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ABSTRACT !

A model was developed to represent the 1ntofdﬂpéndeﬂce

. (
of various industries in Alberta. This model was used to estimate
the effect which increased we]]pead petroleum prices woulss have on
sowe industries in this Province, It wa~ concluded that if the
wellhead prices of crude 0il and natural gas were to inc‘FaSé

P

annually to 1985 values of $7.21/barve] and 81,72¢/mcf, respecti-

vely, then this could cause yearly increases of the order of i

in the prices of commodities produced in Alberta,

|
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“ changing wellhead petroleun priced is to estimate the increase whic

» 1t would require in {ts product price in oprder to maintain a suffic

!

(- C %
' CHAPITTR

ITHTRODUCTION

) 1 )
It has been predicted (1, 2)-that the prices of wellhead
natural gas and crude 0il will increase significantly over the next

decade, Consequently, 1t would be ﬁxtrﬁm“]%gﬂiﬂfu1 to estimate h
5 » :
industries in Alberta would be affected by increases in the price ¢

these commodities,

. One mebdhod of determining the effact on an industry of
\

jent Fé?%uﬁ? on investment. If a large increase in the price of the
industry's product {s needed then this would imply that the indugtr
\ '

could be seriously affected by greater wellhead petroleus

corvespondence bet

between the industry and the other-industiies with which it is, in-

volyed, f;g # ? : ' i
Consider the farming industry. The prices of many produc

uséd by farmers are‘dependent_(direEb}y or indirectly) on we]iheadr



petroleun prices.  The former consunes refinery products (gasoline,
diesel fuel ctos) in the opevation of his uhn,hinur‘y. Before thewe
products x‘v&(,h the #avier they mus U be carvied by pipeline to the re-
finery. They are then processed and brought by truck to the farmer
via a diﬁLFib{LUF, Thé price paidibyzthﬁ farmer for refinery products
will depend on the wellhead crudeoil price, AIL will alvo depend on

pipetine, refining, trucking, and distribution costs, fach of these

costs arer dependent on either natural gas or refinery product: prices

e . ) s k-
Consequently, the cost of refinery protducts’ to the farmer will become’
greater becayse of the increasing eqsts,of the intermediate industries

as well as becausa of the new crudq 01l prices. Therefore the new

costs of refinery products to the farmer should not be estimated with-

je]

ut co 1s1d<r1nq the intermediate ipdustries,

ultimately affect the price of fertilizer. The cost of fertilizer to
the farmer also depends on the price of the refinery products consumed
in transporting the fertilizer to the farmer,

7 Simi]érly, it .can be shown that most of a fqrmer s operating

fosts are affected by WE’l’lhead petroleun prices, His cap1ta’l dosts aho

r



L
S

depend on these prices. Consider the cosf of (on)tructlnr a farm
building. The construction materials must be transported to the farm.
The cost of this tranuportation will increase.with the price of ¢rude

o1l. Cement is wsed in the construction of a farm building. A large
— ’ N = : ‘ H »
amount of natural gas is required in the production of cement, Thus

by considering only two of the costs involved in constructing a farn
building it can be seen that both wellhead natural gas and crude

prices affact the farmor's construction costs.

@ “It has been shown that a farmaerys expenses, and consequently
[ b
:)

his pFOdULL prices, depend on the petrole product usaqge of other

Industries, A similar situation exists for most Thduitfjéﬁlﬁ?Thuﬁ to

predict the product prices of industries in Alberta it is nec essary to

consider these indus tr1c5 LOQuthcr as a joint unit which shows

'S
interrelationships,

product prices of these tw éﬁty§b1qht industpies, The dependepce of

the1r product priéii on ﬂ;lZQEGQ'EQEFQ]éﬁm prices was also incorpo-

rated in the m ;Qéila This mode] was then used to predict the changes
in product prices of various Alberta industries which would result if

certain wellhead petroleum prices occurred.

7
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o LITERATURE  REVILH LY

e

An‘e%bNOmiC system 1s a group of industries which are

§
¥ noo=

interconnc?todﬁjﬁai?nﬁ way. Lach system industry will have inputs
(costs) fkém %pﬁ% 6% the other system industries. There will
probably beifcvdggck toops in the system. For example, consider
two indu%tries ﬁrand B which use each others products. Amj{ncréaie
in the price of product A will cause the price of product B to be

increased because Of 1ts greater operating costs. Product B's :

 price change w1]] increase industry A's costs and consequently, its

pFOduCt price, This situation, of successive increases in the
prices of the two products, will continue until a set of equilibrium
PFTCéS is obtained,

There are methods in the literaturé fop analyzing eco-

o

fIU

hes

m

methads are based on the approximate representa-

relationships between the industries of the economic

system {n terms of sinultaneous equations.

1. LEO TIEF'S OPEN STATIC INPUT QUTPUI

'—i\

This is the classical method for the practical modeting, of
an:ecoaniC system. -The fipal demand (yi) for a commodity 1 fepre-
sents the amount of the commodity sold to conéumers which are not

members of the econopic. system being studied, In his static model



Leontief assumed that there i no accumulation of any of the products
produced by the economic system. Thus the amount of commodity i

produced by industry i (xi) is either consumed by the system indust-
n

ries j () aijxj) or sold to the final demand sector (y;). In the
i=1 :

form of an equation this is

n | |
T N P RS (1),
J=1 ,
N i = 1,2,...,n

whé'r*e’x1 is the physical outpqt from industry 1. ;
3 5 is the quantity of Fommbdity i required by industry j
to produce one unit of product j:%
aijxj is the total amount qf conOdﬁty 1 which is consumed
by industry j. - I
y; is the final demand for p?odué§ i

n is the numberhof system industries,

Lécntié% assumed that the revenue obtained by each system
industry 1 1s just sufficient to cover the costs (including interest
on debt a;d profits) incurred in its production, Thus the revenue
obtained from the sale of one un1t of commod]ty 1(p ) is equal to

the cost per unit product ( Z a;.p.) of using the commodities pro-

Ji ]
§=1
duced by the system industries: plus éie cost per unit'product:(vi)

of using commodities (including capital) obtained from outside the
p , .

" economic system. This can be stated im the form of an equation as

o . g



i=1,2,...,n
where ajipj;is the c¢ost of the amount of commodity j which industry
¢

i requires to produce one upit of comnmodity i.. -
I »

If all the aij!S (technical coefficients) and yi's are
" F

known then it is possible to determine each/ff the xi's from equations
(1).  In equations (2) there are.2.n unkpowns :(the pi's and the vi's).

}Io solve these equations it is’necessar&'to specify n of the unknowns.

[y

Leontief also developed a closed static input~outp§t modet, -

3 ) . .
In this modelﬂ;here was no flow of materials and money out of the
. . A 7. :

system. In this model vy and y; are zero for all i. This model is

3

not convenient for practical applications and is generally not used.

DISCUSSION OF LEONTICF'S STATIC PRICE EQUATIONS

{1

There are five major assumptions inherent in Leontief'’s

static price équatiéns and they are as follows:

-

1. each industry produces only one~comm6dity,

2. no two industries producé the samé commodity, ;z

3. there are constant returns to §§§1e (for each industry’
the required phystcal inputs per-unit product are in-
dependent of the amount of outpyt prd&uced), !

4. there is no substitution possibility between the various,

input ingredients, even if the prices of competitive



materials vary,vand, .

5. the economic system will achieve an equilibrium situa-
tion where the price.of each commodity is such, that
for each industry revenues are equal to costs (including
dividends etc.). When the equ11ibrium situ%tion has
been reached the commodity prices w}1] then become in-

dependent of time unless the Qi values (external costs)

are made time dependent.

Assumptions (1) and (2) (one different product perwindustﬁy)
obviously restrict fhg;uSé of Leontief:s system. However, they do not
pé§?~nt an 1n§urmoqﬂtab1é obstacle. For exa@P1e, if iq?usfry A pro-
b;)th wheat aﬁd potatoes then it would be assumed in Leontief‘sﬁ
models that industry A produces one output which is wheat-potatoes
This assumption is necessary in most input-output app11cat1ons as
generally not enough data is available to considen multiproduct ins
d@trieég ; : o ' =

Assumptions (3) aﬁd (4) (constant réturn§ to scale and no
subs%itution'possibi1itie§) imp1y’that:the technical coeffiéients A
(the 3, s) are fixed. Thesé assumptions are necessary unless suf-
ficient data is available to predict the effect of future technoli-
gical and commodity price changes on the tgchn{Eal coefficients.

Aysumption (5) leads to a set of equ1]1br1um prices. “Un-
fortunately these equ1]br1um prices Jo nat depend on prlces which |

SR
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.

actually existed in earlier years. Consequently, a set of prices
can be obtained which are very different from actual values. This
assumption can be eased slightly to make prices in any year depend

on prices in previous years,
‘ 3

2. LEONTIEE'S DYNAMIC INPUT-OUTPUT MODEL (3,4,5,6) |

Leontief's dynamic output equations are an extension of

‘equations (1). In his static model Leontief only considers flows

ey

)
of commodities. Leontief's dynamic model allows for the fact that

Invegptories of commodities change -with time. The previously dis-

cussed technical coefficients are supplemented in the dynamic mode]

by a set of capital coefficients whi%h are also considered to be
fixed values, *
Leontief's static price equations were also modified to

allow for YQFYiﬂg fnventories, Leontief's dynamic price equations

were not used 1p this project because sufficient "data was not avail-
f , )
able to consider inventory changes.
3, CLOPPER ALMON'S MODELS

. -
Clopper Almon (8, 9) refined equations (1). ’Ingdoing SO

he was forced to assume that commod ¥y prices remain constan%. Con-
. . ,
sequently, Clopper Almon's models were not used as the purpose of

this praject.is to predict price changes,

Los,




4. MORISHIMA'S MODEL

In his model (]b) Morishima uses a set of equilibrium price
equations whiéh are very similar to equétions (2). The use of
Morishﬁma's equations on a year to year basis would inherently contain
the assumption that if the construction industry's costs in year t

.
were to increasesby xZ% then the depreciation (ﬁue to construction)
expense of every industry in the economic system would also increase
by x% in year t. This aisuﬁmtipn was not considered acceptable,

Consequently, Morishima's model was not used in this pr?jéit.
5. SOLOW'S MODEL

Solow (11) derived a set of price equations which relate

commodity prices in year t+1 to’ their prices in year t. Solow use

jal

the equation derived by Morishima to allow for depreciation expense,

Morishima's treatment of this expense was found unacceptable, Con-

sequently, Solow's model was not used,

6. ~GENERAL EQUILIBRIUM THEORY (4, 12, 13) &

If sufficient data is avai]aé]e then this theory can bﬁ
used to evaluate the valués of resources, commodity prices, and fhe
production of each commodity and resourcé. In order to use this
theory the aﬁount of eéch resource which will be consumed per unit

prgducp in each process must be known. Resource value-demand and "™



W
A

commodity price~-demand relationships must also be available.

The general equilibrium theory was not used because it

required much more data than was actually available.
7. VON NEUMANN'S MODEL OF AN EXPANDING FCONOMY (3, 4, ]é)

Von Neumann's model is only useful for theoretical pur-

’ 4%
poses. Von Neumann allowed for multiproduct industries. Hé*§%50

made provision for different induitéies producidb th ihs ame product;
The introduction of these refinements produced sets bf:equatidﬁé for
which it was possible to obtain several so1u£?ons. More than one

solution could be obtained if the number of commodities produéed by

the economic system was greater than the pumber of industries in the

I -
kN
S_YS te”’. T

10



CHAPTER T11

SELECTION OF A MODEL AND 1TS RELATIONSHIP

TO- LEONTIEF'S STATIC PRICE £QUATIONS

o

The price equations studied in the literature were not

used in this project. Some of £hese equations were too rigorous
and sufficient data could nét be obtained for their utilization.
The e;rors involved in estimating!the una;a11ab1e data would have
eliminated the extra accurdcy obtained by using these equationél
ﬂOtheT equations were too simple and did not permit the use.of in~‘
fformation;ﬁhich csuld be easily acquired. Thu§ thé model which%gés
éeve10ped was a result mainly Of:tﬁe!form in whicﬁ data.was ava{aab]e.

;=The model used in this analysis will now be compared %o
Leontiefgs staﬁic pricé equations. In equations (2) the cost to 1in~
“dustry 1 of using the aﬁGUﬁt of ccmmodiéy j which it requi%és for

iP5, where a.. s the quantity of

3Ry T T A
commodity J required by industry i to produce one unit of commodity 1.

unit production is wr1tten as a.

The term Pj represents’ the prige of onegﬁnii of product il
, , «

To use equations (2) gt is necessary.to know the values of

- the aJ1 ‘s, Much of the data available gives thé breakdown of an in- ’
dustry s costs in terms of dollars but does not give the physical
amounts of 1ants (aj1
values by coefficients which could be evaluated.

) which it uses. Consequent]y, 1t was neceifany

to replace the a5

1 .



¥ .
This resul}ed in the following set of equations:

.
15

iq
f

'1

n
,pi = J4 Op costyy v (3)
1

N~

ey

where op cost,; - is the cost to industry i of buying the amount of

commo ity jJ which it requires for unit production.
p

v represents the cost of using conmmd1t1es (including

capital) obtained from outside the economic system.
It is assumed that all of the terms in equations (3) are
time independent. This assumption is not valid for the situation

14

examined in this thesis. Consequently, equations (3) are modified

'toimake their variableN time dependent. This pesu]ts in the follow- .

R

y‘»..

ing set of equations:
s

R
i

Tor - n
pi(t) = ] opcost . (t) 4. (t) T (4)
i=1,2,...,n
whére tiis the year in which the equations are being applied.
The v, (t) terms: are flow expanded because 'sufficient data s

is-availpble for some industries to estimate the cgmponents of these

terms. This fs done in the following set of equatfions:
v o :
vi(t) = BIEi(t) + PROF, (t) + RO, (t) + Rﬁi(t) - (5)

.( \. 1‘ " H 1 = ], 2,--},"

12



B

where BILi(t) Is the interest on debt capital, per unit product,
e

r

which industry i must bay in year t.

PROFi(t) is the profit (before payment of 1ncomg ﬂl&és)
per unit product which is required by industry 1 in yeaf t.

YROi(t) is the cost to industry ivof’buyihg the ?mount of
wellhead crude oil in year t which it requires for uni@ pﬁoduction,

RGi(t) is the cost to industry i of buying ‘the .amount. of
wellhead natural gas %n year t whichrit requires:fon untt production.

-

Equations (4) and (5) are combined to qjve the following

equations:
" T _ : ) ,
. pi(t) =} op cost ;(t) + BIE (t) + PROF, (t)
351 ) ‘
| :
+ RO, (t) 4 RG, (t) (6)

Equations (6) are zhe basic equations of the model. The presence of
thefRoi(t) and the RGi(t) terms enable the effect of jncreased well~
head petroleum prices on the prices of the commodities prodyced.by
the economic system to be méésured;i Equations (6) are manipulated‘
in Appendix A ;o yield furthef éQﬁatfons. The so19tion of these
Pequationé'estimateé the 5ncrease in prices of the éommodities pro-

duced by the:eabnomicysystem which would result from various he]]head

petroleum prices. |

4

»

next chapter.

The:assumptions made in'hppendix A will be Qiscusséd"in:thet -

13
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- CHAPTER 1V

DISCUSSION OF THE ASSUMPTIONS MADE [N THC
DEVELOPMINT OF THE MODEL EOUATIONS

-

2

In the development of equétions in Appendix A the following
» : -

”

major assumptions werge made.

L. y 1. " fach system industry produces on]} one commnodity.
2. No two system industries produce the same conﬁmdity._

3. The quantity of commodity j.required in the production

*

of one unit of commodity k,is -constant (i,e. there are
2, fixed technological coefficients).
4, If the{reeengzs per unit product of industry jﬁ(except

for the natg;a1:gasfhti]ity} become greater.in year t

" then the cost of product j to all industries in that; s’

| S . 7. .year will be inc%eased:in the§§ame proportion,
" 5. For each system 1ndustry the ratio prof1ts (iﬁg1ug1ng

incomeé taxes)/revenues is constant ' -

i

)" 6. The rat1o interest payments/revenues is constant for
each system 1ndustry L i -\ e
LY g 5

The above assumptions were made in ordér to)deveTOp a model'@ﬁ?ch
wou]d fulfill the fol]owxng two requ1rements | )
1. It must yleld un1que solutions (values of commod1ty

price changes) for specified wellhead petroleum prices.

{
T

s ek,

14
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\ e

@ 2. Sufficient data must-be available for its use.
¥
é} : While the ascumptions were considerved necessary it was alwo
fe ot
Y

recognized that they represented departures from reality.  The pos-

%:1. sible significance (ﬁ these departures will now be discussed.  Con-
o ) . :
?ﬁé‘k” sider amoil refinery.  Assunption | wiU lead Lo the conclusion that
‘ if {hﬁ refinery's costs are inérﬁa:éd éhﬁn the price-(at the refinery
\ gate) of all ™ products (qaiolinT, asphalt ofl ete.) will be in-
érﬁaied’iﬁitgﬁ same proportion, Thjﬁipﬁobah1y will not occur. Gaso-
A ]’I ne "U"ld?iipha1t (AFL‘:‘J(ﬂd ly‘ldﬂ diffe ff;lt nmrh iODditi(’}r’Iﬁ,r Thus
the refinery pf@d@ét;@ﬁicﬁrTaces-T]ttﬂﬁ c@mpetltlén will have [ts
) price increased mo?* than thengdducf which muit Cémpgtﬁzitfoﬂqu with
ather C?EEOQQtiﬁifzﬁA similar s »ts for other multiproduct
industries,
Assupption 2 can be
-7 assumption means that pos§1b]e Lhdngﬁb 1n the quant1t1§§ vf différgnt

:commod1t S consume by each system 1ndustry ware not, considered.
Changes are likely to oceur pechus

1. techn01091ca1 adyance>, and

LS

[

2
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i

(particularly encrgy sources) which could lead to on
industry using another commodity in place of the one

which it traditionally used.

The maximun departure from as<umption 3 could occur in

those technological cocfficients which are related to energy <ources.

There are many sources of enerqy (refinery products, natural qan,

nuclear power, coal, electricity ete,) available,  Fach 4ndustry

of these sources, The

~

probably has a choice of using at least twe

one selected will depend on the ralative prices, the availability,

and the reliability of the different chofces, It will also depend

K

on many other factors, The variables on which the selection of an

increases on the price of electpicity is probably overestimated by

using 1972 technological coeffici

16



‘hown that most, if not all, of the tech-

i

ty With Qiﬂkk Some of these coefficients

others may display changes which are in-

L alh R , ,
significant, :TO es t1maLe the magnitude of the error involved in

using fixed (19/?) technological coefficients it would be necessary

to predict for each year until 1985, the changes which will occur in
each technological COﬂffjﬁiﬁﬁii This would require very datailed

research,
. 7 .
.

Assumption 4 is based on the following two suppositions:
.1, if the average price of any CGmmoBﬁty j (excluding
natural gas supplied by uti?ity companies) is raised

by x7 then 50 also will the actua] prices paid by the

i

1aN]
o
S
fan g
o [ {3

—)
z
le]

i
e
[l

([
a7

same type of consumer, Natural gas is sold to three

ent consumer ca egorIes (Tndu)t'*

r

will depend on. the" type of consumer to which it 1s being sold,” Because
of 'this, natural gaS:was exc%uded:from supposit%pn 1,  Instead it was
assumed that the difference in price paid by'the three consumer cate-
gories for natural gas w0u1& remain cohétant with time. This

assumption is discussed in more detail in Appendix C,



it

“yalues fur June 19 gﬁto June 1986

18

The significance of supposition 2 canite seern ffom the
il "

following simple example. Industry A uses cmnmodity B as an input,
The price of thi< commodity is increa;ed éﬁathe béqihninq of year t
and 1s constant for the remainder of the year. Industry A has a six
months supply of cmmnﬁdiLyVB in its inventory. Thus industry A's
input costs do noi increase until the middle of year t. Consequently,
the average increase in cost in year t to industry A of using com- \
modity B will be less than the increase in the price of this commodity,

Thus supposition 2 would appear to bc an ovarslmpl1f1cat1on in that

it ignores the effect Uf inventorie 5. This may be true fOfaa short

term analysis, Howevep, when a time spari of 13 years is béiniﬁﬂﬂ; .
alyzed the error introduced by neglecting the effect of inventories

will pot be important, It is not toc

if the effec

et of inventories had

been included in the model, This is particularly true inrthis an-~

alysts where the 1985 values of input variables (the wellhead pet-

roleum prices) could actually occur in 1980,

© Assumption 5 implies that the price of a commodity is de-

termined only by the costs (including profits) @%cuhred in its

, ‘ A ‘
production.. This means that the effects of competition are 1ignored.

Thls would be reasonable if the 1ndustry producing the commod1ty was

not in a competitive situation. ‘It would a1so be reasonab1e if the



prices of the industry's product and competitive commodities were
expected to increase by sémi]ar ambunts. However, the price of
competitive commodities (including imports). could remain below the
industry’'s product price, as aetermined by an analysis of its costs;
In this case the industry could be forced to lower its price (and
consequently its profits) in order to remain in a compeﬁitive po-
sition.

Assumption 5 also impligs that income taxes will remain a
c?nstant percentage of revenues, As it is not very certain how income
tax laws will change in the future this implication cannot be con-
sidered unreasohabTe. If the income tax laws were to chan?F signi-
ficantly then this would obviously affect the prices of coﬁmoditiéﬁ
produced in Alberta, 7

Assumption 6 means that if an industry's total costs
(required rééépUéﬁ) are increased by a certain percentage then so
~also will the amouné of long term debt capital which it has borrowed,
Assumptionfﬁ also {ﬁp1ies that the interest rate on 1on§ term debt
‘capital will remain constant, It wou]drhéve been eqsy to include
variable interest rates in theitmodel. I@ was decided thatgthis would
- not nécessari]y'improve fhg accuracy of the model. This was because
future jnterest rates could not be predicted with suf%icient abcuracy

The other major inacé&racies are inCurred in:

1. representing construction expense,

2. representing products which are notrproduced by the

19
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system industries, and

3. estimating data.

’

1. REPRESENTATION OF CONSTRUCTION COSTS o

There are essentially two fypes of .construction expense

and they are as follows: :
1. repair construction

2. new construction
These constructios expenses are treated differently in the deter-
m1;}??bn of an industry's product price.

Repaik construction is considered to be an operating Cosfﬁ
Thus any increase inian industry's repair construction expense will
result in an inmediate increasg in that iqgustry‘s prodhct price.

New construction is treated as é capital cost and is Sprééd
EOQér a ﬂumbéfréf years. The full impa%t of an increase in an in-~
~dustry's new constfuction costs is not shown immediately ip its pro-
+ duct price.. The conventional methods of allocating construction
costs to different yegrs were n;t used in this thesis. In applying
these met;ods for predictive puyrposes it is necessary to estimate the
futurevconstruction which wi1{§zi undertaken by diéferent industries.
This could not be dqpe with sufficient acguraéy. Instead a very

simple approach requiring 1ittle ' data was used. This approach is ouf-

1{ned in Appendix B. R

i 4 ) B ’ ' @y‘ ! '
. ' ! .



For certain 1nQustries previous values of their depreciation
(due to construction) expense were known or could be estimated. The
construction expense of these industries iwas treatgd as a capital
cost. tor other industries depreciation values wére not known. How-
ever, previous values of the repair conStrUiT%Gn“Expense of some of
these industries were available. This expense was treated as an op-
erating cost, ' 7
The :2gﬁzsentation of the‘constructiOn‘expensg of each
industry resulted in inaccuracies either because
1. data was not available to repres&nt’the depreciation
(due to construction) expense of the industry, or
2. 1if data was available then it was necessary to make
assumptions 1in ordef that the effect of increasing T
construction costs on the industry's depreciation ex- |

pensé could be estimated, i ; »
For some industries sufficient d;ta wasinot avai]ab?erto permit a
?representation of their depreciationrexpeﬁse in thé mode] equationé.
For these industries depreciation expense was included in the "other
expense" term. This latter éxpense represents the difference bet-~
weeﬁ an industry's revenues and its.éosts (including p;ofits)\whicﬁ
have been accounted for in the model equations. "Other expen;é“ is
treated as an operating cost. Thus if depreciation is included in
"othév expen%e“ it is tréated as an op@raéiﬁg‘cost. Thus an immediate

ton
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* increase in an industry's construction costs would sresult in an

immediate proportionate increase in its depreciation expense. [f

depreciation expense had been included as a separate entity in the,

N

model equation representing the industry then the full impact of

increasing construction costs would ot be feit immediately in this
eXpenié{ Thus iﬁe 1nc]dgion of deprecjation expense in "other ex-
penseJ re;u]ts in an overestimation of the effect on an 1ndustry‘§
product?brice 0% 1hcréa§iﬁg construction costs (due to iﬂcreaﬁéd

)

wellhead petroleum prices).

For those indﬁlfries where depreciation was considered

as ra separate entity it yas necessary to make certain assumptions
£ ’ I

o 7 7 N i
~(displayed in Appendix 85, These assumptions probably resulted in

2. REPRESENTATION OF PRODUCTS WHICH ARE
NOT PRODUCED BY THE SYSTEM INDUSTRIES
Each of the first t;EHtYﬁSEVED industries in Table A-1
use part of nﬁeir révenues to pay for "other expensef. In order
to estimate the effect on "other ‘expense" of increasing wellhead
petroleum prices ftlwas necessary to create a dummy jndustry! It
was then assumed that the "other expense" per un{t pfoduct'of each

industry would increase at, the same rate as the revenues required

per unit product by the dummy <industry.

22
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There are 110 industries in Table 13 of the 1961 Canadian
Input-Qutput Tables (1%). The dunmy industry is defined to be the
sum of those 110 industries which are not membérs of the first 27
industries considered in this analysis. Wellhead petroleun producers
are also excluded from the dummy industry because the input from
these industries to the 27 industries is 1nc]uded e]s?where|1n the
mode] equations,

The following costs are included in the "other expense"
term:

a. deprec]at1on of assets which are not produced by the

construction industry,

b. the costs of commodities and gérvi

produced by the system industries,

G the costs of LOHmUd1t ies and Eérvi'ég wh1ch are pros

[ duced by the system iﬂduztrieﬁ but which were not

ingluded as 1ﬁputs from these industries as their
values were not available.

The error involved in the introdu;tion of the "other ex-
pense" termiw§1]vdepend on the values of its thfee components. Con-~
sider an industry Whose depreciation of[machjnery‘expense accounts for
a large percentage (10%[ of 1ts'tota1 costs.. The inclusion of this
expense in "other expense’ would cayse the effect of increased we]l-

head petro]eum prices on the industry’s product price to be over-

e

23
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estimated. This is because "other expense" 1is assumed to be an
operating cost whereas the expense of using machinery is a capitalp

cost. The inclusion of costs under b and ¢ in “other expense"
«wou1d introduce errors in the results if £hey arg affected dif-
ferently than tr:)e dummy industry by increased whedd petroleun
prices. The magnitude of these errors will depend on the percentage
of the industry's expenses (including profits) which are due to
these costs., [t will also depend on how great is the differehce in
the effect of increased wellhead petroleum industries on the. costs

under b and ¢ and on the revenues required by the dummy industry,
3. ESTIMATION OF DATA

JAn order to use the model equations it was necessary €g’

obtain a large amount of data. Some of this data was not available

¥

and it had to be estimated, The assumptions used in estimating

data ‘are displayed in Appendix D.
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CHAPTER v

’

CAUSES OF WELLHEAD PETROLEUM PRICE INCREASES

It is becoming very obvious that there will be increases
in the price of wellhead petroleum prOdﬁctS in Alberta. Some of
the major causes of these price increases will now be discqssed.

A

Alberta petroleum producers have always been affected by
conditions in the United States of America. Consequently, the
situation of wellhead petroleum products in that country will now
be éxaminédﬁ In the past yegr the U.S. has experienced difficulties
{n ;éeting its crude oil requifements even with the aid of imports,
The situation will become very ﬁériou; in the near future, This is

because the demand for crude oil is 1increasing rapidly and the U.S,

and Canadian produztion of this commodity is not expected to keep

pace with it (16). Cequenﬂy the U.S. will import as much
crude oil from Canada as X is permitted, This situation w111\éxist
until cheaper non-petroleum eg’fgy;sources are avai]ab}e.

* The U.S5. will also bﬁy 5 much crude 0{§ as possible from
South American countries. Eastern (3 aaaﬁdbtain§ mostiof its oit
--from these countries, Thusvin the futul Eastern Canad% will have
to compete with the U.S. for -its importeé oN\l. This combetitioh
w%11 raise. the pricebpaid in Eastern Canadaefof this commédity.

This will result in an increased wellhead prjce%f

7 Alberta. ‘ ¢




There is a shortage of natural Qasvin the U.S. (17, 18,
19). Unless major gas fields are discovered this excess of demand
over supply will increase in the futdre. This will re3ult in an
increasing demand for Alberta gas.

The pr{ce of natural gés was kept artificially low in the
U.S. by the regulations of the Federal PoweruCo&ﬁission, These
regulations have now been lifted. This should result in natural
gas approaching its true market va1u§.

Both the Energy Resources Conservation Board (20) and the
Lougheed government are of the opinion thattnafura1 gas in Alberta
is underpriced and that this situation is notfin‘A]berta's best in~
rterestﬁ Thus it seems that even the price of previously copntracted
gas will be increased as the Alberta government has the power to
influence these contracts,
- ~ When gds from the Arctic fiasses through Alberta in the

-

ear]y 1980's its value in a central .Alberta location Cbu]d be-about

three times the present average wellhead price of Alberta natural

aQ

gas (20). This 1is bound to 1nérease the wellhead price of natural
gés in A]pefta} : .
) In conclusion it can be stated that the prices of wellhead
pétroleum products Qil1 be ini%?ased because:
1. the U.S. demand for thése materials 1s 1increasing more

-rapidly thani{fSLSupply,

E
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" Lastern Canada will face more cofpatition for its

head natural gas,

o

imported crude oil, -
N

the Federal Power Commission has lifted its price
reqgulations, ’

£he Lougheed qovernment considers that the price of
nakﬁraI gas- should be. increased, and

Arctic gas passing through Alberta will have a nwuch

higher value than the present price of Alberta well-

.



CHAPTER VI

WELLHEAD PETROLEUM PRICES

~ N

The National Petroleum Council (2) estimated future wol]-
head petroleum prices (in constant 1970 dollars) which would be
necessary to support certain levels of exploratioh And deve1opmenf
activity. The two extreme wellhead crude 0il price profiles men-

tioned in this source are shown in the following table:

TABLE VI-1

CRUDE OIL PRICE PROFILES

($/bb1.)
YEAR LOW PROFILE ~~ HIGH PROFILE
1975 - 3.54 ; 3.70
1980 . 4.26 “ 5,16
1985 . | 5.06 7.21

The two extreme wellhead natural gas price profiles con-

sidgred by the National Petroleum Council are displayed in the, next

table: ;
TABLE V1-2 & - :
NATURAL GAS PRICE PROFILES
) (¢/mcf)
Y ’ 7 B °
COYEAR | . LOW PROFILE MIGH ‘PROFILE
1975 . | 25. | . 28.5
1980 S s 409
1985 SRR I SE 59.4

Sy
"



The i)l"iL(“, of wellhead petroleun products in Albdrta will
be nearly equal to thone in the U500 Contequently, the petrolewn
s
prices shown dn Tables Vi-1.and V1-7 will be used as a basis for
eslimating the offect of incroased wellhead pvtfblﬁum prices on the
twenly-cight system industrie: \
. s \g\
Dro J.o 7. Ryan (?1) considered thaL wel Thead natural qnax\
prices could become greater than thote suqgges t(d by the high price

profile in Table VI-2. Consequently, he suggested an alternative

natural gas price profile. The offecls of this profile wore examinod,

) Petroloun prices suggested by Sherman H, Clark (1) and
natural gas prlu(* dl*p]ny(d by Roger [, NHaill (??) vere within the

price range of tgé price‘prafiles already mentioned.

» vere not QQYéSﬁZ;;;iig

it product which the

merely as a result of increased wellhead pétroleum pF1LE The

FEVEﬁUEb/UHTt product will in fact lncr a e more. due to other in-

( "
f1at10ﬁafy effects,

~

'I'é=*"'f détermiﬁés the price of a commodity in year t,

creased we1Thead Reﬁro}eum pr)ces- To accomp11sh th1> it -must be

»
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supplied with the prices of wellhead natural gas and crude oil re-
l;tivc Lo thelr prices in year t-1.  The increases in the prices
(expressed in actual dollar<) of the system products due to in-
creased wellhead petroleum prices will dfpond on the prices (ox-
pressed in actual dollars) of wellhead natural gas andocrude oil.
To obtain wellhead petroleun price profiles in actual dollars from
those cxpressed in Cﬁhﬁtang dollars (Tables VI-1 and V1I-2) it is

necessary to assume that the value of the dollar will be decreasod

[}

‘at a certain rate, The following two cases were considered:

1. zero reduction in the value of the dollar (actual

natant dollars),

<

dollaps = ¢

B

the vatue of

1. nonlinear price profiles, and
2. Tlinear price profiles. .
.The average wellhead price of crude oil m Ai%eﬁa de
$3.0/barre] in 1972 (23). The price paid for the wellhead natyral
in 1972 was. 14¢/mef (20), The

hich was Jsed within Albeprta

4



nonlinear price profiles wﬁrﬁfﬂbtu1nﬁd‘by drawing curves through

the prices given in Tables VI-1 and VI-2, npd the 1972 Alberta

values mentioned above.  This was done in fﬁgUﬁﬁﬁ 1 and 2. The
values of petroleum prices for each year from 1972 to 4985 were then
taken from Lhese fiqures,  This resulted in colunns 2-%H of Table
VI-3, Dr. Ryan's natural gas price profile (fiqure 3) was in terms
Dfrnctun] dollars, Column 6 of Table VI-3 was obtlained by convert-
ing this profile into constant 1972 dollars. The "medium" patural
gas price profile shown in Table VI:b was optained from the "high”
natural gas price profile in Table VI-2, This was because Dp, Ryan's

natural gas price profile indicated higher than the "high®

N
-G‘
ﬂ
fou]
e

The effect of the prices in Tables VI-3 QHd VI 4 On th@

product prices of the 28 systém induatr1e were
: P

\ CL

'aiyZ’ in this"

\ ;)h

thesis. The effects of prices corresponding to case,2 (reduction in
the value of the do1lar) were also examined, !

While petroleum pr1ces are expected by many peop]e (1,

21, 22, 24, 25) to increase the exact timing of these prlce 1ncreases‘

would be very difficult to predict accurately.

<
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TABLE VI-3

*
NON-~LINEAR WLELRCAD RLIROLEUM PRICE PROFILES

Year  Low Crude High Crude  Low Natural  Medium Natural High
0il Price 0il Price Gas Price Gas Price Natural
Profile profile  Profile  Profile  Gas
G/barrel)  (3/barrel)  (¢/mef) (¢/mcf) Price

. profile
T¢/mef)

1972 3.0, 3.0 14 14 14
- / , D

1973 3.18 3.22 19.3 23.0 . 31.07

1974 3.35 3.45 23.5 26.6 42 .42

1975 3,54 3,70 25.1 28.5 4576

1976 3.68 3.95 25.7 30,1 47.09

1977 3,82 4,24 26.2 32.0 47.44

1978 13,96 4,53 26,7 . 34,5 50.25

1979 A 4.84 27.2 - 37,3 56,92

1980 4.26 5,16 27.6 409 T894

1981 4.44 5.50 28.2 443 78.94

1982 4.60 5,85  28.8 47,9 77.39

1983 475  6.23 294 515 78.02

1984 4.92 6.68 303 552 79.96

1985 5.06 7.0 - 3112 x 59.4 81.72

¥ % f v' ) )
‘the prices are in constant 1972 dollars.

o
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TABLE VI-4

r
LINEAR WELLHEAD PETROLEUM PRICL PROFILES

Year  Low crude High Crude  Low Natural
01l Price 01l Price Gas Price
Profile Profile Profile

(§/barrel)  (3/barrel”  (¢/mct)

*" - =
the prices

o E-3 5 o

0 3.0 14

1972 3,

1973 3.15 3.32 15.3
1974 3.31 3.63 16.6
1975 _ 3.46. -  3.95 17.9
1976 | 3.63 4.28 19,3
1977 3,79 4,60 20,6
1978 3,95 4.93 21.9
1979 4,10 5,25 23,2
1980 - 4,26 5.58 24.5
1981 43 5.90 “  25.9

-11982 58 6,22 27.2
1983 75 6.55 28.5
1984 90 6.87 ; 29.8
1985 . 5.06 7.21 ] 31.2

/e

areé in constant 1972 dollars.

Medium Natural
Gas Price
Profile

{¢/mety

14

fan]
~
: -

W
.y
‘cq

52.4
. 55.9
59.4

High
flatural
Gas
Price
Profile

{¢/met)

14
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petroleum price profiles used in this thesis should be considered
as speculative estimates rather than precise predictions.

In April, 1973 the Natural Gas Pipeline Company of America
contracted to pay 50¢/mcf for wellhead natural gas in the Anadarko
Basin field in the U.S. (26). On May 1, 1973 Imperial 011 Ltd.
announced (27) that i1t was increasing the price of Western Canadian
crude 0il by 25¢/barrel. Thus it can be seen that petroleum prices
are increasiﬁg rapidly ahd that the price profiles used in this

analysis are fiot ysreasonably high.
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CHAPTER  VII

INTERPRETATION OF RESULTS

In analyzing the results obtained from the mode]alt mus t

H-ﬁﬂ

be remembered that:
A N a
1. many assumptions have been made in the development
»

of the model and in the estimation of data, and

2. the prices and inflation rates estimated by the model

are based only on wellhead petroleum price increases,

The effects of other causes of inflation were not
considered,
Thus the prices and inflation rates estimated by the model are not

intended to be predictifons. Rather they indicate the effect which

increased wellhead petroleun prices could have on the industries
studied; § ,

The quantity FLA(k) s the inflation rate (industry k's
required revenues per unit product in year t/ industry k's required
revenues per unit product in year t-1) which if applied every year

Vfrom 1973 to 1985 will bring the requ1red revenues per unit product

"of industry k from the 1972 valué to the 1985 va1ue produced- by the |

]

‘model. Thus ELA(k) gives an indication of the inflationary effect
‘on the products of'the different:systém industrfes which would be

-
caused by greater wellhead petroleum prices.
N
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Two methods are used! i

n this chapter to show the effect

of increasing wellhead p@tr01é$m prices on the required operating

revenues/unit product of each s
to tabulate and examine taé FLA
wellhead petroleum price profilé
to construct graphs for éeftain

their requjred operating revenue
1. EFFECT OF INCREASED W

tach one of Table G-1

stem industry. The first method is

k) values which occur when certain
5 are used. The second method is
ingystries showing the variation of

s/unit product with time,
FLLHEAD NATURAL GAS PRICES .

Lo G-8 shows the effect, on the

reyeﬁués/uﬁ*§'prodqct required by the system industries, of changing

the wellhead natural gas profile

wellhead.ctude o1l price profile

[o]

that the following five industri

are most affected by we??head na
1. Naturai gas utilit

2. Electric power ind

while waintaining a particular
| From these tables it can be seen

s are the system industries which

fiiad]

tural gas price increases,
ies

ustry

3. Fertilizer industry

- 4, Lement industry

’ 5. Chemidgﬁ industry

|
|

It will also be noticed from these tables that holding the

-

wellhead natural gas price tdnstént, instead of letting it reach one

of the higher price profi]&s,.wiﬁ] result in a significant reduction

/
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in the extri Eevenues required by all the system indQstries except
0il refinerieé. This is particularly true for the above five in-
dustries; '

Natural gas utilities used 19.1% of their revenues in R
1972 (Appendix D) to pay for wellhead natural gas. Consequént]y,vr
the price of thi; product will have a large effect on their requiréd
revenues, The other four industries are the only system ipdustries
which use large quantities of natural gas (from uti]itie%). Thus
it 1s the direct usage %frthiS,pFCdUCt which makes the required re-
venues of these industries more dependent on wellhead natural gas
price than the required revenues of the qthér=indu5trié§.

