input or a component of a 

mobile terminal would be  exempt  from the federal sales tax. However, a 

central control station *sold to Telesat .  is subject to the tax, as are 

mobile  terminals, base .stations and other MSAT ground equipment sold td 

retailers. - Thèse commodities are considered finished manufactured gOods. 

The only.exception is space segment equipment, which . under the 

Customs and Excise Tax Act is considered destined for re—export ,and thus 

is exempt from all.federal and provincial sales taxes. 

'The financial data bases will show all MSAT earth segment equipment 

sOld to Telesat and the Service Providers valued gross of the 10 per cent* 

federal sales tax. The federal sales tax externality will be calculated 

in the:Telesat and Retail  modules of the software system, not.in  the 

Manufacturers' *module. The reason is that the .sales revenue that appears 

in the'Manyfacturers» Study is reported net of the federal sales.  tax; 

hènce, no .sales tax adjustment . is  reqtiired atthis stage. Space segment 
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equipment : sold.  by thè.Manufacturers to Telesat will appear without any 

federal sales . tax in the. Telesat financial data base, since the 'tax is hot 

applicable, asexplained above. . 

. • 	In most provinces a sales tax is charged on all goods and services 

• sold at the retail —level. This tax varies from a high of 9 per cent of 

the value of goods  and' services  sold in Newfoundland to : zero. in Albérta. 

We chose to employ 7 per cent.— the rate .charged- in  Ontario 	as the 	• 

represeritative rate.. Hence, a retail - sees tax rate.of.7 per cent will be 

applied to all revenue items in the Retail module. of the software system . 

. in Order to determine the value of this economic externality. This Will 

include.all revenues from the sale of MSAT airtime,.mobile terminalS, 

repair, installation and other services. 	 • 

2.6.2 	Tariff Rates  

Table 2.1 lists nominal tariff rates for commodity classifications 

which span the range likely for MSAT equipment inputs and outputs. Note 

that all finished commodities have higher tariff rates than the basic 

components of which they are comprised. For example, integrated circuits 

are duty free while finished telecommunications equipment and some 

intermediate products such as transformers, converters, antennas and 

headsets have tariff rates ranging from 11.4 to 17.5 per cent. 

An important exception to the nominal tariff rates listed in Table 

2.1 is that of space related equipment. Satellite or other equipment 

destined for space is considered to be re—exported according to the 

Customs and Excise Tax Act and hence is duty free. 
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Table 2.1  

Commodity Classification 	Tariff No. 	Tariff Rate 

Antennas 	4453301 	0.114 
Computer Hardware 	4270001 	0.114 
Computer Software 	4141701 	0.039 
Converters 	4452401 	0.129 
Inductors 	4452401 	0.129 
Integrated Circuits 	4454401 	0 
Operational Software 	4141701 	0.039 
Radio Transmitter-Receivers 4453301 	0.114 
Semi-Conductors 	4454701 	0 
Telecommunications Equip. 	4453301 	0.114 
Telephone Handsets 	4450801 	0.175 
Transformers 	4451401 	0.114 
Transistors, Resistors, etc. 4454401 	0 



2.6.3 	Assumptions and EcônoMtc,Variables for.Manufacturérs  

Table 2.2 below presents assumptions  for the foreign exchange, tariff ., 

and saIes.tax externality calculations for Manufacturers. All MSAT 

equipmént,inputs  and  final outputs -  are assumed . both tradeable and 

potentially importablé..Note. that the term "importable" ,should not be , 

-confused with the term "imported". As indiçated previously, the purchase • 

of'a domestically produced- importable input has the same externalities as 

the purchase of an..imported good. 

It apPears almost.certain that there will be à mobile Communications • 

service-  that will begin. - oper.ations in the United States at roughly the 

same timefas MSAT is anticipated to beg .in  service in Canada. NeOtiations 

are currently taking place betWeen Canadian and American interests to 

establish compatible satellite syttems that will enable mutual backup.' 	• 

: Therefore, it is very-likely that Canadian manùfacturers of MSAT space and - 

ground segment equipment will face competition,from the U.S. They.also 

could.be  e a competitive disadvantage because . U.S. manufacturers may be 

able to -achieve lower production costs as a result of their larger- 	- 

domesttc . market. 

Given the above considerationS, MSAT space and ground Segment- . 

equipment should be considered tradeable,since thé option would exist to 	- 

source this equipment from the U.S.. It is more likely that the equipment 

is imPortable - rather than exportable because of the potentially  dominant 

market position of U.S. manufacturers. 

Ilte tariff rates listed  in Table 2.2jre.actual tariff rates.for'all 

single identtfiableitems.and average tariffrates. for all  items that are  
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0.114 
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Retail Trade 	Freight 

Margins ' . ' 'Costs 

O 
O 
O 
O 
O 

O 
O 
O 
O 
O  

1 
1 
1 
1 
1 

1 
1 
1 

1 
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Table 2.2  

Proposed Assumptions and Economic Variables for Foreign Exchange,  

Tariff and Sales Tax Externalities  

Manufacturers MSAT Equipment: Material Inputs  

Proportion Proportion 
Woods—Gordon Classification 	Taxable 	Importable 

• 

Satellite 	. 
Central Control Station 	. 
Gateway Control Stations 
Base Stations (All Types) 
Mobile Terminals (All Types) 

Average 	Average
1  

Tariff 	Manf. Sales 
Rate 	Tax Rate 

0 	0 

	

0.065 	0 

	

0.065 	0 

	

0.065 	0 

	

0.065 	0 

B. Manufacturers MSAT Equipment: Output  

Proportion Proportion 
Woods—Gordon Classification 	Taxable 	Importable 

Satellite 
Central Control Station 
Gateway Earth Stations 
Base Stations (All Types) 
Mobile Terminals (All Types) 

1 
Thé manufaéturers. sales tax is incorporated in the Telesat and 
Service Providers' modules. 



$ cost of inputs 
appearing in Manufacturers' 
cash flows 

• 7-$ cost of input 
x 	appearing in 
. 	Manufacturers' 

cash flows 

- 	1. 
• composites of different commodities. 	Note.that space  segment inputs and 

outputs  have  tariff rates of zero  beceuse-imported Satellite:equipment —is 

• • considered-destined for re—export. 

. 	. Table 2.2 reveals that MSAT equipment inputs generally have lower 	. 

—tariff rates than MSAT equipment'outputs, bedàuse tariffs are higher.on 

finished commodities than on semi .or unfinished commodities — see Table 

2.1. Almost all finished teleCommunications 'products have 'a. tariff rate of 

11.4 per cent, with few exceptions... This is reflected in the tariff rates 

MSAT equipment output items... ,  

Example:-  

A sample calculation:of the fôreign exchange and tariff externalities 

for:.central control station.material inptits based on the figures in Table 

2.2 is 'outlined below. 

:Foreign Exchange Externality for CCS Inputs 

[

- 

2  -= (—) fx  • (1 7.05) 

(1 + .065). 

Tariff Externality for CCS Inputs 

= (+) 	(1—.05)(.065) 

[  
(1 + .065) 

f = foreign exchange premium 

1
Average tariff rates are çalCulated from the mean of the upper 	. 
and lower bounds of the nominal tariff rates for all commodities 

.in a composite item. -  Ideally, the average tariff rate for coMposite .  
importable items appearing in Table 2.2 should be a price weighted 
average of the  tariff rates of the individual components comprising. 
each  item.  Mr. Allan Maclatchy (DOC)  has  indicated that at present 
there is à great deàl of:uncertainty regarding thè detailed 	, 
manufacturing costs of MSAT equipMent. Since the weights in such a . 
calculationcanhot as yet be determined, a simple averaging 	. . 
:technique was..used.' 	. 
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' A calculation  of the  foreign exchange and tariff externeities.for:CCS 	Y' 

outpùt.is . conducted in à similar'fashiOn eXcept that thésigns on the 	- 

.externallties.are reversed  and a tariff rate of 11.4 per cent  on:the 

• . finished output is used. 

	

We - should perhaps point out that it may be désirable to alter the 	• 

assumptiori that MSAT equipment produced by Canadian ManufacturerS, is . 

tradeable. A non—tradeable as'sumption - might be more appropriate if there 

were no U.S. mobile Communications satellite or if the U.S. satellite were 

incompatible wth the .Canadian system, in which case no•foreign exchange : 

and  tariff externalities would be Calculated on MSAT output.  

2.6.4 	Assumptions and-Ecônomic  Variables for Telesat  

Table 2.3 lists assumptions and economic'yàriableS for the foreign 

exchange, tariff and sales tax externalities for Telesat. All Telesat 

equipment purchases are assumed-Importable and thus subject to a foreign . 

exchangè externality. As previously explained, all space related items 

have . zero tariffs. Earth segment items are assumed to fall in the same 

tariff category as 'general telecommunications equipment and thus are 

subject to an 11.4 per cent tariff. 

A federal sales tax externality of 10 percent is calculated on all 

earth segment equipment purchases; space equipment is exempt. - Also, a 5 

per cent freight rate is applied to all items, except Off—shore purchases 

that are not domestiCally transported, in order to determine their foreign 

• exchange value. 



Telesat Classification 

Space Segment 

Spacecraft 	- 
Incentives 
Launch Vehicle 
Launch Site Support 
Upper'Stage' 
Launch Insurance 
Ground Support (MÇS) 
Contingency. 

--t 

tO 
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Table 2.3  

Proposed Assumptions and Economic Variables for Foreign Exchange.  

Tariff and Sales Tax Externalities  

.Proportion Proportion 	Average 	Average 	Average 	'Wholesale 	Proportion, 
- Taxable 	Importable , Tariff 	Manf. Sales Retail- Sales Retail Trade 	Freight' 

Rate 	Tax Rate 	Tax Rate 	Margins . 	Costs 

1 	1 	 0 • 0 	0 	0 
1 	1 	0 	0 	0 	0 
1 	1 	0 	0 	0 	0 
1 	1 	0 • 0 	0 	0 
1, 1 	0 	0 	0 
1 	1 	0 	0 	0 
1 	1 	0 	0 
1 	1 	0 	0• 

0.05 
0 
0 
0 

0 	0 
0 	0 
0 	0 
0 	0 

Earth Segment 

Central Control Station 	, 	1 	'1 	0.114 	0.1 . 	 0 	0 	D.05 
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AssumPtions and Eçonemie Variables for Service Providers  

. 	Table 2.4 liSts assumptiens and economic variables for the foreign - 

eXchànge, tariff àhd sales externalities for Retailers. A 10 per cent 

federal sales tax externality is calculated -for all equipment purchases 

area 7 per cent provincial tales tax externality is calculated for'all 

MSAT reTated sales.
1 

No tariff and foreign exchange externalities are 

calculatd at the retail level, hence no àssumptions are made regarding 

related variables. These externalities are calculated against the items 

appearing in the manufacturers cash flows ànd are excluded here to avoid 

double—counting. 