The indirect effects of increased wellhead natural gas
prices are also important, This can be seen bxiéxamigigg any Qf
the tables in Appendix G. Maintaining the same crude oil price
profile and increasiﬁg the wé11head natural gas price prafile results
in 5 siénificant increase in all the FLA(k) values. Some of the
systemfindustries (e.g. the crop farming anqﬁrai]rbad 1ndus£f1és)
have no airect natural gas expense. Consequ;ntly the in;reaSes in

; : / :
the FLA(k) values of these industries, which occur because of in-
creased wellhead natural gas, prices, are dye solely to indirect ef-
fects. | , |
Figures 4 - 9 are bgsed on the résu1ts in Tables. G~-9 tb

i

G-14. Figures 4 and'6 display the results obtained for the chemical

40
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industry and crop farming industry respectively. These fiqures re-
sult from the use of the wellhead petroleun price profiles in Table
VI-3. They show the variation of required revenues with changes in
the wellhead natural gas price profile when the low wellhead crude

oil price profile was maintained. figures 5, 7, and 8 show similar

‘results for the chemical, crop farming, and electric power industries

when the high wellhead crude oil price profile in Table VI-3 was used,

. Figure 9 shows the results obtained{for the electric power industry
when the wellhead petroleum price profiles used, in the estimation of
Figure 8, were expressed in terms of reduced-value 5011'r§,

Each graph in Figures 4 ~ 9 represents pictorially the
effect on a particu1ariindU§try‘§ ﬁéquiﬁed revenues per unit product,
for a given wellhead crude o1l price profile, of using different

“wellhead natural gas price profiles,

- : The'éffé%tféntany system industry of increasing Wéj}héaﬂ o
c¢rude oil prices can be seen byﬁéxamiﬂing corresponding elements i@
Tables G-1 and G-2, G'3 and G-4, G-5 and G-6, apdl G-7 and 6-8,’
Table V1I-1 1s acquirediffom information in Appendix G:

This table shows ‘the results obtained from different wellhead crude
0il price profiles when the wellhead natural g%s‘pr%ce (in constant
value dollars) was maiptained af itsr1972 value. Column 3 of Table
VIIai shows the requts obtqiﬁed wﬁen the low crude oil noh}jnear :

’Q
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TABLE VI~

EFFECT OF INCREASING WELLHEAD CRUDL OIL PRICH
(constant wellhead natural gas price)

CONSTANT CRUDE LOW CRUDE HIGH CRUDE
OIL_PRICES OiL_PRICL> OIL PRICES

FLA(1) 1.000 1.008 1.015
FLA(2) 1.000 1.010 1.018
FLA(3) 1.000 1.010 ' 1.018
FLA(4) 1,000 Lo 1.009 : 1.017
FLA(S) 1.000 | 17p08’ 1.015
FLA(6) 1,000 1,009 1,016
FLAGT) 1,000 1,008 1,015
FLA(8) S Y 000 o 1,009 1.016
FLA(9) - 1,000 J.010 1.019
FLAC10) 4,000 Lo 1oy

FLA(11) 1.000 . 1.008 1.015
FLA(12) 1,000 1.009 1,016
FLA(13)  ~ 1.000 L1000 1.018
FLA(14) " 1.000 1.008 . 1.015
FLA(15) 1000 1.008 . 1.015
FLACIE)  © 1.000 1.008 1.015
FLA(T7) 1.000 1.008 1.015



!
‘

TABLL VII-1 (continued)

CONSTANT CRUDE 7 LOW CRUDE HIGH CRUDE

OIL PRICLS 0IL PRICES OIL PRICLS
FL/\(]B) 1.000 1.008 1.015
FLA(19) 1.000 1.008 1.015
FLA(20) 1.000 1.009 ] 1.016
FLA(21) 1,000 1.008 1.015
FLA(22) 1,000 1.008 1,015
FLA(23) 1.000 1.007 'ﬂ 1.012
FLA(24) 1,000 » 1,031 1,055
FLA(25) ~1.000 1.005 1,009
FLA(26) 1,000 1,003 * 7,007
FLA(27). 1.000 | 1,007 1.014
FLA(28) 1,000 1.008 1,015



wr

th

price profile in Table VI-3 was used. Colunn 4 displays the FLA(K)
values which were calculated for the high crude 0il price profile in
Table V]-3,

From Table VII-1 it can be seen that the petraleum refining
industry (k = %4) is affected the most by inc??d&ﬂd wellhead crude
0oil prices. The oil plpg]]nv (k = 25) and pnatural gas utility (k = 26)
industries aré affected the least. Increased wellhead ciude oil
prices produce nearly equal effects on the other 25 system industries,
This is a very interesting result. Consider the chemical (k = 1) and
aviation (k = 13) industries. . for the same wellhead ﬁét?@1éuméﬁFiCé

profiles the value of FLA(13) is only slightly gr Eatﬁﬁ{thaﬁ FLA(T).
R%finéry products accounted for 0% of the revenues of the chemical in-

f dustry 1in ? 2 (Appendix D). They accounted for 7% of the aviation
industry's revenues. Consequently it {s apparent that feedback and

othep indirect effects in an economic system are very important

Et

3. EFFECT OF INCREASED WELLHEAD NATURAL
: /
‘GAS PRICES RELATIVE TO THE EFFECT OF INQREA3ED WELLHEAD
CRUDE OIL PRICES

5

From an analysis of the results in Appendix G it is
apparent that: i ; | . ”
1. some industries are affected more by increased wellhead

natural gas prices than by increased we]lhead crude 011
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<
prices,

2. the wellhead prices of natural gas and of crude oi)
are of almost equal importance to other industries,

and
ki)

3. only the petroleum refining industry is affected
significantly more by increased wellhead crude oil

prices than by increased wellhead natural gas prices.

The above statements will appear reasonable after the following

discuSsiﬁn on the chemical and crop farming industries has been con-
. @
cluded,

From an examination of Figures 4 and 5 it can be seen

ot

that the operating revenues per Gﬁit:PﬁCdUCt required by the chemical

. _ . 0 ) . ) . .
industry are af Fétéd much more by changing the wellhead natural gas

price profile tﬁén by changing the we]]head ¢rude oil price profile,

i

14¢/MCF)

-

1972 of

r\\\
m .
AT

to th

(8]
m

1. the difference (relatiy

151:"7"]

between anyl:wo of the wellhead natural gas pricefproﬁ
ter than the difference (relative to the 1972

files 1s greater than the difference (relative to the 197;
price of $3. A/barre]) between the high and Tow well-
* head crude 01] ~price profiles,
e é. “refinery proddct expense accounted for 0% of the chemi~
cal induétry’ revenues 1in 1572. The corresponding

Kfigure forrnéfura1 gas (from utilities) expense was



;'A .

2.7%.

From a comparison of Figures 6 and 7 it is apparent that
iﬂC%é&SES in the price of wellhead crude oil and in the price of
wellhead natural gas are of almost equal importance to the c¢rop
farming industry. This 15 because

1. wellhead natural gas prices are expected to increase

more rapidly than wellhead crude oil prices, and

2. refinery product expense accounted for 4.27% of the

crop farming industry's revenues in 1972, The cor-
responding fiqure for natural gas (from utilities)
expense was 0%,

1alysis of results in this section it

ﬂ\‘

- From the foregoing an

is apparent that both the direct and indirect (feedback etc,)

effects of increased refinery and natural gas ¢
(due to increased wellhead petroleum prices) are imPOFtaﬁti Those

industries which have a large consumption of these products’ are
affected the most by wellhead pétr?lehm price fﬂcf@@ﬁéﬁi However,
the other industries are also affected significantly due to the. in-

teractions in the economic system.

———,

4. RELATIVE JMPORTANCE OF THE INFLATIONARY EEFECT§ WHICH
-WOULD RESULT FROM GREATER WELLHEAD PETROLEUM PRICES

Increased wellhead petroleum prices will produce infla-
tionary'effects. The relative importance of these effects can be .

- B



: ¢
seen by comparing the results in Appendix G to actual fincreases, in

the prices of various Canadian commodities, which have occurred ogver
J
the last decade. Tables VI1-2 to VII-5 apply to Canada and they
were obtained from & Dominion Bureau of Statistics cataloque (28).
From Table VI1-2 it can be seen that the prige of in-,
dustrial chemicals remained practically constant from 1965 to 1971.
The price of these commodities in December, 1972 relative to thair
price in January, 1972 was 1.02. For the range of wellhead pet-
roleun prices examined the value of fLA(1) varied from 1.008 to

o i
1.055.

From Table VII-3 it is apparent that the price of grain§
fell from 1969 to 1971. However, the price of these products in
Dacember, 1972 was 1,510 timéirjti value in December, 1971. The
values of FLﬁ(Z) in Appendix G ranged from 1,010 to 1,048, %

Using the information in Table VII-4 it is easily shown

1]
gl

that the 1972 price of e]eci}iéiiy to domestic users relative to its
price in 1971 was 1.027. The pri;é in 1971 rejative to the price
in 1970 was 1,034, The values of FLA(23) iﬁ Appeﬁéix G ranged from
1.007 to 1.067.

The price of domestic gas in 1972 was:Iiooi times its

value in 1971. The price in 1971 relative to the price in 1970 was

LA

o~

1.014.  The values of FLA(?G) in Appendix G were in fﬁefrange of

1.003 to 1.128.

53
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The above examples indicate that the following wtatge-

-

ments are valid.  Greater wellhead petroleun®prices will caune i
creases In the prices of commodities produced in Alberta. These
increases can be considered dmportant relalive to previous Increases,

which occurred in the prices of Canadian commoddt ien,

»
. EFFECT OF IMCRIASED WELLHIAD PETROLIUM PRICES ON
COMPONINTS OF SYSTEM INDUSTRIES

It should also be noted that some of the syatem indust-
ries were comprisod of a number of =maller component industries.

For example, the wood industry consisted of sawmills, planing mills

and

The chemical industry was comp

E]

ple, petroch

roleum prices) .more thad the average product price of the entire

ol

chemical indus try, _ i

6. DEPENDENCE OF THE RESULTS ON THE SHAPE OF THE
WELLHEAD PETROLEUM PRICE PROFILES

n If construction expense was treated as an operating

hs



-

cost tor every system industry then (for qiven 1985 wellhead pet-

~

r‘ol(;um prices) the values of t,hc‘: 1985 prices of the system products
(and consequently of the FLA(K)) would be in«*l:*-pwnlvn? of the shape
ol the wellhead petrolcum profiles. Howfver, for some industries
construction expense ds treated as a capital cost,  The dﬁﬁrﬁiidtiwﬁ'
expense of theae industries will depend on the construction costs
10 dncurred in earlier years, Thﬁgﬁ construction costs were depen-
dent on wellhead petroleum prices, Th&x the deprectation expense,
and COﬂiﬁéu@ﬂtly the FLACK) values, will be greater in 1985 the more
quickly the Hé%\hﬁﬂd patraleun prices increased in-earlier years, |
The wellhead petroleum price profiles which would qive the

i prices) would be

v"\

targest FLA(K) vaYues (for given 1985 petpole

those where the

45, the fol Wlng procedurw Was advptv

ltulate the FLA(K) va

e respectively in 1974‘€nd remafned at these values until 1985,
The results obtained Ter these calculations were compared with tho¥e

acquirefl vhen the prices of wellhead petroleum products went vipearly

to 198 va1ues of 51, ZJ/MCF and $]O 60/barre1 The max1mum d1fference

abti}méd in a- FLA(k é]ue was Oﬂ]y 0,002, The FLA(k) values for

=




these 1985 wallhead petroleun prices are of the order of 1.04.
Thus for given 1985 wellhead petrolewn prices the FLA(K) values

(and consequently the prices of the system products. in 1985) are

nearly independent of the wellhead petroleum price profile. Their

only iidnificunt dégﬂﬂdPHCP i on the 1985 wellhead petroleum
prices.

The prices of the system products in intervening years
wi]],rhOHﬁVFﬁ, depend on the shape of the wellhead petroleum price
It the wellhead petroleun prices rise gradually from
1972 to 1985 then so also will the prices of the system products,

However, a sharp increase in the price of a wellhead petroleum

This was because the high wellhead natural gas price profile rose

sharply from 1978 to 1980, Similarly, the price profile of any

prices used in its determination,

7. DEPENDENCE OF THE RESULTS ON WHETHER THE .

VALUE OF THE DOLLAR IS REBUCED

iTWé sets of wellhead petroleum price profiles were dis-
N ,

cussed in Chapter V], They were based>on the following two

]

£4

60



assumptions:
1. zero reduction in tho value of the dollar, qnd

2. value of the dollar in year t - 1.03.
value of the dollar in year t+]
The first set of petroleun prices (Tables VI-3 and V1-4) was based
on assumption 1. The results obtained from this set are shown in

lables G-1 to G-4. The second set of petroleun prices was based

on assumption 2,  The results from this set are contained in Tables

fa]

The effect of using assu pt on 1 1n tead of assumption

omparing corresponding elements in

—
<
]
<
—
"

!
<
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(%]
fo¥

e
£
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g
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-
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o
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Tables G-1 and 6-5, G-2 and 66, G-3 and G-7, and G-4 and Gn

Assumptién 2 produ;eg higher wellhea d

ﬁ?ﬁiﬁﬂ 1. These 1ﬁ turn lead to higher

PO 2

an the LQPFESFQQQiﬁg one in Tahlée

G=1. The diiﬁimf1a?if}rin results obtained by using diffeprent as-
sumptions (as regards the future value of the d%lIaﬁ) can be seen
plctor1a]]y for the electric power industpry by comparing Figures 8
and 9. The curves in Figure 9 are, steeper and attain higher 1985

» ks £ : ® ’

values,

i 14 -

The results obtained from using wellhead petro]eum prices -
expressed in reduced value dollars indicate the increase in revenues

(in actual dollars) which wouﬂq be required by the System industriéé



if the value of the dollar was to decrease in the fulure.  Those
obtained from using constant-value dollars indicate the increased
revenues (in actual dollars) which would be needed by these in-
dustries if the value of the dollar was to remain equal to its

~

1977 yalue.
8. SINSITIVITY

To test the sensitivity of the results to variations in

the input data a sample calculation was undertaken, The electric

in the amount of natural gas consumed in unit proddgtion. Con-~

sequently, it was decided to estimate the effect on the FLA(K)

irtustry in 1972 which was used 1o pay for t
the gas utility industry) ffié§ﬂ30médi

The variable comp,e ,4(1972) was reduced by 0,024 (i.e,

its value was halved) and comp,q ,4(1972) was increased by 0.024,

The quantity comp28'23£19?3) is the estimated fraction of ihe re-

venues obtain!h by the electric power industry in | Was

used to pay for the "other expense” it incurred, With these new
compjk(l972) values the model calculated FLA(k) values which would

result from the high nonlinear wellhead petroleum price profiles

62
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in columns 3 and 6 of Table VI-3. These FLA(k) values are shown
in cotunn 2 of Table VII-6. Colunn 3 of this table displays the
FLA(K) values which were obtained when using th@v"actual" Lompjk
(1972) values (those used to estimate the effect of wellhead pet-
roleum price increases) and the same wellhead petroleum price pro-
files. from lable VII-G it can be seen that reducing the value of

comp 1972) by 0.024 and increasing comp,q ?3(]972) by the

26,23
same amount caused FLA(K) for the electric power industry to fall
from 1.048 to 1.034, The value of [LA(k) also decreased for the

other 27 industries, . the maﬁimdm

o
M
=
g
=
2
<
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=
-
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In!the model equations the depreciation of these assets was in-

cluded 1in the Eethéf expense" term, A sample calculation was un~
dertaken in order to ésti%ate the change in the résu{ts=whiéh would
bave,occ@rredijf thg depfeciation of "other assets" had been inf
cluded as a separate;en?ity in the magel equaéionsé In Ehis cal-
culation the high nonlinear wellhead petroleum price éﬁ@fi]es in
columns 3 and 6 of Table VI-3 were used,

Column 2 of Table VII~7 shows the FLA(k) values obtained

i

=~



TABLE VIE-0

EFFECT OF CHANGING ¢ Ump/( ( 1972)

RESULTS FOR ACTUAL RESULTS FOR CHANGED
L()ﬂ\[)/f ‘75(] )7 ) U)mp ( ‘77{)

FLA(Y) : 1.038 1.035
FL/\(?,,; 1,032 | 1.030
FLA(3) 1.031 1.029
FLA(4) 1.03] 1,029
FLA(S) : 1.043 : 1,040
FLA(6) 1,031 - i 1.028

FLA(7) ohoz9 1026

FLA(8)

FLAG) 1,02 -
FLA(10) 1.031 o 1,028
FLA(11) 1,029 - 1,027 |
FLA(T2) 1,030, 1028 \
FLA(13) ; 1.032 | 1,029
FLA(14) - 1.030 | 1.027
FLA(15) . 1,030 - 1.027

FLA(16) ,030 : | 1.027

. A w—

FLAQ17) . 1.041 1.038



TABLE V11-6 (continued)

RESULTS FOR ACTUAL RESULTS FOR CHANGED
Fomp/( 23(1)73) COWDZ( ?3(]911)

oy
FLA(18) B 1.029 O\ 1.027
FLA(19) . 1.030 Y 1.027
FLA(20) . | 1,033 | 1.030
FLA(21) 1,032 1,029

FLA(22) Stz +1 1,029
FLA(23) , 1,048 / 1,034
FLA(24) ' ©o1.089 S/ 1,058

018



TABLE vIi-7

LEFECT OF ALLOWING FOR ALL DEPRECIATION LXPENSE

INDUSTRY K FLACK) FLA(K)
(before allowance) (after allowance)

i SRR AL

1 : 1,038 1,034

[od ~J [y o Ny L N
— sl — — S | —
< C L < < < <
ol Gl ins L < (98] Lt ok
Py ) (o] i (O] — " N
o —t o — — — B
(-] j] < < fen] < <
] T [aN] [N 12N ™~ je N
oy i ~J fo] log joy! ~J

pVal
; m—
.
Y
FO
o

o 1,031 S
mo : 1,029 o 1.025
12 100 1,026
13 | 1.032 : 1.027
. 1.030 1.026
5 | . 1.030 1.026
16 i PUCEE S WY
17 s o 1,036



TABLE VII-7 (continued)

INDUSTRY K FLA(K) *  FLA(K)
‘e allowance) (after allowance)

18 1.029 1.025
19 1.030 1.026
20 1.033 / 1.028
21 1.037 / 1,028
22 1,032 1.027
23 1.048 1.045
24 1,059 1.057
25 ? 1,021 ]

26 ﬁ 1,100 1

27 1,028 ]
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@]
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when depreciation of “other assets" is included in "other expense’.
Column 3 <shows the corresponding values when depreciation of “other

els™ 1s considered as a separate entity and is treated as shown

ol

as

e

In Appendix F. It can be scen that the entries in column 2 are all

greatler than the corresponding values in column 3. Also the maxi-

mum difference between corresponding FLA(K) values is 0.005. Con-

A\ R E : : - N T . N - - i H i -
sequently, the inclusion of depreciation of “other assets” in “other

expense” biased the FLA(k) values in an upward direction. However,
considering the other assumptions made, this bias cannot be consid-

ered crucial,



CHAPTER VI

CONCLUSTONS :

o

T. 0f the industries analyzed the following five would
be most affected by increases in wellhead natural gas prices:
a. natural gas utilities
b. electric power industry
C. fgrti]fzer industry
d. Céwent industry
e. chemical industry

2. The petroleum refining industry would be qfffcw
the most by increases in the wellhead crude oil price
3. In analyzing an economic system it 1% important ' to

consider the interactions between the different ﬁyitém'iﬁduitﬁjes.

5. The wellhead prices

A

are of almost equal importance to some industries (e.q. the crop
farming industry),
6. Only the petroleum refining industry is affected s1g—‘

'L;,n1f1cant1y more by increased we]]head crude oil prices than by in-

>

creased we]]head natural gas pr1ces

. |
7. If the wellhead prices of crude oit and natural gas

were to increase hnnﬁa]1y to 1985 values of $7.21/barre]'and 81.72¢/

\
mcf, respectively, then this could caqiﬁﬁyear1y increases of the -

°
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|
order of 3%, in the prices of commodities produced in Alberta.

8. Replacement of‘half of the natural gas used by the
electric power industry with coal would not significantly reduce the
dependence of the other system industries' required operating re- ‘
venues on the price of wellhead petroleum products,

9. Treatment of the depreciation of‘“other assets” as ¥

a separale entity in thermode1 equations would not change any of the -

above conclusioris., @
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this vari

/1

HOMETCE ATHRI

\

representys the quantity of commodily 1 required by

industry J to produce one unil ot product .

this variable 1o uned in cquation (A-9). Tt 0o defined
»

after that cquation. ‘
this variable i+ ufcd dn Appendix Co Tt is equal to
2.0 YE(L) - 1.7 YR(t).

this variable, i uled in Appendix, C0 Tt 04 equal to

2.0 V(L) - 17 YRr(e) - 200 0 .

this variﬁh]ﬁ in usned in ﬂppﬁﬁdix C, 1t is equal to

1
A

Y20 YL - 1.7 YR(E) + 1.7,

I in equation

B! : H -
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OMENCEATURE (cont inued)

unnp”(t,) the fraction of industiry kK's revenues in év.u' {

which 15 uned to pay fTor the wnount of pr‘mlm,t 9

-
[

L require:.,

(1(‘((.) bsoaovariable used in cquation (A-8) and eot jmated

in Appendix C.
(=
DH"NR(L) 219 the evtimated fraction of industry p' upoerating
revenues inoyear U which were allocated to compenna e

for the depreciation of "other assetsh.

FLA(K) is the inflation pate (industry k's required revenyes

=

per unit product in year L[iﬁduﬁtry K'n required

revenues per unit product in yeap L=1) which if applicd

!. A

op cost. . is the co<t to durq

q. the amount: Qi

prodUtt ]j whl!h 1t,rtqﬁ1 85 fOr unit pFUdULtTOﬂ

= e

(t) . is the cost to/ industry K, aiiigﬂéd to yeap t, of

buy1n@ thc amount  of produut Ja 1 = j < 27, which it

hiH

requ1ru> fUP unlé}pruduct1on in year t, o

s g



HOMEHCEATURE (continued)

Op (“f't}’?i,} (1) i detined by cquation {A-1).

1 15 Uhe price of one unit of product )
Pk(t) reprecents the revenues obtained per unit product
by industry b in year t [ xcept for natural ga
utilities (E76) it also represents the price of
one unit of product k in year L.

is wsedd in Appendix C It is the price pald by
the commercial consumer for Df?JFﬂ] qas.,
~
PI{t) is used in Appendiz C

-

Jt is the price paid.in

RGy. ()

<
—,

© wellhead, natura

:{
for unit production. SR

%]

is the cost to industry k.of buying the amount of
'we1lhéad¥éiudé 01l in.year t which it requires
unit ?erUCEion-

L



NOMLHCLATHRE (Continued) .

RPG( 1) we lThead natural gas price in year U

we L 1Rt ad natural oo price in year (-]

kRPO(1) wellhead crude oil price in year

' wellhead crude oll price in year t-1
1 yean
v, liﬁ the cost prrounit product to Industry i of

- using comgoditian (including capttal) obtained

from outside the economic systom,

year t of using commoditics (including capital)
) i i
obtained from outside the economic system,

=i
(T
[¥2]
<
—t
fal
e
jun

natura] gas VGTU;—%" year t which is bought

by industrial .consumers,
YR(t) 1s_used 1in Appéndix C. It is Ene'fratticn of the
r'natura1 gas {b]ume sold in }éar t whichriﬁﬂbauqht

i

by residential consumers,

t

/4



NOMENCEATURE (continued)

7 i a constant (for given § gpd k) which is used

in cquation (A-7) and i< estimated in Appendix 8.

Subnoripts

o dosiqndtﬂi the cateqgory of natural gas user to which
an fndustry belongs

i refers o industry |

J refers to industry j

k Sfﬁfﬁfi to industry k

ﬁ ~ refers to a commercial user of natural aas

fn v refers to an industrial user of natural gas

fom,
=5
]
¥y
e
=3
W
—"
(@
5

residential user of natural qas

es

7
L]
oy
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Iwenty-eight industries are analysed fin

are assigned classification nunbers and these dre

this thesis. They

shown in the following

Fable. ‘ . '
' .
‘ Table Al ' \
' ] Nnui‘s’rm CLASSIT 1,‘(;/’\1,1j_uuJﬂsjig; ﬁ )
Industry Number ndustry Title |
. 1 ) industrial che&ica]ﬁ
2 | - crop farming )
3 ~ livestjkk farming
é4 . ® “other farming"
5 ' " fertilizer
6 | feed f |
4 | railroad
8 truck
9 , inland water transport
o Pacific watep transport
117 urban transit i
12 taxi |
13 1 aviation
14 industr1a1!Constructioh
; 15. * . residential constructibn‘
,\ 16 , B : arehiteciuraT.meté]S ﬁ ggg'
%17 cement o



Tablege:A-1 Continued ~ Industry Classification Numbers

Jndustry Humber :  Industry Title
A 7 r '
18 . forestry
19 wood
20 ’ iron mines
21 ' iron and steel mills
22 * steel pipé and tube mills
23 . ~ electricity
24 Lo refinery products
25 _ oil pipeline
26 . . natural gas
27 i , labour . - _
28 o dummy
/
/ bl

Each Of the fndustriészig Table A~V i1s called a "system
industry®. Aﬂyzinduitry;yhich is not in Table A-1 is not a system

industry.’ The “dummy inhustry" produces all those products, exclud-

Ry

ing wellhead petroleum products, which are used by the system indust-

ries, and which are not produced by any of the other system. industries.

Thus the-revenues of each systém industry are consumed in paying for

A

the fO]]OWing expenses; A
BN

interest payments,
profits, o

i'purchaseﬂof;wellhead crude oil, and

;oo W N

€.
purchase of wellhead natural gas,

1. pubchase of the products of the 28Isystem industries |
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DEVELOPMENT OF MODEL

[t is desired ta estimate, until 1985, the eff*'which in-
~ " i

A b

creasing’we]]head l@rgkum prices will hawrv on the price of the
comnodities produced by the 28 ;ystﬂm industrie3.1 To accomplish this
a modé1 was used which estimates prices, relative to 1972 pm’ces,A of
the 28 industry products for each year from 1973 to 1985. T)@ model .
is developed in this appendix, In its develovuent there are three
major steps undertaken and.they are asffo]1aws:
1._ development of é% equation for each system industry
which re1étés its revenues to its inputs (equation A-1).
2. development of én eq&ation which relates the price of
.éach system product k in year t (Pk(t)) to its price in~

yéar t-1 {PK

it~1)) (equation A-2).
"3, development of a set of gimu]taHEOU$ equations whosg
© solution will yie1d7a11 the values of Pk(t)/Pk(t~]) for

1 < k < 28 (equations A-19).

STEP 1 .. a

L]

RELATION- BETHEEN REVENUES AHD COSTS S

The price obtained for the product of an industry is equdl
_ H .

a

to the costs (including profits etc.)'iﬁcurred in its production. This

ﬂstétement is written in the form of an equation’ for each of the 28 in-

/ L

-

- . dustries as follows:

- o , - 8 '

b A ?
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I 3

e é
L frigt

R

- Wi

) 'Pk(t) = op costy, (t) + op costy (t) + ~--- op c:o)t?8 l( ) -

, A ;' . ys ““““,‘, ; i
o BlEk(t) + PRork(g) + ROk(t) + RGk(t) N A o

i
il « . LS AN
ol

where Pk(

industry k.,

) ’7/ » i s "
t) is the revenue obtained per unit product in year t by C,

° ' ' R .8
op costjk(t) is the cost to industry k, assigned to year t,

of buying the amdunt ofrproduct j, 1 < j < 27, which 1t requjres for

unit production in year { Product j is produced by the 1ndu$iry whose '

industrial c]ass1f1cét1on numbcr is equal to the value of i 7 ‘1 ng'
*op cost

" _ 28 k( ) s defined by equation (A-1). 2#§\?c]udes aM
1 ’ ﬁ ;
those COsts which have not been allowed for by the other terms on the \\
right hand side of equation (A-1).

, BIEk(g) is the interest on debt capital, per unit product,-

;e Ed

¥h1ch industry k must pay in year t,

PROF (t) is the profit (before payment of income’ taxes) per

N %

unit product which is required by industry k in year t.

A

RO (t) js the cost to industry k of buying the amount of
wel]head crude oil in year t wh1¢h itYrequ1res for un1t product1on.

RG (t) is the cost to 1ndustry1k\9f buy1ng the amount of

wellhead natural gas in year.t which 1t requires forhun1t.product1oh.

STEP 2 :

RELATION BETWEEN PRICES IN COMSECUTIVE YEARS

Equation A-1 is divided by P, (t-1) to yield:



LY

28 o o -
PR Ty op costy (U BIE(4) - PRor (1)
Pk(t~l) j=1 Pk(e~]) Pk(t;}) . Pkgt-l) .
+ (Rok(tht_ ) Eﬁkiﬁl_,
Pk(t—1) Pk(t~1)
. k=1,2, covunns .28 (A-2)
STEP 3 " "

EQUATIONS WHOSE SOLUTION YIELDS:EACH P, (t)/P, (t-1)

i

-
»

To simplify matters a new variable will be defined as

L (t) = P (t)/P, (t-1) k = Tqqls ~onnnn- 28
o,

A]i'of the terms in equations (A-2) will be expr?ssed in

terms of thgvlk(t)%va}ues andipreviously é;a]uateg vafiabfes. whea

{:this has beeh achieved there7W111 be a set Qf Z28 simu]taneoui equations

which pust bé;301ved for 28 uﬁknowns (the:}k(t)s). i

Each. term on iﬁé right hand sjde of equation (A-2) will how
Do - )

be consfdereq, ‘ . . i (

op costjk(t),é op gostikﬂtz op cos?ik(t—l)

Pe(t=1) op costy (t-1) Py (t-1) .
) : : i=1,2,....28
,49( {i‘- 3 k = 1,) Z,V 28
Therefore, - X .
op cost. (t ap, cost, (t) . ¢ |
,.p ')]k.( ) R ap, ‘ jk( ) . compj],(t-” . (A-3)
L pk(ta}) o op costjk(P~1) R ‘ A
: o j=1,2, 28
T k=T1,2,....28
ST .
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91
where ’ op cost, (t ])

gy, = Pt ) -
Compjk(\t ]L\.‘ﬂ =y o : |
, 'k . A

]; 2; --PJ-A,?.'B\

o
)il

ke=1,2, ..%28

The value of compjk(t—]) will be known in year t as it wil}

have been previously evaluated (if t-1 > 1972) or specified (if t-]

= 1972). The next step is to relate op:costjk(t)/op costjk(t~1)_to

L

the 1j(t) variables,
[t is assumed that the physical amoust of inputs required
for unit production in any industry are constant (1.e. 'there are fixed

-

technological coefficient%), It follows from this assumption that

7 op costlk( ) i Tjk(t) | o o (A-4)

ap Costjk(tn1? Ehjk(tﬂ])

j‘ﬁ,

#

fl
N\

- 228
5 2

I

where h. k(t) is the cost’ 1ncurred py 1ndustry k in yean t in buying .
"one unit ofproduct j.  1f constant techriological coefficients were
not used ‘then it would be necessary to predict changes in their

3\'va]ues. To do this accurate]y would requ1re an exhaust]ve research -

effort. ' AU (;;;Tgf;l/ffkf‘v ‘ -
[
‘ For most 1ndustr1es i, it reasonable to assuma>that 1f

1ts revenues per unit prod@t in year t beqomei&reater then . $he cost l
of product j=to a11 1ndustr1es k in that year w111 be increased in the

Jsameiproport1on. This assumption can bg stated in mathemat?cal form as 7.

"

P

o "&i\
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fol [ows : "
G C B S
by (t-1) Pi(t-1) ‘
. . »
‘EQUation (A-5) applies for all J and k (1 < J < 28; 1 - k = 28) opart
from those exceptions which will noé—be discussed. This equation is
not used for the industrial construction expense (j:]4)_1nCuPF€d‘by'
some inoustoies (ks{Z, 3, 4, 7, 23, 25, 26, 28}), Jhis is becau;e‘the
cconstruction costs of these industries are considered to be capital
' oosts and are diitr%bhted.over a ﬂd%bér of yea;SA S1m11ar]y, the re~ i -

sidential construction expense (3=15) of thg labour industry (k= ?7)
is spread over a number of years ano is considered to he an exceptioq

; 13 ; . a . ’ o
to efuation (A-5). Natural gas EXﬁénSe (j=26) 1is. pot represented by
{

equation (A-5). for any k value This 1is -because natural gas users éiy

‘three different pr1LES (Lommercial industpial, and residential) for

‘natural gas : :E j b

B

From equat1on$ (A-4) and7(A~5), and the definition of Tj(t)

N . ? : )
it follows that ' L :
: ) A
op cost,, (t) N o0 . : 7 h
oy e (A6)
" op costjk(trr) | | o | -y

' k = {1 2,..-,28} and j = (1,2,...,13 F6,17,...,25,27,28}
= {1,5,6,8,9;:.. 22 24,27} and i =14
= {1,2,00.-5205% ZB} and J 15

Equat1on$ (A-5) and (A- 6) possess the §ame except1ons Equations

\

analogous to equat1on (A 6) have been- deve]oped for these except1ons

e



The following equation is developed in Appendix B for those

industries whose construction costs ares distributed over a number of

yeafJ. ‘ . A
) st (t Z. + 1. (t-] . \
- Afiff:ﬁiﬁjp)wi, - ﬁifugu;liaﬁwl (A-7)
op costjk(tﬁl) ‘ bjk

(ke{2,3,4,7,23,25,26,28}) and j=14
K= 27 and j=15 :
- The following equations were developed in Agpendix C and
they are app1ihab1e for naturaI:gaigexﬁéhs§.
;Op COStZGk(t) o

¢ (t) + t) x 1,.(t)
oD ccstzsk(t 1) el &Lt Zb(

. K

X

1,2,....,28 . (A-8)

roe = ])21 or 3 ) o

where ¢ (t) ‘and d_ (t) are variables which will have been evaluated
before équat1on (A= 8) 15" used. They are dE§cribéd in greater detail
;_in Appendix L., The value of e selected for a éiven Kk wi]]‘&epend on
whether industry k is a commercial, 1§austrfh]; or residential con-.
sumer, of nqtur&i gas. These consumers are”ré;resented by e values df
1, 2, and 3 respectively. : , | P -

Equations (A- 6), (A-7), and (A-8) are comblned to give an

sequation which is valid. for all. j and k. It s o ’
st.,- ‘ o (t : 1. :
op costhCt) 3 Jk( ) + ch(t{ X lj(t) \ (A-9)
op gosth(t~]) R Bjk' .
¢ J: = 1:2;; 128 f
k =1,2,...,28

93



where P ~

A. . (t) =0, and (%k(t) = B. if krtl,z,ﬂ..,éS} and ‘ R

ik i
.~ Jel1,2,.0,13,16,17,18,...,25,27) or if ke(1,5,6.8,9,...22,

24,27} and =14 o if ket1,2,...,20,28) and j=15.

Ajk(t) = ZJk,Cjk(t) lj(tr]) and Bjk = bjk if ke{2,3,4,
1.

t
S(0)
, 7.23,25,26,28) and j=14 or if k = 27 and j = 15.
-

' *
de(t),ﬁand Bj

3]

= 13f ke(1,2,

AJk(t) = Cq(t)’ Cjk(t) k A

....,28) and j = 26

N
If op costjk(t) and op coitjk(t~1) are bo@h zero~then it is
still réégonab]e to yse equation (A-9) as Under thgse conditions the,
' itgrﬁ }epréséntipg op Costjk(t)/op costjk(tRI) will eventually be m97~
_ tipised by zero and will drop out of the analysis, 7
From equations (A-2), (A-3) and\(A797,’and‘the definition of

1k(t)rit follows' that

3 .
4 . LA iy

- 1k(t) - §3’ Ajk(t) f Ei&‘t) x ]J(t)

X compjk(t—l)

A B ‘
; |
| Ig, (t) ‘+.;2ROFk(t) , RO, (t) | Rekft)
Ple-1) o (2-1) fk(t-1) P (t-T) | *
' . (A-10)
- k = ]"KZ,'- ’28 ‘



-

-

- The last fourf¥erms on the right hand side of equation (A-10) will

now be put in more useful form. '
slE (Y BI6H RO
- Pk(t~1) Pk(t? - Pk(t—1)
k = 1,2,...,28
Therefore
BIE, (t) BIEL (t) \
,__5_u_‘= k1 () (A-11)
Pk(t~1)/ﬁ\ﬁk(t) : ,
: ’ k= 1,2,...,48
It is assumed that’
" BIEk(t) BIEK(1972) ’
e B, R et
P (t) Pk(3972) ERE ; : .
: k= 1,2,...,28
N | = 1973,1974,...,1985

This aSSumpfi and edpgtion (A*]%);are,éomt§§Cd to yié1é
" BIE, ( }‘ BIE (1972) 5. - :
S S kT é1k(t) | Y (A-12)
Pk(t—l) Pk(1972) . ) - ' ,
LR K= 1,2,...,28

. A

L

1

The value of B}EK(YQ?Zﬁ/Pk(1972) 1S‘estﬁpated in Appendix D for all

k= 1,2,...,28. fgpnsédent1y,,lk(t) 154€Fe only unknown on the right

8

‘band side of equation (A-12). N

At

95
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[t is appafent that g .
PROF, (t) ) Péor ( ). | Pk(p) . ’ .
oy o Ren .
. . : k = ]’Z’T 28
iheréfore . - , - . i;
PROFE) - PRORED gy (A-13
Pk(t~]) Pt) * Kl | !

it is assumed that
o

PROF, (t) PROF, (1972)

, . A
P, (t) . P, (1972) |
K=1,2,...,28
t = 1973,1974,...,1985
From this assuﬁption‘and equation (A-13) it follows that
PROF, (t) PROF, (1972
RQ( PR e
K\ f (A-14)
p x&jﬂ) P (1972) ‘ .
k=1,2,.,.,28
The value of PROF, (1972)/P,(1972) is estimated 1in Appendix D for all
k=1,2,...,28 " - . |
' {
n _ : B (|
RO, (t) @Rok(t) RO, ££-1) - o)
S S . S U (A-15)

k(t N oRo(ET) Ple-1)

\ k = 1;2,...,28

As 1t is assumed that each 1ndustry uses a constant amount p?ys1ca1)

of lts var1ous 1nputs for unit production 1t fol]ows ﬁhat -

s

o
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It is apparent that -
. ‘ - ., o>
RO ( t ) . i b a
K L RPO (,.t )w d ‘. (A-16)
. Rok(t—]) Y )
‘ .

k¥ 1,2,...,28

where RPO(t) _ wellhead crude ofl price in year t_
wellhead crude oil price in year t-1 -

Equations -(A-15) and (A-16) are combined to yield

RO, (t) RPO(t) RO, (t-1) o '
b kL (A17)
P (t-1) P (t-T) ‘ ,

- 1'427;... -‘,28

v b
/‘{'

]972 the value of RO

.
}

'H e

The value of RPO(t) is specified. For t~1 K

Al B .
(t—1)/Pk(t~1) is'determined in Appendix D. For t~1>1972 the value of

ROk(t~1)/Pkwi11 have been previously evaiﬁatedﬁ

The followimg equation is derived jniarsimi1ar manner to

~equation (A-17). S Co . g
ra " i E 7 |
RG, (t) 7 RPG(t) RG(t-1) . C
e 7 " (a-18)
Pk(t—]) ¥ ] Pk(t—]) r‘(
® | K= 1,2,...,28
-7 . j V .& :vhm | ¥
wherd, RPG(t) _  wellhead "atura]AQaséPrlce in year t_ . PR
aﬁﬁ;f we]lhegd.natural gas price in year “t- 1

'! . ' 3 A
n -

As RPG(t) 1s spéc1f1ed RGk(t)/Pk(t 1) can be est1mated from equation

_ (A—18) 1f there is a so]utlon to the system for year t 1.

P
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9y
" Equations (A-10), {(A-12), (A-14), (A-17), and (A-18) are
combined to yie]a
o 28 [ | ‘
]k(t) 5 Compjk(t;]) X Aikﬁmzl“ lk( ) X ]J(L)
i = §
j=1 i Bjk
Blfk(]97°)] (1) IROF (]O/z) RPO(L)ROK(LXI)
+ IR, + %, U —— + IR B
. . . £ , ,
k( 972) k(1972) Pk(ts])

RPG( 1) RG (t- 1)

R(t-1)

+

Kr 1,2,...,28

i

This equation is reatrranged to give

1 BI[‘ 1972)" - PROF. (1972)] 28
( )~ PROR (197 J 1) - ) {[Lorlp i 1)]
,\(1970 P (1972) T =1 A
= . 7 - ) N | H ) | :V: 7 7 /
Bjkf
© RPG(t) Rek(e‘h) ¢
:-"f‘: . Mw o ’ ~
T o Pk(tﬁl) /
B " R ¢ o
’ C k ='\71i,‘2)"{;28 (A"‘]g) 7

Considerlng one year at a time equat10ns (A-19) are so]ged
for the ] (t) for 9ach year from 1973 to 1985, For t = 1973 all of .
hese equat]ons will have ‘been

-the terms 1n31de the square brackets 1n\}
est]mated (Append1x D) The A, k(1973) jk'S! and CJ 1973) w1]1

H

i : *
‘.Ki . R
' A ;

L F Y _ °
: . 1 " ;o E .

. I
# - % r

5 f




(3PN L3P )

o _ . 5 s :
also be known (the values of the Ajk(t) R Bjk , and ij

- ‘
estimated in Appendices B and ¢ for 1973 Sl 1985 ). The values of

<

(t) ~ are

RPO(1973) dndrﬂPG(IQ73) will have been predicted (RPO(U) and RPG(()-
arc predicted in Appendix [ for 1973 <t < 1985). Thus for 1973 the
only-ungnowni in\EquatiOH% (A-19) ake, Lhe tWQﬂt{xéight lj(1973)'s,
Therefore the number of equations and the nuuber of uoknowns are equal.
Conseqyently equations (A-19) can be solved for the 1j(]973)‘sﬂ

After the ]j(1973)‘i have been evaluated, the analysis for

1974 is begun. To- do this it is,nece§sér& tqfﬂetermine the 1973 values

Lf the ratios inside the square bratkets of equationi'(Aﬁ19)i First
of all an EQU§tiOﬁ will be déVéTDp?diwhigh relates cumpjg(tﬁl) to
Yvariables whose values havd already been determined, from the defini~
tion of C@mpjk(tii) it follows that

_op cost,, (tn1)
comp j, (taT)z —— LA

Pk(t;])' J 5 1h2,0.,,28

o
]

Jr—
L
e
™

o

[od]

P cortiltol) op costy () Pylt2)

op OSth(tFZ) Pk(t”z) Pk(t"])
. J =
2 k = (A-20)

99

.
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et
It follows from equations (A-9) that R
P sttt AT Ty () e ()
op (;(),‘.tjk(t.~?) ' Bjk (A-21)
jeo1,.4...,28
k= 1,2,...,28
From equations (A-20) and (A-21), and the definition of lk(t~1) it
follows that
(t])+ (t]x]}t]
N 1) - ;lk _ A‘Jk . s
fbmpjk(t 1) < A X compjk(t 2)
i jk i
1
X e
]k(tﬁ]) - .
<
J=.1,2,.,,,28 (A-22)

k=1.2,...,28
For t=1974 all of the terms on the right hand side’ of equatjons (A-22)

will be known, The values of A, k(1973) k(19?§) and BJk are determined

iQ%APEEQgiiéﬁ B aﬂd C. The values of Lompjk(]97é are ext1mated in
Appendix D. The va]ues of 1k(1 3) will a]ready have been detérm1ned
frcm equat10ns (A~?9)s Therefore, compjk(1973) can be evaluated from
;equat10ns (A~22) -
Th; next term 1ns1de square brackets in equat1ons (A-19) will
‘now ba considered. It 13 apparent that

s RO (t-1) RO (tT) RO (t-2) P (t-2) , ’

"X X A-23,
Pk(t—]) RO t 2) Pk(t-Z) Pk(t~1)

k(
¥ | : k =1,2,...,28




J
A

From equations (Aﬁiﬁ) it follows that

X
ROk(D—” :
= RPO(t-1) . : (A-24)
Rok(t-zl‘ : '
; . k="1,2,...,28
From equations’ AA 23 and (A-24), and the definition of 1k(t~])
{
it follows tha} . ;«7“;{
T
ROk(t o RO, (t-2) 1
== = RPO(t-1) X e X (A-25
8 (t-1) P (t-2) (1) .

For t= ]974 all of the terms on the right hand side of equation (A-25)
will be known. The value of RP0O(1973) is predicted in Appendix E, The

~ value of RO (1972 /P 1972 is estimatedrin Appendix D, Therefore

k(
ROk(1973)/Pk(1973) can be evaluated from equation (A-25).°
The following equatibn is derived in a manner simi]argto

Y

equation (A-25).

RO (e=1)  RPB(en) ) BGk(tﬂz)_x 1 f oy’
P (t-1) C P (te2) (e ’

101

\ ! b !
The value of RPG(1973) is predicted in Appendix E. The value

of RGk(1972)/Pk(1972) is estimated in Appendix D. Thus RGK(J973j/Pk

(1973) can be evaluated from equation (A -26),

Q

Thqs all of the terms inside the squarerbrackeis of equations .

(A-19) have been determined for t=1974. ‘The values of the ]j(1974) 3
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are evaluated from equations (A-19). Equations (A-22), (A-25), (A~QC),

and (A-29) are then solved for ]975; This procedure is followed for

every year until” 1985, | h
For t » 1974 the values of compjk(tAZ), ROk(t~2)/Pk(t~2),

and RGk(t-Z)/Pk(t~2) used in the right hand side of equations (A-22),

(A-25), and (A-26) "will already have been evaluated by these ‘equations

in previous runs.



APPENDIX B

CONSIDERATION OF CONSTRUCTION EXPENSE
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\

‘

TREATMENT OF CONSTRUCTION EXPENSE

Iﬂ this thesis -depreciation due to construciion is con-
sidered to be the construction expénse’a]}ocated.to a particular year
which is used 1Hterna]1y by a company to.determjne its préfits or
product‘price, "It is not the allocated construction expense which is
used for income tax evaluation.

For certain indugtrfes the value of depreciation (due to
construction) was known or éou]d bé estimated. For these industries
construction expense was treated as a capital expense and was nqt
represented.by equation (A-6). Insteadltheir construction expense

”described by eduatjon (A-7).. This equation represents the de-
pendence offan indusfry‘s depreciation (due to éanstruction) expense
-on the%Févgaues required by the construction 1ndustry. J

" For othér 1ndystries the value of depreciation due to
construction was either negligible or c0u15 not' be eét%mated very
faccuraté]y. For some of these indusfrﬁés previous values of repaif
- consffuqtion expense were known. Th{s expense is represented by
equation (A-6). This equatien is also used to represent those in- ‘
dustries whose consfruction expense is assumed to be zero (due to in~~
sufficient data or because it is in fact ﬁeg]igiple). Their in-
clusion in this equation has hp practical.significance, but it makes
the. derivation®f the basic model eduatians mofg'cohpéctm

P i A
Thus whether an industry's construction expense was re-

, »
‘4 @ T

kY
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,HA\\TZ‘

presented by equation (A-6) or equaLioﬁ (A~7)\qepended on the magr

‘nitude of its-construction'expehse and on the form:in.which data was
“available. . '
INDUSTRIES WHERE CONSTRUCTION EXPENSE IS DISTRIBUTED “

M ' L » - )
They are as follows: | | |

1. crop farming indusiry
- 2. ]gvestock farming industry
73. "other’ farming” 1ndus£ry,

4. railroad industry

5. electric power industry
6. oil pipeline indu;try
7. natural gas utility industry

8. labour industry
9, dummy industry | {{

) o . 7 P
The variation with time of the allocated construction ex="T—

pense per unit of productign for these nine industries is represented *
by the following equation: : -
; " - ‘
op cost,, (t z., 4+ 1.(t-1 ' _ -: 2
op CQStjk(‘t"]) : bjrk‘ | 3
o | j=140r1s

Ifkj =#M4 (industrial const;uction expense) then this equation is

& F
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vjlid for k = {2, 3, 4, 7, 23, 25, 26, 28}). If j = 15 (residential
cénstruction eXpénse) then equation (A-7) applies for k = 27 (labour
industryf.

The procedure and assumptions used to éevaluate the zjk”s
and bjk's‘will be explained in detail for the crop farming industry
(k = 2). Ffor the other eight industries the procedure followed was

; -
the samgi The assumptions made .and the results (the zjk‘s and’bjk's)
obtained for all of the nine industries will be summarized in Table

%

B~1.

. - ( o

CROP FARM TNDUSTRY

It 15 assumed that
1. crop farm bui]dingé are depreciated linearly over
10 years
2.7 if the price of }ndustria] construction in year t-Ii
is equal to its price inryear‘t~2 (1.e. if 114(tﬁ]) = ])

:;_ﬁ%then the industrial construction (measured in dollars)

‘undeytaken by the crop farming industry in ?ear t-1 1is

', equal to its average value over the year t-10 to t-~2.

' { E

3. average annual construction over|laverage annual con-
years t-10 to t-2 undertaken by ||struction over years
the crop farming industry t-11 to t-2 undertaken
\ ‘ by the crop farming

b ' ' - industry

crop fafming industry's
production in year t-1
\

. crop farming industry's|.
o |production in year t

\
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The above simplifying assumptions aré.used to estimate
the effect on crop product prices of increasing construction costs
in a simple manner which does not necessitate a prediction of future
construction activity. Assumptions 2 and 3 indicate that the annual

construction of crop farm buildings does not increase significantly

with time,
It éan be easily seen that éﬁ%
9 average annual constygi@tion

average annual construction " lover year t-10 to t- 4
over year t-10 to t-1 T 10 :

i ) - (B"“’I )

construction in year t-] . .
) 10 -

It follows f?Bm assumption 2 that

- # .
construction in year = ({average ‘annual construction)x 1}4(t~1) (8-2)
t-1 ' over years t-~10 to t-2

¢

i

[revenues per unit product obtained by thg}
where ?14(tﬁ1) o

;onstruct1on 1ndustry in. year t-] Y

o

tonstruction industry in year t-2 &, | ...
= , - , ® %v? ;
LR

Equat10ns (8-1) and (B-2) are combined to 0bta1ng“°»f

{revenues per unit product obta1ned b;&?ﬁe] & T

»
average ¢‘nstruction _9 i ]14(t~]) x avéragé/conétrukf?bn“dver
over years'.t-10 to t-1 ‘10 years t-10 to t-2

) (8-3)

.-

Assumption 3 is applied to equation (B-3) to yield:
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g
average construction over 9+ 1, (t-1) average construction over
years t-10 to t-1 .1 T years t-1l to t-2
crop farming industry's 10 crop farming industry's
production in year t - production in year t-1
: (B-4)

The crop farm buildings are depreciated over ten yedbs.

Consequently the following two eqdations are obtained:

construction expense . average construction over (B-5)
assigned to year t years t~10 to t-2

4 t A
construction expense _  average construction over (B-6)
assigned to year t-1 _years t-11 to t-2 o

Equations (B~4), (B-5) arnd (B-6) are combined to give

construction expense g 4 (t-1) construction expense &) X
assigned to year t ~~  _° © "14) " "7 assigned to year t-1 . | ‘
v — = X ——— (B-7)
crop farming industry's 10 crop farming ingustry's
production in year t production in year t-]

The variahle op costjk(t) was defined to be the cost to industry k,

assigned to year t, of buying the amount of product j which it re-
quires to produce one unit of preduct k in year t. Consequently,
i

equation (B-7) becomes . y

9+ 1,,(t-1)

14
10

[
\

op cost]4;2(t) = X oprcost1; 2(t—])

Therefore

op cpst}4!2(t) f’ _ ? + ]]4(t—1) (5-8)

op costy, é(t-]) : .10
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]

%f!comparing equations (A-7) and (B-8) it can be seen
]4’2,§j 9 and by, o is 10. Values of Z5x and bjk are ob-

tained in a similar manner for the other eight industries concerned.
[t
The assumpfions and results obtained for the nine industries are

i

that z

summarized in the following table.

0
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APPEMDIX C

Treatment of Matural Gas [xpense

Treatment of Electricity Expense

£

Treatment of Refinéry Product Expense
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1. 1nd§stn1a1 users

2. commercial users

3. residential users

Each of these consumer classes pays 4 different price for
the natural gas it requires, Industrial users buy natural g%s et
a lower price than commercial users. ‘This is becaus@ they use 1t at
greater rate yh{ch results in a lower cost, per mcfbof gaszsupp1ied,
to the gas utility companies of installing the faei1itie, necessary

for the transportatiOﬂ of the gas to the consumer, Similarly,

residential users pay a trigher price for n Hgturai gas tggﬁ compercial

users, . Unless stated othErw1>e d1] of the data used in

ms section

th

applies to Alberta.

~ Commercial 5onsumers pa@d $2.0 more for 10 mcf's of natural
gas -in 1968 than'fndustriai consumers (29), In the same year re-
identia1 users paid $Ii7 per mef more tﬁan cdﬁmercia1 consumers (29).
It.is assumed that untjl 1985 the price d1fferent1a1 per 10 mcf
between commercial and industrial users,, and between res1dentia] and,

c0mmercia] users will always,be $2.0 and $1.7 respect1ye1y.x This

assumption is necessary as otherwise tﬁreei15(t)'va1ues would have
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to be calculated for the natural gas utility industry. Basiecally
this would result in the number of unknowns in thejbgsjc moae]
equations (A-19) exceeding the number ofnequzéions, iAh‘a1ternative
approach could have been adopted. This would have been to asSume
that the relative prices (e.g. price paid by industrial wsers/price
paid by commercial users) remained constant. This assumption would
have been less réa]istic:than the d&e which was actually used i
(Northwestern Utilities). N |
This section can be divi%ed into four parts and they are
’ (

as follows; .

1. estimation of the relationship between the pr?beg

I

paid by. the three classes of>con3umer for hatura1
gas and the revenue obtained per unit produci by the
gas utility companies,

2. depivation of equations relating changes with time in

the prices paid by the the thiee consumenr CTaSSgS tai—
the~126(t2 B lue. The re1at{on between op COSﬁZGFk(t)/:
op COStZG,k(t']) aq? 126(t) is then détermined be
1 < k < 28.
3. . categorizatton of the natural gasaysing indusfries
~~. Y into the three types of consumér g%asses.
'ﬁij:. B ‘lmségtimation of variables which depend on predicted
| natura] gas requirémenfs!of industrial, commerciai,

and residential users.

L e



PART 1,

In this part the prices paid by the three classes of
consumer for natural gas aré related to the revenues obtained per
unit product by the gas utility companies.e

The Qnit of production of the gas utility industry is
defined to be 10 mcf. The total revenues obtained by natural gas
utilities in year t are equal to thé® sum of the revenues obtained
from the three classes of natural gas users, This statement is put

in the form of an equation as follows:

< N 2 3 3 3 J .
Poglt) = PL()YI(t) + PC(L)YC(t) + PR(L)YR(T) (C~1)
where pZé(t) is the -average revenue obtained from the sale of 10 mcf

by the natural gas industry in year t.

PI(t) is fhéaprice paid in year t by the industrial con-
sumer fof natural gasii
77 PC(t) is théaprice paid in year t by the commercial con-
sumer for natural gas. 7
PR(t) is the price paid in year t by the residential gon-
sumer for natural gas. | 7 ’
-+ YI(t) is the fracéion of the natural gas volume sold in

g - ) "
year t which was bought by-industrial consumers.

-~

YC(t) is the fraction of iheinaturgl gas volume sold in

year t which was boughﬂ by commercial consumers.

o1

\ B,
: ELRAh T

fers
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YR(t) is the fraction of the natural gas volume sold in year t

which was bought by residential consumers.

Industrial consumers pay $2/10 mcf more for natural gas

than conmercial consumers., 6 Residential users pay $1.7/T) mcf less

than commercial users. Putting these two statements in the form

of an equation yields:

PI(t) = PC(t) ~ 2.0 (C-2)
and §$\\ 7
PR(t) = PC(t) + 1.7 O (c3)

Equations (C-1), (C-2) and (C-3) are combined to yjeld:

[PC(t) - 2.‘O}¥'I(t) + PC(t)yc(t) + {PC(t) + ’L7]YR(t)

Pog(t) =
=PC(t)[YI(t) £ Y0(1) 4 YR(t?]~ 2.001(t) + 1L7YR(t)
= PC(t) '~ 2.0YI(t) + 1.7 YR(;)' : (E%4)
Therefore | 1
CPC(). = Pyg(t) i+ 2.00142) - 1.TYR(E) (c-5)
- Pza(t)}+ AC(t) “ Cﬁ}. | . | | (C-6)

where AC(t) = 2. OYI(t) - 1. 7YR(t)

A comb1nat1on of'equations (C 2) and (C-5) yields

PI(t) = Ppg(t) + 2.0VI(t) - 1.7YR(t) - 2.0 o ‘ij"

Poe(t) + AL(t) C | (c-7)
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%
where AI(t) = 2.0YI(t) - 1.7YR(t) - 2.0.

Equations (C-3) and (C-5) are combined to give

PR(t) = Pzﬁ(t) 4+ 2.0YI(t) -~ 1.7YR(t) + 1.7

- 26(t) + AR(t (C-8)

where AR(t ="2.0 YI&;L;?‘I 7YR(t + 1.7, LA )

Equat1ons (c-6), (C-7), and (C~8) relate the priées paid
by commercial, industrial, and residential users for hatural gas ,
to éhe revenues obtained per unit product by the gas utility com-
PénieS- The values of AC(t), Al(t), and AR(t) are estimated for
each year t, 1972 < t :_1985, before the model is used. Their

values are determiped in Part 4 of this Appendix.
PART 2 1

2 In this part the variation with t1me in the pr1ces pa1d
" by the three consumer classes is related to the 1 6(t) va]ues

The value of 126(t) is equal to the revenue obta1ned per unlt
product by ‘the natural gas utility industry in year t divideg by
the revenue it oﬁtained in year t-1. .

Applying equatiod»{C-6) to 1973 it follows that

0

PC(1973) = Pne(1973) + AC(1973) . **

= '126(1‘,973)‘P26(1972)'+Acv(1973) L (c-9)

118



where 1,.(1973) = 6(1973)/ 2,6 (1972). ,,

26
" For 1972 equation (C-6) yields
PC(1972) = P,e(1972) + AC(1972) (C-10)

Equations (C-9) and (C-10) are combined to give

PC(1973) ]26(]9‘73)P26(]972) + AC(1973)
—_—— T - (C-H}
PC(1972) 'P26(1972) + AC(1972)

Similarly,

PC(1974) 1o6(1974)P,c(1973) + AC(1974) B
— = R (C-12)
PC(1973) Pog(1973) + AC(1973) '

Substitfting for P,g(1973) 1n this equation yields

A

* P6(1974) 1’6(1974)125(‘973) 26(1972) + AC(1974)

PC(1973) 26(1973)?26(1972) + AC(1973)
~ In general ' Lo

PC(t) 126(t)1 6(t- 1)——--126(1972)926(1972) +AC(t) 13
= C—
PC(t-1) 26(t Dpe(t- 2)----126(1972 P,g(1972) + AC(t-1)

Id

A

" where 126(1972) 5 1.
'Similar1y;l .

| PI(t) 26(t)lzﬁ(t 1)---—1 2¢(1972)P, 6(1972) + AI(t)
CPI(t-1) 16 (t=1)156(t- 2)----126(1972)926(1972) * AL(t-1)

(C4]4)

119
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and

PR(t) ]ZG(t)]26(t"])""'"]26(]972)P26(]972) + AR(t) )
——— = - e (C-15
PR(t~1) 16 (1)1 56 (4-2)===~1,(1972)P, (1972) + AR(t-1)

Equations (C-13), (C-14), and (C-15) relate the changes
with time in the prices .paid by the three consumer catego}ies to.
the vélue of ]26(t).

The next step is to relate op COStZG’k(t)/Op Cost26’k(te])
to 126(t) for 1 < k < 28.

It is assumed that for each 1ndustr} the quantity of
natural gas required for unit production is constant aﬁdrdééﬁ not
vary with time. It follows frqm this assumpfﬁon that

o costpek{t) | Paslt) (c~16)

OP;COStZG,k(tﬁl) hzsig(t*1)

k= 1,2,...,28
where op COStZG,k(t)

is the cost to industry k in year t of buying

the amount of natural gas which it réquires for unit production.

( . : )
h26 k(t) is the cost to!indystry k of buying 10mcf (one
» . \ ,

5

unit) of natural gas in year t.
If an 1ndystry 1 can be considered to be a commercia]r

user .of natural gas then

\ ?2641(':) - : PC(t) ‘W ‘7';;,,,,:”, v (C—]])
hyg 1(t-1)  PCEt-1) o .

L
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Gas utility companies in 1968 received $3.2 for each
10 mcf of natural gas sold (29). Consequently, P26(1972) is taken
to be 3.2,

A combination of equations (C-13), (C-16), and (C-17),

26(]972) yie}ds: |

op costzﬁ;](tiq; ] 126(tl126(t~1)~~~~126(1972) x 3.2 + Ac(t)

and the value of P

op costzs’](t~1) 126(t~])]26(t~2)~—~~]26(1972) x 3.2 ¥ AC(t-1)
(C-18)

Similarly, if an industry m is considered to be an in~
dustrial user of natural gas then

op cost26 (t) ] 126(t)1 6(tﬁl)ﬁ~ﬁ~126(1972) x3. 2 + AI(t )
op cost,g- (t-1) 126(t~1 (t 2)P~~~1 6(1972) x 3.2 + Al(t-1;

Also if an industry n is considered to be a residential
~user of natural gas then

Vop cost26 a(t) ‘ 26(t)126(t 1) e *]26(1972) x 3. 2 + AR(t)

op cost26n(t 1) Ty (t-1)1y0(t- 2)~mn1 6(1972) X 3.2 + AR(t- 1)
D - - (C-20)

| The AC(t), AI(t), and Aﬁ(t values are estimated in Part
4 of this section and are thus known before. equat1ons (c-16), (C 17)
“and (C-18) are used. ‘

| Now cons1der equation fb-]B). £ this EQuation is being
used for 1973 then 126(1973) is the only unknown on 1ts right hand
side. when’the equation 1sabe1nglapplied for 1974 the value of ]26
(1973) will already have=beenfdetermined; "Thus there is-again only

~ e
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one unkpown (126(]974)) on the right hand side of equation (C-18).

In general the only.unknown on the right hand side of equation (C-~18)
is ]Zﬁ(t) as 1,c(t-1), ]éﬁ(t—Z) etc. will already have been estimated.
Similarly, ]26(t) is the only unknown on the right hand side of equa-
tion; (C~-19) and (C-20). Therefore, equations (C-18), (t—19) éad
(C~%Q) can be tombined into the following general equation, which will

. have only one unknown, 126(t), on its right hand side,

op Costg6’k(t) . %(t) + de(t)126(t) (A-8)
op cost,,.  (t-1)
. 2,k k=1,2,...,28

e=1,2o0r3

5

il

where C,(t) AC(t)/[126(t~1)125(t~2)~*~~126(1972}x 3,2 + AC(t~1)

C5(t) = AR(t)/[126(t~17126(t~2)~—ﬁ~126(1972) x 3.2+ AR(t-1))
4 t) - V(41016 (t2)==156(1972) % 3.2
Lo (t-1)1,5(t-2)----1,,(1972) x 3.2 + AC(t-1)
v L (8-1)1, (£-2)=--1,.(1972) x 3.2
4, (1) = 2 26 2
126(t1)156(£-2)2--156(1972) x 3.2+ Al(t-1)
(611, (£-2) =1, (1972) x 3.2
d3(t) - 26 26 26

126(t—1)126(t-2)-¢——126(1972) X 3.2 + AR(t-1)



The value of e selected for, a given k will depend on
whether industry k is a commercial, indu?tria], or residential con-
sumer of natural gas. These consumers are represented by e values

=

of 1, 2, and 3 respectively,

Hhen equation (A-~8) is used the values Oﬁfce(t) and de(t),

1 <€ <3, will already have been estimated. Thus equation (A-6)
N ‘ i , )
relates OP'COStZG,k(t)/Op C05t26,k(t 1) to 126(t) and predetermined

values. | .

, "PART 3
|

I ;
' In this part of Appendix C the various industries which
use natural gas are categor1zed 1nto commercial, industrialy and ’
res1dent1a1 consumers. This categoyization is used to detérmine

~ the e values which correspond to particular k values in equation

(w-dy. 7 f Ty

. The following table shows the price paid by different
: Canadiajindustries in 1968 for natural gas. In this table thdﬁ
numbers ?n brackets indicate the references from which .various

values were taken.

123
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TABLE C-1

PRICES PAID FOR NATURAL GAS IN 1968

[}

INDUSTRY- A : PRICE PAID BY INDUSTRY
FOR NATURAL GAS IN 1968

chemical , 7 35.3 ¢/mef (30)

feed . 41.0 ¢/mcf (31)
architectural metals , 83.1 ¢/mcf (32)’

wood 57.3 ¢/mcfi(33~36)

iron mines ° 44.7 ¢/mcf (37) )
iron and stéel mills | o 48.2 ¢/mcf (38)

stee1 p1pe &nd tﬁbérm1115' ;l 44.2 ¢/mcf (39)
petro]eum refining o - 28.5 ¢/mcf (40)

7

.

The average price-paid in Canada 1n 1968 by commercial,

, 1ndustr1a1, and residential consumers was 73¢/mcf, 39¢/mcf and 105¢
/mcf respect1ve1y (29). Table C 2 was estimated on the basis
this 1nformat1on and the dath in. Table C- T‘ The fert4Tizer, cement,

' and electric poyer‘lavustrles consume 1] quant1t1es of natural

o

'gas and are ‘thus in¢ludéd i e "industrial natural gas user" cate- _

gry. T | .



" TABLE C-2
. o

CATEGOR1ZATION OF INDUSTRIES

INDUSTRY NATURAL GAS
CONSUMER CATEGORY

7

chemical 1ndustf§j industrial
fertilizer industry industrial
feed industry ‘ industrial
¢réﬁitectura] metals - éommercia]
;/f' ceﬁent : industrial , - :
wood products STt commercial ;
iron mines _— ,:%iE; industrial R
iron and, steel m11]s industr{al -
steel pipe and tube m1115 indugtrial '
electric power ';;?i\ Lo Y industrial
petroleum ref1n1ng ‘?;?1' ‘ industrial
Tabour ' "M}‘%;' ‘residential
dummy B . commercial it .
| I . &
T PART 4 T

In 2{¢er to estimate the c (t) s and d (t) s in equatiow
(A-8) 1t is nécessary to’know the va]ues ofﬁA8C¥i. A{(t)wand AR(t).

)



These vdlues will now be estimated for 1973 - t < 1985,

natural gas requirements in the following table were taken from an

0i1 and Gas Conservation Board publication (41). The predicted

N

e

The predicted values of commercial and residential

industrial requirements for natural gas were obtained from a

Hu Harries report (42),.

N\

YEAR

1972 .

1973

1974

1975

1976
. 1977

“-1978

1979
1980
¥ 1981

1982
. 1983

PREDICTED INDUSTRIAL  PREDICTED COMMERCIAL - PREDICTED RESI-
REQUIREMENT FOR.

TABLE  €-3

PREDICTED NATURAL GAS REQUIREMENTS

REQUIREMCNT FOR

DENTIAL REQUIRE-

NATURAL GAS NATURAL- GAS MENT FOR NATURAL
T RS GAS
% _Billions aof Cibic Fect )
158,4 o 758, 1 64.8
1168.7 605 67.1
N C X N/
185.6 - 62.5 AN
203.2° g 64.5 70.9
2231 o ‘(“ 66.6 72.8
232.4 ° Y ._ !' 68.7 .74.8
@ 2391 ’ 71.0 76.8
53.2 73,2 » T8
268.0 - 75.4 a 80.5
Al 76 ‘o 82.3
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TABLE C~3 (continued)

YEAR  PRLDICTED INDUSTRIAL PREDICTED COMMERCIAL PREDICTED RESI-
REQUIREMENT FOR REQUIREMENT FOR DENTIAL REQUIRE -
NATURAL GAS NATURAL GAS MENT FOR NATURAL

GAS

Billions of Cubic feet s

1984 284.4 - 79.8 84,1

1985 291.8 ‘ © 82,2 86.1

~

The following table is obtained directly from the data in Table

D-3g 1

PREDICTION OF YI(t) AND YR(t)

4 L Y :
YEAR  FRACTION OF THE TOTAL' NATURAL ~ FRACTION OF THE TOTAL NATURAL
GAS SOLD IN YEAR t.®HICH 15 GAS SOLD IN YEAR t WHICH 1S
BOUGHT BY INDUSTRIAL CONSUMERS #BOUGHT BY RESIDENTIAL CONSU-
s YI(t) . . MERS = YR(t) -

£

1972 0.550 | ~0.238
1973 0,557 : | 0.234
1974 S 9.563 F : 0.230
1975 3 0.569 . 0.226
1976 0.585 L 0.218 .
1977 0.600 - o 0.209



TABLE C-4 (continued)

YEAR

1978
1979
1980
1981
1982
1983
1984
1985

= YI(t)

FRACTION OF THE TOTAL NATURAL
GAS SOLD IN YEAR t WHICH IS
BOUGHT BY INDUSTRIAL CONSUMERS

615
.618

.619

FRACTION OF THE TOTAL NATURAL
GAS SOLD IN YLAR t WHICH 1S

BOUGHT BY RESIDENTIAL CONSU-
MERS = YR(t)

0.201
0.200
0.198

0.194

» The following table is obtained from Table C-14 apd the

definitions of AC(t), AI(t), and AR(t),

YEAR

1972

1973

1974
1975

TABLE C-5

PREDICTION OF AC(t), AI(t) AND AR(t)

AC(t

0.695

0.716

0.735

0.754

AI(t)

- 1,305

-1.284
b

~1.265

-1.246 -

AR(t)

2.395 .
2,417 ~
2.435

2.454
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TABLE C-5 (continued)

YEAR

1976
1977
1978
1979
1980
1981
1982
1983
1984 -

1985

in thérsamé\way as natufa]abﬁé expense. The following three cate-

gories of electricty consumers were defined:

e

electricity than domestic and farm consumers (43). Consequently,

Ac(t)

0.799
0.845

0.888

0.89

0.901 - -
0.920

0,932

0,941

0,948

0,950

+ - TREATMENT OF ELECTRICITY EXPENSE

i

1.\ industrial consumers

2. \commercial consumers

\

3. agmestic and farm consumers

Commer

AL(t)

~1.201
~1.155
~1.112
~1.104
~1.099
~1.080
~1.068
~1.059
~).052

i

AR(t)

2.

TN N N

™~

499

.545
.588
.596
601
620
632
., 641
.648

650

It was originally intended to treat electricity expense

ial ‘users paid a slightly higher rate in 1970 for

129
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it was decided to combine gategories 2 and 3 into a single category
called "nonindustrial electricity users”. Thus it was then con-
| sidered that two classes of electricity users existed and these
rigt

were: ,

1. industrial users

2. nonindustrial users

Industridl, users as defined by Statistics Capada genehatei
their own gigctricty (43). In this analysis electricity was oniy” s‘
considered as an industry's input cost if it was purchased from
the electric power industry. Consequently, none of the industpies
analyzed fit into the first category of electricity users. Therefore,
there is only one class of electricity user involved in the aha]ysiﬁ,
This is the reason that electricity expense 1is represented by

equation (A-6),
TREATMENT OF REFINERY PRODUCT EXPENSE

It mightrappear that the refineryiprdduct expéﬁée should
be treated similarly to natural gas expense. However, though some
refinery products (e.q. gaso1fne) are-sold in different markets at -
different prices, the netback to the refinery from the sale of re-
finery products- is nearly independent QP the type of-consumer‘tn,’
whichrtheyﬁare sold. The existence of a refinery pfaduc{ price

differential between different markets in Alberta is due to the
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costs whigh are incurred beyond the refinery gate. Thus if re-
finery costs become greater the price (at the refinery gate) of

a refinery product to a consumer will probably be increased .n
the same proportion as the‘rrice tolany other consumer. In this
analysis the;cost of product j to ipdustry k(hjk) is the value of
the commodity at jts place of S?oductionA Consequently, equation

(A-6) can be used for the oil refinery industry,



* APPENDIX D

ESTIMATION OF comp , (1972)

132
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ESTIMATION OF 1972 VARIABLES

To use the model which has been developed it-is necessary
to estimate the composition of the‘price of each system product for
1972 (COmpjk(]972)). This estimation will be carried out in the
following section. The industries will be considered in order of
their industrial classification numbers.

The information used was obtained from the following

sources;
1. Dominion Bureau of Statistics (DBS) catalogues,
2. 1961 Canadian Input-Output Tablé;(15),

R 3. 1962 Alberta Input-Output Table (44},

| 4. industrialists,
5, economists,
6. relevant literature,
\\\ An industry's transportation expénse is the cost of trans-

[§]

pprtjng materials to its place of manufacture. The expenserincurfed

by industry A in using industry B's product is the cost to A of
buying product B at B's place of éanufacture; The actual trans-
portatfgh charges are considered to be cost inputs to 1ndu5try A)from
" the transportation indusfries involved. ’
In this analysis natural gas is the commodity produced by

the natural gas utilities.” Wellhead natural gas is, the natural gas-

r



in the field before it has been transported to the utility companies.

In general, the procedure followed in the estimation pro-~
cess will be to assume that the 1972 value ofza variable 1s equal
to its most recent known value. There are e*ceptions to this pro-
cedure. They arise if the most recent value of the variable differs
appreciably from values in earliers years., In this case the esti-
mate for 1972 would be an average ofﬁthe variable value over a num-
ber of years,

Sometimes variable. values éOu]d not be obtained from past
data and it was necessary to estimate them from & combination of
known values. For example, consider four variables A, B, C, and D,
It is desired to evaiuate A/B for 1972 and its value for a pre-
vious year is not available. However, A/D is known for 1969, D/C
for 1970, and C/B for 1970, It.would be assumed that these three

values apply for 1972, Consequently, their product will give an

L

)
/

estimate of A/B for 1972.
Another prob]em encountered is that some of the desired

variable values are only avaiiab?e for Canada. In some instances

it is assumed that these values are also applicable to Albeﬁta.

Consider the electricity expense of the industrial chemicals, in-

" dustry. It is is assumed that the value of electricity expense/re-
1 " ’ -

venues for Alberta in 1972 is equal to the corresponding Canadian
value “in 1969. f

In other circumstances, Cangdian figures are dltered'to
make them mdre 5ppfopr1ate to conditions in Alberta. In Alberta,

fuel oil usage is very Tow as most of its functions are performed

134



by natural gas.

higher, fuel o
are a componen
Consequently,

and natural ga

to modify them,

small. For ex
modification o
natural gas ex

1.

In Eastern Canada, where the natural gas price is
il is used to a much greater extent. Fuel oil costs
t of the refinery product eXﬁaQse of an industry.
before applying Canadiaﬁxfjgunég for refinery product
S expense to some Alberta inJLstries it is necf%sary
This is because fuel 0il usage in Alberta 1Sv;ery
ample, consider the feed manufacturing ;nduﬁtry. The
f the Canadian figures for refinery product and

pense is based on:the following assumptions:

The only refinery products consumed by Alberta feed
mills are gasoline and diesel 011, Other fuel oils
areinoé used.,

Canadian and Albertas feed mills use the same v0?ume
of ga§011ne and diesel oi1 for ‘each,dollar Spent on
fue1 and electricity.

3

Diesel 011 accounts for 14% of the fuel 0il1 volume

5 consumed by Capadian feed mills,

Nétura] gas expense accounts for the same percentage

vof fuel and electricity costs for both Alberta and

Canadian feed mil?s.‘

Assumption 3 comes from the fact that 14% of the fue] 01l

vo]ume so]d in

is pecessary b

Canada in 1970 was d1ese1 011 (45). This assumption

eCause the Dom1n10n Bureau of Stat1st1cs (DBS)

13
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N3

catalogue on feed mills only contains the amount of all fuel oils
used and it is not possible to obtain the quantity of diesel oil
used. This variable is necessary for the application of assumption
2. 1t is estimated by the uti{}zation of assgmption 3.

Assumption 4 is based on the fact that while the Alberta
feed manufac&uringrindustry usés a grea;gg volumé€ of patural gas
per unit product (as natural gas is used instead of fuel 0i1) than
its Canadian counterpart it a];; obtains it at a cheéper rate.
Assumptions similar to the four mentioned above are used for other-
1ndustr195 Whi;ﬁ afe“considered in the analysis.

p Y. .

//; The Déggkata1égue5a1§0ﬂtain figures showing the expense
to vhrious industries of usihg Féfinery products, However, khese
figures include the costs §f1§r2n§£§rtiné the products from the
refineGy? wholesalers mark-up, marketing costs and taxes, To cons
struct the input-output table it was necessary to estimate the
. money received by refineries from the sale of its various products
to "different industries, This was accomplished for many
industries by adopting a pro.edure similar to the following one,
whiéhikas abbﬁied to the chemical industry. This procedure was

adopted to determine thégFraction of the chemical igdustry's re-~

venues which were used to pay for gasoline.

1. Determine the volume of gésoline used by the éhemi—

cal industry.
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2.U éstimate the revenue obtained by the refineries for
gach gallon of gaso]ine consumed by the chemical
industry.

3. Calculate ﬁhé'revenues rekeived by the 01l refineries
froﬂ the chemical industry‘s expenditure on gasoline.

4. Estimate the percentage of the chemical industry's
revenues which are received by the 0il refineries as
a result of the chemical industry's use of gasoline.

The revenue obtained by Canadian refineries per gallon

:of different products is summarized in Fhe following table which
'was oﬁtained by a simple manipulation of data given in the DBS

catalogue on o1l refineries(40).
TABLE  D-1

REVENUES OBTAINED BY REFINERIES FROM VARIOUS PRODUCTS

/

Refinery Product S Value to Refinery
e ‘ , ’ Per Gallon - ¢/Gal.

Gasoline - 13.3 g
Diése1 oil & 11.3 :
Light and Heavy fuel oils .7 T -84
Heavy fuel oil S 5.8,
LPGs | | | 7.1

- Lube 6ils_adq grease - 50.8
Aviation turbine fuel - - 1.5

Aviation gasoline _ 19.3



In t‘ggabove table the figure for LPGs is for 1968.