Note also that MSAT airtime is considered a non—tradeable commodity 

and hence is not subject to a foreign exchange externality. 

•  

Recall the discussion in Section 2.5.1, which indicated that all 
equipment sold from manufacturers to retailers'would be grossed up by 
the 10 per cent federal sales tax.. For example,.if the unit revenue 
from the sale of a mobile terminal is $4500 for manufacturers, then 
the cost of this item is $4950 te Service Providers when grossed up by 
the federal sales tax. 
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Table 2.4  

Proposed Assumptions and Economic Variables for Foreign Exchange,  

Tariff and Sales Tax Externalities for the Service Providers  

.' 	Proportion Proportion 	,Average . Average 	Average . 	Wholesale 	Proportion  
Retailers 	. 	Taxable 	Importable 	Tariff 	Manf. Sales Retail.Sales Retail Trade 	Freight 

Rate 	TaX Rate 	Tax Rate 	Margins 	Costs 

1 
Cash Receipts'(All Items) 	NA 	. 	NA 	NA 	.- 	NA 	0.07 	. 	NA 	.' 	• NA y 

Cash Disbursements: 

Base Stations ( All Types) 	.. NA 	. 	NA 	. 	.NA 	. 	0.1' 	- 0 	- • 	.NA 	. 	• - NA' 

Gateway Earth. Stations 	, 	NA 	' 	NA - 	NA. 	0.1 	- 	. 0 	' 	NA 	- 	' NA • 

Mobile Terminals (All Types) 	NA 	• 	NA 	. NA 	' 	0.1 • 	0 	. 	MA .. . 	. . NA 

Other Equipment .(Not covered 	NA 	NA 	- 	NA 	• 	0.1 	. 	0 	- 	NA - 	. 	• >NA 

in the Manufacturers.  Study) 

1 NA = not applicable 
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3.0.. Thé Labour Externality 

3.1- 	Introduction 

. 	The labour externality consiSts of the net change in government 

revenues arising from direct employment created by'a project and any 

indirect employment created thrOugh expenditure . multiplier effects that 

,occur as project labour purchases goods and services. The labour 

externality.is measured. by net changes. in UIC.payments, personal income . 

tax revenues plus any rents.earned by project labour. 

. The labour externality  fora  project is measured as the difference. 

between the wage bill ,paid by a project  and the  economic opportunity cost 

of its labour. The economic opportunity cost of labour will vary bY 

'inter  alia  skill level, degree of job permanency,.location, local 

employment opportunities, and degree . of worker migration. In the simplest 

case, for example, the:economiè opportunity càst bf- labour (EOCL) is equal 

to the forgone wage bill in alternative  employment plus the value of time 

while not employed of the workers hired by a project. However, the . 

workers - in the economy who ultimately respond to new employment . 

opportunities are not necessarily those directly hired by'a project, and . 

hence, the estimation of the EOCL can become quite complex. 

Labour productivity and the degree of job permanency are related to 

the quality of project jobs; the higher the 'quality of project jobs 

relation to the quality of other jobs available in the economy, the higher 

the labour externality. For example if project jobs have a higher degree 

of permanency than other jobs, then worker's .  will spend less time 

unemployed, thereby increasing income tax revenues and lowering UIC 

payments— Seasonal jobs, part—time jobs and jobs of short duration,will 



pPwP 	(1-03 )e, (3.1) 

where 

have a lower labour:externality than-long—term full—time jObs.' 	• 

,In order to illustrate the concepts'involved in an EOCL . calculation 

we will use a simple  partial  equilibrium model of . the labour market. 

HoweVer, we  will draw on EOCL estimates produced by mOre complex general 

equilibrium models for the empirical content of this section. The chief 

difference : between the partial and  general equilibrium models Is that in 

. thé former the cost  of labour from a particular source (e.g. other 

. employment, unemployment) is calculated with.many other factors held 

constant, whereas in the latter the extent to which project labour is' - 

drawn from  each  source in any year is first solved With a system of 

simultaneous ecivations,.and the costof laboùr is then calculated  using 

- the equilibrium-values for the adjustMent path of the labour market. 

3.2 	EOCL Estimation Using a Partial Equilibrium Model 

Individuals can allocate their time amongst many different types of 

activities. For the purposes of economic analysis, time is placed into 

three basic categories: 

(a) employed time, 

(b) unemployed time (time devoted to job search etc...), and 

(c) leisure time 

In the simple model under consideration the average economic value of a 

unit of time of a worker employed by a project is: 

PP = proportion of labour force time that a worker is 
employed on a project, 

WP = project wage rate, assumed equal to the marginal 
product of a worker, and 



1 

wP (3.1') 

1. 

1 

1 

•= marginal value of tineMployed time. ' •  

If we assume al]  project jobs are permanent,. then PP = 1, and'• 

equation 3. 1  simply becomes 	 • 

In other. words, the value of a unit of tiffie of a worker employe d  by à 

project ts . the project wage rate. This.has . to  be compared to the value'of- 

a unit of time of a worker in alternate activities. in the labour market. 

If  project workers are sourced from the general labour force, then 

the EOCL is  the economic  value of their tiMe in alternative . activities, 

namely: 

where 

p aw a 	(l _p a )v a (3.2) 

Pa  .= proportion of labour force time that a worker is 
employed in alternative employment, 

Wa  = wage rate in alternative employment, and 
V a  = marginal value of unemployed time. 

The labour externality in this case would equal 

wP _ (p awa 4.  (i_pa)va). 	 (3.3) 

Since workers' employed time is generally more highly valued than tàeir 

unemployed time (i.e., Wa >Va ), the labour externality becomes smaller as 

P a  and Wa  rise. In other words, more highly skilled workers, who have 

excellent alternative employment opportunities, will generally have e 

lower labour externality than low skilled workers. 

If workers are hired from outside the labour force, i.e. 

non—participants, then the EOCL is the value workers place on activities 

outside the labour force (household activities, and so on.) The value of 

this time must be at least as great as the value of time in the labour 

force less any welfare payments (S), i.e.  • 



pa te 	(1 _pa)wa 	s (3.4) 

In this case the labour eXternality . becomes 

P 	a a 	a a — (P W + (1—P )W 	S) 

'which is htgher than expression (3.3) due to the savin g .  of welfare 

• 	- paymènts, a positive externality. 	• 

This - model can be made more realistic by allowing for personal income 

taxes and unemployment insurance benefits,. In - a labour—market where - 

workers could determine the proportion  Of employed time at any giyen 	. 

market wage (Wa ), the marginal value of unemployed time.(V a ) would have 

the following eqUilibrium value; 	• 

(3.5 

V a . (wa — ua )(1-0 

where 

(3.6) 

Ua  = unemployment insurance benefits, and - 
.. t = personal income tax rate. 

Substituting equation (3.6) into equation (3.3), the labour, externality 

woUld thus become 

w P  — (pawa + (i_pa)(wa_uaxi_t)) 

= 'WP—Wa ) + (1—P a )U a (1—t) + (1—P
à
)(W

a
t) 

. 	• (3.7) 

In other words, the labour externality Would equal any rents workers earn 

on the project plus the saving in net—of—tax unemployment insurance 

benefits and the increase in personal income tax  revenues) 
 

1 
A rent is any payment in excess of the minimum amount required 
to attract incremental amounts of labour to project jobs. 
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Remèmber, however, that it is the_ultimate source of project labou r. 

I I 
H I 

that is of interest when making EOCL calculatiohs. The dynamics:of the 

labour market will dictate•this  source and the length of time it takes- . 

workers to respond to employment opportunities created by a project. For 

example, a project may initially hire a worker away from other employment 	. . 

- actiVity. This will create a vacancy to which other workers will respobd. 

The respondentS may be other employed wOrkers, unemployed workers, 

part7time or seasonal workers. In each case the economic opportunity cost 

of labour for the projeCt depends on the type of worker who ultimately 	. 

• rèsponds to the employment opportunities . created... 

. 	For example, : if project jobs were initially filled by - unemployed 

workers with a relatively low EOCL,  the initial labour externality would 	- 

be quite high. However, as indicated ln Figure 3.1 migrant labour might 

be attracted into the area over time with a corresponding rise in the EOCL- 	• 

and decrease in the labour externality. 

If à job created by a project.requires specific skills in which a 

short—run shortage exists, then to fill this job a worker with the 

appropriate skills must be bid awaY from emplOyment elsewhere. The 

economic opportunity cost of labour is therefore the directly fôrgone wage 	• 

rate for as long as the vacancy created remains unfilled. The longer the 	. 	•• 

expected duration of the skill shortage, therefore, the higher the 

economic opportunity coSt of creating jobs for workers with these skills. • 	• 



Figure 3.1 

Magnitude of the Labour Externality for Time 

Labour 

Externality 

EOCL 

A 
Project Wage W P  



.3.2.1 	Labour Externality  from  Delayed Lay—offs 

If a project delays the lay—off of workers in à firm by preventing a 

contraction or closure due to a permanent or temporary change in a firm's 

econoMic environment, then a positive labour externality can be derived 

from saving these jobs for some time period. The estimation of the 

econbmic opportunity costs of maintaining jobs by delaying a lay—off also 

requires a dynamic analysis. 

• len Workers are laid off, they become unemployed or find alternative 

employment. The proportion of time they are expected to be employed will 

grow over time as they re—establish an employment pattern'. In other 

words, the proportion of time employed in alternate activities (P a ) will 

increase with time. Hence, their EOCL will also increase. . 

Figuré  3.2 illustrates:the changing economic opportunity cost of 

labour and the labour externality gained from saving jobs for T years. 

Curve A is the economic value of labour without a delayed lay—off, i.e., 

the economic opportunity cost of saving jobs. Curve B gives the 

incremental economic value of . labour with a delayed lay—Off. For the 

first T years this equals the wage bill, or the private value of the 

product of the labour. After T years the jobs are lost when assistance is 

discontinued and the EOCL falls in a discontinuous fashion at this point. 