A1l the othdr f1gures are 1969 values. This is because the 1969
figure for LPGs was not available.

For each industry the only costs considered were those
which accounted for a% least 0.1% of the revenues obtained. Having
discussed the grob]emslof estimating 1972 variable values whigh
are common to some of the twenty-eight industries it is now appro-
priate to examine the Qndividua1 inqustries and the problems which

are peculiar to each of then.

i 2

“.\‘ E (

1. INDUSTRIAL ECHEMICA‘LS\ INDUSTRY

Most of the data for th1s industry was taken from DBs

pub]1cations (15, 30) or from the 1962 input-output tab]e for
\ N
Alberta (44). It is poss1b]e to estimate the pe{centages of 1969

selling price of Alberta 1ndustr1a1 chemmca]s whith were used to

\
pay for materials, fuel and electricity, ;heigabour (30) It is

detailed cos f1gure& from every
\

chem1cal plant in Alberta to acquire a further breakdowh of costs

not possible, without obtainin

figures. ‘ ' , N | ‘ .

R \ ,
The term compj{(f)‘iS'the é;timated'fraction of, the revenyes

138
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obtained by the Alberta Chemical industry in year t which was used

to pay for its use of input j.

IRON AND STEEL MILL PRODUCT EXPENSE OF THE CHMEMICAL ;ﬂUUSTRY:

ESTIMATION OF'compZ] ,(1972) : {

Inll962 the pércentage of the selling price of A]bgrta
industrial chemicals which was due to the primary metal expense |
incurred (44) was 1.3%. 1In 1961 the percentage of the primary
metals expenQE'of the Canadian chemical industry which was due to
iron and steel mill broducté (15) was 47.2%. vAssuming that these
two percentages applied for Alberta in 1972 then comp21’1(1972)§

was 0.013 x 0.472 = 0,006, o~

ELECTRICITY EXPENSE OF THE CHEMICAL INDUSTRY

ESTIMATION OF comp,,, ,(1972)

In 1962 the percentage of the se]]ing price of A]bertaj
industrial chemicals attr1butab1€§§o e1ectr4c1ty qﬁ%ﬁwater ex-

pense (44) was 2.2%. ‘A reasonab]e estimaee for comp,, W‘

would be 0.020 as a Targe percentage of the e1ectr1c1ty anqéggt
> ;
expense would be due to electr1c1ty/costs f Co-

" . "

REFINERY BRODUCT EXPENSE OF THE cnemxcat INDUSTRY L e
ESTIMATION OF comp24 (972) (- | o

For thegindusthial chemicals industry théré4arg two
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\
ARY \

sources of ref]nery product expense. Refinery products are used
.;s fuel. They are dlso used as petrochemfcal feedstocks. In
1969, Canadian refineries receivedl$36,601,000 fohlpétrochemica]
feedstocks «(40). In 1970, Alberta chemical plants Con%umed 0.023%
of the total vblume of the petrochemical feedstocks (produced by,
‘refineries) used by Canadianﬁ@pdustries'145). It is consequently
© assumed tha} the Alberta chemicé] iﬁdusiry contributed 0,023% of
the mone); received by oil refin:ar'iés in 1969 from the sale of ptﬂ.ﬁ'
rochemical feedstocks. Therefore, the chemical industry in
Alberta spent $36,601,000 x 6 023 on petrochem1ca] feedstocks, In
1969 the t?tal value of productioh of A]berta 1ﬁaustr1dl Chem1calsr
was $86,6J6,000”(30). Consequently, the percentage of the selling

‘price of Alberta industrial chemicals which was due ID petroghem1w

cal feedstocks was, 0 00023 x_ 36,601 OOQ;X 1007
86,656,000 K

A

3] 1ndustry used 0,018 ga110ns of 9aso-

" in 1969 thé Canadia n éhen
yj;ne (36); 011 refineries received 3. 3¢!9ﬁ1100 for gaso11ne
vadL]e D-1). Therfore 0.018 x 0. 133 dollars of each dollar Spent

i by chemical plants on fue]land e16qtr1c1ty is acqu1red by ref1ner1es

In Alberta, fuel ;nd~e1ectricity expense qcéounts for 6.9% of the
se111ng pr1ce oﬁ,chem1ca1 products (30). Consquent]y,'@he percen~

tage whiCh was due{to gasoline (va]ued at the ref1nery gate) was



0.069 x 0.018 x 0.133 x 100%.

The portion of the price of industrial chemicals which
results from the usage of refihery products is the sum of the con-
tributions/of petrochemical feedstocks and gasoline. oThus

i 1079% i M annT « 2 6A1 OF
Compo4a (1972) s 0.0002_x 36,601,000 \ 069 x 0.018 x 0.133
43,913,000
-

th;h is zero (less than 0.001). This may appear to be a very
syrprising result but in actual fact there is a very small petro-

chemical industry in Alberta. Ontario and Quebec are responsible

for about 97% of Canada's petrochemical feedstocks consumption (45).

NATURAL GAS EXPENSC OF ‘THE'CHEMICAL IHDUSTRY:
ESTIMATION OF comp,g 4 (1972)

(was” for 1969 and
. sumed both as a ran
Capadian ¢

te their natural gas expense is 24.1%. :Fuel and electricity costs

are réﬁponsib1é for 6,9% Ofg%hé price of Alberta industrial chemi~ '

cals. The percentage of the 1972 price of Alberta chemical pro-

ducts which is due to the use of natural gas as a fuel is estimated

"to be 0.241 x 0.069 x 100%,

All of tion of comp,e 1(1972)

141

Natural gas is responsible for:3.6% of the material cost§ : o

<
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p

of the Canadian chemical industry. As there is such a small pet-
rochemical industry in Alberta it could be argued that natural gas
would account for less than 3.6% of material costs in this province.
However, this overestimation of natural gas costs is balanced by the
fact that the percentage of fuel and electricity costs which are
due to ndtura]!§33 usage was underestimated by accepting the
Canadian figure. This is Locause natural gas is used in Alberta for
purposes ghere fuel 0il would be used in fastern Canada. Material
costs accounted for 30% of the revenues of Alberta chemicals., The
‘pércentage of 1972 revenues which was attributable to the use of
) natural gas as a raw material is eétimatedf}o be 0,036 x 053 x 100%,
Addition of the two natural gas contributions implies comp,,e 1(1)72)
is 0,241 x 0O, 069 4 0, 036 x 0,300 = 0,027,
INTEREST EXPENSE OF THE CHEMICAL INDUSTRY:

; - ~ —
ESTIMATIO

g Interést expens accounted for 1.8% of the 1968 revenues
of the Canadian chem1ca] industry (46) Thus BIE](197Z)/P](]972)

PROFIT REQUIRED BY THE CHEMICAL INDUSTRY:
ESTIMATION OF PROF, (1972)/P, (1972)
; \
The Canadian chemical industry obtained profits of

$0.082 per unit revenue in 1968 (46). Therefore, PROF. (1972)/



P](]972) is 0.082.

LABOUR EXPENSE OF THE CHEMICAL INDUSTRY:

ESTIMATION OF comp27'](]972)

Labour expense accounted for 14.2% of the Alberta

chemical industry's revenues in 1969 (30). Consequently, comp,y 4
YA o

(1972) is 0.142.

The values of all the other nonzero inputs to the chemical
industry were taken from the 1962 Alberta input-output table (44).
Tﬁe following table was then obtained. It shows the fractions of
the 1972 revenues obtaiped by the Alberta chemical industry which
were, used to pay for the various input costs, ?
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INPUT

chemical products

crop products

livestock products

other farm products
fertilizer

feed

rajlroad

trucking

inland water

Pacif}é water

urban transit

taxi ©

aviation

*industrial construction
resiﬁentia1 construction
architectural metals
cement

_forestry

TABLE -2

1972 1HPUT_ VLCTOR OF Tt CHCMICAL TRDUSTRY

FRACTION OF THE CHEMICAL
INDUSTRY S 1972 REVENUES

0.112
0

0

.074

<

<

-101

<

1

o]

.007

144



TABLE D-2 (continued)
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O

1972 INPUT VECTOR OF THE_CHEMICAL INDUSTRY

IRPUT
wood
iron mines
iron and steel mills
steel pipe and £ubé mills
electricity
refinery prodgcts
Oii pipeline
natural gas
bond interest
profit )

wellhead crude oil
wellhead patural gés

labour

**other expense

T

FRACTION OF THE CHEMICAL
INDUSTRY 'S 1972 REVEHUES

0.004
0

0.006

0.020

0,027
0.018

0.082

0
0.142
0.407

* - - l . Ty . N % ) -
the input from the industrial ‘construction industry is a
a result of the repair construction which is required.

*k ‘ . ' ‘ : '
- the value corresponding to other expense is such that the

sum of the figures in column 2 is equal to one.
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THE AGRICULTURAL INDUSTRY

It was decided to divide this industry into three com-

Twe .
.. 'ponent industries: crop farming, livestock farming, and other
, .

- farming. The subdivision was undertaken in order that the -effect
of increased petroleum prices on these component industries could
be estinmted.r Crop farmers produce wheat, oats, bariey, rye,
mixed grain, flaxseed, rapeseed and tame hay. Livestock farmers
produce cattle and calves, hogs, sheep and lambs, dairy prodgce,
poultry produce and wool, "“Other farmers" produce all 61her ag-
ricultural products which are not produced by crop and Jivestock
farms.
Some of thé information used in this section was taken
from enterprise analyses prepared by the Marketing Division of
the Department of Aéﬁicu1ture (47,!48, 49: 50); For ;xamp1e},khf§gr
department analyzed the crop farming enterprise by studying a num-
ber of erop farms, The farmers who Eaké;b%rt in these anaiyseé f
;ré ;orma11y dn the top third faﬁhing;{ﬁcome group. COﬁSEQUéQt]y,i
the analyses are limited in that ;ﬁé} give results which are not
trd]y representative of farmingjfi Alberta. However, they do pointi
out the major operating expegiés of é pacticu]a; enterprise. :
Detailed figure;;g;e published by the Dominion.Bureau of

: /
Statistics (51) and by tHe Economics Division of the Alberta De-

partment of Agriculturg (52) for the Alberta agricultual industry.

~

/
|
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For example, the agricultural industry's expenditure on fertilizer
can be obtained from these publications. However, using this re-
ference alone, it was not possible to determine the fertilizer used
by the component farming industries. To solve this problem it

was necessary to distribute the total fertilizer costs amonq the
three farming industries. lIncome in kind expense, fndustria] con-
Struction costs, electricity CostS: refinery product CQS{E, in-
terest payments and profits were also allocated to the c&mponent
farming industries after consultation with an agricultural econo-
mist (Reg Norby) and a:carefu1 study of relevant enterprise

analyses,
" DISTRIBUTION OF COSTS AMONG THE COMPONENT FARMING INDUSTRIES .

Unless statéé otherwise all the cost distributions will
have been estimated by Reg Norby. It §Q0u1§ be noted”that ne |
based someof his estimates on experience. as defailed in?rﬁ@Ei@é
was not always available. A1l costs for which absolute figures
(dé]]ars) arerquoted are 1971 values a;d they were obtained from

Reference 51 unless othersze specified.
1. DISTRIBUTION OF INCOME INaKiﬁﬂ EXPENSE

Income in kind expense is the cost to the agricultural

1pddstry of consuming livestock or "other farm" products.

f,
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!
The use of crop products by the livestock industry is

not considered to be an income in kind expense aﬁd will be dis-
cussed at a later stage. The income in k;;d expenses of the
agricultural industry due to the usage of Tivestock produgts and
“"other farm” products were respectively $13,882,000 and $4,563,000
(51). It was decided to allocate these income in kind expenses
among the three farming industries in proportion to their annual

values of production. This is done in the following table.
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2. DISTRIBUTION OF FERTILIZER COSTS
‘ ~e
Farmers spent $27,663,000 on fertilizer. About 47 47
' of this money was received by fertilizer plants according to
a source in the fertilizer industry (Chris Freeborn). Consequently,
the agricultural industry paid $27,663,000 x 0.474 = $]3,1]2,000 to f
the fertilizer industry for its product. Crop farmers and “o%her
farmers" are respoﬁSible for 90% and 10% respectively of the ag-
ricultural industry's fertilizer consumption. Therefore, the cost
of fertilizer (valued at the fertilizer plant gate) to crop farmers
is $13,112,000 x 0.9 = $11,801,000, The cost to “other farmers" is

$1,311,000.

3. DISTRIBUTION OF INDUSTRIAL CONSTRUCTION COSTS

U
3

Industrial construction costs are represented in the ags
ricultural price determining eguétions by the variable which 15
ca11ed depreciation 6f farm bui1d1ng;; VThe value of this variable
: :%Qr the agricu1tura? industry was $29,347,000, :The pe;centages of
| this cost é110cated to crop farming,'1ivestdck farming, and "other
farming" were respectively 35%, 60%, and 5%. Therefore, thelfar@ ‘
building depreciation allocated to crop farme}s, livestock farmers,
and "other farmers” was $10,272;000, $17,608,000,§ana $1,467,000

-respectively.



i 4. DISTRIBUFION OF [L[FTRICITY COSTS

1 The agricultural industry paid $10,198,000 for elect-
ricity and telephone services. Assume $10,000,000 of this went

: to electricity companies. $9,500,000 and $500,000 of the agricul-
: tural electricity expense were allocated to livestock farmers and

“other farmerd" respectively.

5. DISTRIBUTION OF REFINECRY PRODUCT COSTS

Thé agricultural industry spent $72,670,000 on refinery
producés. Farmers paid 26.4¢/gallon for gasoline and 13.7¢/gallon
for diesel oil. 011 refineries received 13,%¢/ga110n for gasoline
and 11.3¢/gallon for diesel oiT (Table D~7); Consequently, the oil
refiqerieg received 50% of the money Speng,b; farmers on gasoline
and 48% Of:théif diesel oil é;péﬁditure. Ccnsequé;tiy, as there 1is
~no detailed breakdown of fuel cost% 1t is a;sumed that the oif ren
fineries received 49% of the agricu]tﬁra] iﬁdustry‘s expenditure on
7 all refinery'products. Therefore, the oil refineries obtainedig
'$72,§70,000 x 0.49 = $35,608,000 from this industry. Crop f;?mers
contributed 65% of this amount, 1ive%tock farmers 30% and "other ‘s .
farmers" 5%. Therefore, crop farmers, lfve§tock farmers and "other
farmers" paid $23,T45.000, $19,682,000, and $},781,060 respectively
to the 0il refineries.
, ' ‘2/&
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6. DETERMINATION OF PROFIT/REVENUES FOR THE

COMPONENT FARMING INDUSTRIES

In 1970 profit per unit revenue was 0.197 for a beef

feeder enterprise’ (48) and 0.162 for a crop enterprise (47). In | j
1971, profits were 33.1% of ‘revenues for the agricultural industry.
This value is approximate]y'dgub]e the values given for the two
enterprise analyses. Consequent]y,vit would appear that the enter-
prise analyses give values for profits/revenues wh%ch aré too low.

- The enterprfse anal yses do indicate that crop farmers
obtain a slightly lower amount of profit per unit revenue. However,
1970 was a ba& year for crop farmers. Consequently, it is assumed
that the three component farming industries possess the 5ame value .

'for profits/revenues and this is 0.331, which is the f1gure for

H
i

the agricultural industry,
j
7., DISTRIBUTION OF PAYMENTS ON LONG TERM DEBT
The interest on investment of an enterprise 1is the }e-r
quired return (interest and proflts) on the capital 1nvest¢d “in the -
enterprise. . 1 ‘ i 7
* The 11vestock industry obtains most of 1ts revenues from

the sa]e of. catt]e, calvés and hogs. The cattle and calves pro-

dugjng industry is composed of two Enterpri§és: the, cow-calf

o



enterprige and the beef feeder enterﬁrise. The values of\3nterest  :
on investment per uhit revenué’fdr ‘the cow- calf, beef féeder and hog
enterprises are comb1ned to give a va]ue of thls variable for the
livestock industry, A simi]ar value is known for a cFOp enterprise,
The ]ong term debt interest payments for .the whole agricultural in-
dustry will be allocated on the bas1s of the relative va]ues
of interest on investment per un1t revenue for the crop farming and
Tivestock farming industries.

Interest on investment per un1t revenue was '0.144 and
0. 161 respect1ve]y for a cow~calf enterpr]se in 1968 (49) and
beef feeder enterprise- in 1970 (48). The interest on investment
per unit revenue for the cattle and calves inﬂustry Was obtained " .

o from the equation

interedt on investment fnterest on investment

per unit revenue for _ per unit revenue for al x a

the cattle and calves | beef feeder enterpr15é ,
industry : :

interest on 1nvestment

+ per unit revenue for x ({?a)
a cow-calf enterprise

: (D-1)
This equatidn mérely obtains:a”variaﬁié (1nterest on 1nvestment per
unit . revenue) va]ue from the va]ues of the variable for the 1ndust~‘
ry's. component enterprises. The variable a is a we1ght1ng factor

which depends on the relative income rece1Ved by the beef feeder and

3
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cow-calf enterprises. It was estimated by R. N({f‘l))f to be 0.6
Therefore
‘interest on investment for) R i .
: . = . ¢ 0.6 + 0,14 A= 0,164
cattle and calves industry ) 161 % 4 %0 0.15
The interest on investment per unit revenue for the livestock in- >
~dustry was obtained from the equation: |
interest on investment ([interest on investment
per unit revenue for _|per unit revenue for
the livestock industry the cattle and Ca]ver
N lndustry o
mcome fr‘om cattle and calves o
income from cattle, calves,
“and hogs
intcre ;t on jnvestment pep un1t
revenue for a hog enterprise.
income from hogs  ~ o )
’ g (D-2)
The value of the rati 1nLome from cattle and La] ves ,; zéi was

Tncome from cattle, ca]ves ,and hogs

0,761 in 1971 (51). | | | .

The 1nterest on investment per unit revenue for a hoy ™

enterprise was 0:116 in 1970 (50). Therefore - - -
interest on investment per unit ;:’
[revenue for the livestock 1ndustry] 0.154 x 0.761 # 7‘iQ
- 0.116 x O 239 =

?%;;,;ff” L 0.145



The interest on investment per unit revenue for a4 crop
|

enterprise in 1970 (47) was 0.363. Therefore 2

jﬂﬁcrcﬁﬁPOPthYCF}mCﬂﬁtPFF;Uﬁjﬂgf?ﬁ?ﬂM??fQT,ij@fﬁ?&ﬁmfiﬂlﬂﬁl

interest on investment per unit revenue for crop farming

- L g g9
0,367

3
J ”\_‘1

St

and crop farming. Theref

ore

Y
|

It is assumed that the debt ratio is the same’ for livestock farming

Interest on debt per unit revenue for livestock farming _ o o0
7interést on debt per unit revenue for crop farming
) ; f

(Interest on debt for the
agricultural industry

[interest on debt per)

inz;réﬁt on debt per

anvit revenue for live-
stock farming
¥ i

/

nit revenue for
¢rop farming

interest on debt per)
unit revenue for
“other farming”

X

Livestock
X iBéVéﬂUéﬁ

arop
revenues

z

"Other Farm"
Revenues

{

I3,
¥t
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In the pext few pages livestock revenues, crop revenues, and "other
farm" revenues éré estimated to be 3574,347,000, $545,461,000 and
$54,156,000 respectively, | - , -
therefore

2

64,350 = 0.399y x 574,347 + y x 545,461 + y x 54,156

Therefore, y = 0.078 and 0,399y = 0,031

Consequently, crop farmers and “other farmers" uSed 7,87

of their revenues for dept payments. The corresponding percentage

n

~ for Tivestock farmers is 3.17.

[}
i
i

M

(51, 47 ~ 50),

Enterprise % Laébur Cost Pep
beef feeder ! f$0.]B9
con-calf ; - 0.134

hog 0;200‘
crop 0.232
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Wages to farm labour amounted to 43,798 thousand dollars
(51). Using this fact, Table D-4, and the procedure followed for
the distribution of interest payments, Table D-5 was obtained.
’ <~

TABLE  D-5

LABOUR COSTS PER UNIT REVENUE FOR THE THREE FARMING CATEGORIES

Farming Industry Labour Cost Per
Unit Revenue

crop farming , : $0.047
livestock farming 0.028

“"other farming" ’ 0,047

Consequently, crop farmers and "other farmers

& 1 7u5ed
, Q ;
A4.7% of theip revenues to pay theipr labour costs, The corresponding
g f1gure for Tivestuck farmens is 2.8%. ¢

ESTIMATION OF TOTAL REVENUES FOR THE

COMPONENT FARMING INDUSTRIES

In additio; to the revenues bbtained from-the sale of

; COmm0d1t1es the agricultural industry also received income in k1nd
due to house rent, This amounted to $58,670, 000 (51). This house
rent wil) be allocated to the three farming. industries in proport1on

to their’ annua] va]ues of production, ' Crop farm1ng, 11vestock

5,

o\
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farming, and "other farming” are responsible for 46,57, 48,97, and
4.6% of the value of production of the agricultural industry
(column 3, Table D-3). Therefore, the Hguse rent allocated to crop
farming is $58,670,000 x 0,465 - $27,281,000. Similarly, livestock
fa}mers and "other farmers" receive $28,690,000 and $2,699,000
respectively (column 2, Table Df3)n‘

’ Crop farmers, livestock farmers, and "other farmers”
produced commodities worth $518,180,000, $545,657,000, and
$51,457,000 respectively (column 2, Tab]é D-3). For each farming
industry the total revenue {5 the sum of house rent and production

value, Thus the total revenue for crop farming, livestock farming

and "other farming" 1s $545,461,000, $574,347,000, and $54,156,000

respectively,

s

9]

of the r
venues obtained by Alberta crop farmers in year t which was used

to pay for input j,

CROP PRODUCT EXPENSE OF THE CROP FARMING INDUSTRY:
ESTIMATION OF comp22(1972)

In 1970 crop farmers used 4.3% of theic revenhes to pgy

for seed (47). Thus comp,,(1972) is 0.043,

\
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LIVESTOCK PRODUCT fXP[HS[ OF THE CROP FARMING INDUSTRY:

ESTIMATION OF Comp32(197?)

The livestock expense to crop farmers was $6,455,000
(Table D-3). Their total revenues were estimated to be $545,461,000.
Therefore comp32(1972) is 6,455/545,461 = 0.012.
"OTHER FARM"™ PRODUCT EXPLNSE OF THE CROP FARMING INDUSTRY:
ESTIMATION of CGmp42(197Z) .

Crop farmers spent $2,122,000 on other farm pFOdUCtis
(Table D-3). Consequently, Compq?(1972) is 2,122/545,461 = 0.004,

i

ated that the cost of fertilizer

to crop farmers was $11,801,000, Therefore comp,,(1972) is

11,801/545,461 = 0.022,

RAILROAD EXPENSE OF THE CROP FARMING INDUSTRY:
ESTIMATION, OF congoz (1972)
2

The value of railroad expense/revenues for agriculture

was 0.034 in 1962 (44). Thus comp72(1972) is 0.034.
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TRUCK ING EXPFNS[ OF THE CRUP FARMING INDUSTRY :

fSTIMATION or c0mp52(1972)

In 1962 the agricultural industry used 7% of its re-
venues to pay for trucking facilities (44). Therefore comp g,

(1972) is 0.070.

INDUSTRIAL CONSTRUCTION EXPENSE OF THE CROP FARMING INDUSTRY:

ESTIMATION OF comp 4 2(1972)

The depreciation of farm buildings allocated to crop

farmers was $10,272,000, Therefore Comp, 4 2(1972) is 10,272/

NG INDUSTRY:

For the agricultural industry in 1962 wood product ex-
pense per unit revenue (44) was 0,005, Thus comp,q ,(1972) is

0.005.

REFINERY PRODUCT EXPENSE OF THE CROP FARMING INDUSTRY:
ESTIMATION OF Comp24’2(1972)

Crop farmers pa1d $23 145,000 to the oil r4f1ner165. Con~

i,

sequently, comp?4 2(1972) is 23,145/545,461 = 0,042.
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INTEREST OXPENSE OF THE CROP FARMING INDUSTRY:
ESTIMATION OF B11,(1972)/P,(1972) {

It ﬁas already been ‘determined that crop farmers used
7.8% of their revenues for debt payments. Therefore, 81[2(]97?)/
P,(1972) is 0.078.

PROFITS RFQUIRCDiﬂY THE CROP FARMING INDUSTRY:
£STIMATION OF PROF2(1972)/P2(1972)

It has been estimated that 33,1% of the crop farming
industry’s revenues were attributable to profits, Consequently,
PROF2(1§72)/P2(1972) is 0.331,

LABOUR EXPENSE OF THE CROP FARMING INDUSTRY:
ESTIMATION OF ﬁ@mﬁ27?2(]972) - ‘

It has been estimated that labour expénse accounted for
4.7% of the revenues nga1néd by %fgp farmers. Thus comp27’2(1972)
is 0,047, E

]
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OTHER EXPENSL OF THE CROP FARMING INDUSTRY:

ESTIMATION OF comp,, . ,(1972)

LA L

The value of comp

28 ,(1972) is obtained from the following equation:
27 PROF?( 97x) tm/(mP)
comp, 1972) = 1 -~ ) comp.,(1972) ~ b R —
e | I (1972) P, (1972)
j=1 Pal1972 P2
ko ,(1972) RG,,(1972)
o~ T - — ——— =] -~ [0,043 % 0.012

B r,0972) P,(1972)

e
e
Z
<
<
[Sg

+ 0,004 4+ 0,022 +0.034 + 0,07 + 0,019

+ 0,042 + 0,047] ~ 0.078 - 0.33]1 = 0,793,

-'1\

The following table shows the fractions 01 the cro !

f§::1ng 1ndustry s 1972 revenues which were attributable to thé?vaFngﬁ
¢
inputs,
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TABLE  D-€

1972 IHPUT VECTOR_OF THE CROP FARMING TNOUSTRY

INPUT FRACTION OF CROP
FARMER' S 1972 REVERUES

chemical broducts . 0 i
crop products 0.043
livestock products ; 0.012
ofher farm products 0.004
fertilizer : 0.022
feed ' 0
railroad : 0,034
trucking 0,070
“inland water , g 01 .
Pacific water - @}
urban transit R 0
taxi S 0
ayiation ? 0
industrial construction, . 7 0.61b

:resigentia1 construction 0
archi;éctura1 metals , 0

] ceﬁené ‘ 7 0
!foréstry P ‘. | Q 0



TABLE D-6 (continued)
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1972 INPUT_VECTOR OF THE_CROP_FARMING IHDUSTRY

INPUT
wo o
iron miﬁég
iron and stee] mills
steel pipe and tube mills
electricity
0i1] pipeline

natural gas

wellhead crude oil

wellhead natural gas
5

Tabéhﬁ,

other. expense

»
FRACTION DF CROP
FARMER' S 1972 REVEHUES,

0.005
o

0
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- 3. LIVESTOCK PARMING INDUSTRY

The term comij(t) 1s the estimated fraction of the re-
venues obtained by Alberta Livestock farmers in year t which was

used to pay for input j,

CROP\[XPENS[ Of THE LIVESTOCK FARMING INDUSTRY: -
ESTIMATION Of Comp23(197?)

The crop expense per unit reyenue for the livestock in-
dustry 1is obtained by combining the value of this -variable for
beef feeder, cow-calf, aﬁd hog enterprises,. Craiﬁiand roughage
are considered to be thélérop iﬁputs of the 1ivestock indéﬁtry,

For a beef feeder enterprise, grain and roughage costs were
réipqniibTé fq; 43?72 of revenues (48), For a cow=calf éﬁtéf%fiﬁé

the only available figure was a combined one for grain

To obtain a value for the grain costs of this enterprise it is
necessary to assume that grain costs cogtrjéute the same fraction
of grain and feed costs iﬁ?both a beef feeder and a Cow¥§51f en-
terprise. Thﬂ!afraction was 0.838 (48). Therefore, for a cow-calf

enterprise

— 0.838 (grain and feed costs)]
grain and roughage costs _ |+ roughage costs

—7

revenues revenues -+ N
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Using this equation and the résu]ts of a cow—ca]f‘enterprise analv-
° sis (49), a value of 0.339 is obtained for grain a?d roughage costs
for unit revenue,
The following equation is analogous to equation (D-1),
which was use® when interest payments were distributed.
‘grain and reughage costs grain and roughage costs

per unit revenue for the per unit revenue for a
cattle and calves industry beef feeder enterprise

1

(grain and roughage costs)

:x 0.6 + |per unit revenue for a x 0.4
cow-calf enterprise
= 0,437 x 0.6 + 0,339 x 0.4
= 0.398
For a hog enterprise in 1967 t the value of the rat1o
- grain costs/ (grain and feed costs) was 0,739 (53), Therefore, for
this entérpf§§é= ) :
C T 0.739 (grain and feed costs)”
grain:and_hOQQhage,costsr . 1 roughage costs L
revenues rrevenues '
From this equation and the resu1ts of a cow- ca]f enterprise (50)
,,;;; va]ue of 0.290 is obta1ned for grain and roughage costs per unit
genue for the cathe and calves industry. . z

The fol]owing equation js analogous to equation (D-2).
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grain and roughage costs grain and roughage costs
per unit revenue for = |per unit revenue for the x 0.761
Jivestock industry cattle and calves industry

% grain and roughage costs
+ [per unit revenue for a x 0.239
hog enterprise

n "».
= 0,398 x 0.761 + 0.290 x 0.239 :

0,372

U

.

Therefore, 37.2% of the livestock industry's ;evenues are
used to pay for crop products. JIn 1968 transportation charges were
responsible for 7.17% of the wholesale price of oats (64). éon~
sequently, it is reasanéb1e to assume tmv  7.2% of the livestock

xpense was due to freight charges;

3]

farmer's crop

Therefore Omp23(1972) is 0,372 x70.928 = 0,345, T
vl

LIVESTOCK EXPENSE\OF THE LIVESTOCK INDU@%RY

ESTIMATION OF. COWP4J(] 972) Tzkgv

The 1g§?stock expense a?located to the livestock industry

was $6,788,000 (Table D- 2). The.revenue? of th1s industry were

‘\\\.$574,347,000 Therefore comp33(1972) is.6, 788/574 347 = 0. 012 ’

VOTHER "'FARM" PRODUCT- EXPENSE OF THE LIVESTOCKVINDUSTRY:

ESTIMATION OF COmpA3(1972) P S

The 1i§estock industry spent $2,23],900xoh "other farﬁ“f.

products’ (Table D-2). Thus comp,,(1972) is 2,231/574,347 = 0.004. * |



‘(\. < X ' ](l“
-~ ’
FELD EXPERSE OF THE LIVESTOCK INOUSTRY =
ESPIMATION OF ¢ omp (]‘)/ ) l\\

The agricultural industry spent 550,000,000 on feed.  As

there are no intermediate industries and little transpertation in-
: 4 : i
volved, about, 955 of this money was received by fteed mills.,  Assu-
-

ming that all of the feed was consumed by the livestock indus try,
then the feed mills received 350, O(? 000 x 0.95 = $47,500,000 from
this industry, “Therefore, ¢ |p,, ]97 ) is 47 )OO/J74 347 = 0,083,

§s

7 RATLWAY TXPENSE OF THE lIVFSTOU INDPSTRY

CSTIMATION OF comp, . (1977) |

a

~J
Sl

It has already been est?mated that 5% of feed expense and
? Zp of crop expense were ttrlbutab1e to LruCk1ng charges In
1968 frelght charges accounted for b%\of the price: pf gaso]1ne (%4

7C0nsequent1y, 1t 1s assumed that 67 of reflnery product expense is
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3

due to trucking costs. Using these values the following equation

is obtained:

Trucking expense} (Crop expense 0. 077
per unit revenue per unit revenue Y

[gsq engan perl o 9. 05
unit revenuye
B
¢
4 “finery produc 15€] R
. Rffinity pfugggg expense « 006
per unit revenue

(D-3)

Crap expensc per unit revenue is 0,372, feed axpanse per unit

revenue 1% 50,000/674,347 = 0,087. The agricultural industry spent

$72,670,000 on refinery products, Livestock farmers contributed

R LR , "
The deprec{atjon of farm‘Builﬁlng% a11ocated to ‘the 11ve*;

_stock 1ndu5try was '$17,608,000, Therefore COMp 1, 3(]972) is Lo
17 608/574 347 = 0.031. ™ o
Lo & o
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JOD PRODUCT EXPENSE OF THE 1L IVESTOCK TNDUSTRY:
ESTIMATION OF compig (1972) ’

Hood product cxpense per unit revenue in 1967 was 0.005

for the agricultural tndu try (44).  Thus comp g j(1)/ ) fs 0.005,
ELECTRICITY FXPENSE OF THE LIVESTOCK INDUSTRY :
977 ’
//
) / v

ESTIMATION OF COmp,, 5 J(])P)
The agriculdural electricity expense assigned to the
: Cf'iéquﬁnt1y,

Hiyestock farming industry
comp,~ ~(1972) is 9,500/ 674 347 = 0,017, ;
;5,; : ! A ‘.\
RE TINFRY PRODUCT EXPENSE OF THE. LIVESTOCK FARMINU ANDUSTRY ;
atl
TOCK FARMING INDUSTRY o

INTERtsT EXPENsE DF T HE I

ESTIMATION OF BIE,(1972)/P,(1972)
. L ] 5\% ;7 :
Livestock farmers used 3.1% of their revenues for in-

Thus BIE,(1972)/P4(1972) is 0,031

terest payments

Y
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PROEITS REQUIRLD BY THE LIVESTOCK PARMING THDUSTRY :
ESTIMATION OF PR0$3(19/7)/P3(19/2)

‘?J\
33.17 of the Tlivestock farming industry's revenues were

due to profit requirements.  Consequently, PR (]97 )/P?(]97?)

is 0.331.

LABOUR EXPENSE OF THE LIVESTOCK FARMING INDUSTRY

CSTIMATION Or Comp

/7,l( 972)

Labour expense accounted for 2.87 of the revenues ob-

tained by livestock farmers.  Thus éémp27a3(1372) is 0,028,

ESTI MATIUN UF THE 1972 INPUT VFCTUR OF THE LIVESTOCK

FARMING TNDUSTRY

i

nb]u shows the ffa;t10n5 of the ]i”’StQ§k¥

41

fa rm1ng 1ndustry 5 1972jﬁéVéﬂué§ which were due to the use of

various inputs, " -
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TABLE D~/

l?/ﬁwJ?“?{LuyiﬁJfﬁifU,7J“;,L¥V‘§J0ﬁﬁﬂJJUNE{PRY

ii

INPUT , FRACTION OF LIVESTOCK
FARMURS* 1972 REVENULS

chemical products C 0
crop prodacts ‘ 0. 346
Hvestock products 0.012

other farm products 0.004

fertilizer : 0

o)
—~
jee]
e

feed : N 0.08:
rallroad ; 0

trucking .

f
.. wn]
LS ]
L

inland watep S \ .0

]

e

A
I
s 1

"1 taxd L 0

ayiation
L
industrial constpuction

=)

fan]
‘O‘
L]
_
—

'% -residential construction "o 0

R

afchitectural metals ' ) "0 hv,y;::f
~ cement 0 . o y o

‘:‘ffﬁorestry' ‘ : : 0
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TABLE D-7 (continucd)

_UUZUUUHUHW!JDK(UJJHLJlyfﬁﬂﬁf,1WUFJRX

INPUT \. FRACTION OF LIVESTOCK
PARMERS 1972 R VEIUES

wood | 0.00%

iron mines v 0 -
iron and steel mills 0 \

steael pipe ﬁﬁa tube ﬁi%]i g 0

electricity, - | 0.017 .- b g o

refinery products ™ o - (019

bond interest L 0,031 B . .

=
’\
]
—d
-
7
o
£
AT
]
-
ZL
o
fo]
et
e
<

<
-

£

f wellhead natural gas
, l X

labour .061

other expense

<O
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4. "OTHER FARMING' INDUSTRY

fhe tern comﬁja(t) i5 the estimated fraction of the re-
venues obitained by the "other farming” industry in Alberta in year

t which was used lo pay for input j.

7 LIVESTOCK PRODUCT EXPENSE OF THE "OTHER FARMING™ INDUSTRY :

ESTIMATION OF Comp34(1972)

The ]1vcstock pruduct expense and the revenues of thﬁ

"Othér‘farm1ng JAndustry were estimated to be respectively, $639 000

(Table Ds?ﬂ and $54,156,000, Consequently, Lonp 4( 972) i}‘

The "other farmlng” industry spent $210, OOQ on "other

farm" P!"GdUéES (Tab 'é D-3). Thus Cijfﬂzpqq(jgﬁ) is é?D/w’L 56 =

_ ] g : ’ [ =

Q;OOQF : : : LI

FERTILIZER EXPENSE OF THE "OTHER FARMING" INDUBTRY ’
ESTIMATION OF Compc4(]972) . £

» ¢

The agmcu]turaj fermhzer expense ass1gned to "o®her

farmers" was $1,311,000. Therefore, comp54(1972) is 1 311/54 155 o

~

= 0. 024, ’ P | R o,

s



RATLROAD EXPLNSE OF THE "OTHUR FARMING™ INDUSTRY:

FSTIMATION OF comp 1972)

/¢
An 1962, the agricultural industry used 3.4% of its
revenuces to pay for the céit of railroad facilities (44). C(Con-

sequently Cump74( 977) is. 0,034

TRUCKING EXPENSE OF THE MOTHER FARMING™ INDUSTRY:
xTIMﬂTION or Lump84(1972)

¥

Trucking expense per unit revepue for the agricultural

(1972) is 0.070,

industry in 1962 was 0,070, Thus Compgq(

"

INDUSTRIAL CONSTRUC TION EXPENSE OF THE "OTHCR FARMING" IHDUSTRY:
L ;

ESTIMATION OF Cﬁmquri(1§72):

WOQD PRODUCT EXPENSE OF THE "OTHER FARMING” INDUSTRY:

ESTIMATION OF comp,q ,(1972) =~ CL

;‘f /
For the agrlsuliura] ihdustry in 196? wood product ex~

‘pense ber unlt revenue was 0,005 (44) Tﬁhs comﬁ]g 4(1972) is. GALOS

‘i. .

175
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ELECTRICITY EXPENSE OF THE “OTHER FARMING® IHDUSTRY

STIMATION OF comp. 972

73, 4(

The electricity costs of the “other farming” industry were
estimated to be $500,000. . Consequently, Comp, 3 5(]977) is
500/54,156 = 0.009.

3
;

REFINRCRY PRODUCT [XP[Ni( OF THE "OTHER FARMING™ INDUSTRY:

ESTIMATION OF comp,,, ,(1972)

P‘z

“Other farmers" paid $1,781,000 to the oil refiperjes.

Therefore, Lump24 4(1972) is 1,781/58,156 = 0,033, ’

INTFR[ ST EXPENSE OF THE "OTHCR FARMING" INDUSTRY

*Other.farmers! u5¢a 7.8%

~d
o]
e

payments, Th's 81t4(1?72)/?4(197z) is 0.078,

PROFLTS REQUIRCD BY THE "OTHER FARMING® TNDUSTRY:

&

ESTIMATION OF PROF,(1972)/P,(1972) '~ .«

iThé "other farming”" industry used 33.1% of its revenues

to meet its profit requirements. ConSEQUént1y,’PROF4(1972’/P4(1972)

4
A \ o
-

r

i510.331, " o R o
A3 O o - & T
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LABOUR EXPENSE OF THE "OTHER FARMING" TNOULTRY:
ESTIMATION OF comp, 4(1")/?)