Subsequently, it rises as workers begin to find alternative employment. 

The present value of the area between the two curves, positive for 

the first T years and negative afterwards, yields the gross labour 

externality over the life of the project. 

• From the above analysis we see that in the  presence of lay—offs both 

the adjustment time for workers to find new jobs and thé productivity of 



(4.) 

•  A = EOCL with lay-off 

= EOCL with delayed 
lay-off 

(-) 

8 — 

Figure 3.2 

Labour Externality from Delayed Lay- off s 

Project Wage 

0 time in years 

Lay-off date 	Delayed lay-off 
without assistance 
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3.3 	EOCL and Labour Externality Estimates 

The above analysis indicated that the skill level of workers hired by 

a project is a major determinant of the labour externality. Highly 	. 

skilled workers in short supply will  have a lower labour externality than 

less Skilled workers in more abundant supply. - .Three factors acqount for 

• 	 • this: 	• 

(a) bidding away highly skilled workers can create extended 

unfilled vacancies; 

(h) highly skilled workers have higher alternative wage rates, and 

(c) highly skilled workers can generally find jobs and/or adjust 

to changing employment conditions more quickly and hence 

spend less time unemployed. 

Note that higher wage rates generate higher income tax externalities, but 

less unemployed time decreases welfare and unemployment insurance 

externalities. 

Evidence supporting these conclusions is documented in a study on the 

economic opportunity cost of labour at Pratt and Whitney. It was found 

that the net present value of the labour externality was 2.1 per cent of 

the wage bill for skilled workers — management and engineering — and 23.4 

per cent for unskilled workers — production related.
1 

These empirical 

1 
J. Alam and G. .Fletcher, "Social Opportunity Costs of • 

EmPlowent Growth in Pratt and Whitney" (Ottawa: CEIC, 
Atest 1983). 	- 

alternate . employment, as reflected- by wage - rates, will affect the  

magnitude of the labour externality. An . increasè in the former will raiSe 

it,. while -.an.increas.e in the latter will lower it. 	• 	• 
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observations are particularly relevant, because  labour  at Pratt 'and 

Whitney has similar characteristics to . that at SPAR Aerospace.. Both are 

companies in thé aérospace'industry .and have facilities in the Montreal 

• -area:: thus; both are tubject tO the same regional labour Market. 

These.estimateS for Pratt and Whitney are substantially-lower than • 

the average value of .45 for the ratio of the net present value of the 

labour. externality to the wage bill for neW jobs created in all industries 

• in the Toronto region.
1 

The major source of the differential is most 

likely the skill characteristics of labour in the aerospace industry, 

which is no doubt higher on average than that in other industries. Hence, 

they have better long—run employment prospects than less skilled workers, 

leading to a higher economic opportunity cost, and a lower labour 

externality. 

Woods Gordon in its report, "MSAT Manufacturing Impact Study, Volume 

II: System Definition, Industry Capabilities Analysis and Export Market 

Analysis" (August 1984), states that 25 to 30 per cent of total employment 

in potential MSAT antenna'and satellite manufacturing firms consists of 

engineering workers. This figure contrasts sharply to only 16 per cent of 

engineering workers in potential MSAT earth—segment manufacturing firms.•

The rest of the workers in both cases are primarily production oriented. 

These data would suggest that the earth segment labour expenditures 

will yield a higher proportionate externality than space segment labour 

expenditures. However, there are two possible mitigating factors to such 

a conclusion: 

1 
John C. Evans et al., "A Manual for the Analysis and • 
Appraisal of Industrial Projectt in Canada" (Ottawa:' DRIE, 

• 1983), Chapter 13. 	• 



(a) the presence of technological externalities, i.e., new 

products or production processes developed by 

engineering labour that are not reflected in wage rates; 

(h) the possibility of delayed lay—offs for engineering 

labour. 

Both would act to increae the labour externality for engineering labour. 

The first of these mitigating factors is a powerful political 

argument for promoting or maintaining jobs in high technology industries 

via projects such as MSAT. However, data presented in the Woods Gordon 

report suggest that it is unlikely technological externalities would 

materialize for the MSAT project because MSAT essentially represents a 

repackaging of existing technologies, many of which have already emerged 

in the United States, Japan or Europe. 

If the MSAT project avoids lay—offs in participating firms, then the 

labour externality could be higher than it otherwise would be. There is 

an additional twist to this scenario, which takes the form of a possible 

"brain—drain" of laid—off skilled workers to other countries. One would 

presume that a brain—drain would raise the externality for skilled workers 

in the presence of lay—offs. Indeed it could, but not by as much as is 

commonly expected. 

The loss that Canada incurs from the emigration of skilled workers is 

the future stream of their forgone personal savings and income tax 

payments less any unemployment insurance and welfare payments they would 

have received less any remittances they send back to Canada. This is 

essentially the difference between their marginal product — equal to their 

wages — and their consumption of domestic resources less any remittances. 

It is fallacious to argue that the loss to Canada would be the emigrant's 
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entire marginal product because the cost of the•resources .  they consume is 

omitted. 

In a detailed estimation of the labour externality_for the 

communications industry, the economic cost of emigrant labour could enter 

the analysis either in determining the loss due to a brain drain or in • 

assessing the net benefit of that portion of the incremental employment 

that is taken by foreign workers. It is not unusual for firmS • to*recruit 

highly skilled workers direCtly from foreign countries, which thus bécomes 

one more source of project labour. Unfortunately, we do not have access 

to the detailed labour data needed to perform this type of.calculation, • 

3.4 	Economic Màdel Parameters 

Given the information available at this time, we propose to calculate 

a labour externality for the MSAT project equal to the following: 	, 

(a) 2.1 per cent of the gross annual wage bill for skilled 

workers (management and engineering); 

(b) 23.4 per cent of the gross annual wage bill for 

unskilled workers (production related); 

(c) 6.4 per cent for other unspecified labour.
1 

If lay—offs are assumed in the presence of a brain—drain then the 

ratio of the labour externality to the wage bill for skilled workers might 

approach that of unskilled workers, whose EOC is close to their private 

supply price. 

1 
Based on estimates in J. Alam and G. Fletcher, "Social 
Opportunity Costs of Employment Growth in Pratt and Whitney" 
(Ottawa: CEIC, August 1983.) 
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We have chosen to  base  our labour externalitY calculations on the - 

parameters given above, because the financial and engineering .data from -

the other çontractors c.ontain few details regarding the type of jobs . to be 

created by MSAT, the wage rates paid, the degree of permanency, or even 

the location.of employment opportunities. Giv.en these data limitations it 

is. not  possible to - carry out a thorough analysis of the El:XL:using the 

detailed economic models that are available. 
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4.0 A Proposed Methodology for the Estimation of MSAT User Benefits 

4.1 	Introduction 

Woods Gordon has attempted to estimate the net user benefits of MSAT 

services. In Section 6.0 of their report, "MSAT Market Definition and 

User Benefit Study" (April 11, 1984), user benefits were estimated for a 

high price scenario as lying soffiewhere between $20—$270 million — 

discoùnted at 10% over the life of the project . , This specific scenario 

assumed a Market of 88,000 users in. 2002, with a terminal,  price of $4,000, 

an access charge of $200/month, and an airtime price of $2.00/minute. 

Since we have already provided DOC with extensive comments on Woods 

Gordon's User Benefit Study  and  its implications for our study, it should 

suffice to summarize the main points, as follows: 

1. Taken at face value, the very large range of possible 
user benefits makes ihterpretation of Woods Gordon's 
results not only difficult, but somewhat meaningless. 

2. Woods Gordon's results are contingent  on .a  particular 
set of market assumptions and are not readily ektendable 
to Telesat's market assumptions (or any other set of 
market assumptions for that matter). 

3. Woods Gordon's market data yield little information 
as to how market demand behaves at high MSAT service 
prices, i.e., in excess of $2.00/minute. It is the 
behaviour of demand at very high prices that determines 
the magnitude of user benefits. 

Given the lack of specific information on the behaviour of market 

demand for MSAT services at high service prices, some general 

rule—of—thumb becomes the only viable means with which to estimate direct 

user benefits. A brief introduction to the theoretical basis of a 

proposed rule—of—thumb, followed by a description of its mechanics, is 

outlined below. 



1 

4.2 	MethodologY 

Thé demand. fôr MSAT services èan bè divided into two categories: .  

(a) displaced demand: users who wouTcrotherwise use an 

- alternative  communications  technology to MSAT in its 

• absence; 	 . 

(b) new demand: users who either Could not afford to use 

mobile . communications at the existing configuration 

• - of  prices  or previoùsly had  no  access to a viable 

• mobile communications tervièé... 

User benefits for displaced demand primarily  arise -from communications 

cost savings, while user benefits for new  demand will take other forms, 

e.g., gains in overall organizational efficiency. All this information 

would be reflected in a correctly. eStimated àggregate market demand 

function for MSAT services. • 

Measuring separately user benefits for new and displaced demand would 

have been both useful and informative because it would have provided a 

more concretepicture of the sources of potential .  benefits. However the 

sketchiness of information available on market demand precludes this . 

option. Therefore, we shall proceed to measure user benefits in 

aggregate.
1 

' Note that it is necessary to measure both neW and displaced 

demand, when estimating incremental cash flows attributable 
to MSAT. -  Displaced demand gives rise to a forgone cash flow, 

i.e.,, the funds displaced users.would have 'paid for an 	• 
alternative to MSAT services. These forgone cash flows must 

be subtracted from MSAT cash flows to arrive at incremental 

cash flows. See Section 2.4 of our %view of Other 

•Contractors' Reports, Related Memoranda, Potential Problems, 

and Study Gaps of the MSAT Project",' Report Number 2 of the 

Overall Socio—Economic Impact Study of the MSAT Program, 

(March, 1984) for a description of a*methodology to estimate -

user benefits of neW and displaced demand, separately.. 



A user of MSAT services faces two - decisions: 

(a) whether to consume any services at all, i.e., whether to' 

. 	. 
.sign  on  to the system; . 	• • 

(h) once on the system, how much airtime to consume. 

- The. second decision-  provides a basis for an economic measure of user 

benefits, termed "consumers' surplus". A user's marginal demand price — 

the maximum  price per minute of additional airtime — is  the relevant 

yardstick with which tolcOmpute this measure. 

C.cinsumes' surplus- is the maximum, amount of income MSAT users would 

willingly forgo in order to be able to purchase airtime at the pro-posed . 

configuration of airtiffie prices, access charges and mobile terminal- prices 

rather than at some alternate set of prices over time. If any of these 

. prices.  were higher, then consumers' surplus would be lower; with lower 

prices consumers' surplus would be higher. • Aggregate consumers' •  surplus 

can be measured by the difference between the marginal demand prices 

indicated by the market demand curve and the market price that all users 

must pay. This  is illustrated below both mathematically  and 

 diagrammatically [Figure 4.1]. 

Given complete knowledge of the Market demand function for MSAT 

services, net user benefits (NUB),in any year are calculated 

mathematically as follows; 	 • • 

P*
A 

NUB = 	q ( , P 	P ) dP 
AC' M 	A 

(4.1) 

P
A 

where 	P
A 

= price of MSAT airtime, 

P
Ac 
 = access charge, 
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Figure 4.1 

MeasureMent Of Consumers'Surplus 

$/minute 

Minutes of Airtime 

q(P
A'

P
AC'

P
M
) = market demand function for airtime 

P
A 

= airtime price 

PAC 
P = mobile terminal price 

Note that PAc  and Pm  are considered fixed at CEI,PA ) 

= access charge 
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.=. price of mobile.terminals, 	• 

= cl (PA'  B
AC' PM) # market deMand functiOn, fàr . 	• 

ai rtime 

Equation [4.1] is simply the integral . of the demand function from P"A'  the 

proposèd)market price of airtime, to P*A , the price of airtime at which 

demand falls io zero, given access charges and terminal prices. 

Airtime price is the relevant variable in the market demand function 

for MAT services with which to measure consuffiers' surplus because it is 

the variable that determines airtime consumption once users are on the 

MSAT system. To Measure consumers' surplus, we ask the question, what is 

the maximum price MSAT users would pay for each .  additional  minute of 

airtime over and above the prevailing price for airtime)  In other words, 

we are measuring the benefits to MSAT users over and above what they would 

pay for the service 

If information on the entire market demand function for MSAT services 

were available, we could directly estimate net user benefits as the area 

. .NUB. Unfortunately, as indicated earlier the only information available 

is an estimate of demand for airtime, q, given prices PA,' 
PAC 	PM" 

Thus, we must rely on some simple procedure or rule—of—thumb with which to 

estimate area NUB. 

One approach is based on triangulation. Briefly, some assimptions 

are necessary on how demand behaves locally around (CI-, TA ), and these are 

used to linearize the demand curve from the point in question to the 

To obtain an exact measure of consumers' surplus we ought 

to be holding consumers' level of well—being constant 

throughout this exercise. If their nominal incomes were 

held constant instead, then the resulting measure of user 

• benefits would be slightly biased upward on the assumption 

that communications services are a normal good. 

1 



Let P I
A 
 - 1-57A  = AP •  

(4.2) 

= 1/2  • l iAll • q  • 
(4.4) 

(c1/.71 • PA) •Aci •= ( -(-1/71 • PA) - 
= which 

vertical axis. Figure 4.2-  depicts this Procedùre diagramMatically. 

This Measure of user benefits (NUB')—Fs deriVed mathematically as 

follows: 

(4.3) = Aq 

Slope of tangent at (71, 

then 

NU5' .= 1/20..Aq 

is dp/dq = - P/q, 

112(.P/Aq iji/TA) • (Aq/71 . 	Aci- 

where, 

(APeq . 	= -dP/dq . 71/1-1A . = 11/1\1 	is 

the inverse of the absolute value of elasticity of demand (1) at 

(7i- PA). 

is simply total airtime revenues. 

Equation (4.4) is interpreted as one-half, multiplied by the product of 

the inverse of the local elasticity of demand and total airtime revenues.
1 

As is evident from Figure 4.2, this method of measuring consumers' 

surplus likely produces estimates that are biased downward, i.e., area 

1 
The elasticity of demand is defined as the percentage change 

in quantity demanded as a result of a one percent change in 

price. Thus if the elasticity is -.5, then  al per cent rise in 

price will cause demand to fall by one-half of one percent. 



Figure 4.2 

Approximate Measure of *Consumers' Surplus 

$/minute 

Minutes of Airtime 



• NUB' fl .s less than area NUB in Figure 4.1. However, at least we know the 

likely,  direction of the bias, assuming, of course, that the elasticity of 

demand and revenue estimates are accurate: 

There are a few important points to note about the airtime elasticity 

used in the proposed methodology for the estimation of user benefits: 

(a) the elasticity is itself a function of airtime price, 	. 

access charge, mobile terminal price and quantity 

demanded; 

(h) the elasticity more than likely varies over time; 

(c) an assumption éoncerning the local elasticity of demand 

with respect to airtime is the minimum assumption 

required in order to make a calculation of user 

benefits, i.e., it requires the least information of 

any possible methodology. 

4.3 	Elasticity Estimates 

Table 4.1 below provides estimates of airtime demand elasticities 

based on Woods Gordon MSAT partial price demand data. Appendix A provides 

a detailed explanation of how the elasticities were calculated. 

We see that the Woods Gordon data indicate that demand is relatively 

inelastic at all service price combinations. This implies that MSAT users 

are willing to pay high prices for airtime yielding high levels of user 

benefits. Recall that according to equation 4.4 in the previous section, 

a lower absolute value for, the elasticity  of  airtime demand will lead to 

higher user benefits. 	. 



Table 4.1 

'Airtime Elasticity Estimates from Woods Gordon Data 

Airtime Price = $1.50/min  

Access Charge/$50 	$200 

Terminal 	$2000 	-.265 	-.204 
Cost 

$4000 	-.266 	-.203 

Airtime Price = $2.00/min  

Access Charge/$50 	$200 

Terminal 	$2000 	-.388 	-.291 
Cost 

$4000 	-.390 	-.290 
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• A 'citiick check onthe plausibility - of the derived Woods Gordon 

elasticities is possible by calçulating an implied average cut—off airtime 

price, i.e., the airtiMe price at which the average MSAT customèr will 

consume no airtime (P'
A 

in Figure 4.2). 	We,calcUlate the average cut—off 

price from the following formula: 	' 

— 
— P (1-1/ ) 

• A 	A 	
(4.5) 

where, 

= average'cut—off price 

P 	= current airtime price • 
A 

#Y\ 	= 'elasticity of demand 

For. exaMple, according to equation'4.5, the average  cut—off price for 

customers consuming airtime at a terminal cost  of $4000, an access charge 

'of $50 and an airtime price of $1.50. is $7.14/minute 

(= $1.50(1 — 1/—.266).
1 
 If a cut—off price of $7.14/minute is considèred 

too high at the above service price configuration'and a number such as. 

$4.50 is considered more reasonable, then  thé  new implied demand 

:elasticity is —.50, i.e., 

=  —PA 	— —1 ' 50 
(PA—PA ) 	(4.50-1.50) 

This higher elasticity value will, of course, give rise to a lower level 

of user benefits. Thus, we see that the choice of a particular elasticity 

Telesat in its Commercial Viability Study assumes an end—user 
price of airtime at $1.50 per minute, whereas its wholesale price 
is $1.25 per minute. The difference is the Service Providers 
mark—up. Note that for the purposes of this preliminary analysis 
we have not included retail sales taxes in the end—user price. 
We will however include this item in the calculations to be 
submitted as part of our final report. 

—.50 

1 
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implies a certain average cut—off price, and vice versa. 

Other considerations that must enter into the choice of elasticities 

for MSAT user benefit calculations are the effects of time and competing 

technologies on MSAT demand. Woods Gordon provided partial price demand 

data for the year 2002, from which elasticities were calculated. There 

may be reasons to believe that demand is more or less elastic prior to 

2002 depending on the status of competing  technologies and the types of 

customers coriling on stream. 

For example, the presence of an alternate technology will put a 

ceiling on the cut—off airtime Price for MSAT services. Similarly, .the 

presence of more marginal customers on the system in later years will 

lower the average cut—off price and hence the aggregate elasticity of 

demand. 

Figure 4.3 provides a diagrammatic illustration of the implications 

of an assumption of . a constant elasticity of demand over time. The 

aggregate demand curve for MSAT services is shown as rotating over time 

with its vertical axis intercept, the cut—off price PA ', unchanged. 

Hence, the demand elasticities at q l , q2  and q 3  with constant price PA  

will all be equal. 

Figure 4.4 shows another possible scenario in which the aggregate 

demand curve for MSAT services shifts out uniformly over time. This 

implies a decreasing elasticity of demand at constant price 15A , and the 

cut—off price is increasing. 

We  propose  to use an elasticity of —0.266 in order to calculate net 

user benefitS because it is based on an airtime price, açcess charge and 

mobile terminal price configuration that most closely approximates the 

values used in Telesat's commercial viabilitY study. 



$/minute 

'1 1 q3 minutes 
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Figure 4.3 

Rotating Aggregate Demand Curve 

with Constant Price Elasticity 



q2 
Minutes 
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Figure 4.4 	, 

Uniform Shifting Aggregate Demand Curve with 

Decreasing Price Elasticity of Demand 

$/minee. 

P"'A 
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• 5.0 . Indirect Social Benefits 

5.1 	The Integration of the Social Impact Study with the 

Overall Socio—Economic Study 

The primary objectives of Wescom Communications Ltd. final Phase 1 

report, "MSAT Social Impacts: Qualitative Assessments Final Report: 

(April, 1984) were as follows: 

(a) to assess qualitatively the main social impacts of MSAT; 

(h) to indicate the magnitude and likely occurence of selected 

impacts; 

(c) to assess the impact of MSAT on government policy objectives. 

As a result of this initial work, Wescom was commissioned to conduct a 

Phase 2 follow—on study in which it wishes to pursue a quantitative 

analysis of social impacts in the following areas: 

emergency medical services, 

(ii) lives lost or saved, 

(iii) fire service provision, 

_(iv) 	ambulance services, 

and to investigate further: 

(v) transportation, 

(vi) oil rig services, 

(vii) forest fire services, and 

(viii) wide area paging (rural hospitals). 

We recognize that Wescom's Phase 2 study has a much broader set of 

objectives than assigning monetary values to various types of social 

benefits caused by the introduction of MSAT services. However, our study 

takes a much narrower approach to the potential social impacts of MSAT. 