Labour expen.e, accoupted for 4,77 of the revenues ob-
tained by the “other tarming” industry, [hus coap., , 4(1;')72’) 19
0.047.

ESTIMATION OF THE 1972 JNPUT VECTOR OF THE "OTHER FARMING®
INDUSTRY o
m o ’ .

The following table shows the fractions of the "other
farming” industry's 1972 revenues which were attributable to the
various inputs, o y

A f &
i H
p !:: )
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TABLE D-8

1977 INPUT VECTOR OO THt “OTHIR}]VUyNQi'Uﬂ&fJRX

INPUT

chemical products
crop products
Mvestock Drodvét%
other fqrm products
féftjii?éf
féed ; .
r§i1r@aé 5

trucking

ug;anltraniité

ta;i

aviation

,induétrial coﬁitructfon
residential Constructicﬁ
'architécturalrmetals
"cement

fofestry /

e N -

K

,,,,,,,,,

FRACTION OF THE "OTHER
PARMERS” 1972 REVERUES

/ <
tan]
S

<
b
b



1ABL é& D-8 (continued)

L 3

o4

. 1972 IRPUT VECTOR ( JEOTHE "OTHER FARMING™ INDUSTRY

NPT

on mines

¥

iron and steel mills
steel pipd and tube mills |
éiéctfié%ty

‘refinery products

011 pipeline

', natural gas

bond inte

VPfoiE— ' st

wellhead crude oil
we'l Thead natura]F@aﬁi;

labour

other expense = o

FRACTION OF THE
|t ARMERS™ 1977 REVENULS

4 Y

0.005

0

o]

<

oy
<
<

=

s
at
T

047
.326

179

()



A

£

2.

The Dominion Bureau of

for the mixed fertiliz

equivalent of the fertilizer
the whole of the fertilizer manufacturing process,
in the production of Tertilizer -is

into ammonia and ammonia compounds .

A

analyses the situation after this C@ﬂVCFﬁTOﬁ has taken place
ﬂ

equen t]y, agmonia and {ts.co

“this industry,
lysis embraces

ipcludes the conversion

pounds, - Thus natural

A1l of the lnformqt1on used was obtalned fro

©r

The fertilizer indUétryfa% thquhf of in this

180

FERTILIZER INDUSTRY

Statistics only publish fiqures

indu~try. This industry is not the

industry in that it does -pot include
The first step

the conversion ofsnatural qas

The mixed fertilizer industry
Con~

mpounds are xon) idered as lnputs to

ana-

Eoox

manufacture,

proces ertilizer Tt

natural gas into ammonia érﬂﬁ?‘t?m%
., ¥

and:not ammonia is ‘an, input of the

i
| ogues were no

"o

I

€ are

The

‘industr‘y mﬁydifﬂ

ferent types of fertilizer and they have a wide range,lﬁ prices,

Before the data was given it was weighted to allow for .these dif-

ferences.
table.
approximate.

\

3

'\

It should be noted that the figures in this table are @ -

L 4

The information acquired is summarized in the following
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TABLE  D-9

y : 3
INPUT COSTS PER TON DF FIRTILIZER

INPUT - . : COST PER TON OF
- FERTILIZER PRODUCE D

chemical products . $0.3 -

railroad charges $3.3

.

truck charges $1.1

Pacific water transport charges - 36
TN . 0 ! . i FW‘

ower g . $1.0 [

ta]

electric
natural gas . 7 $2.6 C B ®
labour costs

-~

|
The average value of fartilizer ‘at the plant date s $46 per ton, |

L £STIMATION G?:THEf]972 INPUT VECTOR OF THE FERTILTZER INDUSTRY . ,/ ‘

f’

" which*has just been displayed.

/%
/

The following table was éasjiyiODEGfﬁédngOmﬁth fhfo:jptinﬁ

T »
- Rl
. B
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TABLE D-10

L

INPUT ' FRACTION OF THE 1972 RE W NUECS
OF THE_FERTILIZER TNDUSTRY
Of THE_FIRJILIZER IHOUSTRY

Cﬁemica] products . " 0.007

,F’ crop products : 0
Tivéstock products : 0

-~ othér farm products b 10
férti]iZér \\ |

feed : - . ) 0

=)
"~
R

railroad fn : 0.0

-
o
.

trucking 4 ’ 5 0.C

inland yatéF . a0

[
(o]

Pacific watep i , : : . ; 0,13°

‘aviation T : 20 e ; ’

industrial constpuction 0

résideuti%] constryction o0 0
%z

architectural met

' A
$ 0% ™
cement f . -0 : \

forestry - - -0

A
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TABLE D-10 (continued)
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%UZVHWUIV![UWJM/]MfoﬁJLU{RJNMﬁJﬁ[-

INPUT

wodd

iron mines

iro% and steel mills
Ste§] pipe and tube hi]]s
é]éCtFiCi&y

refinery products

oil pipeline

natural gas 5
bond interest

7pr0fit?=

'wellhead crude oil

wellhead natural gas
“1abour

other expense

i

el

r

FRACTLON OF THE 1972 REVINUES
OF THE FERTILIZER INDUSTRY

i
X

0 A

0.022

d
<
L
fad]

0,156

0,527
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6. FEED MANUFACTURE RS

PRI -

All of the data in this section was obtained from DBS
catalogures (31, 55, 56, 15), the 1962 Alberta input-output table,
and a report prepared for the Royal Commission on transportation
in the prairies (54). Unless stated otherwise the data used in
this section applies to 1961,

The term compjﬁ(t) is the estimated fraction of Alberta
feed mill revenues in year t which must be paid to industry j for
the use of its product or service.

F

CHEMICAL PRODUCTS EXPENSE OF FEED MILLS:

st

ESTIMATION OF comp,((1972)" -
~ The perLenta of the mater1a1s LOStS of Canad1an feed -
:ml]]s wh1ch 1s due to the consumption of Ch 1cal products (15)

i 0,41, From 1967 to 1969, an average of 75.7% of Alberta feed
miji revenues was used to pay for raw materials (31, 55). Con-
sequently, comp, (1972) is 0,004 x 0.757 = 0,003,

Al AT

CRQP_PRODUCT EXPENSE OF FEED MILLS:
ESTIMATION OF comp26(1972)

3

The average fraction of Alberta feed mill revenues at-

tributable to the payment of croptproduct expense in 1968 and 1969



(59) was 0.303. This vaTue \Q(]udru the tranwportation of oo p
products to the feedmill.. About S0 of crop product fopen e

is due to trygpsportation (54).  Theretores, <,unqh,((l‘i/2) 1
Y

0.303 x (1 -~ 0.0551) = 0.286. 5!93%
"OTHER FARM" PRODUCT EXPLNSE OF FLLD MILLG: .
ESTIMATION OF compqi(1972) .

&
" "Other farm" product expense i ponsible for 0,57 of
the material costs of a Canadian feed mill (15). Thus, using the

average fraction of revenues for 1977 to 1769 which is attributable
A ' g

r

(g

to material costs, C@m34:(1f2?) i 0.005 x 0.757 = 0.004.

/" Feed mill product expense

" material costs of a Capadian feed mil1(15). Conséquently, compee

' (1972) is 0.101 x 0.75 = 0,076, o .
RAILROAD EXPENSE OF FEED MILLS:
ESTIMATION OF comg(1972) o C

For Alberta, grain mills in 1962 (féed mi1ls and f}gkﬁ

mills) railroad expense accounted for 1.1% of revenues (44), Thus

- comp,(1972) s 0.011.

-~
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Flrvlon ,
A,
Fruching cropenre vy, r“,ﬂuﬂ‘lll“ tor 4.1 gL the roevepny e
& "

f

[
/
.
A
tantedquently,

[
S

recerved by Alberta cgrann o ro bl in 1068 'A])

(uMp}((]V/Q) P 0Lpal,
FHOUSTRIAL CONSTROCTINON TXPLNST OF (0D ML
(19/72) : . |

C”mpiaaﬁ
Accountod

tor 2.1

ESTIMATTOH of

;?:,;',.

Induntrial repalr construction agpenss
i

s .
af «the revenues received by Alberta qrain wllls in 1@Q§ (Ai}a
.. A(1972) s 0,021,
?’Mab(' /7)) i1s 0,021,
A

o
Theérefore, con

CLomiLL PRODUCT EXPENSE OF FEED MILLS:

TRON AMD STECL

g

&

of . the material costs
(1972) “is 0.003 x

ELECTRICITY EXPEHSE OF FEED MILLS:
\;ESTIMATION oF C@n?23,6(1)72)
For Canadian feed mills in 1968 and 1969, electricity



3

e N ) & . - @

: T e & >

\ . .
erpense accounledd foroan o average of 4% of their fuel and e dect-
rrciby ot (55, 50) 0 The aver age percentage bf theé revenues ob-
tained by Alberta fecd mtle in the 'vears 1967 to 1969 which was

attributable to fuel and olectric Ly expense vag 1.275(31, S55H).
‘ . .

Thus o, , :(1"!/[7) in 043 x 0012 < 0.005, o
<, 0

PECTHERY PRODUCTS TXPLast 0F 1060 MILLS:

ESTIMATION OF Cony (1972)

| -
24,6

For each dﬁl]af}woFLn of fuel and electricity consumed in
1970, Canadian feed pills used 0.04 gallon of gasoline and 0.75

gallons of fuel oil (56). 1f 147 (explained at 'the beginning of iéa

&~

this Appendix) of this qu1 ﬁi1 15 diesel oil, then the quantity

of diesel 011 consumed wis 0774 x 0.75 gallons = 0.105 gallons.

NATURAL GAS EXPENSE.QF FEED MILLS:
£STIMATION OF'Comp26/,6(1972)

Natdra]'gas expense accounted for'7,9% of the fuel and

En)
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eléctricity expense of Canadian foed mitle in 1970 (56).  Consequent-

Iy, comp, 26, 197) 00 0079 % 0012 -~ 0.001.
t

INTLRUST Uxpeist Oof FUED MILLS:

LSTURALLON oF BlE (1972 /P (1972) !

For Canadian grain mills in ]Qbu, interest payments
accounted for 1.2 of revenues (46).  Therefore, Gif (197‘)/P (1972 )

is 0.012.

PROFITS REQUIRED BY FELED MILLS;

ESTIMATION OF PROF((1972)/P(1972)

Profits per unft revenue obtained by Canadian grain mills

in 1968 were 50.036 (46), Thus PROF (197 )/P (1972) is 0.036,

ESTIMATION OF comp27;6(]972)
A]bér‘ta feed mills Uiﬁd 9.8% D’f their 3969 Tévéﬂué;&i SR

pay théifs1abOUFVC©StS (55)52 ConSéquént1y, comp 6(1972 is 0.098,

ESTIMATION OF THE 1972 INPUT VEGTOR OF THE FEED IUbU§fRY:

i
A i
i

,The following table shows the fractioqﬁ of the‘g972 re-

venuesfof_féed mills which were used to pay fovfthéir various. inputs.

A {

-~
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TABLE D-T1

1977 IKPUT_VECIOR OF THE FEED JHDUSTRY

INeUT FRACTION 0F 1972
A FILD PRICE

chemical products ' 0.003- !
crop products | o ‘ ' bﬂ286
]ivesto%k products 0
- other farm p}oducﬁs C 0.004
férti?izér 0
feed 0,076

ratlroad | C0.01

trucking ; " 0,041

inland water 0

Pacific watéf | 0

urban transit ! 0 f; ; . !

é@iat?on %, : ' i EO%E |

industrial corfstruction - O:OET

residential construction’ | 0

architectural metals 0

' cement - i' C I‘ 0
e 0

forestry
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TABLE D-11 (continued) v

1972 INPUT VECTOR OF THE FEEFD INOUSTRY

»

IeuT FRACTION OF 1972
o FEED PRICE

wood o 0
iron mir}(:';‘ . 0
iron and steel mills VR
stee]l pipe and tube mills ' 0]
zéiectrici}y : - T 00005
frefinery products S S 0.001
oil pipeline =~ i : 0
natural gas T:i . 0,001
bond interest ) i REEE " 0,012 i L vy
profit ? §: o : EéiOBG CoaT, B
“wellhead crude ofl .- 0 |
wellhead atural gas L '@i ey
labour : " S S

other expense ‘ 0.403



&
b ~
A oy
* 7. RAILROAD INDUSTRY
”
” . h 4
! The informatien used in this section was {gken from tho

»of the 1970 DBS catalodues on railroads (57, 58) and thé 1962

Alberta Input-Gutput Table (44). Unless otherwise stated, the figures

B -
] . >
taken from the DBS catalogures were obtained by combining the data for

y

the Canadian Pacific, Canadian Mational and Northern Alberta railroads.

INDUSTRIAL CONSTRUCTION EXPENSE OF THE RAILROAD IMDUSTRY:

ESTIMATION OF CDmp]477(1972) -
. L1

Depreciation of road property accounted for 4.4% of re-
venues in 1970 (57). Therefore, comp, 7(1972) is 0,044.
~
TIRON AND STEEL MILL PRODUCT EXPENSE OF THE RAILROAD INDUSTRY:

ESTIMATION OF GO’p2177(1972)

\

4.43% of the revenues of the Alberta railroad industry in 1962 (44).

The -use of primary metal products was Eésponsib1e for
The percentage qf the cost of primary metals to the Canadian gvans-
rpdrtaiion and storage industry in 1961, which was attrfbatab]e to
iron and steel mil] products (15), was 44.4%, ‘Qo;sequent1y,

i , .

.

compy, . 7(1972) 15 0.043 x 0.444 = 0.019. *

191
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REFINARY PRODUCT LXPENSE OF THL RAILROAD INDUSTRY:

ESTIMATION Of chp24 7(]9/?) -

»

Canadian railroad companies 16,197Q éonsumea 0.029
gallons of fuel oil, 0.249 gallons ?f diesel pill and 0.003 gallons
of gasoline %or‘egch dollar of revenue received (57, 58). 0il
companies received78.4¢/9a11on for fuel oil, }1.3¢/gal1on for diesel
, 0il and 13,3¢/ga}10n for gasoling (Table D-1). Therefore, conp,,
(1972). is 0.029 x 0.084 + 0.249 x 0.113 + 0.003 x 0.133 = 0.031.

N

" INTEREST EXPENSE OF THE RAILROAD INDQSTRY: "

ESTIMATION OF BIE,(1972)/P,(1972)

" The percéﬁtage of révenues which was used to pay interest

expense in 1970 (57) was 5.7%. ' Thus é&E (1972)/P (1972) is 0.057.
~

PROFIT REQUIRED BY THE -RAILROAD INDUSTRY:
ESTIMATION OF PROF7(T972)/P7(1972)3’
| : | oo .
N Net ircome befowk tax was responsible for 1,4% of the 1970

revenues (57). Consequently, PROF,(1972)/P,(1972) is 0.014.

LABOUR EXPENSE OF THE RATLROAD INDU%JRY
.ESTIMATION OF Comp27 7(]972)
.

f‘

Laboq}%expense accounted' for 50.3% of revenues in 1970
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&

(57, 59). Therefore, comp,, ;@]972) is 0.503.-)
¢

ESTIMATION OF THE 1972 INPUT VECTOR OF THE RATLROAD INDUSTRY

-

! » : [}
. The following tdble shows the fraction of theé railroad
industry's 1972 revenues which were ysed to pay for its various im<

puts,



o

TABLE D-12

-

1972 IHPUT VECTOR OF THE RAILROAD INDUSTRY

-

INPUT

chemical pfod@cts
crop prgducts
]ivegtock products
other férm products
fertidizer

feed

railroad

trucking ,

inland watér
Pacific water

yrban transit »
kaxi

aviation f%
ﬁndhstyial’constru%tion‘
: #esideAtiai construction
'architectural metals
cémeﬁt |

fogésfny

e,

Y

i
~

-
v

N

FRACTION OF THE 1972 REVLNULS
OF _THE RALLROAD_THDUSTRY

i

r

-

Eat )

000 o oo o o

[l
E
£

P



TABLEL D-12 (continued) o 1\

1942 1NPUT VECTOR OF -THE RALLROAD_INDUSTRY

INPUT FRACTION OF THE 1972 REVENUES

OF THE RAILROAD IHDUSTRY
W

wood 0.018
~iron mines .0 o
iron and steel mills 0.019
steel pipe and tube ﬂij{; l 0
electrjcity \ 0,001
réfinéry products | ! 0.031
0il pipeline 0

natural gas . 0

<
L
~

boﬁd interest ! 0,
profit : S 0,014

wellhead crude ofl ' L0

[
"

w 0.503

S Teen
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8. TRUCKING INDUSTRY

In this section all of the data was obtained from DBS
]

catalogues .(‘60, 61). Fiqures for carriers with annual operating
revenues gregter than $500,000 were obtained in Reference 60,
Corresponding figures fpr’ carriers wjth annual revenues between
$20,000 and $99,999 were taken from'RnferenCeq61. €ombiﬂiné the
data obtained %rom these sources it was possible to calculate de-
sired ratios for all carriers io Alberta with revenues in excess
of $20,000. Sufficient da%a was pot avgi1a§1e for carriers with ; f?
revenues less than $é0,000; Inﬁ]969. gffmjfﬁith revenues greater
than $20,000 were responéibie‘fog about 98% of thé“TéVéﬂuES ob~
tained by thé trucking industry (€0, 61)., Thus it is reasonable
to assume that the ratios calculated for these firms will be valid
for the whole of the trucking industry,

The term comp

(t) is the estimated fraction of the

K

y's revenues

in year t whi

W

TRUCKING EXPENSE OF THE TRUCKING INDUSTRY:

ESTIMATION OF compg(1972)

Trucking expense s the cost incurred by trucking com-

panies “in using the services of other trucking firms. The value



of comp88(1972) is the average of the corresponding va]ueg in 1968
and 1969 as obtained from References 60 and 61. This 4%70»?&6.
g .

REFIRERY PRODUCT EXPENSE OF THE TRUCKING INDUSTRY:

SSTIMATION OfF Lomp24’8(19/2}

For.each dollar of revenue obtained in 1969 the trucking
industry conﬁ&med 0.052 gallons of gasoline and 0.152 gallons of
.diesel oil (60, 61). 0il réfineriés received 13,3¢/gallon of gaso-
line and 11.3¢/gallon of diesel oil (Table D-1). Consequently,

Comp24’8£J972) = 0,052 x 0.133 + 0.152 x 0,113 = 0.024.

’

-~

ESTIMATION OF THE 1972 INPUT VECTOR OF THE TRUCKIMG INDUSTRY

The following table shows the fractions of the trucking
industry's 1972 revenues which were used to pay for various inputs,
The nonzero values whigh have not already been explained were taken

- Ay

from 1969 DBS - catalogues (60, 61),

]

197
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TABLE D-13

“+
A

1972 INPUT VECTOR OF THI TRUCKING INDUSTRY

INPUT ; . FRACTION OF THE TRUCKING
} - INDUSTRY'S 1972 REVENULS
o ‘,"
w'\xchemica] producmz 'm? t« ? 0
g;ngﬁréﬂucts h" i?f ’ 0
livestock produc;ya.‘}, 0
other farm producgs a - 0 v
fertilizer 0
feed ’g; ) 0 1
railroad : 0
trucking . 0.286
inland water “ S 0
Pacific water . | 0 R
urban transit 0 e '
taxif : i 0" | /
aviaf,’n
:induskrigT;COnstruct?on A
residential construction ¥

architéctural metals
cement

forestry
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TABLE D-13 (continued)

972 INPUT VECTOR OF THL TRIKKING 1NDUSTRY

INuT 7 FRACTION OF THE TRUCK TG
IRDUSTRY'S 1977 REVENUCS
wood 0
iron mines i 0
iron and steel mills ; | 0
steel pipe and tube mills 0 ) [
electricity ' 0
refinery products ©T,0.024 ’
oil pipé]iné . 0 |
natural gés 7 ‘0
bond interest o O‘:
profit o 0,058 :
we?Theéd crude 011 % 0 - .
wei]héad natural gas ‘7 0
labour
othep:expense
14



oo THE TTEAND UATEE TRALSORT TRDUS TRy

L TN

the andand waler transport ndustey 1 componed of a1

¢

those carvicrs whoog principle veajon of operation s the "ialand
walers" an detined sx the Canadian Shipping Act,  There i< eoappn-

.
Tially mo transfer of materials within Alberta by means of water
(

transport. The inland water tranwport industy is included in the
analysis becaune part of the co<te of the iron mining indu~try ‘fr'rﬁ
due to trantportation of nmlmria]'.!L(ﬁlh(ﬁ'mincr by inland watey
transport. All of the data used in this section was obtained from
a DBS cataloque (CZ)i Unless stated otherwise the figures used

L

e carriers which operate in the inland region of Canada.
A

on "other farm" products, Cdnsequently, 1.3 x 50.5% & 1,0% of thc
66.5

revenues of the inland water transport industry were used to pay

for Tivestock products, Similarly, 0.3% of revenues were spent on -

Hother farm" products. Farmers received 54.4% of the retail price

201

o

it
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Wl

of Tivestock products (Lection on labour industry). Theretore,

compy o (1972) v 0,010 x 0644 0,005,

“OTHLROPARM® PRODUCT DXPEHsSE OF JHE THEAND WATEK TRANSPORT INDUSTRY

FSTIMATION OF comp -

2 o(1977)

"Other farm”products accounted for 0,37 of .revenues,

Farmer< obtained 25 47 of this amount (<ection on labour industry).

Consequently, comp 9(107?) is 0.003 x 0.254 = 0.001.

REFINERY PRODUCT [XPINSE OF THE LHLAND WATCR TRANSPORT INDUSTRY:
ESTIMATION OF conp,,, 9(1ﬁ7é) 0

For each d©]1ar of revenue ohbtained,..the inland water .

201 gallons

N

transport industry consumed 0,557 gallons of fuel oil, O,

T

0il and 13,3¢/gallon for gasoline (Table D-~1). Therefore, comp,, o

0.133 = 0.071. ) E y | \\
P

INTEREST EXPENSE OF THE INLAND MATER TRANSPORT-INGUSTRY:

(1972) 'is 0.557 x 0,084 + 0,201 x 0.113 + 0,003 x 0.508 + 0.001 x ™

ESTIMATION OF BIE9(1972)/P9(1972)
: 74 \ - .
For carriers with revenues gréater than $50,000 interest
, . .
&

)
Y



)

R

"ESTIMATION OF comp

expense accounted for 3.5 of revenues.  (onsequently, Blfg(IQZY)/

P9(1972) is 0.035.

PROFIT REQUIRED BY THI INLAND WATER TRANGPORT THDUSTRY:

.
™~

(1972)

ESTIMATION OF PROF9(197§)/P9

Net income before taxes was 1057 of revenues. Therefore,
PROF9(197?)/PQ(1972) is 0.105.

L

INDUSTRY :

LABOUR £XPENSE OF THE TNLAND WATER TRANSPOJ

27,941977)

Labour Qxﬁé%ié accounted for 31.87% of revenued. Con-

sequently, comp,, g(]972)%fﬁ 0.318,

e} : "
© ESTIMATION OF THE 1972 IHPUT VECTOR OF THE INLAND WATER
TRANSPORT INDUSTRY
i N ﬁ

The following table shows the fractions af the inland

watgritranséort industry's revenues which were used to pay for

various inputs.

_— .
R Rer s
BTN -
® ,
B {

202




TABLE D-14

(972 INPUT VICTOR OF THE THLARD_WATER TRAISPORT THDUSTRY

INPUT

chemiga] products

crop products

]ivgstock products -
other farm products
fertilizer

fééd

“railread

trucking

inland water

Pacific water

urban transit

_ taxi. ] Tt
aviation - ;
i;dustrial‘conétrggij{ﬁi
residgntial con;tructioﬂ s
architectural metals .

cement

e

forestry

-

FRACTION OF THE

<

o ©o o o o o

1972 REVENUES OF
THE INLAND WATER TRANSPORT INDUSTRY

005

.001

203

9
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TABLE D-14 (continued)

A2

+
i 1

1972 _INPUT VECTOR OF THE INLAND WATER TRANSPORT INDUSTRY

FRACTION OF THE 1972 RLVENUES OF

INPUT
N THE _INLAND WATER TRAN%PQ{?HUHEJBI
. y
wood 0
iron mines T 0
iron and steel milis 0 §§§
steel pipe and tube mills 0 g
: g
‘electricity 0
refinery products l\ 0.071
~oil pipeline \ 0
natural gas A 0
bond interest o 0,035 .
profit 7 0,705
wellhead crude oiT ! 0 o
3 5 - iy - 7{)‘ ,\).
wellhead naturaffgas 0 'ggi“ EN
labour 0.318 ¥, T
s 4 " ‘%;:‘? :
[ expense 0.465 PRI
Y e
: R N
- i .”
- e "
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/

10, PACIFIC WATER TRANSPORT INDUSTRY

N

The Pacific water transport industry consists of those -
carriers whose principle region of operation is the waters adjacent
to the Pacific coast. }Th1s industr} is included in the ana?y@ﬁs
because part of the cost of raw mateféals to fertilizer plants ini
Alberta is due to the expense involved in transporting them through
tﬁe Pacific waters;

Using the same source of ihforﬁatiéﬂ (62) and the same
procedure as for the inland water transport industry the fo]]owing'

A 4
table was constructed for the Pacific water transport industry.



}

R

B

f

TABLE D-15

1972 1nbut VICTOR OF THE PACIFIC WATER TRANSPORT 1NDUSTRY

i

g
4
INPOT
[ f
]
chemical products

crop products

]1ve§§ock products
other fa;m products
fertilizer

feedi

raflroad’

tfﬁéking

1n1§nd water

Paéific waterr!
ufbéiﬁtrpnsiiqf

taxi,“i 7

aviation

1ndﬁ§tri%1 construction
residential construction
arbﬁitecﬁural metals

cemeq;

U Y ™~y [+ ¥

forestry -

FRACTION OF THE 1972 REVENUES OF
THE PACIFIC WATER TRANSPORT INBDUSTRY

206
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TABLE D-15 (continued)

1972 INPUT VECTOR OF THE PACIFIC WATER TRANSPORT INDUSTRY
e o B Sak

-
v

INPUT " FRACTION OF THE 1977 R{V{NUE!‘;H‘
THE PACIFIC WATER TRANSPORT JHDUSTRY

. I

|

wood D ,O

iron mines 7 ‘ 0

iron and steel mills ° , 0 ‘
steel pipe and tube mills 0

electricity 0 '
refinery products 7 : 0.043

o1l pipeline | - 0

natha} gas 0

bond interest ,ié‘ 0.037

profit . ai? 0.053

wellhead crude oil e 0

we]}héad natural gas ; 0 ,/

labour L o - 0.392 ’

other expense . " 0.473
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11.  HRBAN TRANSIT INDUSTRY

A1l of the values used in this section were obtained from
1970 Alberta data. This data was contained in a DBS catalogue (63),
The term comp.]1(t) is the estimated fraction of the revenues obtained

; by the Alberta Urban Transit Industry in year t which is used to pay

—
Al

for input j.

REFINERY PRODUCT £XPENSE OF THE URBAN TRANSIT INDUSTRY:

ESTIMATION OF comp,, ,,(1972) , ; B

%he Urban~Tran§it systems consumed 2,075,000 gallons of
diesel oil, 223,000 gall16AsTof gasoline, and 179,000 gallops of
LPG's. The oil1 refineries received 17.3¢/gai1®ﬁ for diesel oiTl,
13.3¢/gallon for gasoline and 7.14¢/gallon for LPG (Table D-1). .
It is easily'ca]culated from these figures that the Urban-Transit ;t
system paid!$276;915 to the oil refineriesj ?ThE'tOtET operating ,
" revenues of the Urban-Transit systems were $13 638,000. Thereforet

comp24 H(1972) is 276 9]5/13 638,000 = 0.020.

‘ | N
ESTIMATION OF THE 1972 INPUT VECTOR OF THE URBAN TRANSIT‘INDUfggy

All thé other nonzero comp, 1](1972) values were obtained
direct]y frOm data in the 1970 DBS catalogue on the urban transit

1ndustry (63).. The following table shows the fractions of. the urban



transit industry’'s 1972 revenues which were used to pay for it

various inputs.

<
~



A
() FRACTION OF THE URBAN TRANSIT
- \ ) JMDUSTRY 'S 1972 REVENULS
chemical products 0
crop products 0
]ivestocf products 0
other farm products 0
fertilizer 0 4
feed ? 0
railroad 0
tr‘uck‘igg 7 0
inland Qater N 0 .
Pacific watep 0
urban transit 0
taxi ’ 0
aviation DR 0
indUSt}531 construction - -, 0
residential construction L o o B
architectural metals F
cement f | . k 0 )
foresgpy :  0' o

/ 210
(9]

\’ - TABLE D-16

1972 INPUT VECTOR OF THL URBAN TRANSIT INDUSTRY

\ w11
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) f ?
CRORAF THE URBAN TRANSLT_INOUSTRY
i '{‘”ﬂ " nyik"}
© rRaCYION OF THE URBAW TRANSIT
INDUSTRY'S 1972 REVENUES

wood . 0

iron mines ’ 0

iron and steel mills 0

steel pipe and tube mills 0

electricity 0.009 ’ i

ﬁéfinéry%pfbduﬁtﬁ 0.020‘:;I

o1l pipeline 0 é N

ﬁatﬁrai gas - : 0 1
550nd jnterést ‘ 0,042

profit ~ § ~0.205

wellhead crude oil 0 X

wellhead naiurai.gag : . 0 ;

laboun | s 0.691

other expense 0.443

v



212

12, TAXI INDUSTRY

REFINERY PRODUCT EXPENSE OF THE TAXI INDUSTRY:

.

ESTIMAT?ON 0f Compz4,]2(]972)

"Other costs” for this industry are all expenses ex-
cept labour, rent, interest, depreciation, and the required profit,
"Other costs” were responsible for 37.8% of revenues;obtained by i
the Canadian taxi industry in 1968 (46). About 30% of these ex-
pense; are due to fuel costs (City Cabs), Thus the }axiiindustry
spent 11.3% of its revenues on fuel.” It should be noégd‘zzét f%is
figure is very approximate as there is noldata available to obtain
a more accurate estimate, Ta;i firms pay about 40¢/ga1]on*fcn:gasoﬁ
Vine (Yellow Cabs). Refineries receive 13.3¢/gallon for gasoline.

Therefore, the oil refineries receive J3i§;x 11.3% = 3.8% of the

+ 40

i

,038,

<

taxi industry's revenues. Thus Ccmp24712(1972) is

ESTIMATION OF THE 1972 INPUT VECTOR OF THE TAX]I INDUSTRY

. ) N o
A1l the other nonzero compj]z(l§72) values were ba]culated
_ directly from Canadian data obtained in a 1968 DBS‘catalogué (46).

i Thé:fdiiowing table shows the fractions of the taxi industry's 1972

revenues which were used to pay for its various inputs.



TABLE D-1/

1972 INPUT VECTOR OF THE - TAXT TRDUS TRY

3

INPUT FRACTION OF THE TAXI LHDUSTRY'S,
1972 mviits

chemical products 0
crop products 0
Tivestock products 0
other farm products ' a 0
fertilizer ! 0
feed . 0
railroad : 0
trucking 0
inland w;téﬁ : 0
Pacific water E 0
urban transit 5 0
| taxi , 4 9
aviétion ’ 0
indugg;ié1 construction -0
residential éonstructionf . : 0
. - ' /
architecturd] metals , 0

cement 0

forestry ‘ | . , 0 .



TAGLE D-17 (cont iued)

1977 1Hrur Vit 7]})!‘ DE e 1A rl;’lvllll‘»rlf’_‘(

THPUT

woOd
iron mines

irom and steel mills

steel pipe and tube mill-

electricity
refinery products

oil pipeline

natural gas

bond interest

profit

+ wellhead cprude o1l

gul

wellhead natural gas
labour

other ew®pense

FRACTION Of

IHi

TAX

1972 wevinoes

L]

i)
]
G}

[
]
[Sg]

-430

472

]

DS TRy

L]



13.

AVIATION

FHOUSTRY

The data in this section apply to all services (sche-

duled and unscheduled) of Canadian civil airlines in 1971, and was

taken from a DBS catalogue (64) unless otherwise stated.

5

LIVESTOCK PRODUCT EXPENSE OF THE AVIATION INDUSTRY:

ESTIMATION OF cOmp3,13

(1977)

Passenger food was responsible for 3ﬁ4f of the operating

expenses of scheduled services,

-

" the revenue

Nel
[N
joy
<
-,
(%

.
A

o
-+
-“\
Fae
<
fadl
=

of all

nues attribytable to food ex

services.

he section on the lat

ONsequ

our

ently, the perce
4 x 0,9367, = 3,2

Operating expenses accounted for

&

=

jon
<
=
¥l
.
~<
-
b
(-*
fon]
Ll
=
o
[g9]

y for livestock product costs.

X T
66.5
venues were used to pa

1

<

ther farm" products, Therefore, it is
2.4% of the aviation industry's re~

Similarly,

0.8% of its revenues were consumed in paying for “other farm" pro-

ducts. Farmers receive 54.4% of the retail price of Tivestock pro-

-

ducts (section on the labour industry). Thus, comp, ]3(1972) is

0.024 x 0.544 = 0.013.

(AN

Hn
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"OTHER FARM™ PRODUCT EXPEHSL OF THE AVIATION INDUSTRY:

ESTIMATION OF comp, 1(1972)

“Other farm™ products accounted for 0.87 of the aviation
industry's revenues. Farmers received 25.4% of this amount (section

on the labour industry). Therefore, comp 1972) is 0.008 x

4,]3(
0.254 = 0,002,

-

FLﬁCTRICiTY'EXPFNSE OF THE AVIATION INDUSTRY:

ESTIMATION OF comp,, 4 13(1972)

Utility expense accounted for 0,36% of the operating ex-
penses of scheduled services. Coniéqdént1y, the percentage of re-
venles allocated to pay for utilities was 0,36 x 0.936% = 0,33%,

The utility éxpeﬁSé for the aviation industry is due to the utilities

. used by the afrline company offices. The Federa] Government pays
the utility costs 'of the airports, Electricity costs account for

about 90% of the costs of an apartment building.(Cambridge Building).

 Therefore, compyy 15(1972) is 0.6033 x 0,9 = 0,003.

REFINERY PRODUCT EXPENSE OF THE AVIATION INDUSTRY :
ESTIMATION Of comp24’13(]972)

iheiaviation industry consumed 0.563 gallons of turbo

s ad



217

fuel and 0.021 gallons of gasoline per dollar of revenue received
¢/gallon for turbo fuel and 19.3¢/

The 01l refineries received 11
Therefore, as a result

gallon for aviation gasoline (Table D-1)

of using these two commodities, the aviation industry paid
$0.069 for each dollar of its re-

0.563 x 0.115 + 0.021 x 0.193
venues to the oil refineries
The o1l refinerlpJ also received money from the sale of
This industry consumed 0il worth

oil to the aviation industry
If the 6il refineries

$0.0014 for each dollar of revenue obtained

received 507 of this money then the aviation industry contributed
to the oil refineries as a

$0.001, per dollar of revenue obtained
The two sources of income to the

result of its 0il consumption
aviation industry are combined to give

0il refineries from the
C comp,y 1,(1972) = 0.069 + 0,001 = 0.070.
INTEREST EXPENSE OF THE AVIATION INDUSTRY: E
ESTIMATION OF BIE13(1572)/P13(1972) | vt
Interest expénse accounted for 5.5% of fevenuesf: TﬁérefOﬁe,

BIE 3(1972)/Py5(1972) i 0.955
~ PROFIT REQUIRED BY THE=§yIATION INDUSTRY:
ESTIMATION OF PROF, 5(1972)/P, ;(1972)
S “ | .
. con-'

, 1

" Net income before tax per .unit revenue was $0.023

-

Sequent]y, PROF]3(]972)/P 3(1972) is 0. 023

S



LABOUR CXPENSL OF THE AVIATION INDUSTRY:

ESTIMATION OF comp 1972)

27,130
Labour expense was responsible for 34.1% of revenues.
Thus,. comp,, ]3(1972) is 0.341.
3

ESTIMATION OF THE 1972 INPUT VECTOR OF THE AVIATION IJSTRY

The following table shows the fractions of the aviation
industry's 1972 revenues which were used to pay for its various

inputs,

218
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TABLE D-18

1972 INPUT VECTOR OF THE AVIATION INDUSTRY

L
INPUT FRACTION Of AVIATION INDUSTRY'S
o 1972 RLVENUES

chemical products 0

crop products 0.013
“.]ivestock products ' 0.002

gther farm product§ : 0

fertilizer o 0

F .

feed 7 0

railroad o 0. g

trucking : | 0

inland water ! i 0

:Pacifié water 1 : : : 9

urban transit : ' 0 . .
. taxi , ” " 0 .

aviation | . | ! | <0 ,
*industrial construct{on | ;0

resigent{al construction . 770 g

architectural metals . // 0, e

cement - : f/ Q

forestry | .: ’ | / 0

* /
Industrial construction expense is zero because the airports .~
are taken care of by the Federal Gogprnment.

/,

\;H“ . Y ‘ ) l I
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TABLE D-18 (continued)

1972 INPUT VECTOR OF THE AVIATION INDUSTRY

~

INPUT FRACTION OF AVIATION INDUSTRY'S
1972 REVENULS L

wood 0

iron mines 0

iron and steel mills ) . 0

steel pipe and tube mills - 0

electricity L . 0.003

refinery products 0.070

0il1 pipeline 0

natural gas : 0

bond interéSt | 0.055 %
profit 0-023;

we31héad crude oil o o 0 "
:weljhead natural gas 7 are
labour . . é . 0.341 . -
other expense | 0.493

@_
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14. INDUSTRIAL CONSTRUCTION INDUSTRY
Y

b

Most of the data in this section was taken from the 1962

Alberta Input-Output Table (44). Other sources of information were

i

the 1961 Canadian Input-Output Table (15) and a DBS catalogue on

the construction industry (65).

ARCHITECTURAL METAL EXPENSE OF THE INDUSTRIAL CONSTRUCTION INDUSTRY:

ESTIMATION OF comp]67]4(1972)

The percentage of the Canadian construction (industrial
and residentiél) industry's expenditure on materials in 19§], which
ﬁas due to %ts purcﬁase of architectural metals(15), was 3.4%." In
1971, this industry used 41.2% of 1its revenues to pay for the mas
terials which it used (65). Therefore, comp16‘14(1972) is

0.412 x 0.034 = 0,014.

INTEREST EXPENSE OF THE INDUSTRIAL CONSTRUCTION INDUSTRY:
ESTIMATION OF'BIE]4(1972)/P14(1972)

N . I

\For thé Canadian construction industry (industrial and
residentia}\\jn 1968, interest payﬁents accobnted,fpr 1:2% of re-
venues (46). Consequently, BIE]4(1972)/P14(]972) is 0.012. ,
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PROFIT REQUIRED BY THE INDUSTRIAL CONSTRUGTION INDUSTRY:

ESTIMATION OF PROF,,(1972)/P,,(1972)

Profits per unit revenue in 1968 were $0.037 for the
|
Canadian construction (industrial and residential) industry (46).

Therefore, PROF, (1972)/P 4(1972) is 0.037.

A

LABOUR EXPENSE OF THE INDUSTRIAL CONSTRUCTION INDUSTRY :

" ESTIMATION OF comp27 14(1972) ST

ST A

Labour expense accounted for 34.4% of the revenues of
the Canadian construction’ (industrial and residential) industey

in 1971 (65). Thus, comp,, M(1972)4’30.344.

.

~¢ESTIMATTON OF THE 1972 ‘TNPUT VECTOR OF THE INDUSTRIAL CONSTRUCTION £
INDUSTRY G | . :

- ) ‘ ’ o

The values of 1nput$ correspond1ng to the use of cement,

iron and step] mill products, stee] plpe and tube mlll products,

and refinery’ products (exc]?%lng fuel o0il) were evaluated in the
&

same way as' the input value/ for arch1tectura1 meta] products.