1 

Specifically, only the quantifiable monetary values Of social benefits can 

be incorporated into our empirical work. We'd() not mean to say that 

nonTmeasurable social impacts are unimportant, but that they are, not part 

of the scope of  our  work which is to addreSs the impacts of MSAT on an 

ecOnomic:basis. Wescom's qualitative results will thus not be integrated 

fully intà the Overall Socio—Economic Impact Study. 

5.2 	User Benefits Versus Indirect Social Benefits 

As explained in Section 4.0, net user benefits are measured  on an 

economic basis by the willingness—to—pay criterion and are defined as the 

additional amount of income users would willingly pay for MSAT services 

over and above what they are paying (without altering their well—being). 

Net user benefits can be estimated from a market .demand function by 

calculating the area under the functioh that lies above the price line.
1 

A properly specified market demand function for MSAT services should 

reflect all information entering a decision to purchase MSAT services. 

For example, information regarding communications cost savings, 

organizational efficiency gains, expanded business opportunities, etc. 

should be reflected in a market demand function, and hence, in a net user 

benefit calculation based on the willingness to pay criterion. 

This is actually a calculation of consumers' surplus, 
mathematically expressed as: 

q(p)dp 	. 	. 

where, 

= prevailing market price 
q(p) = a market demand function 



Social benefits of MSAT, some of which are being quantified by 

Wescom, are distinct from user benefits because they do not accrue 

directly to end—users of MSAT services. They may accrue to third parties 

affected by the activities of end—users or to society as a whole, hence we 

refer to them as indirect social benefits. 

JUdging from the categories of social impacts that Wescom has chosen 

for further quantitative investigation — emergency medical services, lives 

saved, fire protection and ambulance services — indirect social benefits 

will most likely arise from.the impacts MSAT may have on the provision of 

public services. In other words, public service providers can provide 

more or better services as a result of MSAT. However, a subtle 

distinction must be made between organizational effects that MSAT may have 

on public service providers and effects on the recipients of public 

services themselves. The former are user benefits and may take the form 

of reduced operational costs and other savings, while the latter are 

indirect social benefits. 

Indirect social benefits do not necessarily have to manifest 

themselves as a greater or better provision of public services. For 

example, an owner of a mobile terminal in a remote community may provide 

other members of the community with greater access to news from the 

outside world. Thus, third parties —,non—users — are indirectly receiving 

benefits from MSAT services. What these two types of indirect social 

benefits have in common is that no observable market exists in which the 

services can be bought and sold, but nevertheless they have value to 

individuals. 



This distinction between indirect social benefits and user benefits 

is important in order to avoid double—counting. For example, operational 

savings, to public service providers are technically user benefits and 

should be clearly distinguished from indirect social benefits accruing to 

the recipients of public services. Implicitly, operational savings would 

be included in any aggregate estimate of net user  benefits; therefore, 

including this item with indirect social benefits would amount to 

double—counting. 

Where possible, it would be very useful to have information about the 

mechaniSm by which indirect social benefits would be achieved. For 

example, if it is postulated that additional lives could be saved by MSAT 

services, then this should be supported by strong arguments and examples 

as to how they would be saved, and the likelihood that these sàvings would 

be achieved. 
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6.0 	Foreign Financing Externality 

• . . It appears . that Telesat has . relied in the - past On foreign capital 

markets for at least part of  its debt capital, and MSAT may be no 

exception  in this regard. Foreign financed projects either draw 

incremental foreign capital into Canada or reallocate the foreign 

. investment already present within the country. In either case it - is 

necessary to estimate the corresponding externality.
1 

. 

For foreign investment to be considered incremental it is necessary 

that foreign investors wish to finance a project without altering their 

other intended investments in Canada. In this sense the foreign financing 

must be incremental to what a project's foreign investors would otherwise 

invest in Canada. It is also necessary that the foreign financing be 

project specific, and not just general investment in an industry, and that 

the initiation of the project be dependent upon obtaining foreign 

financing. 

The adjustment on incremental foreign capital consists primarily of 

removing the inflows and outflows of foreign funds, discounted at the 

social discount rate, from the net economic benefits that accrue to 

Canadians. If foreign investors were earning a rate of return greater 

than the social discount rate, then the remaining net economic benefits 

would be lower. The externality on the incremental foreign financing also 

includes a foreign exchange externality minus a country risk externality 

due to the country risk premium. (The latter is also present in the 

1 
This discussion is drawh from J.C. Evans et 	Manual 
for the Analysis and Appraisal - of Projects in Canada," 
pre.pared for the department§ of Regional Economic Expansion 
and Industry Trade and Commerce (Ottawa, 1983), Chapter 17. 



estimation of the social discount rate.) 

When project foreign financing is non—incremental, it is simply 

assumed to reallocate the foreign capital already present in Canada away 

from its alternate uses. Thus, the crucial question is whether the MSAT 

project would yield foreign investors a greater than normal return. If 

the project's foreign investors were earning a higher than normal return, 

then a negative externality would be computed. This externality also 

includes foreign exchange and country risk externalities. However, if a 

positive externality were estimated, then it should not be included in the 

amount of the externalities that will determine the magnitude of 

government financial assistance. The reason is that government assistance 

may be designed to bring investors up to a normal rate of return, but if 

this were achieved, then the positive externality would be eliminated and 

too much assistance would have been offered. The only way to avoid this 

circularity is to exclude the positive externality. 

It seems more than likely that purchases by foreign investors of 

bonds that Telesat would issue as a result of the MSAT projet would 

constitute general portfolio investment. Hence, there is no reason to 

believe that this investment is specifically tied to the MSAT project. 

Therefore, we will assume that all foreign debt financing is 

non—incremental, i.e., it would have occured anyway without MSAT. 

The economic externality associated with MSAT related foreign debt 

calculated by the economic model is equal to: 

(6.1) (14-fx )(1—(R-1) . (capital outflows 
to foreign investors ) 

and, 	(6.1) = 0 if R1;  

where 



R = . 	NPV of all foreign capital inflows (debt issued)- at 6% 

' NPV of foreign capital. outflows (interest and debt payments) at 6% 

f
x 

= foreign exchange premium (.07) 

= country risk premium (.02) 

11 	The foreign financing externality will be negative if foreign investors 

earn a real (net of inflation) rate of return on Telesat's debt in excess 

of 6 per cent, which is roughly the average rate of return earned by 

foreign investors elsewhere in the Canadian economy. A positive 

externality is excluded for the reasons outlined above. 	• 
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7.1 	Determining Project Attractiveness and Direct Government 

Fi .nancial Assistance 

• The NPV of the incremental net cash flow, calculated with a private 

discount rate, serves as a basis for assessing MSAT's financial 

attractiveness for each of the participants. A negative  ['WV  measures the 

minimum amount of assistance that a participant would have to receive in 

order to induce it to invest. 	 •  

In order to measure a project's attractiveness from a public 

perspective, the financial cash flows must be modified to take account of 

a number of economic adjustments and externalities. The ['WV of the 

resulting incremental economic benefits and costs for the total MSAT 

project, calculated with a social discount rate, provides a measure of its 

overall economic attractiveness. 

The social discount rate measures the time value of a project's 

incremental economic benefits and costs, and hence is used to calculate 

their net present values. Given the same private and social cost of risk, 

the chief difference between a social and a private discount rate is 

primarily due to the amount of forgone tax revenue per dollar of capital 

invested. By using a social discount rate, a project is in essence 

charged for the normal tax revenue and any other externalities that the 

capital used to finance a project would have generated if it had been left 

in the capital market. 

• The maximum amount of direct financial assistance that Canadians not 

investing in MSAT (i.e., Canadian taxpayers) would want to make available 

is measured by the ['WV of the incremental net economic externalities 

discounted by the social discount rate. They are measured as the sum of 



thè incremental net user  benefits, nét commodity tax revenues', net tariff 

revenues, net economid rents, net income taxes, plus  any externalities on 

•labour and foreign finanding, minus the côst of abnormal risk (if any) 

minus the economic externalities that would have been generated by the 

capital if it'had been invested in the capital Market. Note that, 	. 

NPV of incremental net 	INPV of incremental net 	/NPV of incremental 
economic , externalities = économic benefits. at 	—' net cash flow to 
at the social discount 	the social discount 	private.investors 
.rate . 	rate 	. 	at the private 

. . 	\discount rate 
) 

• NPV of Gross . /NPV of Taxes\ - 	/NPV of Net 	(NPV of 	Indirec 
= Economic 	— 	and 	+. 	User 	+ 	Social Benefits • 

( 
ExternalitiesExternalitiesi 	\Benefits 

Forgone / 

Direct government financial assistance should be offered to an MSAT 

.participant only if the NPV of the total project's incremental net 

economic benefits is positive and if the NPV of'the incremental net cash 

flow of that participant is negative. Each participant . should receive 

only.enough  assistance  to offset any negative NPV of net cash flow at  the 

 private discount rate. The maximum amount of direct government financial . 

assistance to all participants is determined by the magnitude of the . NPV 

of net econoMic externalitiet defined above. 
 

. • Once a decision has been made to provide government financial 	, 

assistance to one or more project Participants, the type of financial 	, 

assistance must also be determined. Two key considerations should enter 

this deciston, namely: 

(a) The particular form of financial assistance offered should not alter a 

participant's behaviour so as to.reduce the incremental  • et economic 

benefits arising from a project; this is sometimes called incentive 

cOmpatability. 
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(h) Since the taxpayers' total cost of financial assistance should not 

exceed the total amount of net economic externalities generated by the 

overall project, some types of financial assistance may be ruled out as 

too expensive. Thus, the cost of each type of financial assistance must 

be computed. 

Table 7.1 provides a handy summary of the effects of various forms of 

government subsidy on private businesses. Private investors would 

undoubtedly prefer an unconditional, lump—sum cash grant to any of the 

alternate forms of assistance contained in Table 7-1, but that is hardly 

possible when the assistance is firm and project specific. Instead most 

investors would rank the forms of assistance in decreasing order of 

preference as they appear in the table. It has also been suggestd that 

governments  •would prefer the opposite ranking at least with respect to the 

effects on the choice of production technique and financial structure. 

•Note, however, that goverbment equity participation can entail a sizeable 

increase in withdrawals in kind and monitoring costs and a decrease in 

risk aversion on the part of managers.
1 

As a result of these differences in ranking the types of financial 

assistance, there may be a tendency for private investors and governments 

to seek the middle ground of loan or other forms of guarantee. A sales 

•revenue or rate of return guarantee would be particularly attractive to 

investors considering a project that introduced a new product for which 

the market forecasts were highly uncertain. Guarantees have also been 

popular instruments for assistance because they do not require an 

immediate expenditure of government funds and their cost was usually 

1 
Economic Council of Canada, Intervention and Efficiency,  (Ottawa: 
Ministry of Supply and Services, 1982): 147. 



Characteristics of the business 

Operating 
risk 

Financial 
risk 

Financing 

Income 
• tax Cash flow 

Decrease 
(induced effect) 

Decrease 
(induced effect) 

Increase 

Incredse 

Increase 
(before 

conversion) 

Increase 

Decrease 

Increase 

Slight 
increase 

Decrease 

"Decrease 

None 

None 

OM 	 11111 111111 MI all 111111 @III 11111 BM 111111 1111111 IBM UN OM SIB BM 
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Table 7.1 
Effect of Various Forms of Government Subsidy on Businesses in the Private Sector 

Behaviour of managers (agency costs)  

Attitude Withdrawals in 

	

toward 	kind and 

	

risk of 	monitoring - 

	

Diligence projects 	costs 

Form of Subsidy: 

Investment subsidyl  

Production subsidy 

Loan 

Loan guarantee 

Convertible loan 

Redeemable, 
preferred share 
capital 

Common share 
capital 

Increase 

Increase 

, Decrease 
(induced effect) 	• 

Decrease 
(induced effect) 

, 	Decrease 	, 
(induced effect) 

Increase 
(induced effect) 

Decrease 
(induced effect) 

None 	None 

*one 	None 	*one 

None Decrease in 	Slight 

	

case of 	. .increase 
"extreme" 

indebtedness 

None Decrease in 	Slight 

	

case of 	increase 
"extreme" 

indebtedness 

-Decrease 	None 

None 	Decrease 

Decrease Decrease 	Significant 
Increase 

Permanent 	Increase .  
contribution and 
increase in 
borrowing power 

Permanent 	Increase2  
cyclical . 
contribution 

Temporary 	Decrease 
contribution 

Temporary 
contribution 

Permanent 
contribution'. 
with "success" 
only 

Permanent 	. 
contribution 

Permanent 
contribution and 
increase in 
borrowing power 

None 

1  Compared with a tax-free gift. 

2  If the timing of payments is faster than that of tax depreciation. 

Economic Council of Canada, Intervention and Efficiency,  (Ottawa: ( inistry 

of Supply and Services, 1982) Table C-1, p.148. 



difficult tà estimate (nor was their cost incorporated into.the sponsoring 

department's envelope allocation). For thèse -r*easons.a major part of this 

section is devoted to evaluating the cost - of guarantees to taxpayers. -The 

*subsequent discussion of loan guarantees sets the stage for a 

• consideration of 'rate of*return and revenue guarantees later in the • 

section. 

7.2 	Loan.Guarantées  

A federal loan guarantee is a transfer of risk from a project's 

private investors to the federal government, and thus to taxpayers in 

general. Risk has a cost, and hence the loan guarantee has a cost even 

though it may never be exercised. Government provision of a loan 

guarantee is often justified on the basis of spreading the burden of risk 

over society as a whole, as if this somehow made the risk disappear. 

However, only a capital market imperfection or failure would cause the 

social cost of risk to be substantially less than its private cost. In 

other words, the government is unlikely to be more efficient at 

diversifying risk than a project's investors when both have access to the 

same capital market. Thus, an MSAT participant would value a government 

loan guarantee because it would reduce the expected cost of raising debt 

capital. 

As indicated in Table 7.1, care must be taken in defining the terms 

of a loan guarantee so that a recipient does not alter his behaviour as a 

result of such a guarantee, i.e., borrow more money than he otherwise 

would or engage in riskier ventures that lie outside the scope of the 

project for which a loan guarantee has been granted. Note that if a firm 

runs a loss on other ventures, its ability to pay back loans granted for a 



project will Also be affected. . 	• 

In  the sections that follow we.outline a methodeogy for valuing loan 

guarantees. It is based  on the assumption that'risk has the same cost 

whether it is  borne by,private investors or the federal . government, 

7.2.1 	A General Methodology to Determine the Value 
of a Loan Guarantee 

. .Black and.Scholes suggest that the equity in a levered . firm can be 

thought of as a "call" option, which is  an option to buy the assets of a 

fire.at a predetermined price At some point  in the future.
1 

Analogously, 

when shareholders issue bonds, it is equivalent to selling the assets of a 

firm (but not control over them) to bondholders in return for cash and a 

call option, i.e., the option to repurchase the assets provided all debt 

can be paid off. 

In order to reduce this analogy to its simplest form, assume a firm 

issues pure discount bonds and that there are no transaction costs or 

taxes. If on the maturity date the value of the firm exceeds the face 

value of the bonds, then shareholders will exercise their call option by 

paying off the bonds and keeping the excess. However, if the value of the 

firm is less than the face value of the bonds, then shareholders will 

default on their debt by deciding not to exercise their call option. 

Therefore, at maturity the value of shareholders' equity is 

ET  = Max [0, VT  — DT ], 

1 
F. Black and M. Scholes, "The Pricing of Options and Corporate 
Liabilities" Journal of Political Economy, (May/June 1973). A 
good overview of option pricing theory is available in T. Copeland 
and J. Weston, Financial Theory and Corporate Policy  (Reading, Mass.: 
Addison—Welsley Publishing Co., 1983). 
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and the value of bondholders' wealth is 

BT = Min [VT'  D ] 

where, 	V 	= value of assets at maturity, 

DT = face value of debt at maturity, 

- T = maturity date. 

The realization that debt and equity in a firm can be conceptualized as 

options allows us to use some of the results of options pricing theory to 

value the debt and equity of a levered firm. 

An important result from the options approach to financial asset 

valuation arises from the option shareholders have to default on bonds. 

If the value of a firm's assets at maturity is less than the face value of 

the debt, shareholders will default; they are not legally required to make 

up any shortfall. The option to default has value and can be viewed as a 

"put" option, which is an option to sell the assets  of .a  firm at a 

specified price at some date in the future. Therefore, the value of 

equity in a firm can be viewed equivalently as either 

(a) the value of a call on a firm's assets 

or 

(h) the current asset value less the present value at a risk—free discount 

rate of payments to bondholders plus the value of a put option on the 

assets — the option to sell the firm to bondholders at a price equal to 

the face value of debt at maturity. 

Note that the put option in (b) above is the option of shareholders 

to sell the firm to bondholders at a price equal to the face value of the 

debt at maturity. For example, if the firm's assets have a maturity value 

less than the face value of debt then the put option has a value at 

maturity equal to this shortfall, i.e., shareholders are conceptually 
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selling (transferring) their obligation to hay off the shortfall back to 

the bondholders. *Thus, we see that debt'in . (b) Must be discoUnted at the 

risk—free discount rate, because default risk is incorporated into  thé  

• value of the pot option. 

Combining (a) and. (h) above yields, 

E 	= V —DT 	+ - P
o 	

(7.1) 
o 	o 

(1+i ) T 

where, 	E
o 

= current value of equity (call option), 

V 	= current asset value, 

D
T 

= face value of debt at maturity, 

P
o 

= current value of put option, 

if 
 = risk—free interest rate, 

= date of maturity. 

The market value of the debt and equity of a firm always equals the market 

value of its assets. This can be expressed as 

V
o 

= E
o 

+ B
o' 	

(7.2) • 

where, 	B
o 

= the market value of the debt. 

Substituting (7.1) into (7.2) yields the following equation for the 

current market value of a firm's bonds, 

(7.3) 

• (1+i
f

)
T 

Equation (7.3) states that today's market value of bonds is equal to 

the present value of promised payments to bondholders discounted at a 

risk—free interest rate less the present value of a put option on the 

underlying assets of a firm. The value of the put option is the default 



risk component implicit in'the price of the bonds. 

Equatidn (7.3) can'be rewritterraS' 

D 	= D 	—P 
 T 	T  

(1+i)
T 	

(1+i
f

)
T 

or.  

(7.4) 

P0 = 	DT 	— DT 	' 
(1+i ) T 	(1+1)1  

where i = a firm's risk—adjusted market interest rate. 

Equation (7.4) provides us with a conceptual solution to the problem 

of valuing a loan guarantee. The value of a guarantee is the value of a 

put option on a firm's assets, which is equal to the present value of the 

default risk. The value of a loan guarantee is also equal to the value of 

the bonds with a guarantee less the value of the bonds without a 

guarantee. 

If I  , the risk—adjusted market interest rate, is directly 

observable then the guarantee can be evaluated directly. However, if 

bondholders' risk adjusted discount is not known then the put option must 

be evaluated by some other means. The latter case is more likely, since 

in the presence of a guarantee, i , cannot be observed directly, unless 

some a priori information is available on the likely value of i . 

7.2.2 	Value of a Loan Guarantee when Bondholders' Risk—Adjusted 
Market Interest Rate is Known 

When the federal government guarantees loans to bondholders in the 

private sector, it assumes the financial risk that the bondholders would 

otherwise assume. Total project risk is not reduced and may even be 

increased. In the previous section we determined that the value of the 

loan guarantee to private investors or conversely, the cost of the 
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guarantee to taxpayers.is equal to 

( 

	

• 	NPV of principal and \ 

	

. .. 	interest payments at 
a risk—free discoùnt 
rate . 	. 

(NPV of principal and 
interest payments at a 

r sk—adjusted discount 
rate 

.The guarantee essentially makes the loan a risk—free prospect to private 

investors — outside of any inflation risk. 

.. Thus for a pure discount bond, the type of bond used in the examples 

of the previous section, the value of the guarantee can be expressed as 

1 	D 	. (7.È) 

f
) T 	(1+1)T) 

Clearly, the value of the guarantee increases as the time to maturity, T, 

increases, and the risk—adjusted discount rate increases. If interest 

payments and principal payment on the bonds were made prior to maturity, 

the value of the guarantee would decreaSe relative to the case of the pure 

discount bond. The value of the guarantee would decrease if the value of 

the assets underlying the put option were to rise relative to the 

outstanding debt;
1 
this would also manifest itself as a reduction in i 

relative to 
 

The appropriate risk—free interest rate with which to value a federal 

government loan guarantee would be the yield to maturity on a federal 

government bond with a term to maturity equal to the expected length of 

life of the underlying assets since both are subject to inflation risk. 2  

1 
Recall equations (7.2) and (7.3). 

2 
The yield to maturity on 90 day government treasury bills is usually 
taken to be a good measure of a risk—free discount rate because the 
short term to maturity entails negligible inflation risk. In the case 
of a loan guarantee, however, the government is assuming the default 
risk on debt whose term is probably matched to the expected length of 
life of the assets purchased. 