Al] the other nonzero 1nputs to the 1ndustr1@] construct1on
: 1ndustry were taken firom tne }962 Alberta Input-Output Table (44)

The fohiow1ng tab!e shows the fraction; of the 1ndustraa] construction
| industry's 1972 revenugs which were used to pay for its various inputs.

/

o BT Sy
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1972 INPUT VEGIOR OF THE INDUSTRIAL CONSTRUCTION IMDUSTRY

INPUT

chemical products

crop products

~livestock products

other farm productf
fertiizer

feed:

railroad

. urban transit

trucking
inland water
Pacific water

taxi

.aviation

industrial construction

" residential construction

L)

7

érchitectura1 metals
cement

[4
forestry

TABLE D-19

FRACTION OF “THE INDUSTRIAL
CONSTRUCTION INDUSTRY'S 1972

REVENULS

N 0.013

"0

0,023

0,103

s
i

223
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TABLE D-19 (continued)

A

224

1972 INPUT_VECTOR OF THE_INDUSTRIAL CONSTRUCTLON_INDUSTRY

INPUT

wood
iron mines
iron and steel mills

stee] pipe and tube mills
i ~
~ electricity
L 2
refinery products B

oil pipeline

natural gas

bond interest

wel lhead natural gas
Tabour g

other expense

FRACTION OF THE INDUSTRIAL
CONSTRUCTION INDUSTRY'S 1972
REVENULS
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15.  RESIDENTIAL CONSTRUCTION INDUSTRY

Using the same sources of information (15, 44, 65) and
the same procedure, as for the industrial construction industry, the
following table was constructed for the residential construction

industry.



1972 INPUT_VECTOR OF THE RESIDENTIAL CONSTRUCTION INDUSTRY

INPUT

chemical products
crop products
livestock products
other farm products
fertilizer

feed

railroad

trucking

iglénd water
Pacific water

7 urban traggit

taxi "y

indugtrial coﬁstruction
resédential coﬁ§truction
architectural mefgls
cemeni o

forestry -

TABLE D-20

FRACTION OF THE RESIDENTIAL
CONSTRUCTION INDUSTRY'S 1972

REVENUES

0,009

0.024

226
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TABLE D-20 (continued)

1972 INPUT VECTOR OF THE RESTIDINTIAL CONSTRUCTION TnbusiRY

INPUT

wood N
iron mines

iron and steel mills .
steel pipe jia‘tube mills
electricity

refipery products

i 0i1ﬁpiﬁé1iﬁé

natural gas

bond interest
profit

wellhead crude oil
wellhead natural gas
labour -

other expense

FRACTION OF THE RESIDENTIAI
CONSTRUCTION INDUSTRY 'S 1977
REVERUES

0.066

<

[an]
<
|
jee]

< <
)
gt

T

]
[
[+ OV
4

<
<]
Wt

-,

27
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V6. ARCHITUCTURAL METALS THDUSTRY

The data in this section was taken from b caltaloques

and from the 1961 Input-Output Table.

RATLROAD L xPENSE OF THE ARCHIT{LIBWAL METALS THDUSTRY:

CSTIMATION OF comp, | (1977)

.
Transportation cxpente accounted for A.60 of the re-

venues obtained by Alberta fabricating metal industries 1962 (44).

Transportation expense would account for a <imilar percentage of

the revenues of the architectural metal industry. Appf@ximatﬁﬁy

St

75% of transportation costs are due to the use of ra

ilroads, %hé

Ny}

remainder is due to trucking charges (Dominion iridge ). Therefore,

The percentage of transportation expense which is, at=~

tributable to trucking charges is ZS%i Consequeht'iy;comp8 ]6(1972) A

i

" s 0.046 x 0.25 = 0.011.



ELECTRICITY CXPENSE OF JHt ARCHITECTURAL METALS THDUSTRY

ESTIMATION OF comp, . (1972)
23,16

In 1969 the Alberta architectural mietals industry used
0.7% of 1ts revenues to pay for fuel and Olocfricity costs (32).
In the same year, 41.3% of the Canadian architectural metals in-
dustry’s fuel and electricity expense was attributable to elec-
iricity costs (32). Therefore, cnmp23116(1972) is 0.007 x 0,413 =

0.003.

VREFINERY PRODUCT EXPENSE Of THE ARCHITECTURAL METALS INDUSTRY:
972)

ESTIMATION OF comp,,, (1

For each dollar of its 1969 fuel and electricity ex-

e

~pense the Canadian architectural metals industry used 0.53 gallons

of fuel 0il (32), 1f 14% of this fue]

1820

I

iesel fuel cc

011 was diesel 011 then the quantity of diesel

0,14 x 0,51 = 0,07 gallons, 0il refiperies received 13.3¢/gallon
/

for gasoline and 11,3¢/gallon for diese]'0il (Table/D-1). There-
fore, 0,53 x 0.133 4 0,07 x 0.113 = 0.078 dollars of each dollar
spent by architectura1 metal producers on fuel and electricity is

¥4

obtained by 011 refineries. Consequent1y,.as fuel and electricity

expense accounts for 0.7% of revenues, comp,, ]6(]972) is 0.078 x

’ !

0.007 = 0.001., b

%)



NATURAL GAS EXPENSE OF THE ARCHITE CTURAL METALS INDUSTRY:

ESTIMATION OF comp 1972)

26,]6(

Natural gas expense accounted for 22.7%7 of the fuel and
electricity costs of the Canadian architectural metals industry in

1969 (32). Therefore, comp26’]6(1972) is 0.227 x 0,007 = 0.002.

INTEREST £XPENSE OF THE ARCHITECTURAL METALS INDUSTRY:

ESTIMATION OF 81516(1972)/P]6(197?)

For Canadian architectural metal producers in 1968,
interest payments accounted for 1.1% of revenues (46). Thus BTE16

(197?)/?16{1972) is 0.011,

PROFITS REQUIRED BY THE ARCHITECTURAL METALS INDUSTRY:

ESTIMATION OF PROF,(1972)/P,(1972)

Profits per-unit revenue in 1968‘were $0.038 fof
Canadian architectural metal producers (46). Therefore, PROFTG

(1972)/p,4(1972) is 0,038,

LABOUR EXPENSE OF THE ARCHTTECTURAL METALS INDUSTRY:

ESTIMATION OF comp,, ]6(1972)

Labour expense accounted for 28.1%70f the revenues

earned by Alberta architectural metal manufacturers in 1969 (32).

230



Conéequent]y, comp27’]6(

S/

1972) is 0.281.

ESTIMATION OF THE 1972 INPUT VECTOR OF THE ARCHITECTURAL

METALS INDUSTRY

The values of all the other nonzero inputs to this in-

[

dustry were obtained-by combining 1961 Canadian data and 1969

Alberta data. The following table was obtained from the 1961

Canadian Input-~Output Table,

TABLE D-21

SOME COMPONENTS OF THE INDUSTRY'S MATERIAL COSTS

INPUT

chemical products
architectural metals

;God

iron and steel mill products
steel pipe and tuﬁg mills

y
4

4

DUSTRY

FRACTION OF COST OF TOTAL
MATERIAL INPUTS TO THE
ARCHITECTURAL METALS IN-

0.0049
0.0049
0.0213
. 0.2995
0.0033

Material inputs accounted for 50.7% of the Albert9 archi-

231
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&

tectural metals industry‘in 1969 (32). Therefore using the above
table it can be seen that 0.49 x 0.507% - 0.2% of revenues were
used to pay the chemical product expense. The percentades of re-
venues which were used to pay for the other products in Table [-21

are calculated in a similar fashion,

o
The following table shows the fractions of the archi-
tectural metals industry's 1972 revenues which were used to pay

for its various inputs.
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. JABLE D-22

1972 INPUT VECTOR OF THE_ARCHITECTURAL METALS TNOUSTRY

INPUT FRACTION OF THE REVENUES OBTAINLD
7 BY THE ARCHITECTURAL METALS

- ? ’I_E{;D_QETHRY IN 1972 )
chemical products , 0.002
crop products % 0 )
livestock products 0
other farm products : 0
fertilizer | 7 : 7 0
feed . v : 0
railroad 4§§‘ C 0.035
trucking 0.011
inland water ' / ~ 0
Pacific water 5 jf ! | 0
urban transit- f; 0
taxi ,/ ; 0
aviation f A 0
ingustr?a1 construction o 0
residential constructjpn : 0
archi@ectural meta]sﬂa? | : 0.002
cement 0 |
forestry | 0
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TABLE D-22 (continued)

1972 INPUT VECTOR Of THE ARCHITECTURAL METALS INDUSTRY

[

INPUT ' FRACTION OF THE REVENUES OBTAINED
BY THt ARCHITECTURAL MUTALS
IHDUSTRY IN 1972

wood . 0.011 ‘
iron mines 0

iron and steel mills 0.152

steel pipe and tube mills , 0.002
electricity | 0.003

refinery products 0.001

0il pipeline = T U ’
natural qas _ ' 0.0QZ i
bond interest | ' 0.011

profit “ Mo ~ 0.038
~wellhead crude' oil '~ ~ 0

wellhead Q?tura] gas o 0

Tabour ‘ ' - - 0.281

other expense N *’ 0.449

“ @ _



17.  CEMENT INDUSTRY

The\ﬂggjnion Bureau of Statistics did not publish fi-
gures for the Alberta cement manufacturing industry. This was
because there were only two major cement manufacturers in Alberta.

Unless stated otherwise, all of the information used in this section

were aprroximations obtained from Inland Cement Ltd.

\

RAILROAD EXPENSE OF THE CEMENT INDUSTRY: o

ESTIMATION OF comp77]7(]972)

. About 14% of the revenues of Inland Cement Ltd(rare used

to pay for the transportat1on (by rail) of 11mestone to the plant.

Canada Cement Lafarge have their\quarry beside the plant, Inland

Cement and Canada Cement Lafarge pfpd&ce approximately equal amounts,

of cement in Alberta. COﬁSéQUéﬁtjy,zCGmp7 17"(]972 is 0,070,

k4 .
o

FORESTRY EXPENSE OF THE CEMENT- INDUSTRY: ",

: \
ESTIMATION OF comp, g ,(1972) <§\

5
A

. .
The percentage of the Canadian cement industry's revenues

A

N,
in 1961 which were attributable to the usage of farestrx‘products

15) wggvo.l%. Thus c0m918.17(]9;??.i$ 9.001, v | ‘Fi

7.
’ e
‘ Ta r‘:

23
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ELECTRICITY EXPENSE OF THE CEMENT IND§§§QY:

o

ESTIMATION OF comp,, 5 ]7(]972)

‘The value of comp,, 5 ]7(]972) is 0.021. -

A

REFINERY PRODUCT EXPENSE OF THE CEMENT INDUSTRY:

ESTIMATION OF comp, . ]7(]972)

\ Refinery product expense accounts for 0.8% of revenues.

The cement producing plants probably pay about 40¢/gallon for re-

finery products. Of this, the refinefy would receive about 13¢/‘

gallon. Therefore, COmp24’]7(1972) s 5008 x 13 - 0.003.
. . J ! . 40

NATURAL GAS EXPENSE OF THE CEMENT INDUSTRY:

ESTIMATION OF cgmpz'6 171972)

The value of comp,¢ 1,(1972) is 0.040.

,;‘(

INTEREST EXPENSE OF THE CEMENT INDUSTRY: . 1;b
ESTIMATION OF BIE,,(1972)p, (1972}6: . «d

*

For Canadian cement

.ments accounted for 6% of revenues”(46). Conseqhentiy,rBIEi?(T%&?)/ |

/

P]7(1972),TS 0.060.

=

236

manufacturers in 1968, 1ntere~ﬁay-. -
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PROFITS REQUIRED BY THL CIMLNT INDUSTRY: A/’
ESTIMATION OF PROF |, (1972)/P,(19/2)

-

Profits per unit revenue in 1968 were $0.099 for Canadian
cement manufacturers (46). Therefore, PROF]7(]97?)/PI7(]972) is

0.099.

LABOUR EXPENSE OF THE CEMUNT ,INDUSTRY:

ESTIMATION OF COmp27’]7(]972)

Labour expense was responsible for 10% of the revenues

obtained by the cement iﬁdui?ry. Thus, comp,,, 17(197?.) is 0,100,
ESTIMATION OF THE 1972 INPUT VECTOR OF THE CEMENT' INDUSTRY

The ,following table shows the fractions of the cement

o=

industry's 1972 revenues which were used to pay fop its variou

" inputs.,



chemical products
crop products
livestock products
other farm products
fertilizer
feed
,ra%?road
trucking
inland watep
Pacific %ate?
urban transit
taxi %
“aviation
industrial Goﬁstﬁuction
residential construction
" architectural metals '
cement 7

foreétry

TABLE D-23

L4

1972 INPUT VLCTOR OF THE CEMENT INDUSTRY

A

FRACTION OF THE CEMENT INDUSTRY'S

1972 REVENUES

1 {(wn] fen] <
<
~l
<

el

<

0.001

238
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TABLE D-23 (continued)

1972 INPUT_VECTOR OF THE CEMENT INDUSTRY

INPUT FRACTION OF THE CEMENT INDUSTRY'S
1972 REVEHUES

wood 7 0
~dron mines o 7 0
iron and steel mills 0
steel pipe and tube mills 0

electricity 0,021

[aw]
<
Lt

F refinery products 0.(

o1l pipeline R 0

<
Y
<

patura] gas , 0.

Q
j@a]
B O‘

bqqd interest 0.

. profit | | 0,099

wellhead crude ofl ; 0
Eweiihéad natural gas ' 0"
labour . ' | 0100

chéf éxpéﬁSé ¢ ‘ v 0.606
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18,  FORLSTRY INDUSTRY

Unless stated otherwise all of the data in this section

was taken from the 1962 Alberta Input-Output Table (44).

ELECTRICITY EXP[NSF Of THE FORESTRY INDUSTRY:

ESTIMATION OF comp, (1972)

23,18

The forestry industry u>cd 0.16% of its revenues to pay
for electricity and water. A large percentage of electric1ty and

water expense would be due to electricity costs, Therefore, a

i

reasonable estimate fop Comp .5 T8(1972) is 0,001,

REFINCRY PRODUCT EXPENSE OF THE FORESTRY INDUSTRY:

ESTIMATION OF comp,, 14(1972)

j;EV B =
For each dollar worth of fuel and electricity consumed 4p/
1969, the Canadian forestry industry used 0,96 gallons of gasoline

and 1,85 gallons of fuel oil (66). 011 refineries received 13.3¢/
gallon for gasoline and-8,4¢/gal 166 for diesel oi1 (Table D-1).
- Té;refore 0.96 x 0.133 + 1.85 x 0.084 = $Oi£83 of each dollar spent
by the forestry industry oﬁ fuel and electricity is TECéivedrby
01l refineries. In A]berta, fuel and electricity costs accounted’
for 3.2% of the 1969 forestry revenues (66) . Therefore, compza’]8

(1972) is 0.283 x 0.032 = 0.009.



INTEREST EXPENSL OF THL FORESTRY INDUSTRY :

ESTIMATION OF 81[16(197/)/ ]?(IQ/Z)

, Interest payments accounted for 1.97 of the Canadian
forestry 1ndystry‘s 1968 revenues (46).  Thus UI(IU(]@72)/P]8(]9/?)

is 0.019,

PROFITS REQUIRED BY THE FORESTRY INDUSTRY:

ESTIMATION OF PROF]8(1972)/P18(197?)

The Canadian forestry industry in 1968 obtained profit
of 30.086 per unit revenue (46). Therefore, PROE, o (1972) /P 5(1977)
is 0.086,

LABOUR EXPENSE OF THE FURESTRY INDUSTRY 1

ESTIMATION OF cor

se accounted for 28.8% of the Alberta

Labour expense
ConJequcnt]y, COmp 27,1

forestry industry's revenues in 1969 (66)

(1972) is 0/%s.

ESTIMATION .OF THE 1972 INPUT VECTOR.OF THE-FORESTRY INDUSTRY

N Thé va]ues of all the other nonzéro inputs to the forestry

1ndustry were taken,from the 1962 A]berta Input- OutRut Tab]e (44) .

The fOT]Owlng table was then obtained.

2



TAELE 1)-24

1972 1HPUT VECTOR OF TuE fopes1py tubus Tpe?

INPUT FRACTION OF THE TOBRESTRY
INDUSTRY " 1977 PEVEIIES

o]

chemical products

[an]

crop products
livestock products 0
other farm products 0
fertilizer 0
feed ! . ) 0
railroad | 0,027
trucking 0.119:

inland water 0

O

few)

¥

o
1
sombn

fem]

-
po’
Ch
<
(V]
r—‘*
4
—
foll
—i
]
tal
i
4

.
=
o
=+
b
<
=t
tenn ]
<

T
tal

residential construction- 0
architectural metals 0
cement ) ' - 0

forestry ' i 0

* i k L » . L e
The input from the industrial construction industry 1s a
result of repair construction required. '



TABLE 1-24

]fU@lij@[[)@j]jﬂ{fUi;Uﬂ?gﬁﬂﬂf{ﬂﬁljjﬂﬂﬁﬂjgi

- INPUT FRACTION OF THE FORESTRY
g INDUSTRY' S 1972 REVENUES

wéod 0.001 (
iron mines 0 :
iron and steel mills g 0
steel pipe and tube mills 0

electricity 0.001
refinery products 0.009

o1l pipeline 0

—
el

>

.1
atural gas 0

e

.019

r
(e

bond interest

fit

<
)
as)
[@]

r

ey
[t

<

wellhead crude oil
wellhead natural gas : 0

labour . ; 0,288

X
Hes)

&

other expense - ‘ o Oi4357

5



244

th

19, WOOD PRODUCT INDUSTRY

This industry is the sum of the following four industries:
1. sawmills and planing mills,

2. veneer and plywood mills,

3. SQSA, door and other millwork plants, apg

4. miscellaneous wdod using industries,

IRON AND STEEL MILL PRODUCT EXPENSE OF THE WOOD PRODUCT INDUSTRY 2

ESTIMATION OF c comp,,y 18(1972)

&

The percentage of the Canadian wood product industry's
1961 revenues which was used to pay for the produce obtained from

iron and steel mills (15) was 0,1%. Thus COmpZ] ]8( 972) is 0,001,

ELECTRICITY EXPENSE OF THI

ESTIMATION OF Comp?3718(1972)

‘The percentage of the revenues received by the A1berta
woodaprodugt industry in 1970 which were consumed in the payment
of fuel andre1ec§r1c1tx expense (67~ 70) was 2.0%. In the same
year, 52.1% of the Canadian woobd product industry's fuel and
electricity expense was attributable {o electricity costs (67 -~ 70).

Therefore, comp,, ié(]972) is 0.020 x 0.5271 = 0.010. -
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»
REFINERY PRODUCT £XPENSE OF THL WOOD PROUUCT\INDUBWRY:

ESTIMATION Of oo, ]“(]972) -

>

For each dollar spent on fuel and electricity in 1970,
the Canadian wood product industry used 0.52 qgallons of gasoline
and 0.94 gallons of fuel oil (67 -~ 70). 1f 14%Z of this Cﬁ§1 oil
was diesel oil then the quantity of diesel oil consumed was
0.14 x 0.94 = 0.13 gallons. 011 refineries received 13.3¢/gallon
for gasoline and 11.3¢/gallon for diesel oil (Table P-1). Therefore,
0,52 X 0.133 + 0.13 x 0.113 = 0,084 dollars of each dollar spent
by the wood p%@duct industry on fuel and electricity is obtained by
011 refineries, Consequently, as fuel and electricity éxpéﬁ%é

accounts for 2.0% of revenues, é@mp24 18(1972) is° 0,084 x 0.002

= 0.002,
NATURAL GAS EXPENSE OF THE WOOD PRODUCTS INDUSTRY /
ESTIM{\TION OF COmngi]8(1972)

" Natural gas expense accounted for 6,8% of the fuel and
electricity costs of the Canadian wood products industry in 1970 P

(67 ~ 70). Therefore, comp,e ;4(1972) is 0.068 x 0.02 = 0.001,



INTEREST EXPENSE OF THE WOOD PRODUCT TNDUSTRY :

ESTIMATION OF BIt,4(1972)/P ,(1972)

Interest pdyments accounted for 2.0% of the revenues of-

A
tained by the Canadian wood product industry in 1968 (46). Thus,
™
BIL 5(1972)/P,(1972) is 0.020. \

PROFITS REQUIRED BY THE WOOD PRODUCT INDUSTRY :

ESTIMATION OF PROF]8(1971) ]8(1972)

Profits per unit revenue in 1968 were $0.071 for the
Canadian wood product industry (46), Therefore, F’ROF1 (19 )/P]U
(1972) 1is 0,071,

LABOUR EXPENSE O THE WOOD PRODUCT INDUSTRY:

In 1969 the Alberta wood product 1ndustry used 24.9% of
its revenues to pay wages and salapies (71), Consequently,
comp,; 14(1972) is 0,249,

:QJ' 4 :
ESTIMATION OF THE 1972 INPUT VECTOR OF THE WOOD PRODUCT INDUSTRY

F{

-

The values of all the other nonzero inputs to the wood
product 1ndustry were taken from the 1962 A]berta Input~0utput

Table (44). The following table was then obtained.
1 . —v
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i

N ﬁ ) ‘%
. \
TABLE _D-25
1972 IHPUT VECTOR OF THE HODW_PRODUCT_IRDUSTRY
INPUT FRACTION OF THE WOOD PRODUCT
INDUSTRY'S 1972 REVENUES
s
chemical products 0.025 '
crop products 0
]iyestock products 0,
gther farm products 0
feﬁt31izér 7 0
feed S o !
railroad . 0,059
trucking ; 0,099
inland waterp ; 0
Pacific water , 0
urban transit | 0
7 taxi ',5 0
aviation | . ; 0
r*industria] constructgsp : 0,009
‘residéntial Constructisn 0
architectural metals 0
cement ' \i 0
forestry r N\ 0.197

. : ~
The input from the industrial construcﬁ@on industry is a
result of the repair construction reguiqed.
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: TABLE D-25 (continued)
1972 JHPUT_VECTOR OF THE WOOD_PRODUCT INDUSTRY
INPUT FRACTION OF THE WOOD PRODUCT
. INDUSTRY'S 1972 REVERUES

wood | 0.041

iron mines 0

iron and Steéﬁ mills | ; 0.001

steel pipe and tube mills 0

e?ectricity ! : 0.010

refinery products 0.002

il pipé]iﬁé 0

HanFa]'gaﬁ - 0.001

bond interest : 0,020

profit ; ? f 0.071

wellhead crude oil | 0
7 WEi]head natural gas ﬁ 0

labour o 0.2

other expense 0.216 .

. ‘ : -
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20. TRON MINING INDUSTRY

Although there is no iron ore produced in Alberta, it was .
decided to include iron mining in the analysis as its produce is
used by iron and steel mills. Canadian fiqures are used for this
industry and they were obtained from DBS catalogues, and from the;
1961 Canadiar Input-Output Table, The main problem in this section
is the estimation of the pgoﬁcrtion of revenues which is due to

the various transportation expenses.

CHEMICAL PRQDUCT EXPENSE OF fHE TRON MINING INDUSTRY:

ESTIMATION OF comp, ,(1972)

In 1961, the ifé% mini%g%indnﬁ§ry used 0,17 of its

jadul

revenues to pay for éhémiéai,préduéti (15). Therefore CoMpy oq

(1972) 1s 0.001,

=

* TRANSPORTATION EXPENSE OF THE IRON MINING INDUSTRY

The percentage of the revenues of the iron mining in-

dustry in 1961 which was attributable to £ransportation expegse (15) e
. 7 _ A
was 3.9%. .The proportions of this expense which. are due to the

various forms of transportation will now be estimatéd. The
: 03 : v
following table was obtained from a booklet prepared by the

A

Mining Association of Canada (72).



PLRCENTAGE  OF CANADA'S TRON:ORE PRODUCLD BY DIFFERENT PROVI

PROVINCE

Newfoundland
Ontario
Quebec

B. C.

"~ The next table is very approximate and was based on the

Y

TABLE D-26 \
\

\

-
- \‘
PERCENTAGE OF CANADA'S IRON |
ORE PRODUCED BY DIFFERENT |
PROVINCES .

51.3%
25.5%
20.2% .

3%

~ ’ B = = x =
location of the major iron mines 1in the four provinces,

PROVINCE

TABLE D-27_

B s .
DISTRIBUTION OF PROVINCIAL IRON ORE

PROBUCERS® TRANSPORTATION EXPENSES

L

PERCENTAGES OF PROVINCE'S TRANSPORTATION EXPENSES
'WHICH ARE DUE TO THE FOLLOWING MODES OF TRANSPORTATION

ACES

\
|

\

i
|
i

INLAND WATER ~ PACIFIC WATER  RAILROAD  TRUCK
TRANSPORT . TRANSPORT _
Newfouridland  50% - 50% -
Onta;io - - 30% | 70%
Quebec 50% o 508 -
B. C. . 1003 . -
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The railroad expense of the Canadian iron mining in-
dustry is the sum of this expense for the four iron ore producing
provihces. Consequently, the fraction of the Canadian iron mining

-

industry's. transportation expense which is due ta railroad expense
is 0.513 x 0.5+ 0.255 x 0.3 + 0.20 x 0.5 + 0.03 x 0 = 0.434, In
1961 trahiportation;and-ﬁtorage expenses accounted foi'lpnAZ of

the iron mining indu%try's row material costs (15). Between 1967
and 1970 the avvrago percentage of this 1ndustry s revenues which
was used to pay its raw material costs 7J\‘74 37, 75) was 23.87.
Therefore, 0,164 x 0.238 x 100% = 3,.97:' of ‘the revenues of the iron
mining industry are due to tranSportatioQ e*penée. Consequently, -
the rai?road‘expénie pér'ugit-fevehue is 50,039 x 0,434 = $0.017.
Thus Comp7 2 (1972) is 0,017, Similar1yi:vajue3;aéé obtained which

show the proportion of revenues which are. dué to the other modes of

-~

: MINING IN

kﬂ‘
o]
"'H

for the years 1967 to 1970 (73, 74, 37, 75) was $0.033. Con- -

sequently, com mP s 20(1972 1s 0.033,



[
[l
O
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REFINCRY PRODUCT EXPENSE OF IHE TRON MINING IFH)UiTRY:

ESTIMATION OF comp (1972)

24,20

In 1970 the iron mining industry used 0.€03 qgallons of
gaso]%fé, 0.221 gallons of fuel o0il, and 0.006 gallons of LPC'bor
unit revenue obtained (75). The oil refineries received 13.3¢/
gallon for gasoline, 8.4¢/gallon for fuel oil, and 7.}¢/gallon for
LPGs (Table D-1). Therafore, comp,, ,(1972) is 0.00%k 0.133 +
0,221 x 0.08 + 0,006 x 0.071 = 0.019, ; |
NATURAL GAS LXPENSE OF THE IRON MING INDUST&Y:

(1972)

iESTlMATIUN or Comp,e o ) f i . Ly ~

Natural gas expense atcounted for 0,7% of revenues in

1970 (75), Thus comp e 5(1972) s 0,007,
) 2 !

For the fron mining industry in 1968, fnterest payments

accounted for 5,0% of revendes (46), Thus, BIE,(1972)/P,q(1972)

1s 0,050, \

—

A



PROFITS REQUIRLD BY THE TRON MINING INDUSTRY :

ESTIMATIEN OF PROL, (]97?)/P 0(1972)

Profits per unit revenue in 1968 were $0.160 (46). Therefore,

-

PROF (1 977 )/P,5(1972) 15 0.160.

LABJUR EXPENSE OF THE TRON MINING- INDUSTRY:
ESTIMATION OF Fﬁmp27,20(197?)

.

Labour expense accounted for 19.2% of revenues in 1970

5 Conseauent 1y . " comn 1972) is 0.19?
(75). Consequently, cumpz7,20(]}7g)z1) 0.192.

T

BT

™

ESTIMATION OF THE 1972 INPUT VECTOR OF THE IRON MINING IMDUSTRY

The following table shows thé,fgaCtiéns of the iron

mining industry's 1972 revenues which were used to pay for its

various inputs,



TABLE D-28

1972 INPUT VECTOR OF THE TRON MINING INDUSTRY

INPUT

chemical products

crop products

livestock products

other farm products

fertilizer =»

railroad
tfutkiﬁg
:iniaﬁd vater
Pacific water
urban transit
taxi

aviation’

industrial construction
residential construction

architectural metals

cement

tforesf}y

1

i

FRACTION OF THE JRON MINENC

INDUSTRY'S 1972 REVENULS

[en) < <

0.001

<

0,014 - ¢

<

o

o



TABLE D-28 (continued)

INPUT

wood

iron -mines

iron and steel mills
steel pipe and tube mills

electricity

refinery products

oil pipeline

natural éai ' !
E:’?b’or,r'\d, interest
Progit

weTihe;d,eﬁudé Dilr

i

wellhead natural ga
]abour

.other expense

FRACTION OF THE TRON MINING
INDUSTRY 'S 1977 REVERUCS

Sl < ]
- (] ;C\‘
[rey’ fen fan]
[l < ~

]

I



U IRONAND STHEL MILL s

There are no dron and <teed mille in Alberta. Con-
sequently, Canadian fiqures from DB catalogues and the 19(1 Input-
Output Table were used for thiv industry.  Iron and steel will-
are fcluded in the analysis because their producls are used by many

industries in Alberta.

»

RATLROAD CXPENSE OF TRON AND STECL MILLS:

ESTIMATION OF comp, ,,(1972)

TRUCKING EXPENSE OF TROM AND STEEL MILLS:

ESTIMATION OF copg ,1(1972)

The percentage of transportation expense attributable to

z



trucking chavges 15 25 (onsequent ly, omp,, ,)I(IQ/?) is 0.029 x
0.7% 0.007/.
ELECTRICUIY DXPENSE OF TRON AND STEEL MILLS:
ESTIMATION Of comp., 4 ?](]")/;‘)

Electricity cxpenae accounted for 1.97 of the industry's

[ revenues in 1969 (38).  Thus, comp,, 5 ﬁ](197?) is 0.019
L0205 &

REFINERY PRODUCT EXPENSE OF TRON AHD STOCL MILLS:
ESTIMATION OF comp, 7571(]‘77;?)
NATURAL GAS LS
ESTIMATION

In 1969 the industry used 0,7% of its revenues to pay for.
natural gas (38). Consequently, comp2672](1972) is 0.007,



N
[Ga]
o

INTEREST ExPEnsSt OF TRON AND STHEL MILLS:

ESTIMATION OF BIE,

), (1972)/7,,(1977)

for iron and steel mills in 1968, interest payments
accounted for 1.57 of revenucs (46).  Thus UI[?](1977)/P§](]@7?)
. - £

is 0.015.

PROFITS REQUIRED BY TRON AND STELL MILLS:
“CT TIOM OF PRO (19772 /D 1977
ESTIMATION OF FR0F21(])75/f2](]97Z)

[

Profits per unit revenue in 1968 were $0.119 (46).

Therefore, PROF21(1972)/P21(1972) is 0.119,

LABOUR EXPENSE OF IRON AND STEEL MILLS:?

ESTIMATION OF comp,, 21(1972)

. The values of all the Stﬁer nonzero inputs to iron and

steel mills were taken from the 1961 Canadian’ Input-Output Tables.’

The following table was then obtained.



1972 JUPUT VECTOR OF THE TRONAND STEEL MILL A0 TRY

INPUT

chemical products
crop products
Y
livestock products
g
other farm PFO&%%Ci
fertilizer
feed

ratlroad

trucking

industrial construction
residentig] construction
architectural metals

= . +

cement

~...forestry

FRACTION OF THL RLVENUES
OBTALIED BY IRON AUD STEEL
PULLS IN 1972

0.004
0

0

< e

<

<o (=0



TABLE D-29 (continued)

260

1077 INPUT VECTOR OF THE TRON AND STEEL MELL ITOUS TRY .

f

LHPUT

wood

\
o

iron mines

iron and steel mills
steel pipe and tube mills
é1éctficiiy ‘
refinery products.
oil pipeline

"natural gas

bopd interest

profit

wellhead crude ofl
wellhead natural gaig
labour

other expense

FRACTION OF THE REVENULS
OBTAINED BY TROM AND STEEL
MILLS IN 1972

<

0.092
0.112

0.01%

0.019

0.009



27 STELL PIrt AND TUBEL MILLS

The data 1n this section 1s taken from DBS cataloques

and the 1961 Input-Output Table.

CHEMICAL PRODUCT EXPENSE OF STEEL PIPE ARD TUBE MILLS:

ESTIMATION OF comp, 7?(]97?;

Chemical product expense accounted for 0.1% of the
material costs of Canadian steel pipe and tube mills in 1961 (15),
Material costs were equal to 80.27 of the industry's revenues in

Alberta in 1970 (76). Consequently, C@mp1772(197?) is 0.802 x

0.001 = 0.001.

RAILROAD EXPENSE Of STELL PIPE AND TUBE MILLS:

Transportation and storage costs accounted for 3.2% of
the revenues of Canadian steel pjﬁe and tuée miTié in ?961 (15),
_«About 95% of this expense is due to transportation costs, Ap-

.8
proximately 75% of the transportation expense is due to railroad

usage and the remainder is attributabie;to trucking costs {Stelco).

Therefore, comp, ,,(1972) s 0.032 x 0.95 x 0.75 = 0.023.

¢

261
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TRUCKING t XPENSE OF STHEL PIPE AND TUBE MILLS:

ESTIMATION OF comp (1972)

8,2¢

1972) is 0.032 x 0.95

i
>
—~
=
o]
o
1

The value of cnmpﬂ,?g(

0.008.

IRON:AND STEEL MILL PRODUCT EXPENSE OF STCEL PIPE AND TUBEL MILLS:

1972)

ESTIMATION OF comp,, “ |

The percentage of the material costs of Canadian steel
pipe and tube mills in 1961, which were attributable to the éxpéhﬁé
of using iron and steel mill products (15), was, 77.9%. As material

<

costs accounted for 80.27% of revenues, for the Alberta steel pipe

(Sa]

0,625,

&

ELECTRICITY EXPINSE OF STEEL PIPC AND TUBE MILLS:

ESTIMATION OF comp, 22(7972)
, ‘. ? |

U 1n 1970, Alberta steel pipe and tube mills used 0.66% of

their revenuegggo pay for fuel and electricity (76): The bértentage,
of the fuel and electricity expense of Canadian steel pipé and tube
- mills in 1969, which was due to electricity usaga (39) was 59.2%.

Therefore, comp,, ,(1972) 1s 0.066 x 0.5%2 = 0.004.



NATURAL GAS EXPENSE OF STELL PIPL AND TUBE MILLS:

ESTIMATION OF comp., e 22(]972) : s

o

Natural gas expense was responsible for 24 5% of the 1969
fuel and electricity costs of Canadian steel pipe and tube mills

(39). Thus comp,, 2?(1972) ts 0.0066 x 0.245 = 0.002.

INTEREST EXPENSE: OF STEEL PIPE AND TUBE MILLS:

ESTIMATION OF BIE,,(1972)/P,,(1972)

Interest payments accounted for 1,9% of the revenues
obtained by Canadianrprimary metal manufacturers in 1968 (46). .
Consequently, BIEZé(1972)/P?2(1972) is 0,019.
o s :

PROFIT REQUIRED BY STEEL PIPE AND TUBE MILLS:

ESTIMATION OF PROF§?(197Z)/P22(1§72)

Canadian primary metal mapufacturers received profits of
$0.144 per unit revenue in 1968 (46). Therefore, PROF,,,(1972)/
P22(1972) is 0.144.

M%“Egéouk EXPENSE OF STEEL PIPE AND TUBE MILLS:
PR : ,

TIMATION OF comp27,é2(1972)

r

Labour' expense accounted for 10.5% of tﬁétreyenuesfob-'

e

W



i
tained by steel pipe and tube mills in 1970 (76).

Q77 3 8 «
Comp27’2?(])/z) is 0.109.

ESTIMATION OF THC 1972 INPUT VECTOR Of STEFL PIPE AND TuBf MILLS

Lonsequently,

The following table shows the fractions of the steel

pipe and tube mill industry's 1977 revenues which were used to

pay for its various inputs.

@
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1972 1THPUT VECTOR Of 1

INPUT

chemical pNducts
<Trop Bﬁdductﬁ
livestock products
other farm pr‘o(iucﬁ
fﬁfti%i;ﬁf -
feed

railroad

trucking

inland watep

acific water

- residential cbnstructlfn
L T

“architectural metals

cement

;forestry

”
e

!

TABLE D-30

\

>

OSTUCL PEeE D TUBE MIG Tus TRY

FRACTION OF STUEL PIPE AND TUB

r@LllJi,J:?];L,UJ}@JWUffi;,, -

” i

I
e ““W‘f“‘:c“ “

3w
e

il

<
i

P
] -

L.J\

0

3

-

[t]

&
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TABLE -D-30 (continued)

1972 1HPUT VECTOR OF THE STECL PIPE AND TUBE MILL

[HPUT FRACTIO COSTEEL I’I

MILLS W/f) REVEHUL

iron mines 0
fron and steel mills ) 0.625
stgel pipe and tube mills ~ 0

electricity 7 0.004

refinery products

011 pipeline = ) . . 0

ol

[
[

i
<
i

)
wm

b’
(e
el

= »
jd
= = pat

iR
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23, LLECTRAC POWER INDUSTRY

Unless otherwioe stated all of the data in this wection
was taken from the 1969 DBS Cataloque on electric power companies

(77), and they apply to the province of Alberta.

INDUSTRIAL CONSTRUCTION EXPENSE OF THE LECTRIC POWER THDUSTRY:

ESTIMATION OF comp (1972)

14,23

Depreciation expense accountad for 12.57% of revenues.!
From an analysis of the composition of thé fixed égéﬁtﬁ of electric

power companies it can be seen that at Jeast 907 of, the deprecia-

tion expense 15 due to depreciation of assets. produced by the con-

b.u

(1972) is 0.9% 0,125 » 0.11:

)

> The éjectrié power industry consumed 0,09 gallops® of

f diesel

Vi
o]
Ch

heavy fuel 0il and 0,007 gallons i1 per dollar of res:

venue obtained The oiT'Fefinerieé réceived 5w8¢/ga1]on foﬁ§

heavy fue1 ofil and 11.3¢/gallon for diesel, 011 (Tab]e D~l)

Therefore, compy;’ ,4(1972) 150209 x 0.058 ¢+ 0. 007 % 0.113 = 6 006

»

L
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ESTIMATION OF THE 1972 INPUT VECTOR OF THE FLECTRIC

POWER TNDUSTRY : , .
N
The values of all the other nonzero inputs to the
electric power industry WP#L obtained directly from data in the
1969 065 catalogue on clectric power companies (/7). The follow-
. ing tﬂbfﬁ was then ofitained,

N



INPUT

cheancal products
crop productsy
Tivestock products
other farm products
fertilizer

feed

o

ta]

railroad

trucking

inland wat

A

urban transit '

b3

taxi
aviation

industrial

. , o
‘residential construction

architeaturat metals
£
cement

forestry

TABLL D¢

FRACTION Of

¥
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Ciron and steel mills 0

TAGLE D=3 {continued)

-

19727 1neui vecTar of THE ErECTpe poue pante ey

o
~

e

RIMOA , FRACETON OF -THE 11 CIRTC POUER

——— P T T oL L DTS

WO ° 0

iron mines j 0

steel pipe and tube wills

fan
>
.

electricity

i
(]
Jb

]

!

fen]
o

Fey

-

P
Ay

refinery products

011 pipeline . T o0

natural gas

<
]
SL
=

-
i
o
Wb

bond interest = - o 0.0

1

k]

i X
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ZA0 PETROLEUM PEFIING INDUS TRY

The information ueed oo this section was obtained from 8
DBS cataloques (46, 78, 79), the 4961 Canadian Input-Output Table
(15), FPederated Pipelines Ltd, . and the Loergy Pesources Conaer-

vation Board. Unless ctated otherwiae all of the data applics to

1970.

B -
CHEMICAL PRODUCT EXPENSE OF THE PETROLEUM REFINING THOUSTRY

ESTIMATION OF compy o, (1972)

Alberta refiperies spent 1,8% of their

; Ve

pair construction of processing units (78, 79),

comp, , 1 (1972) 15 0,018, )



ELECTRICITY txpinst of ife p [T ROLEUM REEINING THDUSTRY

ESTIMATION OF coup (19/2)

!

23,24

Flectricity conts accounted for 77.37 of the fuel and

?

olectricity expense of Canadian petrolewn refineries (78).  Alberta
refineries used 1.147 of their revenues to pay fuel and electricity

costs (/78).  fons sequently, comp, 4(197?) b= 0.773 x 0.0114 -

23,
0.009. f
A I

OIL BIPELINEG LXPENSC OF THE PET F( EUM REFINING THDUSTRY ¢

TIMATION OF comp,, ,,(1972)

ht

#

: Ajbéfta was 'B/barrnT (’3)*( At the s

W\
e
L
=
il
|
b
3
]
1
)
[all

- : S 5;: f -

‘.,,“

Fédéfaééa Pipelines Ltd;?z

tfarﬁp@ﬁt $1 worth of w ude 011 to the refinenjes, It
will be shown that 58,2% of the ref]ner’ﬁigifeyggdg§ were consumed
by we??head crude oil Therefore, Gcg*25224(197?) 15
0.582 x 02067 = 0.039. . 7

, NATURA! GAS [XPFNSE OF 'THE PETROLEUM REFINING INDUSTRY

| ESTIMATION oF &0mp26 14(1974)

. Natura] gas LOSCS were respons1b1e for 20, 2% of Canadian
' . ( - o :

¥ i

}ef}yer1es fuel and e]ectr1c1ty expense (78) . Thus-compzs 24(T972

£

7;



Lis 0.202 x 00114 D.007.

a

INTEREST EXPENST OF THE PLTROLIUM REETHING THDE

ESTIMATION OF BIE, (1977)/0,,(1977)

In 1968, Canadian refineries used 1,67

to pay the interest expense they incurred (46).

(]9/()/P A(1972) is 0.016.

&

15 TRY

of thelr revenues

Therefore, BIf .

DUSTRY :

PROFIT REQUIRLCD BY THE PETROLEUM REFINING INDU

ESTIMATION OF Pkor,q( 77?)/?74(1@7?)

F

e
j %)
i
>—«
3;\
oy
|
(an]
=
(]
i

m

Alberta refinerie:

for each dollar of revenue {hé} ﬁécéiV@d*(@S,

i ATberta we)lhead crude 011 pr1ce‘ﬁn 1970 Was

consumed 0,224 bayr

78). Thé average

42,6 per barré (80),

1
Thus RO 4(1972)/P (’ 7 ) is 0,224 x 2.6 = 0.582,

[N

(S



N ) ) ?\74
Y r

LABOUR EXPEOSE OF THE PETROLT UM RESINIHG INDUS TRY

ESTIMATION OF comp 1977)

2’/,;’4<

.
» B
Labour expense accounted for 537 of the revenue:s, re-

ceived by Alberta refineries in 1969 (40). Consequently,

B

comp,, ?4(]97?) 15 0:0573.
£ a £ N

ESTIMATION OF THE 1972 INPUT VECTOR OF THE PI TROLEUM REFINING

»
INDUS TRY ] ]
. -
The following table shows the fractions of the petroleum
%éﬁﬁiﬁﬁ Industry’s 1972 revghues: wh’iich were used to pay for its
various iﬁputiz " .

]
.
L.



TABLE D- 37 '

1972 ueul viECIoe oF e pETROL furt perint II.({_}’}'IV{)[;'V‘:I’B’Y

chemical products
crop pr‘(;«*iuat;’.
livestock products

other farm products

fertilizer

Teed’

el

aviation

industrial construction
residential ﬁbnstfhétiéﬁ
architectural metals
}emeht \'

forestry

FRACTION OF THE PETRQUEUM INDUSTRY 5
1977 REVENYES

fem]
,/

Fac T

o’

- 0.018

[

™~

Ly
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TABLE D-32 (continued)

’

g 1972 1NPUT VECTOR OF 11t PEIROLEUM REETHING THDUY (1Y

~

3

3] - ’ .
. NPT CFRACTION OF THE PETROLEUM THOUSTRY 'S
' TAo7z REvEE

£ . 4

wood - | ; 0

iron mines ' 0
b 4 -
\

, .
iron and steel mills . . -0

~

’*C‘E‘] pipe and tube mills 7 0

electricity ,

<

9
(]
ot
4

refinery, products

[}

<
<
Gl
(Ko

0il pipeline

o
<
<
et

- naturdl gas r

el
-
()
—y
b

e
!
e
-
o

Lo’
sl
fodl
lig™]

wellhead cryde oil

o

. wellhead ﬁatur‘aj: gas

labour

<
(@]
O

other expense
§

R
o
- O“



sell

’ 25 QLU PIPECINE STRAIPORTATION THOUSTRY
.
This dndustey only transporis crude oil from the well-
13
head to the ﬁﬁfinery.‘ [t does not buy t%v crude oil and then
it to the refinery. r(jon‘,(?(‘;uﬂnf,ly, the price A()f crude oll does not
enter into the bas tquaI:un for thts industry.
Thﬁ 11qur”ﬁruiﬁd for ihii imdustry were taten from a
DBs Cata]oque (81), and they app{y }fn"intéfpﬁﬂvincia1 ﬁiﬁg]iﬁﬁf
. : ) *,
1969. oo T
R i -

INbUSTRIAL CONSTRUCT10H FXPFﬁZY or

ESTIMATION OF Comp a - Zr(]@??)

the depreciatiof is due to d

Operating fuel and power accounted for 3.7%

About 987 o

(Interprovincial Pipe Line Compady).

is 0.037 x o.gf = 0.036.

depreciat

er unit revenue was $0.174.

of fuel and power expense is ,due t

£ INDUSTRY: , %

+

ﬁf revenues,

to }ELLr1h]ty COSt§

Theréfore, comp237ﬁ5(1972)

i

Cin

3

7
£

/7



LSTIMATION OF THE 1977 INPUT VECTOR OF THE OIL PEIPELING INDUSTRY

the values of all the other nonzero Inputs to the oil

pipeline industry were obtained dirﬁqiiy from data in the 1969
. o P
DB Catalogue on 01l pipeline tran<portation (81). The following

table was then ‘obtained.

N

v



279

TABLE "D-33

1977 INPUT VECTOR OF THE D11 PIPL_UINE TRATSPORTAIN 0N THOUS TRY.

TRPUT ’ FRACTION OF 011 P1pf
LINE'S 1972 REVENHULS

[

Lchemical products ;

crop products ' 0
a -

livestock products ' 0
other farm products : 0

fertilizer ' w0

-

féi&i : . ,V : d -0 }Zaiaaf \

AT .
railroad R : ; ) 0

-
N
)

s
inland w

<

tér o

" Pacific watep

o o

urban transit Ty f ,
riéxigf | 0
aviation 0
industrial construction OH]7O
regidential cons tfuction . 0 b
architectura1 metd]s 0
| cemeni 0
“ 0

forestry
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TABLE D-33 (continued)

1972 INPUT VECTOR OF Iﬂ[é?UszUj;Jij TR@USPDRlﬂTHWLJjgﬂﬁiUEQ

wood
iron miQ§§
iron and steel mills

steel pipe and tube mills

electricity - ’
refinery products

011 pipeline

natural gas

bﬁﬁdzintéfﬁit

pfofit

Wzi];éad crude oil

weT]head natural gas
labour

other expense

"FRACTI®N OF O1L PIPE -

Lo

IS

LINE'S 1972 REVENUES

0.073
0.133 .
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26.  NATURAL GAS UTILITIES

Unless stated otherwise all of the fiqures in this
) A
section apply to.the operations of Canadian Western Natural Gas
Ltd. and Northwestern Utilities Ltd. in 1971, They were either

taken from the qnnul reports of Lhe above companies or were obtained

s

I
directly from Northwestern UtlT]tTéS As these two companies supply

abqut 70% of the natural gas used in Alberta, their figures can be
considered representative of the Alberta natural gas utility in-

dustry.

INDUSTRIAL CONSTRUCTION [XPENS[ OF GAS UTILITY COMPANIES:

ESTIMATION OF comp]5 26(1972)

Déprec1at1on and amOrt1zat1on Tor the two companies
*amounted to $5 OBé 000 (82 83) For Canad1an natur¢1 gas utili-
t1gs in 1968, deprEC]atTQn accountgd for 98% of the depreciationW
and amortization e*pense (29). Therefore, the depreciétTon ex-~
pense was 0.98 x $5,039,000 = $4,93},240. The revenues obtained '
from Tﬁe ale of natural gas were equal to $66,654,000 (82, 83).
se [ly, compy g 26(1972) is 4, 937 240/66,654, 000-< OTUTQ\\ , |

Consequen

T
£

! ~
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"~

REFINERY f’RO[V)VUrCT EXPENSE OF GAS UTILITY COMPANILS: Q;

CSTIMATION OF rmMpza’;G(?97?)

-

Gasoline expense accounts for 0.3% of revenues (Morth-~
western Utilities). 1If the utility company pays 40¢/ga1égn for
gasoline and the oil refinery receives 14 3¢/qallon (Table D-1)

then comp24’26(l972z 15 0.003 x 3.3~ g.001. The price paid by
' 40 '

thesjas utility compan15§ for gasciinefjsﬁgqt.important since the

coefficients are only béfng estimated to the third decimal place.

The value of éémp24726(1972)fw0u1d still be 0.001 if the gas

“utility companies paid 50¢/gallon for gasoline.

INTEREST EXPENSE OF GAS UTILITY . COMPANIES:

ESTIMATZON;OF BIE2651972)/P25(79?27!
The percentage of revendes WhiCthas used to pay jnterest

" on Jong term debt (82, 83) was §.2%. Therefore,BIE26(1972)/P2é(1972)

is 0.062. S ' T T

PROFIT REQUIRED‘BY GAS UTILITY COMPANIES:

| ESTIMAT?ON OF PR0F26(1972)/P26(4972)

.

Net earnings (excluding extraordinary income) apCounted

5

282
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for 19.1% of revenues (82,-83)

0.191.

~

3
- ¥ h ]

A

WELLHEAD NATURAL GAB fXPLNSf OF GAS UTILhIY COMPANIES

ESTIMATION JF RG, (1972)/p (1972) S

r

The percentagerqf revenues- which was used td'purchase

wellhead natural gas (82% 83) was 34.8%. Therefore, RG

ki

! ) ' -

i "\"(‘ . e B .
LABOUR EXPENSE OF GAS UTILITY CONPANIES

. ESTIMATION OF Comp27 36(1972)

5

-

o Labour expense accounted for, 15.1% of revenues (North=
g0 o
western Utilities),

Consequently, comp,y ,c(1972) is 0.15},»-

ESTIMATION OF THE 1972 INPUT VECTOR OF GAS UTILITY COMPANIES

The follewing tab]e shows the fract1ons of the revehues

obtaxned by gas utility compan1es in 1972 wh1Ch were used to pay
for their var1ous 1nputs

’

:TPUE ”Rorzsﬂl?zg?gfésll972) _

1972)/
nE e 26 .
6(1972) is - 0.348. ; ? ’

b

" );4"
L]

RN ST

RaE2
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/.
l\, ) ~
TABLL D-34
’ . I ’ N . -
1972 INPUT- VECTOR OF NATURAL GAS UTILITIES
T | ,
INPUT %\ " FRACTION OF THE 1972 REVENUES
- OF NATURAL GAS UTILITIES
\:' ~ %

chemical products ’ 0
- crop products - o o0

livesttock products o o

other farm products ' ) o o

fertilizer ‘ 0
" feed 0

railroad | : 0 , 3 on

trucking '. o

inland® water E 0

Pacific water / » © 0

urban transit 0 - N

taxi I N 0 . &

aviatiop B 0"

industrial construction " y 0.074 '
- ,‘l. ’ " ' A i s b

residential construction ' Rl '

‘architectural metals . T 0 ' L
. cement P - ) N A . o
\ \L B CA T .
forestry ’ 0 S

o o " T R



TABLL D-34 (;ontinued) . | ‘,‘

* 1972 1HPUT VECTOR OF NATURAL_GAS UTILITICS '

INPUT o, FRACTION OF THE 1972 REVENUES
- OF NATURAL GAS UTILITILS
wood | o ‘ -0
iron mines | 0
iron and steel mills | R
steel pipe and tube mi]1é 0 )
e!1ect£riéity 0
refinety produét§~; i 0;001
0il pipeline’ o B % ; T O
hat&ra? gas v, : ;' o 0 B
bond {5terést 7 e L - 0,062 )
proﬁ;c L ' : . 0.191 *
rwe}hhead crude 0il - ' 0
we]]ﬁead?natura% gas e . 0.348" /_'
Tabour . - , 7' . 151 A
other expense "~ © : 2173
_ | ,
. [+
X
. h \ ;\, .
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ESTIMATION OF Lj?é 7(1972)

&7. LABOUR [NDUSTRY

Labour 1s considered asgan 1ndu§try in that it produces

output‘(work) after it has . consumed lnput (food, natural gas etc.

#

It is assumed that when the costs Of these inputs are raised (due

to wellhead natural gas and crude oil price increases), the price

of labour will be increased to compensate for the Fising input costs,

LY

CROP PRODUCT EXPENSE OF THE LABOUR INDU TRY:

Canadians spent 18,7%Z pf their 1969 revenues on food (84).

In 1968, the pércéntagé of the FOGd expenditure of Prairie inhabi-

Fd

tants which waszpue to their use qf LTOP products (85) was 12%.

Therefore, the Aabour industry used 18.7 x 0.12% = 2.24% of its

revenues to pay for crop products ' For the first nine months of
|

1972 the U, S/ crbp’farmer nece1ved 16% of the money spent by the

o
labour induitry on food (86)5 -The rest of the money went to re-
tai]ers,bac?agers etc, Therefore, éomp2 27(1972) is 0.0224 x

0.16 = 0.004

] / ' !
- - -~

LIVESTOCK ‘PRPDUCT EXPENSE OF THE LABOUR INDUSTRY
ESTIMATION 0 comp3 27(1972)
I .

The percentage of the fodd'expenditure,of the average
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L3

person living in the Prajries. in ]?68; which was-attributable to
.the purchase of ]ivesﬁ0ck products (85), was 50.5%. Consequenl])}
18.7 x 0.505%% = 9.44% of the labour industry's revenues were used
to buy livestock products. Ffor the first nine months of 1972,
Jivestock farmers in the U.S, received 54 4% of ‘the retail prTce of

livestock products (86).  Thus, comp (1972) 1is 0.0944 x 0.544 =

3,27

0.051,
’ o \ * (<

"OTHER FARM" PRODUCT EXPENSE g THE LABOUR INDUSTRY:
ESTNATION OF conp, ,(1972) .

i v The percentage of  the money 5pent on food in 1968 by
Pra?rle 1nhab1tants wh1ch was attributable to the purchaSe of ' Other
farm" products (85 was Tb% Therefore, 18, 7 X 0.16% = 2.99% of

the Tab0ur 1ndustry s revenues were consumeé in buy1ng "other farm"
: product§ For the first nine months of 1972, U.S. farmers received
) 25.4% of the retaijl price of "ofher farm" products (86)., Con-

sequent]y, comp (1972) 1is 0.0299 x 0.254 = 0.008.
4,27

1:RAILROAD EXPENSE OF THE LABOUR INDUSTRY:
) ESTIMATION OF. comp, 7(1972)

\ ' : ) b 4 . -
The percehtaée of the average Canadihn‘s,expenditure in
1969 which was due to his use of public transportation (84)TWas' ; S
2.3%. The percentage of an Edmontonian‘s pub]iclfransportation

U



»
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, expense in 1964, which $as due to his out of town travetling (87),

~

was 41.4%. Therefore, 2.3 x 0.4147 5 0.955% of the labour 1ndustry S

revenues are used for out of town' thavelling. This type of tra-

velling expense will now be subdivi&%d into railroad, bus®and avia-

.

tion expenses in proportion to the passenger revenues obtained by
. )
the industries involved in these transportation categories. The

following table was constructed for Canada im 1969 (88, 89, 90).

~

A

TABLE D-35 ¢

/ REVENUES OBTAINED BY TRANSPORTATION SYSTEMS L
. . . | o ! /
INDUSTRY: ‘ , PASSENGER  REVENUES
. . : $'000 :

¢+ .Canadian railroa&s ' :: ,62,952

Intercity and rdral passenger

bus c0mpan1es 5f : 72,6$2

Canadlan e1T11nes‘ : \ . ,480;256

TOTAL - f . 615,753

LT

From this table it is estimated that the fractiqn’of‘out
of town'transportation due to-the use of raifrqads; beses, and air-
lines is 10.2%, 11.8% and 78%, respectively. 'Therefore,'0;9§5 X
0.302% = 03097% of'the,iaboﬁr industry's révenues were used to pay‘

for‘its-railnoad expense. Similarly, the percentage of. th1s in—

dustry's revenues peid to Iqterc1ty and rural passenger bus com- - ;

panles,eand Canad1an a1r]1ne companles was 0. 113% and 0. 74§%m ,
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respectively. The value of comp, 27(1972) is 0.001. . -

-~ o

{URBAN TRANSIT EXPENSE OF THL LABOYR 1HDUSTRY: ‘ -

ESTIMATION OF compn 27(1972)

. The percentage of the industryfé revenues which was used
to pay for pubﬁic transportation was 2.3%. The percentage of an
fEdmontonian's pub11c transportat1on costs in 1964 which was due to
his use of Urban Transit (8[) was 2; 8%. Therefore, 2.3.x 0.278%.=
0.639% of tﬁe labour industry's ﬁevenuesﬁweré Eoﬁsumed in paying
for the use of Urba# Transit, :

V‘Intercity and %ura1 passenger bus companies are included

in the Urban~Transit 1ndustry [t was shown that the labour in-

< As
’

dustry Pd1df0 113% of its revenue; to the Ingerc1ty and rural bus :
compayies * The tota1 costvper un)t revenue ¢f the use of the ‘
Urban-Transit 1ndustry S §ac1lit1es to the ]abour industry 1s the
sum of the component costﬁ (Urban—Trans1t, and Intercity and rura1
passenger bus companles) Thehefore, comp]]’27(1972) is 0.00639
+ 0.00113 = 0.Q08. |
TAXI EXPENSE OF ]HE LABOUR INDUSTRY: . C o

ESTIMATIONroF cgmp]2 27(1972) ' h WO |

~

\-“ . . . Y g
Tthpgrbgn%gge'of;an Edmdntbnian”s‘publictﬁ295ﬁortation

g ‘ ! Lt : . toe ’_
U I L : LI LT

wed b B

-
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'

/ P
expense in 1964°which was due to his payment of -taxi fares (87) - .

was 7.2%. Therefore, compﬁz 27(]972) is 0.02 x 0.072 = 0.002.

-

AVIATION EXPLNGE OF THE LABOUR INDUSTRY:

ESTIMATION OF comp, 27(]972) . "“\\‘//’

Any

It was shown that the laboyr industry had an aviation
expense per unit revenue of $0.00745. Consequently, comp, « é7

(1972) s 0.007.

RESIDENTIAL CONSTRUCTION EXPENSE OF THE LABOUR INDUSTRY:

ESTIKATION OF comp ,,(1972)

. The pércentage of a Canadian's revenues in 1969 which
was used to pay for housing costs (84) was 12.1%. There?qre,

comp15;27(]972) is 9.12].

ELECTRICITY "EXPENSE OF THE LABOUR INOMSTRY:
ESTIMATION OF c§mp23;27(1972) . . o

f t;nadians-used 3.1% of their revenues in 1969 to pay
water;kﬁower»and fué? costs. Tt is estimated, therefore, that
{ electrlcity and natural gas costs accounted for 3% of revenues.
Natural gas sales to, the A1berta reSIdent1a1 section in

.*1968 amounted to $27 491 933 (29) The correspondlng value for . - -

¢ oem
’ ” .
» ) ~ . I
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£ )

&
.

electric power was 533 6OJ 000 (91). Thus the fractlon of the
Q
residentigl e]ectr1cty and natural gas expense which was due to

the use of electr1c1ty Was —..._.33,607,000 0.5
S , 33,607,000 + 27,491, 933

e}
M

Therefore, conp,y ,7(1972) 15 0.030 x 0.5 - 0.017. g

REFINERY PRODUCT EXPENSE OF THE LABOUR IMDUSTRY: N *° .
ESTIMATION OF comp,, ,,(1972) o . ea

v

The percentage of a Canad1an 5 revenues in 1969 which was

'.

used to pay for his .car and truck operat1ng gxpenses (84) was 5.8%. (;ﬂ’;;

After an exam1nat1on of the operatlng Costs of a°GMC three ton truck

P

(92) of & Dodge three ton truck (92), and of the motor vehicles

“of a few prwvate c1t1zens, it was dé}ided that 50% of thé cost of -

i

kg

" As most of the motorist*'s wefmery product expense is due to -t

a motorist's operat1ng expewseg was attributabie to his use of -
refinery prodqcfs. Therefbre 5 8 x 0 5% = 2.9 of the labour in-

L 3 ) T ‘ '

dustry's revenyes were consumed in the purchase of refinery pro-, ' ¢

- : A R i T

' - ' : dlé
¥ . .

ducts.

) In 1972, tHe aQerage Alberta motorist paid approximately

50¢/ga110n for gasoline. The ail refineries received 13.3¢/gé]1on

(Table D—J) Conseqdent1y, 13.3 x 100% = 26.6% of;the_labour N
: . - 50 ' o
Tndastry‘s ekpenditure on gasoééne,was rece1ved by the ref1ner1e'.

»,

~ o
" i I's
/ 4 o voe . - Y




use of gasoline, 1t is reasonable to assume that the oil refineries g

received 26.6% of the money spent by the labour industry on re-
. F

finery products. Therecfore, COMp., 5 ??(1972) is 0.029 x 0.266 =

S XS N

~

L0.008.
, P
NATURAL GAS EXPLNSE OF THE LABOUR INMDUSTRY :

ESTIMATION OF Comp26;?7(]972)_,:

),

\
The percentaqe of the labour industry's reyepues which
wés spent on electricity and natural gas was 3%. - The percentage

of e1ethfcity and - natural gas expense which was attributable to

i)

natural gas was A5%. Therefore, Gomp26727(]b72) is 0.030 x 0,45

02013, ) ; : )

v ’ bores

=

ESTIMATION OF THE 3972 INPUT VEGTOR OF THE LABOUR INDUSTRY

2 B ’ ‘;;; . ; ] ) [
. The followthg table shows the fractions of the labour

industry's 1972 revenues which were fééd to .pay fq§‘i£§ various

n 1nput§; . ¢

£ b : &
4 / : : 2 \
. s E B B :

|
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TABLE D-36
e T h;:\«‘z
7\—,

—

lﬁﬁliﬂﬂﬂgﬂ?ﬁﬂﬁjﬁ;lmflA“@HiJMHEE&(

#

INPUT CFRACTION OR LABOUR
INDUSTRY'S 1972 REVEHUES

Chemica¥ ﬁroddtts . 0 . .
crop products | - : /k 0.004 : c §§
livestock products ; | . 7 0,051 .
other farm érOAuéts ’ 'r‘ :0.008
ferti1ize% . 0

feed S : 0

<
<
S
—

raflroad,

<

trucking

inland water é ; ) 0 "

£

Pacific water
urban transit : 7 ! 0,008
faxi o A | E: 0.002
aviation :ﬁ;: | - 0.007
industria} construction 0
residential constructien - o 0.121
architectural metals . , '0
éemenf T | B 0

forestry ) | 0 '
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TABLE D-36 (continued)

EﬂijﬁﬂﬂgﬂiﬁmJU*ﬂﬁﬁumﬂﬂV“”MEBL
o
/ x’ 3
INPUT FrRACTION OF LABOUR
S INDUSTRY'S 1972 REVENUES

wood : 0-

iron mines p Vs 0

iron and'steel mills 0

steel pipe and tube mills 0

electricity : 0,017

. ”
. refinery products : 0.008

oil pipeline 0

natural gas 0,013

bond interest’ . 0

profit : 0

wellhead crude oil i 0

" wellhead natural gas /\ 0
labour - 0
‘other expense . i : : 0.760 {
= ‘ -
rd
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28.. DUMMY INDUSTRY

o

vt .
Un]ess stated otherwise all of the data in this section

N was taken from th@ 1§6] Input-Output Tabies (15). The "dummy in-
I '“ \ e
dustry” spent 938 6 Anillion dollar \‘ﬁf/éranﬁportatlon and storage.
It is assumed thgt 900 million dollars were attributable to trans-
A 7 -
portation expense. The portions of this expense which were due to
the different transportation modes will now be estimated.
A , 7 A y
The following table was obtained by .using data taken
from 1969 DBS catalogues (58, 60, 61, 93). )

Ve
\

TABLE D-37
| - ; \
1969 REVENUES OBTAINED BY DIFFERENT TRANSPORTATION SYSTEMS
COMPONENT TRANSPORTATION  FREIGHT REVENUES  COMPONENT FREIGHT
"INDUSTRY: " OBTAINED [N 1969 REVENUES
R _'$to00 4 CTOTAL
Railroad 1,425,963 0.548 a
Truck N 1,029,132 .© © 0.39% ;
Inland Water ~ | 121,734 0.047
Pacific Water 23,783 0.009 ‘
R ‘Q

" TOTAL : © 2,600,612 »

The cost to the dummy (industry of usiﬁg the differéht
transportation systems is estimated from the values in column 3

of Table D-37. This is accomplished in the following table,



TABLE D-38

DUMMY INDUSTRY'S EXPENDITURE ON DIFFERENT MODES

A
OF TRANSPORTATION IN 1961 -

COMPONENT TRANSPORTATION . COST TO DUMMY INDUSTRY OF
INDUSTRY USING. COMPONENT .
TRANSPORTATION SYSTEM

(millions of .dollars)!

Railroad | o 900 x 0.548 = 493.2
Truck * 900 x 0,396 = 356.4
Inland Water Transport ; 9é0 X 0.b47,= 42.3
Pacific Water Transport © ' 900 x 0.099 = 8.1

Nonresidential ﬁ%tura? gas cohsists of all the natural
gas sold by utility companies which does not go the residential
sector (labour iﬂdustry); Thus, the labour ihdustry‘s nonre-.

£

) sidentia] nifura1 gas consumption is zero,

Sixteen of the first twénty»seven industries spent 7
55,285 dollars on nonresidential n;tural gas in 1968 (31, 30,40,
58;'66, 7{, 36, 32, 94,777, 95, 96).’£Th3 cost of natural gas to

the other 11 industries (classification ﬁumbers . 7-15, 25, 26) was

, ) ! i ' ]

" not availqb]e ag they use such small quantities of this commodity.
b, 5 . ' : ™~ ' .

Consequently, a reasonable estimate of the-

.

paid by the 27

industries for natyral gas in 1968 is 58,000 dollars.

* ¥

. i
o . 1 ~

»

296
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Canadian nonresidential natural gas sales in that year
amounted to 263,753 dollars (29). Therefore , the 27 industries

accounted for 58;0111LJQQ% - 2% of these sales. The revenue

263,753 , C

obtained from nonres1dent1a] natural -qgas sales in "Canada in ]961
was 105.7 mi]]]On dollars (97). 1t is therefore estimated tﬁat the
dummy fndustry spent (1-0.22) x ]Qﬁl7)'= 82.4 million dollars on

natural gas in that year.’
S
Table D-39 was obtained by combining the estimatea trans- °

portat10n and natural gas expenses of the dummy 1ndustry w1th data
L

obtained directly from the 1961 Canad1an Input Output Tab]es
. .
s i gd

” . ]
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L
TABLE_D- 39 ‘
1961 €XPENDITURE OF THE_OUANY INDUSTRY ON VARIOUS Iheuts —°
INPUT - DUMMY INDUSTRY f
EXPENDITURE: ON_INPUT -
(mi]]ion; of do]]a};)
chemical products | 335.9-
crop : | | - 196.1
iivestock | 1,423.2
othe} farm products | 143.4
fertilizer o 0.9
feed | 6l3=::
railroad 493A27r
truck ) ' 356.4, - *
inland water — ; o 42137: - .
Pacific water U 8.1
- industrial const}uctionﬁ 1 689.4 .
architectural metals R . 1.4 ’ A
cement X 45.5 :
forestry C . 3
woqq ) \ o o ]Oz:é ’
iron mires : 0.5 '
\ '
‘1ron‘and‘stee1 mills - 509.3
> h g
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TABLE D-39 (continued)v

1961 EXPENDITURE OF THE DUMMY INDUSTRY ON VARIOUS INPUTS
‘ ~

INPUTS DUMMY INDUSTRY . .
EXPENDITURE ON INPUT .

(mi1lions of dollars)

steel pipe 35
electricity \ 309.5 *

refinery products , 299, °

'naturai:gas 2.4 \

Jabour g . 11,067 \
*ogﬁer expense , K ?27.,458.2 . _

f

*The use by the dummy industry of its own products accaunted_
for 16,778.7 million dollars of "other expense".”™ Profits;

interest, and commodity taxes were responsible for the re-

maining 10,679.5 million dollars.



The 1972 input vector to the dummy industry is obtained
by dividing each term in Table D-39 by 43,952.6 million do]lars ./

vhich is the value of the revenues obtained by the dummy industry

in 1961
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TABLE D-40
1972 INPUT VECTOR OF THE DUMM'Y IMDUSTRY
INPUT FRACTION OF THE 1972 REVEMUES
' OF THE DuMMY INDUSTRY
chemical products 7 +0.008 ,ﬁ;“%r
. 7 REFY
crop products” " . 0.004 -
N ' /%%;F,
livestock products, =~ =~ 0.032
other farp products- , ©.003
fertilizer ' 0
feed : Q
LR : . 7
railroad o o 0.01
trucl&‘ing : 7 0.008 ' . ,
inland water ° c 0 .0.000 -
T s £ "ﬁﬂfﬂ ;
Pacific water' 0: ¥ n
e ; R & YRR
ban transit.” 0w \?'
R ' a i "z\}"" G
X1 0 g‘,, L] ’ s i
aviation. - 7 ’ O/ B *;, - }.
: 1ndu$ir1a1 construction 0.016"]“”.ﬁw:
residential construction N 0
architectural metals : 0 .
cement ' , ‘ 0.001

forestry o : Q.008



TABLE D-40 (continued)

1972 INPUT VECTOR OF THE DUMMY INDUSTRY

INPUT

wood

iron mines

iron and stéel mills
steel pipe and tube mills
electricity
refinery products
0il pipeline
r‘nétura1 gas
bénd,interest
5rofjt

wellhead drudé 01l
;ef?head matural gas
. 1;b0ur ', \

other expense

)

rAn E -~

FRACTION OF THE 1972 REVENUES |

OF THE DUMMY INDUSTRY

0.002.
! ‘0
0.012
0.001
' 0.007

0.007

-

K2
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ESTIMATION OF RPO(t) AND RPG(t) VALUES
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The quantities RPO(;%;and RPG(t) are defined as follows:

A

. RPO(t) wel]head crude 011 price in year t

and ‘l?%

we11head crude oil pr]ce in year t+l

RPG(t) . wellhead natural gas price in yedr t

Tables E-1 V'and E-2 show the values ‘of "RPO(t) and RPG(t) ‘

wellhead natural gas price in year ttl

which correspond to the wellhead petroleum prices (constant dollars)
in Tables VI-3 and VI-4. Table E~1 is‘abtained from Table VI-3 by
dividing each element in the table by the element in the row above

it. Taé]a E-2 is obtainedifrom,Tab1e VIZA jn;a simi]ar;mannera

A similar procédure could be followed to determine fhe

¢

- RPO(t) and RPG(t) prof1]es whlch corraspond to the case where there

is a reduction in the value of the dol]ar To,do this would require

£, .

the conversion of the prices in Tables VI-3 and: VI-4 into new prices;

i,

" ‘which were:based on the assumption that

!

the value of the dollar in year t - _ R 0# o o

. the valuerf the do1]ar in year t+1 {

‘ These nﬁw pr1ces cou1d then be’ used to eva]uate the RPO(t)
‘ " and RPG(t) prof11es. However, it 1s ‘easier tﬂ obta1n these prof11es
by mult1p]y1n§§each element tn Tables E-1 and E-2 by 1. 03 Th1s was

g the method used to calculate the va]ues in Tables E- 3 and E ¢

i SRR N

Py
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TABLE E-1

_RPO(t) AND RPG(t) PROFILES CORRESPONDING TO PRICES IN TABLE VI-3

)
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YEAR t LOW RPO(t) HIGH RPO(t) LOW RPG(t) MEDIUM RPG(t) HIGH RPG(t)

PROFILE  PROFILE
1973 1.060 1.073
1974 1.053 107
1975 1.057 1.072
1976  1.040 1.068
1977 1.038 1.073
1978 1.037 1.068
1979 ¢ 1,038  ° 1.068
11980 1.036 1.066 "
1981, 1.082 1.065
1982 ‘1.036 1,064
1983 1.033 ;;065,
984 . 1.03  1.072

1985 1.028 . 1.079.

_ PROFILE _}_f_OFiLEQ PROFILE
1.379 1.643 2.219
1.218 1157 (1,365
1.068 1.071 1,079 |
“1.024 1 (058 1029 ;
1019 1,063 1.008
1.019 1.078  1.059°
.01 1.081 1.182
1.015 1.097 1.390 -,
- , AR
1,022 1.083 1.0007
1021 T voem1 0,981
1021 1.075 1.003f ;-
‘ 1}031 oz 1025,
ui:oaq“- ~1.076 . i-.ozzfw
e | A
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TABLE -2
p

e,
]

RPO(t) AND RPG(t) PROFILLS CORRESPONDING TO PRICES IN TABLE VI-4

YEAR © LOW RPO(t) HIGH RPO(L) LOW RPG(t) MEDIUM RPG(L) HIGH RPG(t)
‘. DPROFILL - PROFILE  PROFILE  PROFILE_  PROCILE
- , f £

1973 1.050 1107 - 1,093 1.243 1,540
1974 17051 . 1.093 Cqlss 1.198 , 1.325
1975 1085 1,088 1,078 1.168 1,234
1976 . Loso ) Caika 078 1144 1175
1977 1.044 1.075 L 067 126 1,142
1978, 1.082 < 1,072 1063 12 R

1979 " 1.038 © 1.065 1,059 1,101 1,097

u
J

1980) Vg 1,065 1,056 1,09 1,082
o8l '

|
]
B
<
S
(e
(&2
w
—
<
1%,
|
*)
<
S
=Y
o—
(-
~J
Ny

—
<
(%2
e
—
o
[l
[en]
ot
<
~J

~
—

&
[o2
S

1962 1.03%4
1983 1.037  +, 1,053 1.048 1.073 ° .05
1984 1020 109 1,0

1985 1,033 1.049 1.
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.
* A
TABLE -3
RPO(1) AND RPG(t) PROFILES BASED ON THE EXPRESSION
OF THE PRICES 1N TABLE VI-3 IN REDUCED VALUE DOLLARS
YEAR t LOW RPO(t) HIGH RPO(t) LOW RPG(t) MEDIUM RPG(L) HIGH RPG(t)
_ PROFILE  PROFILL ~ PROFILE  PROFILE PROEILE
1973 1.092 1.106 7 1.420 1.692 2.286
1974 1.085 1,103 1.255 1.192 1.406
1975 1.089 - 1,104 1.100 1.103 1.1
1976 1.071 - 1.100 1,055 1.088 1.060
1977 1.069 1.105 1.050 1,095 1.038
1978 1,068 1.100 1.050 1,110 1,091
1979 1.069 12100 1,050 1.113 1,217
1980 1,067 1.008 ° 1.045 1,130 1.370
1981 1.073 1.098 1,053 % 1,115 1.030
982 1.0l Loge - 1,082 M3 1000
1983 1.064 1.097 1.0s2 1 1.107 1,038
1988 1.067 a0 1062 b 1108 1.0%6
1985 }1.055 - IR 1.061 1.108 1.053 .
*;:hifl; ggb"ﬁe is obtained j;y mu{tip]ying each e’lement;inTabTe E~1 7 /,\
) N .



YEAR t

th1s table 1is obta1ned

by 1.03.

| *’ﬁpw

or Tﬁﬁ PRIQFS INCTABLE V-4 IN REDUCED VALUE DOLLARS

LOW RPO(t)
PROFILE

T
-

1,070
1.071

1,065

1.068
1.063

1..064 -

HIGH RPO(t) LOW RPG(t) MEDIUM RPG(t) HIGH RPG(t)

A SN
» TAng’\ﬁ$4\

ANO*&?&(%) PROFILES BASED ON THE EXPRESSION

PROFILG,  PROFILL  PROFILE PROFILE
1.140 1,126 1.280 1.586
1.126 18 1.230 1.365
1,121 110 1,203 1.27
1117 1.110 178 1,210
1,107 1.099 , 1.160 1.176
1.104 3f095 1,145 1.748"
1,097 1.091 1.134" 1,130
1,095 1.088 .12 114,
1.089 1,089 1.117 1.104
1,086 1.082 1.109 1.093
1.085 1.079 1.105 1,086
1.080 1.077 1.099 1.078

078 1.095

1.073

by-hu1tip1ying each element in Table E-2
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APPENDIX F

DEPRECIATION OF "OTHER ASSETS"
v
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y
“Other Assets" are those Jepreciable assets which are not
produced by the construction industry.- The variable DLPN;@k),
1 < k < 28, is the estimgked fraction of ﬁndustry k's operating re-
venues in year t which were allocatea to Lompensate for the depre- }
ciation of "other assets". ~In the sample calculation the variation
of DEPNk(t) with time was tfeated analogously to the depreciation of
assets which were produced:by theézonstruction industry. [t was

assumed that:

 DEPH, (1) 2 128(tl

DEPN, (t-1)  ~ 3
: k=1, 2,..,,28

This assumption is based on two main suppositions and they are:
1. “othep assets” are depreciated linearly over three

——————

s

‘2. the cost of producing these assets is inflated at
the same rate as the requiréd opéréting revenues of
the dummy industry (1,g(t)). |

- The values of DEPNk(1972) usedlin‘the samplF calculation
are shown in Table F-1. \The’ﬁigcedure adopted to 6btain them will
now be discussed. The total depreciation (depreciation of assets
produced by the cpnstruction industry + depreciation of "otﬁér
asseté“) expense of most %ndustrieslis available for Caﬁada in

1968 (46), and for Alberta in 1962 (44).