( Po  = 	1 

(1+i 
(
1+i  
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Table 7.2 below outlines a sample calculation of the value of a loan 

guarantee. The analysis is conducted in current dollars with an 8 per 

cent expected rate of inflation, hence the discount rates are in nominal 

(gross of inflation) terms. Note the analysis could have just as eaily 

been conducted with real — inflation adjusted — discount rates and still 

have yielded identical results. 

The results show that based on a 14 per cent risk—adjusted discount 

rate, an 11 per cent risk—free discount rate, and a 17 year maturity on 

the loan principal, a loan guarantee is valued at 22.6 per cent of the 

amount borrowed. Figure 7.1 illustratés how the value of the guarantee 

varies with different risk—adjusted discount rates and the same risk—free 

discount rate. The relationship appears to be linear. 

7.2.3 	Value of a Loan Guarantee when Bondholders' Risk—Adjusted 
Interest Rate is Not Known 

When bondholders' risk—adjusted interest rate is not known, then the 

value of the default option — the put — on a firm's assets  must be 

determined indirectly. Black and Scholes provide a closed—form solution 

for the valuation of European puts and calls that can be used for this 

purpose.
1  
 They recognized that a risk—free—hedge portfolio can be formed 

consisting of a long position in an asset and a short position in a 

European call written on the asset. Also, a risk—free—hedge portfolio can 

be formed consisting of a long position in an asset and a long position in 

a put on the asset. In market equilibrium the rate of return on the 

1 
See F. Black and M. Scholes,op.cit. European options can only 

• be exercised on a fixed maturity date. American options can be 

exercised at any time. It can be shown that for given parameters 

an American option will always be worth more than a European option. 
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Table 7.2 

Sample Calculation of the Value of A Loan  
Guarantee when Bondholders' Risk-Adjusted  

Dj,scount Rate is Known  

Assumptions: 

1. Cost of Debt = 14% 

2. Risk Free Interest Rate = 11% 

3. $100 11  is borrowed for 17 years, interest is paid at 14% per year 
for 17 years at which time the entire principal is paid back. 

4. Time profile of payments  

+100 11  +14 11  +14 11 	 +114m 
to 	t1 	t2  	t17 

NPV of Principal and 	NPV of Principal and 	Cost of 
Interest Payments 	- Interest Payments 	= Guarantee 
at 11% 	at 14% 

= 122.611  -  10011  = 22.6 1V]  
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risk—free—hedge portfolio in both these cases will duplicate the return on 

a risk—free asset such as a government bond. Black and Scholes postulate 

that the price of an asset obeys a geometric Brownian motion process — the 

continuous time analogue of a random walk with drift — that can be 

specified as follows: 

dV/dt  = ,u+ ardz/dt 	(7.6) 
V 

Equation (7.6) can be interpreted as the instantaneous rate of return on a 

firm's assets being equal to a mean rate of return, , plus a white noise 

error term . z/dt . It shall be noted the (7.6) impliès a log normal 

distribution for the value of an asset with a variance that increases with 

time. 

Black and Scholes derive the following solution for the price of a 

European put based on the above assumptions, namely: 

Po =  (1—  N(d 1 )) Vo + (1 	N(d2)) DTef
T 	(7.7) 

N(d1)= ln(Vo/DT) + i f T + 1/2evef 	(7.8) 

crif 

N(d2)= d 1 -6V1  

The functions N(d 1 ) and N(d2 ) are cumulative probabilities for a 
unit normal random variable 

Po = value of the put 

Vo = current asset value 

DT = exercise price of a put option 
• 

i f = risk—free interest rate 

T 	= time to maturity 

= variance of asset rate of return 
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From.(7.7) it can be shown that thé value of the put increaès as the  

iexercise price increaseS, the time to Mattirity Increases, and the variance 

of the aSset rate of return increases. 	 • 

• -Equation (7.7) can be used to calculate the value of the default risk 

on a . firm's pure discount bonds by assuming the following: 

- (a) ..1)T 	= the eXercise price of a Put option = the face valu e . 

of a firm's bonds at maturity, and 

(h) 	Vo 	= current asset value = current* market value of a firm's 

assets. 

The value of the default risk can then be èstimated for different values 

of dr 2 
the variance of the rate of return on the assets.. 

Equation (7.7) can also be used in the context of project evaluation 

by setting V equal to $1 and DT  equal to the face value of bonds at 

maturity per $(Do  /V o ) of debt issued at the start of a project, where 

(D /Vo  ) is the debt—asset ratio of project funding. Thus Po is interpreted o  

as the value of the default risk per $(D o  /Vo  ) of debt issued. Table 7.3 

provides some sample calculations based on the use of the Black and 

Scholes model. 

From Table 7.3 we see that the value of the default risk as a 

proportion of debt issued increases as the variance on the asset rate of 

return increases.
1 

Higher face values of debt at maturity will also 

generate higher values of default risk. 

Figure 7.2 provides a graphical illustration of how the cost of a 

loan guarantee changes with the variance of a project's rate of return. 

1 
The reason the default—risk ratios are in excess of one at very 

high variances is that the face value of debt discounted at the 
risk—free discount rate is greater than the principal on the loan. 
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Table 7.3 

EstimateS of the Value of a Loan Guarantee  

.Using Black and Scholes Model  

Ratio of Variance To 	Value of Default Risk Per 
Mean Rate of Return 	Dollar of Deht Issued 

(Po/(Do/Vo) 

T = 17 years 
V° = 1 
Do/Vo = .50 t  i.e., 50 cents of every investment dollar spent on a 

project is financed by debt 
• 	n 

DT = .50(11- .14) 17  = 4.64, face value of 50 cents of debt in 17 
years, constructed as a pure discount bond 

u = mean rate of returh on the project's assets = 16% 
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Results . are presented for pure discount bonds with.yields of 12, 13 .and 14 

pér cent in the'presence of an 11 per cent risk—free rate of return, i.e., 

for risk premia  of approximately 1, 2, and 3 per cent, respectively. Note 

that the . costs of the guarantees appear high, because no interest is paid 

until . maturity. 

. In 'Figure 7.3 another set of graphs is Constructed with identical 

bond yields, but' with interest payments allowe d .  prior to maturity. This 

more .  realistit assumption generates lower costs for loan guarantees for 

every level*of variance of a project's rate . of return. 

' Caution is advised in extending the results of Figure 7.3 to the cost 

of  federal government loan guarantee for Telesat on the MSAT project • 

because • 	• 

(a) a 16 per cent nominal rate of return in the presencé of an 8 per cent 

expected rate  of infation on a project's assets is assumed in Figure 7.3. 

.(b) the Black and .Scholes model assumes a symmetrical probability 	- 

distribution about the mean rate of return, i.e., returns in excesS of 16 - 

per - cent are equally likely as low or negative returns. 

Altering either assumption (a) or (b) above will : change the cost of the 

guarantee. For example, if the expectd . mean rate of return on the project 

is lower, the cost of the guarantee will be higher. Similarly, if the 

probability distribution on the mean rate of return is skewed downwards, 

then the cost of the guarantee will be higher. 

Figures 7.4 and 7.5 give examples of symmetrical and skewed 

probability distributions for a project's rate of return. The 

distributions in Figure 7.4 have a mean value equal to the modal value — 

the most likely value. However, the skewed distribution in Figure 7.5 has 

a modal value higher than the mean, i.e., the most likely outcome is 
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Figure 7.4 
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higher than the mean outcome. 

The Black and Scholes approach to option pricing suffers from a 

number of simplifying assumptions that must be made regarding the model 

parameters, such as those concerning the probability distribution of a 

project's rate of return and the type of debt that can be issued. More 

sophisticated versions of the basic Black and Scholes model exist, but the 

computer software required to run these models is costly and the 

informational requirements for the input parameters are considerably 

heavier. 
1 

7.2.4 	Summary 

We have demonstrated that the value of a loan guarantee is dependent 

on: 

(a) the timing of loan principal and interest payments, 

(h) private investors perceptions towards risk, and 

(c) the time to maturity on the loan. 

The value of a loan guarantee will be higher the later principal and 

interest payments are made on a loan, the higher are private investors 

perceptions towards risk and the longer the time to maturity on the loan. 

We suggest that Telesat's postulated 14 per cent cost of debt capital 

in the presence of an eight per cent expected rate of inflation provides a 

good starting point for a risk—adjusted discount rate on Telesat's MSAT 

related debt. Therefore, the difference in the NPV's of Telesat's debt 

and interest payments at 14 per cent and at an appropriate risk—free 

1 
The Department of Finance has such a model that can be used to 

value government loan guarantees. Iain Henderson and Vijay Jog 
from the Department of Finance have applied this model to a number 

of projects. 
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discount rate can be viewed as a good :First approximation to the cost of a 

government loan guarantee.
1 

If there are reasons to believe that Telesat's perceptions of 

investor risk are incorrect, then we can use the Black and Scholes model 

to simulate how the market might cost default risk on debt in the presence 

of a variety of assumptions concerning a project's expected rate of return 

and its associated probability distribution. Alternatively, we can use 

the Capital Asset Pricing Model — discussed in Section 1 — to calculate 

various risk premia based on assumptions regarding the risk of the MSAT 

project in relation to normal business risk. However, we caution that 

such techniques are a poor substitute for knowing informed investors' 

actual risk—adjusted discount rates. 

7.3 	Rate of Return Guarantee  

If the federal government guarantees Telesat a predetermined rate of 

return on capital invested in the MSAT project, then the project becomes a 

riskless venture for Telesat, i.e., no matter what happens Telesat will 

• receive a guaranteed rate of return. A rate of return guarantee 

effectively transfers project risk from Telesat to the federal government. 

1 
If a 3 per cent real risk—free discount rate is used, as suggested 
in Section 1, then this translates into a 11.2 per cent nominal 
discount rate in the presence of an 8 per cent expected rate of 
inflation. 
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Conceptually, there is no difficulty in valuing a rate of return 

guarantee. Based on the methodology presented in Section 7.2, a riskless 

asset should receive the risk—free rate of return available on other 

riskless assets, such as government bonds. Thus, the guaranteed rate of 

return should equal the risk—free rate •of return. 