[ 3 '
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TABLE  F-1
VALUES OF DEPNk(1972)
]
INDUSTRY k - DEPN, (1972) INDUSTRY k DEPN;(]972)
] 10.045 15 0.018
2 ; 0.068 16 0.019
3 0.028 17 0.108
4 - 0.068 18 1 0.055
5 0.156 19 0.004
6 0.01] 20 0.113
7 | ,0.054 21 0.069
8 7 0.065 . 22 | 0.069
9 - 05 23 0:012
10 ) 0.115 24 10.049
1 L 0.073 | 25 ‘ 0.004
12 , 0.079 26 0.000
IR Cotos 27 0.000
, : 0.000

14 ; 10.046 28 .
3



»

For éther industries thé value of total depreciation expense was
obtained from the DBS catalogues pertaining to these industries (51,
57, 60, 61, 62, 63, 64, 77, 81). Apart from two exceptions the
value of DEPNK(]972) was obtained for each industry by subtracting
the depreciation expense due to assets produced by the construction
1ndu§try (determined in Appendix D) from the total depreciation ex-
pense. For the crop farming industry and steel pipe apd tube mills,
DEPN

K
was then equated to zero.

(1972) was made equa]zto comp.,q k(1972). The latter variable

It should be remembered that compZS,g(1972) represents
the "other expense" of industry k. Thus the new (after the in-
corporation of DEPNk(t) into the model) value for comp28’k(1972)i |
i's obtained by suﬁtracting QEPNK(1972) from the o]qr(as estida@ed
,in Appendix D) value of comng,k(1972). If the tw; %xceptions hadr
been.éreatediﬁimi1ar1y to the qther industries then DEPNk(1972)
would bave beea grgate? than the old value ofvcomp28,k(1972). This
would have resulted in th; new value of Cprzg’k(l972) being nega- .

tive. This would not be acceptable. R



'APPEND] X G -

RESULTS

313



314

Tables G-1 and G-2 contain the results obtained from the
useuof the nonlinear wellhead petroleum price (constant-value 19772 7g%
dollars), shown in Table VI-3. Table G-1 shows the differences in
the values of fLA(k), 1 < k < 28, which would result from changing
the wellhead natural gas price profile while maintaining the low
wellhead crude 0il price profile. Table G-2 shows cérrespodding
results for the high wellhead crude o0il price profile.

Tables G-3 and G-4 result from the use of linear wellhead
petroleun price (constant-value 1972 dollars) profiles as shown in
Iab1é VI-4. They a1§o show the effect on the FLA{k} values of
changing the wellhead natural gas price profile while keeping the
wellhead crude oil price profile constant: |

Tables G-5 to G-8 show the results obtained from using
wellhead petroleum prices géﬁéd on the assumption that i

: theﬂyé1uevofithefd011ar,in‘yeaﬁ t = 1.03.
the value of Qhe‘do1]ar in year t+]

5




TABLE (G-1

)
FRFXFRHARRA

ARESULTS FROM NON-LINFAR WELLHEAD PETROLEUM

"

FLA( 1)
FLAC 2)
FLA( 3)
FLA( 4)
FLA( 5)
FLA( 6)
FLA( T)

FLA( 8)

FLA( 9),
FLA(10)
FLA(11)
FLA(12)
FLA(13)

FLA(L4):

FLAC15)
FLAC16)
FLA(LT)
FLA(18)
FLA(1ID)

“FLA(20)
FLA(21)

FLA(22)
FLA(23)

FLA(24) -

FLA(25)

FLA(26)

FLA(27)

FLA(28]

#PRICES WERE IN CONSTANT-VALUE DOLLARS

CONSTANT

GAS

1.008
1.010
1.010
1.009

1.008°
1.009.

1.008
1.009
1.010
1.009
1.008
1.009
1.010
1.008

1.008

1.008
1.008
1.008
1.008
1.009
li 008
1.008
1.007
14031

1.005 ~
1.007

1.008

/

/
/
A

LOW
GAS

1.015
1.014
1.013
1.013
1.017

-1.012

-

1.013
1.014
1.013
1.012+
1.013
1.014
1.012-
1.012
1.012
1.016
1.012
1.012
1.014
1.013
1.013 -

A03s

11.008
1.039

1.011
l1.012 .

PRICE PROFILES (LOW CRUDE 0OlL)

MEDIUM .

GAS

1.025%
1.020
1.019
1.019
1.028
1.019
1.018
1.019
1.020
1.019
1.018
1.019
1.020
1.019
1.019
1.019

11,027

1.019 "
©1.021

1.021
1.020
1.033
1.035
1.013

1.077

1.018

1.019 .

'gﬁGH
BAS

1.032
1.025
1.024
1.024
1.038
1.024
1.023
1.024
1.024
1.024

. 1.023

1.024
1.024
1.024
1.024
1.024
1,035
1.024
1.024
1.027

1,027
- 1.026

1.044
1.036

1.017 -

1.099
1.023
1.024

315



TABLE(G-2)
AERBEEAGREFFAE

ZRESULTS FROM NON-LINEAR WELLHEAD PETROLFUM
PRICE PROFILES (HIGCH CRUDE 0OlL)

~,
1\,

CONSTANT LOW " MEDIUM  HIGH
GAS / GAS GAS  GAS
FLA( 1) ~ 1.015 1.021 1.030 " 1.038
FLA( 2) 1.018 1.022 1.027 1.032
FLA(C 3) 1.018 1.021 1.027 1.031
FLA( 4) 1.017 1.021 1.027 = 1.03Y1
FLA( 5) 1.015 1.023 1.034 1.043
FLAC 6) 1.016 1.020 1.026 1.031 *
FLA( T 1.015 1.019 1.024 1.029
FLAY 8) 1.016 1.020 1.026 1.030
FLA( 9) 1.019 1.022 1.027 1.032
FLA(10) 1.017 1.020 1.026 1.031
FLAC1D) .1.015 1.019 1.025 1.029
FLA(12) 1.016 . 1.020 1.026 1.030
FLA(13) 1.018 1.022 1.027 1.032
FLA(L4) 1.015%5 1.019 1.025 1.030
FLA(1S) 1.015 1.019 1.025 - ~1.030
FLA(16) 1.015 °~  1.019 1.025 1.030
FLA(LT) 1.015 1.022 1.032 1.041
FLA(18) 1.015 1.019 1.025 1.029
FLA(LD) 1.015 1.019 1.025 1.030
FLA(20) 1.016 - 1.020" 1.027 1.033
FLA(21) 1.015 1.020 1.027 1.032
FLA(22) 1.015 1.020 " 1.026° 1.032
FLA(23) 1.0k2 1.023°  1.037 . 1.048
FLA(24)  1.055 1.056 1.057 1.059
FLA(25) 1.009 1.012 1.017 '1.021
FLA(26) 1.007 1.041 1.078 1.100
FLA(27)  1.014 1.018 1..023 1.028
FLA(28) 1.015 1.019 1.025 1.029

r

#*PRICES WERE IN CONSTANT-VALUE DOLLARS. |
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PRICE PROFILES

FLAC 1)
FLAC 2)
FLAC 3)
FLAC 4)
FLAC 5)
FLA(C 6)
FLAC T7)
FLA{ 8)
FLAC 9)
FLA(C10)
FLA(1])
FLA(12)

FLA(13),

FLACLA)
FLACLS)
ELACL6)

FLA(L7) . =

FLA(18)
FLAC1D)
FLA(20)
FLA(21)
FLA(22)
FLA(Z23)

I FLA(24)

FLA(25)
FLAt26)
FLA(27)
FLA(28)

t

#PRICES WERE IN CONSTANT%VALQE

CONSTANT
GAS

1.008
1.010
1.010
1.009
1.008
1.009
1.008
1.009

. 1.010
1.009
1.008
1.009
1.010
1.008
1.008
1.008
1.008

~1.008
1.009

+ 1,008

1.008
1.007
1.031
1.005
1.003

1.007 "

"1.008

)

TABLE(G-3) -
FRARRRRBRREA
SRESULTS FROM LINEAR Wt LUMEAD PETROLEUM
(LOW CRUDg OIL)

LOW
GAS

1.014
1.014
. 1.013
1.013
1.016
1.013
1.012

1.013,

1.014
1.013
1.012
1.013
1.014
1.012
1.012
1.012
1.015
1.012

1.012 .

21,013 ¢
1.013
1.013°
1.017:
1.008
1.039
1.Q11
1 012

A

‘?%?»

- MEDIUM

"GAS

1.024
1.020
1,019
1.019
1.028

1.019

1.018
1.019

) 10-019
1.019

1.018 °
1.019_
1.01'ﬁ
1.018
1.018
1.019
1.026
1.018
1.018
1.021 -
1 .0‘20
1.020
1.032

1.035
1013
] 077
1.017,

DOLLARS

”

HIGH:
GAS

. 1.032

1.024
1.024
1.024

"1.037

1.024
1.022
1.023
1.024

1.023°

1.023
I.024
1.023
1.023
1'024
1.035
1.023
1.023
1,026

. 12026
, 11026 ¢

1.043

1.036
1.017 .*

1.099

1. _23" .

317
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TABLE (G~4) ) o ' °
AR AR AR R AR AR AR R A A -
*RESULTS FROM LINEAR WELLHFAD PETROLEUM
PRICE PROFILES. (MIGH CRUDE 0IL)

CONSTANT  ~ LOM MEDIUM . HIGH

GAS ‘GAS GAS - GAS
FLAC 1) 1.015 1.021 ' 1,030 1.037
FLAC2) ° 1.019 = '1.022 1.027 1.032
. FLAC 3) 1.018 1.021 . 1.027 1.031
CFLAC 4) 0 T 1,017 11.021 1.026 1.031
FLA(C 5) - 1.015 1.023 1.033 - 1.042
FLA( 6) 1.016 , 1,020 . 1.026° .1.030
FLAC ) 1.015 1.019 ° 1.024 1.028 -
FLA( 8) 1.016 1.020 1.025 - 1.030 .
FLAC 99 - 1.019 " 1.022 1.027 . 1.03]1
CELACID 1.017 - 1.020 - L:026 1.030
FLAC11) - 1.015 1-019 . 1.025% 1.029 .
FLA(12) " 1.006 . 1.020 1.026 .. 1.030
FLA(L3) - 1.018 = 1.022 1,027 T 1.031
FLA(14). 1.015 1.019 1.025  1.029 ,
CFLAGLS) 0 12015 -0 1.019  © +1.025 ©  1.029 T
- FLAf16)  '1.015 ¢ ' 1.019. '1.025 . 1.029 O .
FLACLT)Y © 1.015° 1.022 1.032 1.040 e
. FLA(18) 1.015 1.019° 7 1.025 - "1.029° . o,
"FLAC19), | 1.015 - 1.019 1.025 1,029
FLA(20) .. 1.016 ©1.020 1.027 - *1.032"
FLA(21) . 1.015 . 1.020 " * 1.026 " 1.032
FLA(22) " 1.015 1.019 . 1.026  1.032
FLA(23) . 1,012 14022 1.036 . 1.046:
FLA{24) " 7 1.055 | 1.056 1.058> 1.08%9 , . . .
" FLA(25) © 1.009 % 1.012 1,017 - 1.020 [ , \
FLA(26) , *© 1.007 [ 1.041 1078 1,100 . - *
FLA(2T) f.014 . . 1.018 -~ 1,023 = 1.028 . ' -. .
FLA(28) Q21.015 1.019 1.025 - 1.029 . e
. R ; ek ' .4 U B
N [ ot e ,fﬁt\ ,
.*PRJIES,HEREJIN‘CDNSTAﬂTrvALUE DOLLARS . " —
' PR ’“' ta L, , . : * i "'"_“ afv .



TABLE(G-5)
| RREREREAABRK

ARESULTS FROM NON-LINEAR WFLLHEAD PETROLEUM
PRICE PROFJLES (LOW CRUDE O1IL)

FLAC 1)
FLAC 2)
FLA(C 3)
FLA( 4)
. FLAC )
FLA( &)
FLAC T)
FLA( 8)

FLA( 9).
FLAC10) -
FLA(11):

. FLA(12)

. FLAC13)
FLA(L14)
"FLA(15)
FLAL16)
FLA(17)
FLA(18)

CFLA(19):

FLA(20)
C FLA(21)
FLA(22)
"FLA(23)

CFLAL24) .

. FLAL25)

PLA(26)
FLA(2T).

FLA(28)

9]

e

GAS

1.016
1.019
1.019
1.018

1.016,

1.017
1.016
1.017
1.020
1-.018
1.016
1.017

"1.019

1.016
1.016
1-.015

CONS-TANT

1.016

711,016
"1.016
. 1.017

1.016
1.013
1.057

1.009
15007

1.014
1.016

B 4

LOW-
GAS

1.027
1.026
1.025
1.025
1.030
'1.024
G 1-023
"1.024

1.026 .

1.024
1.023
"1.024
1.026
1.023
1.023
1.023
1.028
1.023

1.023°

1.025
1.024

1.024

1.031
1.015
1.063
1.021
1.023

I3

MEDTUM

. GAS

1.039

1.033
1,033,

1.0327
1.044
1.032
1.030

11' 0031 5

1.033

: 10032

1.031
1.031
1.033
1.031
1.031,
1.031
1.0420

1,031

1.031
1.034
1.034

1.033

1.049
1.061
1.021
1.104
1.029 °
1.031 8

«PRICES WERE IN REDUCED-VALUE DOLLARS

4

HIGH -

’

GAS N

el
114049 .

1.039
1.039
1.039
1.056
1.038
1.036

1.038

1.039

1.038

1.037
1.038
1.039
1.037
1.037
1.038
1 053
1,037
1.038
1.042
1.041

1.041 .., ..

1.063
1.063

" 1.027

1.128
1.035
1.037

’

o
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TABLE(G—6)
B A AR AR AR AR AR A A AR .

ARESULTS FROM NON-L INE AK WELUHEAD PETROLEUM
PRICE PROFILES (HIGH CRUDE O1L)

CONS TANT L OW MEDIUM HIGH
GAS GAS GAS GAS
FLAC 1) - 1.025 1.-035 1.046 1.055
FLA( 2) 1.030 1.036 1.043 1.048
FLA(C 3) 1.030 1.-035 1,047 1.047
. FLAL 4)T 029 Y.034 1.041 1.047
FLAC 5) 1.025 1 037 1.051 + 1.061
FLA( 6) Y. 027 1.0373 1.040 1.046
FLAC 7) 1.026 1031 1.038 1.043
FLA( 8) 1.027 07 ° .04 1.045%
FLA( 9) 1.031 ¢ 1.04 1.048 0 "
FLA(LO) 1.028 1.0640 ° 1.046- '
FLA(11) 1.025 1
FLA(12) . 1.027 1.
FLA(13) + . 1,030 1 "
FLA(Y4) 1.025 1. P
FLA(19) 1 1 "y
FLA(16) 1.0; . )
FLACLT) 1,025
FLA(18) 1.025
FLA(19) 1.025
FLA(20) ‘1.026 1.034 1.0472
FLA(21) 1.025 1.033 - 1.041)
FLA(22) 1.025 1.032 1.041
CFLA(23) © 1.020 1.Q36 1.053
FLA(24) 1.083. 7,1.084 1.086
FLA(25)" 1.015 1.020 1.026
FLA(26) 1.011 1.065 1.1086
FLA(27) 1.023 L Ae029 7 1.036
FLA(28) " 1.025 - 1.03{? 1.038

#PRICES WERE,IN REDUCED-VALUE DOLLARS
) i

N
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TABLE (G~T)
RN A AR AR A A A R
ARESULTS FROM LINEAR WELLHE AD PETROLEUM
PRICE PROFILES (LOW CRUDE DIL)

CONSTANT oW MEDTUM - M EGH
GAS GAS GAS GAS
FLA(C 1) 1.016 i-026 1.038 1.047
FLAC 2) 1.019 1.0275 1.033 1.038
FLA( 3) 1.019 1.025 1.032 1.038
FLA( 4) 1.018° 1.024 1.032 1.038
FLA( 5) 1.016  ° 1.029 1.043 1.054
FLA(C 6], 1.007 1.024 1.032 1.038
FLA( 7) 1.016 1.022 1.030 1,035
FLA( 8) 1.017 ©1.023 1.031 1-037
FLA(C 9) 1.020 1.026 1.033 1.038
FLA(10) 1.018 1.024 1.03) 1.037
- FLACL1) 1.016 1.022 1.030 1.036
FLAC12) .« 1.017 1.024 1.031 1.037
FLA(13) 1.019 - 1.025 1.033 1.038
FLAC14) 1.016 1,023 1.031 1.037
FLA(LS) 1.016 1-023 1.03) 1
FLA(16) 1.015 . 1.022 1,031 1.¢
AC17) 12016 1.028 1.041 1.05]
TLACLIB) 0 1.016 0 1.0 1.030 1.036
FLA(19) 1.016 . 1:031 1.037
FLA(20) 1.01 74 © 14034 1.04]
FLA(21) 1.016 1,024 ¢ 1.033 1.040
FLA(22) 1.016 1.024, 1.033 1.040
FLA(23) * 1.013 1.029 14047 1.06}
FLA(24) 1.057 1.059, S 1.061 1.063
FLA(25) 1.009 1.015 1.021  1.026
FLA(26) 1.007 1.063 42104 - 1.128
FLA(27) 1.014 14021 . 1.029 2.035
FLA(28) 1.016 1.022 1.030 1.036
*PRICES WERE IN REDUCED-VALUE DOLLARS
Ly



PRICE PROFILLS
CONSTANT
GAS
FLAC 1) 1.025
FLAC 2) 1.031
FLA( 3) 1.030
FLA( &) 1.029
FLAC 5) 1.025
FLAC 6) 1.027
FLAC T) 1.026
FLA( 8) 1.027
FLA(C 9) 1-031
FLA(10) 1.028
"FLACLL) 1,025
FLA(L12) 1-027
FLA(13) 1.030
FLA(L4) 1.025"
FLA(15) ©1.025
FLACLO) 1-029
FLACLT) 1.025
FLA(L18) 1.025
FLA(19) 1.025
FLA(20) 1.026
FLA(21) 1.025
FLA(22) 1.025
FLA(23) 1.020
FLA(Z24gm.  1.083
FLA(25) 1.015
FLA(26) 1.011
FLA(2T) 1.023
FLA(28) 1.025

b S TR s S s ]
(]

TABLE(G-8)
A AR A A R R A A R

ARESUYLTS FROM LINFAR WELLHE AD

PETROLEUM

(HIGH CRUDE OfL)

LOW
GAS

1 034
1.036
1.035
1.034
1-037
1.033
1.031
1.033
1.036
1.034
1031
-033
«0364
031

Lol

¥y

#
[eNekeRelieol

(NI SINUS G RGN
O O gt O et Dol

" o
‘u

£

s
L]

<
o
N

1.032
1.035
1.084
1.020
1.06Q
1.029°
1.031

MED TUM
GAS

1.045
1.043
1.042
1.041
1.050
1.040
1.040
1.04%
1.040

1.038 -

1.04]
1.041
1.052
1-086
1.026
1.106
1.036
1.038

#PRICES WERE IN REDUCED-VALUE DOLLARS

A

IS

-

HIGH
GAS

1.054
1.048
1-047

1.060
1.045
1.043
1.045
1-048
1.045
L. 044

1.045 "

1047
1-04%
1 . 044
1044
1,057

1044

1.0%4
1.048
1.047
1.047
1.065
1.087
1.031
1.129
1.042
1.044
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)
TABLE(G- 9)
, AR BRI AR ARAER AR
ARFOUIRED REVENUES OF THE CHEMICAL INDUSTRY
(LOW CRUDE 1L PRICES , CONSTANT-VALUE DOLLARS)
-
YEAR CONSTANT LOW MED UM HIGH
GAS GAS . GAS GAS
1972 1.000 1.000 1.000 1.000
1973 1.009 L.037 1.057 & 1.099
1974 1.018 ° 1.070 1.087  1.171
1975 1.029° 1.089 1.108 1.202
~ 1976 1.038 1.103 1.127 1.222
1977 1.047 1.116 1.149 1.236
1978 1.056 1.129 1.173 1.266
1979 1. 064, 1.140 1197 1.329
1980 1.071 1.150 1.225 1.447
198} 1.08) 1.163 1.254 1.459
1982 1.089 1.175 1.283 1.460
1983 1,097 1.187 1.312 1.474~)
1984 1-106 1.201 1.342 °  Y.496
1985 1.1}12 " 1.213 1.373 1.514

JLTED FROM NON-LINEAR PROFILES

STABLES(G-9) TO (G-14) RESU

e
<
r~



REQUIRED REVENUES OF THF
0OIL PRICES , CONSTANT-VALUE DOLLARS)

(H1GH CRUDOE

»”’ .
YEAR T CONSTANT
GAS
1972 1.000
1973 1.011
1974 1.023
1975 1.036
1976 4 1.051
1977 1.067
1978 1.083
1979 1.098
1980 1.114
1981 1.131
. 1982 1.149
1983 1.167
1984 1.189
1985 1.215

Lad

TABLE(G-10)
A A AR AR A A R A AR AR AR

LOW
GAS -

1.000
1.039
1.074
1.097

1-115

1.1325
1.155
1.174
1.192
1.214
1.235
1.257
1.285
1.315

CHEMICAL

MED TUM

GAS

1.000

1.059
1.091
1.115

1-.140 -
1.168

1.200
1.232
1.268
1.305
1‘343
1.382
1.425
1eAT5

INDUS TRY

HIGH
GAS

1.000
1.101
1.176
1.209
1.234
1.256
1.293
1.363
1. 490
1.510

1519

1. 544
1.580
la617<
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TABLE (6-11)
AR AR AR R AR AR A A A A A

REQUIRED REVENUES OF THE CROP FARMING INDUSTRY
(LOW CRUDE OIL PRICES » CONSTANT-VALUE DOLLARS)

YEAR CONSTANT  LOW MED TUM HIGH
GAS GAS GAS GAS
1972 1.000 1.000 1.000 1.000
1973 1.011 1.028 1.040 1.065
1974 1.023 1.053" 1.064 l1.114
1975 1.035 1.072 . 1.083 1.139
1976 1.046 1.085 1.099 14156
1977 1.056 1.097 1.116 1.169 |
1978 C1.066 1.109 1.135 1.191
1979 1.076 1.121 1.155 1.231
1980 1.085 l.132 1.176 1.306
1981 1.097 1.146 ’ 1.199 1.320
1982 1.107 1.158 1.222 1.326
1983 1.117 1.170 1.244 1.339
1984 1.128 1.184 1.267 1.357

1985 1.137 : 1196 -1.290 1.372



TABLE(G~12)
R AR A AR AR

REQUIRED REVENUES OF THE CROP FARMING INDUSTRY

(HIGH CRUOE O1L PRICES , CONSTANT-VALUE DOLLARS)

YEAR

1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983

1984

1985

CONSTANT

GAS

1.000
1.014

1.029
1.045

1.062

1.081
1.101

1120

1.141
1.162
1.185
1.209
1.237
1.270

LOW
GAS

1.000
1.030
1.059
1.081
1.101
1.123
1.144
1.166
1.187
1.211
1.236
1.262
1.293
1.329

MED JUM

+ GAS

1.000
1.042
1.070
1.093
1.116
1.142
1.170
1.199
1.232

1.265

1.299

- 1.335

1.376
1.423

HIGH
GAS

1.000
1.067
1.120
1.149
1.172
1.195
1.225
1.276
1.361
1.385
1.403
1.430
1.466
1.505
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REQUIRED REVENUES OF THE FLECTRIC POWER INDUSTRY
(HIGH CRUDE OlL PRICES , CONSTANT-VALUE DOLLARS)
A

YEAR

1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985

CONSTANT
GAS

1.000
1.009
1.019
1.030
1.043
1.057
1.07}
1.083
1.095
1.109
1.137
1.154
1.173

TABLE (G—-13)
R AR AR A A AR A A AR AR

LOW
GAS

1.000
1.054
1.100
1.126
1.145
1.16

1-.187
1.204
1.221
1.242

1262

1.283

1.308

1.337

)

MEDIUM
GAS

1.000
1.085
1127
1.156
1.186
1.220
1.298
1.344
1.390
1.437
1.485
1.537
1.596

HIGH
GAS

1.000
1.153
1.262
1.305
1.335
1.359
1.409
1.514
1.707
1.723
1.723
1.749
1.790
1.830
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TABLE(G~14)
B AR A AR AR AR AR AR AR AR AR

REQUIRED REVENUES OF THE ELECTRIC POWER INDUST
(HIGH CRUDE O1L PRICES , REDUCED-VALUE

YEAR

1972
1973
1974
1975
1976
1977
1978

. 1979

1980
1981

1982
1983
1984
1985

CONSTANT
GAS

1.000
1.013
1.027
"1.042
1.060
1.081-
1-103
1.123
1.145
1'169
1-195
1.223
1.256
1.294

LOW
GAS

1.000

1.062
1.120

1.158 .

1.192
1.228
1.266
1.302
1.338

1.381
1.426

1531
1.594

MED JUM
GAS

1.000
1.094
1.148
1.191
1.237
1.290
1.352.
1-416

1 1.492

1.572
1.658
1.750
1.851
1968

DOLLAR

HIGH
GAS
1.000
l.165

1.291 -

1.354
1.406
1.454
1.533
1.683
1.954
2.008
2.050
2128

2.228

2+331
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APPENDIX H

LISTING OF COMPUTER PROGRAM
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330
"PROGRAM LISTING
C JHE MAIN PROGRAM ESTIMATES THE L(K,T) VALUES , FOR EACH
C YEAR FROM 1973 TO 1985 , WHICH RESULT FROM SPECLIFIED
C RPO(T) AND RPG(T) PROFILES. THESE L(K,T) VALUES ARE THEN
C USED TO CALCULATE THP REQUIRED REVENUES OF FACH INDUSTRY
C IN 1985. SUBROUTINE AV THEN CALCULATES THE FLA(K) VALUES
C CORRESPONDING 1O THE, 1985 REQUIREH REVENUES.

DIMENSION -G(2B),COMP(28,28),C(28,28),A(28,26),
1U(28,28) 4AC(13),A1(13),AR(13),RL(28),B(28,28),L(28),
}R(ZB)ww(ZB),RPU(]B)fRPG%§3),CC(B),DH(3),RL?6(13)L '
1 RUTH(28),RL14(14),RL15(4),FLA(28),M(28),H(28)

. | '
Q THE 1972 VALUES OF COMP(J.K) ARE READ IMN.
0O 102' K=1,28 7 : -
READ(S52103) (COMP(J,K),J=1,28) .
103 FORMAT(14£5.3) a :
102 cong&gwﬁ _
C G(K)=1.0-PROF(K,1972)~-BIE(K,1972)

RFAD($7100)£G(K),Ki1728) S
100 FORMAT(14F5.3) f

C AC(1) REPRESENTS AC(T) . AI(1) REPRESENTS AI(T). AR(I)
C REPRESENTS AR(T). AC(T),Al(T),AR(T) ARE READ IN FROM.
C. 1972 10O 1985 S =

READ(S,107T)(AC(TI14y1=1,+13)
‘READ(5,107) (AL (1),1=1,13)
READ(S5,107)(AR(I)41=1,13)

107 FORMAT(13F6.3) !

C IN EQUATION (A-6) THE VALUE OF A{J,K) IS 0.0 , THE VALUE .
' CTOF B(J,K) IS 1.0 , AND THE.VALUE OF C(J,K) IS 1.0. :
Y - !

D0 108 J=1 ,‘ﬁ'
., DO 109 K=1,28
T A(JK)=0.0
C(JsK)=1.0
B(JvK)=1.0 !
109 CONTINUE . .
108 CONTINUE - S

C SPECIFICATION OF A(J,K) AND B(J,K) VALUES USED IN o 5

"L EQUATION (A-T). A(JsK) REPRESENTS Z(JyK) o : X

 A(1492)29.0 & o L o
A‘1_4'3)=9.0 ’ - ’ e *‘! o




PROGRAM LISTING * ... (CONT*D)
|

A(14,4)=9.0

A(14,7)=39.0

A(14,23)=19.0

A(14,25)=19.0

A(14,26)=39.0

A(14,28)=19.0

A(15,27)=14.0

B(14,2)=10.0

B(14,3)=10.0

B(14,49=10.0

‘B(14,7P=40.0

B(14,23)=20.0

B(14,25)=20.0

B(14,26)=40.0

8(14,28)=20.0
© B8(15,27)=15.0

RFAD(S'ZOOO)(RP()(I Ly 1=21,13)

READ(S92000) (RPG(1),1=1,13)
2000 FORMAT(13F5.3)

4

C RL(J) IN YEAR T REPRESENTS L(J,T).

¢ SPECIFICATION OF RL(J) FOR 1972

DO 3053 U=1,28 ~
RU ) =1.0

3053 CONTINUE

C RUTH(J) IS USED TO DETERMINE THE VALUE OF P(J) IN 1985

C DIVIDED BY P(J) TN 19723
- C RUTH(J) L(J,1985)*L(J 1984)*————*L(J91973)

DO 6270 J=1228 . © - .
. -RUTH(J)I=1.0 -
6270 CONTINUE
K CALCULATION .OF cc&1),1 1,3 ‘FOR 1973.
c cccl)xs C(E) IN EQUATI%% (A-8).

cC(1)= AC(I)[(B 2+44,69%) -
CC(2)=AI1(1)/(3.2-1.30 -
CC(3)=AR(1)/(3.242. 395)

&y ¢ *
K A CALCULATION OF DD(I),I 1143 FOR | 1973
_C'DD(I) 15 D(E) IN EOUATION (A~8).E

N PO(1)=3.2/(5.2+0.695) o S

DD(2)=3.2/(3.2-12305) =
DD13)=3.2/(3.2+2.395), o )

C R(K)=RO(K)/PIK)

- N b o

i
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C
C

C

sNoNolNcRoNe)

(2N eEeRo!

PROGRAM LISTING . «s- (CONT'D)

N(K) RG(K)%(\K)

SP&CIFICATIUN OF R(K) AND W(K) ng 1972

DO 1000 K= l,zs { . .

" R(K)=0.0 ' - o .
H(K)=0.0 "

1000 CONTINUE

R(24)=0.582 e o
W(26)=0.348 N
LL=} \ .

C T=1973.0

RL(14) AND RL(15) AT TIME T-1 ARE REQUIRED FOR SOME K

VALUES (CAPITAL COSTS) WHEN APPLY ING EQUATION (A—22)TD
YEAR T ’ .
RL14(LL) IS USED TO STORE THE VALUES OF RL(A#) EOR .
DIFFERENT YEARS '
RL1S(LL) IS USED T0O stoRE THE VALUES OF RL(15) FOR
DIFFERENT YEARS ' K \ )
\ Y
RL14(1)=1. 0 ,
RLIS )=1.0 v

~

LU IS USED TO STORE THE VARiATIDN OF VARIABLES. HITH TIME |
FOR EXAMPLE IF LL= 2 “THEN RPUJLL) REZFESENTS RPD(19T74)

1 CONTINUE : Ei \ ) o

'ESTIMATION OF C(JoK) AND A(3,K) FOR YEAR T

 ONLY C(26,K) AND A(26,K) CHANGE WITH TIME
THE QTHER C(J,K) AND A(J,K)VALNNJES REMAIN
THE SAME AS WHEN THEY HERERE§§\IN 2
: 3y \
A(264,1)=CC(2) - o T
"AL2645)=CC(2) , SN
A(2646)=CC(2) \ N

A(26,17)=CC(2) DR " -
DO 32.1=20,24 - Coe
A(2651)=CC(2) - - ..
32 CONTINUE & %

A(26416)=CC(1) - e o o

A(26,19)=CC(1) , R ‘ R
AL26428)5CCA1) - ST e
A(26427)=CC(3) ' : AN

- €(2641)=DD(2) : o " e N
'C(26,5)=DD(2} ’ Tty
"€(26,6)=DD(2) coa
C(26,17)=DD{2) N

,D0 33" 1220,24 S N

““C(2641)=D0(2) .~ I RRE N
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PROGRAM LISTING s e. (CONT'D)

33 CONT INUE
€(26,16)=DD(1)
C(26,19)=00D(1)
C(26,28)=DD(1)
C(26,27)=DD(3)
C CALCULATION OF H(K) ‘
°C M(K)=THE SUM OF (A(J,K)/B(J,KII&COMP(JIK) OVER J |

DO .3 'k=1,28
' H0=0.0
~ DO.2 J=1,28
H(K )= (ACJI4K)/B (I, K))*COMP(J,K)*HO
HO=H( K ) T
2 CONT ENUE h ' - .
3 CGNTINUE )

CHANGE C(J K) ANDOH(KW FOR THOSE INQUSTRIES WHERE
CUN&TRUCTION IS TREATED AS A CAPITAL COST ANB. IS .
REPRESENTED. BY EQUATION (A-T). IN EQUATION (A-T7) L(I) IS
AT "TIME"T-1 AND NOF TIME T.- HENCE IT IS MOVED TO THE
RIGHT. HAND SIDE OF EQUATION(A-19) AND IS INCLUDED IN H(K)-
‘RATHER THAN UKy d ). i : .

Ne¥sReXoRals

"t DO 91 ‘%=1,28 ° * % : )
00 3002  y=1,28 ° - T s
- 1F(J~1413020,3001,3020 .Y
/3020 1F(J-15)3002,3021 ,3002 ; ,
3021 (IF(K~-27)3007,3051,3002 R ‘
3001 IF(K~2)3003,305%,3003, ,
3003 1F(K-3)3004,3051,3004
-3004 TF(K-413005,305},3005
3005 1F(K~7)3006,3051,3006" .
3006 1F(K~23)3007,3Q51,3007 "
3007 IF(K~25)3008,3051,3008 ,, . :
3008 1F(K-26)3009,3051,3009
3009 1F(K<28)3002,3051,3002.
3051 C(J9K)=0.0 - .o : - i
- “H(K)“H(K)+JRL(J)*COMP(JgK))IBGJyKD _
3002 CONTINUE . . | B
91 CONTINUE v o L

c CALCULATION OF- U(K.J) ' .
C IN NEW NOMENCLATURE. EQUATION (A- -19) 1§’
C THE SUM OF (U(K,J)*RLAJ)) OVER J IS EQUAL T0
c H(K)+RPO(LL)*R(K)+RPG(LL)*H(K)
I
\ DO‘B J 1,28, KA
IF(4-K11846,18




18

Nol = Bos

%
PROGRAM L 1STING

UK, J)~*(C(J7K)/U(J,K))*CUMP(J,K)

GO TO 8

WK, I)EGIK)=(C LU, K)/B()JK))*CUMP(J K)

CONT INUE
CONT INUE

. INVERS 1ON OF (1 IR

.

N=28 " N
CALL ARRAY(?,N NNy N U,U)

CALL MINV(U, 28,050 ,M) .
CALL ARRAY (D3N 0 NN, Uyt

o ESTfMATIUNfOF‘RL(K) ‘

11
12

o &LZb(LL)
CiXEAR. FROM 1973 TO 1984 .
c CC (1) AND (DD (1)

C CALCULATION OF RUTH(J?

' DO 6271 J= 1,28

6271

C CALCUgATIGN OF COMP(U,K)

" 4020

" 4021
4001
. 4003

.. 4004,

40605

4006,
alF(K-25)4ooe,4051,koo

4007

DO 14 K=1;28"

00 12 Karsze |\
RLD=0. 0 i o
DG’ 11 ~d=1, 28

RL(K)-U(K J)*(H(J)*RPU(LL)*R(J)*RFG(LL)*N(J))+KLU
RLO=RL (KD -

CONTINUF

CONTINUE
RL14(LLAT) RL(lé),
Ll5(LL+l)rRL(15)

\RL26(LL)~RL(26)

RUTHI ) = RUTH(J)*RL(J)
CONTINUE N

I3

2

DO 5002 J=1,28" -

CIF€J-141)4020, 4001,4020

1Ff J- 15) 4002 ,4021 44002
TELK2T) 4002, 4052,4002
TFtK=2)400% 4405154003 "
IF(K~31400454051,4004
IFA K~4)4005, 4051,4005
IF(K=7)4006 4051 ,4006,
IF{K-23)4007,405 4007 :

s

EQUAT}ON(A;ZZL

-+« {CONT* D))

IS USFD TO STURE THE VALuEs OF RL(26) FO
‘THESE® VMALUES ARE:!REOQUIRS

ARE TU BF CALﬂULATED up TU 1?85
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PROGRAM LISTING ae {CONT*'D)

4008 [F(K-26)4009,4051,4009

4009 TF(K=28)4002 6051 ,4007

4051 COMP(JrK)=(CATIsK)AKL T4 (LL D)) /B(J2K) IACCOMP(J,K) /RLIK))
GO TO 5002

4052 COMP(JaK) =t CA(I,K)IARUIS(LL D)/ BLI,K)IF(COMP (I, K)/RLIK))
G0 TO 5002

4002 COMP(J,K)={ (A(JI,K)I+C(I,K)IARL(JI))/BLI,K))F(COMP (I, K)
1/RL(K)) '

5002 CONT INUE

14 CONTINUE

C CALCULATION OF R(K) EQUATION(A-25)
C CALCULATION OF W(K) EQUATION(A-Z26)

/\DO 15 K=1,28
LK)~(RPU(LL)*R(K))/RL(K)
H(K)-(RPB(LL)*W(K)}/RL(K) >
15 CONTINUE
ABEL(26, T-1)AL(26,T2)Ar—moAL (265 1972)53.2
CACCULATKDN 0F AB

S B i

"ALO= l 0

AB=ALA3 .2 ;! o N
LLRLEA L [ T E
T T+1 0O

C "CALCULATION OF dL(I) FOR YEAR T (FROM DEFINITIONS AFTER
C EQUATION (A-61)4 " .

I ]
CCLI) AC(LLP/(AB+AC(CL 1)1
CC(2)=AT(LL) /(AB+AT(LL~1))
,'CC(3)= CAR(LU) / (AB+AR(LL-1))
|

Q.CALCULATION OF DD (1) FOR YEAR T (FROM DEFINITIONS AFTER
. € EQUATION(A-6)) - . .

DD(1)=A8/( AB+AC (LL~1))
DD(2)=AB/ (AB+AT(LL~1))
AT DD(3)=AB/ (AB+AR(LL-1))
N U XR(T-1986.0)1,20,20
ZOYCONTINUE L p

C FLA(K) 15 THE INFLATION WHICH IF APPLIED EVERY YEAﬁ FROM
C 1973 70 1985 WILL BRING THE PRICE OF K FROM ITS,
c 1972 VALUE J0 THt 1985 VALUE, PREDICTED BY THE MUDEL

A | ’ ' >
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PROGRAM LISTING e e (CONT'D)
v,
CALL AV(RUTH,FLA) ] .
HRITFL6,695T)
6957 FORMAT(LIHM ,30X,*VECTOR FLA®)
WRITE(6H,6958) (FLA(K) ;K=1,728)
6958 FORMAT(THFLO.6)
STOP
END
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@y

SUBRUUTINE AV

C THIS SUBRDUTINE CALCULATES FLA(K) YALUES 1F GIVEN THF
C REQUIRED 1985 REVENUES OF EACH INDUSTKY K
C A TRIAL AND FRROK PROCEDURE 1S USED IN THIS SUBROUTINE

DIMENSTON RUTH(Z8),FLA(28),X(14)
DO 1 K=1,28
FLACK)=1.0
YOY=1.0
N= 14
R=0.01
X(1)=1.0
7 CONTINUE
D0 5 Jy=2,N
X{I)=FLA(K)AX(J~1)
5 CONTINUF _ . : 5 7
HOH= (X (R =RUTH (K § ) # 4 YOY ~ RUTH(K)) g .
- IF(HUH)?},],Z? E
21 R=R/}0.0 ! g . .
22 YOY=X(N) by ; o ,
’ TELABS (RUTH(K) ~X (M) )20 . 001)1,1, 9 o
9 IFERUTHOKI-X(N)}12,0022 . 7 3
11 FLAK)=FLA(K)+R: " Tl /Y e
GO TQ 7 ’ 4 :
12 FLACK)=FLA(K)~R R
60 10 7 .
1 CONTINYE
RETURN : .
END . ™