Under these assumptions, calculation of the value of a rate of return 

guarantee is analagous to that of a loan guarantee when the lenders' 

risk—adjusted discount rate is known, namely: 

• 

(: 	

n 
NPV of net cash flows 	NPV if net cash flows 
at risk—free discount 	— 	at a risk—adjusted discount 
rate 	 rate 

Note that if the guaranteed rate of return is higher than the risk—free 

interest rate, then the additional returns in excess of the risk—free rate 

should be discounted at the risk—free rate and added to the cost of the 

guarantee. The logic behind this adjustment rests on the assumption that 

these additional returns are also riskless and hence represent a bonus to 

a project participant. 

Most of the problems inherent in a rate of return guarantee arise 

from difficulties in arriving at an appropriate contractual definition of 

the terms of the guarantee. For example, the capital expenditures on 

which the rate of return is calculated must be appropriately defined. 

This is analagous to the definition of a "rate base" for regulated 

utilities. Since a rate of return is calculated net of all operating 

expenditures, taxes and interest payments, these must also be defined. 
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All . the types of problems inhèrent in defining and monitoring a rate base 

rate of . return for regulated Utilities will  surface  when defining 

institutional and contractual arrangements for 4 Tate of return guarantee 

for a project. 

7.4 	Sales Revenue Guarantee  

A sales revenue guarantee for a project also represents a transfer of 

risk from private investors to the federal government. The government is 

liable for any shortfall of revenues below an agreed upon forecast level. 

A sales revenue guarantee can be valued in a manner similar to that of a 

loan guarantee or rate of return guarantee, when the risk—adjusted 

discount rate is known, namely: 

(f, /N

Value of a Sales PV of Expected 	\ 
Revenue Guarantee = 	Forecast of Sales 

Revenue at a 
Risk—Free  Discount j  

\Rate 	/  

/NPV of Expected 
— 	Forecast of Sales 

Revenue at a 
Risk—Adjusted Discount 

\ Rate  

With a guarantee the forecasted stream of sales services becomes riskless 

to private investors and hence is discounted at an appropriate risk—free 

discount rate. The risk is transferred to the federal government and has 

a value equal to the difference between the NPV of seles revenues at a 

risk free and a risk—adjusted discount rate. 

Note that a sales revenue guarantee ts equivalent in concept to a 

rate of return guarantee, except that capital and operating expenditures 

are included in the latter. With a sales revenue guarantee the government 



-25 7  

assumes the risk on the revenue stream, while private investors assume the 

risk on capital and operating expenditures. This increases the managers' 

incentive to minimize costs and thereby reduces monitoring costs by the 

federal government. 

The choice of an appropriate risk—free discount rate depends on the 

contractual aspects of a sales revenue guarantee. If the guarantee is set 

according to a predetermined current dollar value of sales, then investors 

assume any inflation risk. An unanticipated increase in the rate of 

inflation will erode the purchasing power of the guarantee, i.e., lower 

its constant dollar value. 

The type of inflation risk in a current dollar sales revenue 

guarantee is similar to the inflation risk private investors assume when 

purchasing long—term government bonds, i.e., even though the coupon yield 

on the bonds is riskless an unanticipated increase in the inflation rate 

will reduce the constant dollar value of the bonds. Thus, when investors 

assume inflation risk — in that a guarantee is fixed in current dollars — 

the appropriate risk—free interest rate is the long—run yield on long—term 

government bonds. 

A possible contractual option on a sales revenue guarantee is to 

index the revenues to the rate of inflation and hence protect private 

investors from inflation risk. This requires that the constant dollar 

value of the sales revenue guarantee be fixed, but the current dollar 

value is allowed to float year by year according to the current rate of 

inflation. In this case the appropriate risk—free interest rate would be 
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the  long.Lrun average yield on Treasury Bills, which  àre short term 

financial instruments and therefore subject to minimal inflation risk.' 

. Recall from Section 1, that the - long—run average .  real — net of 

	

inflation 	yield on long—term government bonds was estimated at 3 per 

cent. This figure includeS inflation risk and implies that a long run 

nominal — . gross of inflation and inflation risk 	interest rate for a 

project is equal to: 

100 X [1 — (1.03) x (1 + expected rate of inflation during life of 

	

' 	project)] — 1 

	

e.g., 	100. X [1 — (1.03) x (1 + .08)] — 1 = 11.2% 

The,long—run average real yield on Treasury Bills would be below 3 per 

cent, because it excludes inflation risk. 

Note that the value of the guarantee is the same whether it is 

estimated in current dollars at nominal risk—free and risk—adjusted 

discount rates or constant dollars at  réal  risk—free and risk—adjusted 

discount rates. The choice of the appropriate risk—free discount rate 

depends on whether the guarantee is indexed to protect private investors 

from inflation risk. 

In the above discussions we have implicitly assumed that a sales 

revenue guarantee will not affect the behaviour of a project participant. 

In other words in the presence of such a guarantee a participant is 

assumed to operate just as efficiently with the guarantee as without it. 

This requires that the guarantee does not affect a participant's efforts 

and expenditures devoted to marketing, customer service, capital equipment 
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and so op. Çlearly, contractual arrangements regarding this type of 

guarantee.should be strùctured to ensure.a. recipient has no incentive to 

alter his behaviour. 	. 

7.5 	Capital Grant  

.This  type of financial assistance is easier to cost and monitor than 

a guarantee, and it will.not affect a . participant's behaviour if, as in 

the case of Telesat,.there is little opportunfty to substitute capital for 

labour in production. A - recipient of this type of financial assistance 

has every incentive to operate efficiently once a project is underway. 

Any reductiOn in the depreciation tax shield and increase in income taxes 

should be taken into account when valuing this type of assistance from a 

participant's perspective. 
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Elasticity Estimates  

We have prepared estimates of local elasticities of demand from the 

partial price demand data supplied by Woods Gordon. The elasticity 

estimates are listed in Table 1-\ .1. 

A local elasticity of demand is theoretically defined by the 

following equation: 

= dq/dpi Pi/q 

where,q=q(pi ...p
n ) . a demand function 

pi 
= a price parameter affecting demand. 

The above equation is interpreted as the inverse of the slope of a demand 

curve multiplied by the ratio of price to quantity. A local elasticity of 

demand provides a convenient summary statistic of the responsiveness of 

demand to small changes in a price parameter. It measures the percentage 

change in demand caused by a one per cent change in price. 

We have chosen to estimate local demand elasticities from the 

Woods-Gordon data by linearizing the demand curve, computing the inverse 

of the implied slope, and multiplying by the ratio of price to quantity. 

This translates into the following formulas: 

(  q 	 q 	Pi 	 (2) 

1 

(1 ) 

(3 ) 

( q  where ( 	1,p1) ,q° , p.) and 	denote partial price-quantity pairs. Note the 



0 

is the estimated p 	at  ( clo ,po artial elasticity 	) andl‘l  is the estimated 

partial elasticity at (q1  ,p
1 
 ). 

Woods Gordon has provided three observations for each partial price 

demand curve, i.e., three partial price-quantity pairs, thus yielding two 

possible slope estimates for the middle observation. We have chosen to 

drop the observation with the lowest price from each of the partial demand 

curves, leaving only two observations per curve. Referring to the curves 

in Figure A.1, the first observation reading from left to right was 

dropped. 

Aside from simplifying the elasticity calculations, dropping these 

observations also eliminates some perverse results from the data set. For 

example, three pairs of partial price demand curves cross each other in 

Woods Gordon's diagrams, two slope upward, and eleven display concavity 

rather than convexity. This would appear to indicate that there exists 

some response bias in Woods Gordon's survey data set. Dropping the 

inconsistent data provides a tractable solution to the problem. 

The elasticity estimates themselves appear broadly consistent with 

estimates from econometric studies conducted on mobile telephone and long 

distance telephone demand. These econometric studies indicate that demand 

tends to be • inelastic, i.e., the demand elasticity with respect to price 

is less than one in absolute value. For example, Taylor in a study on 

long distance telephone demand in the United States, estimates mean toll 

price-demand elasticities in the range of -.65 to -.75.
1 

1 
L.D. Taylor, "Problems and Issues in Modelling Telecom- 
munications Demand" in L. Courville et al. (eds.) Economic  
Analysis of Telecommunications: Theory and Applications  
(New York: North-Holland, 1983). 



Table A.1 

IMPLIED LOCAL POINT ELASTICITIES FROM WOODS GORDON DATA 

/AIRTIME CHARGE 	$1.00 $1.50 	 $2.00 

TERMINAL 	ACCESS 
COST 	CHARGE 

TERMINAL 	ACCESS 	AIRTI1E 	TERMINAL 	ACCESS • 	AIRTIME 

ELASTICITY ELASTICITY ELASTICITY 	. 	ELASTICITY ELASTICITY ELASTICITY 
TERMINAL 	ACCESS 	AIRTIME 
ELASTICITY ELASTICITY ELASTICITY 

$20 	NA 	NA 	NA 	NA 	NA 	-0.262 	NA 	NA 	-0.382 

$50 	NA 	-0.045 	NA 	NA 	-0.054 	-0.238 	NA 	-0.051 	-0.345 

$200 	NA 	-0.208 	NA 	NA 	-0.261 	-0.204 	NA 	-0.241 	-0.292 

$20 	-0.020 	NA 	NA 	-0.026 	NA 	-0.289 	, 	-0.021 	NA 	-0.426 

$2,000 	$50 	-0.018 	-0.043 	NA 	-0.023 	-0.042 	-0.265 	-0.024 	-0.036 	-0.388 

$200 	-0.001 	-0.196 	,NA 	-0.009 	-0.194 	-0.204 	-0.008 	-0.161 	-0.291 

$20 	-0.041 	NA 	NA 	-0.054 	NA 	-0.273 	-0.042 	NA 	-0.401 

$4,000 	$50 	-0.036 	-0.038 	NA 	-0.047 	-0.038 	-0.266 	-0.048 	-0.031 	-0.390 

$200 	-0.002 	-0.170 	NA 	-0.018 	-0.172 	-0.203 	-0.017 	-0.138 	-0.290 

$1,000 



Figure Al  

Woods Gordon MSAT Phase B Market Study 

Price Sensitivity Charts 
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