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ABSTRACT

TRANSPORT SUBSIDIES_AND REGIONAL DEVELOPMENT
by John Heads

Major Advisor: Dr. E. W. Tyrchniewicz

The objectives of this dissertation are:

(i) To determine the extent tOIWhich»allegationsvof

./

regional economic disparities and freight rate inequities in

| the Atlantio:Region and the Western Provinces of'Caneda.are =
confirmed by the factuai‘evidence;

ﬁ(ii)‘ To-examine the circumstancesvin whioh trénsport”
‘sub81d1es can be used to allev1ate transport problems,.

(111) _To examine w1th1n a theoretlcal framework the
effectlveness of freight rate sub81d1es, in comparlson ‘with -
non-transport sub31d1es, in ach1ev1ng 1ncreased output from
a firm 1ocated in a slow growth region.

The extent7of economic disparities’is'described in
respect of 1ncome, employment and economlc growth. Specifio‘
'allegatlons of rail- frelght rate 1nequ1t1es are documented
but it is concluded that a general reductlon in rail frelght '
rates towards closer-conform1ty-w1th varlable-costs would not
vdnecessarily benefit‘the Atlantic Region and the Western

-Provinces more than Central Canada.
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The economic basis for transport subsidies is examined.
Transport subsidies should generally be concentrated on those
modes showing increasing returns to scale‘and.this means
that all modes should not necessarily receive equal subsidy
'treatment. Transport subs1d1es can’ also be used to offset
:the vestigial monopoly powers still enjoyed by carriers,
‘but it is normally more efflclent‘to offer such subsidies on
a flat—rate ba51s rather than as percentage reductlons to

-fre;ght-rates. Transport sub51d1es can also be used to secure

' non-transport public pollcy goals such as income redlstrlbutlon

and regional economic development.

A model is developed to examine the relative effiCiencY.f

of transport subsidies in securingfincreasedvoutput,from a .
firm located in a slow growth area;vaspagainstvsubsidy,on'
output price or on a”factor of production. This anaiytical'
frame can also include snbsidy on other inputs such asfrawv
material costs. The most efficient snbsidy system is =
specified as that which minimizesvnetfsocial cost, defined

‘as subsidy payments by government minus the,increased profit

of the firm. However, government does not raise taxes without

cost and it is also desirable to minimize the actual.subsidy
payments.
The model assumes perfect competition modified by'

the existence of transport charges, where any increase
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in output must bebshipped tO'more'distant.markets. The
model is not constrained to .constant returns-to scale and
‘data are assembled to allowvas realistic calibration as
'possible. Theigeographicai distribution of the firm's
;kshlpments are spec1f1ed under two dlfferent assumptlons,
with the real world 51tuat10n 1y1ng between these two alter—.c
‘;natlves. ‘ | | |
Analysis and calibration of’the model suggests that,

on the crlterlon of mlnlmlzlng net ‘social cost, subs1dy on
transport charges and- subsmdy on output price are equally
‘efficient, and less costly_than subs;dlzlngrelther the labour
.;or the capital used by the firm. On the further criterion
that the subsidy payments made by government should also
be mlnlmlzed, the subs1dy on transport charges is the most
4,efflclent approach. If the sub51dy scheme can be confined
‘only to additional output, further substantial savings in‘
:Vgovernment payments can be‘made‘~ | |

| The conclusions to thisgstudy are somewhat at Variance'
with acceptediwisdom which is skeptical of the'role of
transport in regional development. Yet,din spite of
shortcomlngs, it is argued that the model is falrly robust
’when transport charges are the main hindrance to increasing
a firm's output. Essentlally, the transport sub31dy meets

’only the costs necessary to overcome dlstance on each spe01flc.
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unit of output, while the output price subsidy dissipates
resources by paylng the same ‘rate of subsidy on product mov1ng
short dlstances as on product moving long distances.

However, many reglonal development problems are not prlmarlly

attrlbutable to transport dlfflcultles and transport sub81d1es '

~are, of course, no panacea.
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TRANSPORT SUBSIDIES AND REGIONAL DEVELOPMENT
CHAPTER I: INTRODUCTION

- There is an apocryphal story of a Sashatchewan,farmer.
watching his crops being destroyed by hall and raising hlS
hands to the heavens to 1nvoke "Goddamn the Canadlan Pacific
-Rallway'" Thls story catches the spirit of Western canadian
complalnts over the years in. respect of rail transport and
- the widely held western view that frelght rate 1nequ1t1es are
| ~the prime hindrance to more rapid‘economlc development in-
the West. This key role ascribed to the effect of freight
. rates on economic developmentvis not exclu51vely a western
phenomenon. For over one'hundred years, 1t has been alleged
lthat frelght rates have been a major hlndrance to the develop—‘
ment of the CanadlaniAtlantlc Provinces. |

- The present dissertation owes its origins.to the concerns :
expressed in Western Canada and the Atlantlc Reglon as to. the
effects of high frelght rates on economic development and a.
tendency in some quarters to see frelght rates not merely as.
one of a number of problem areas but rather as the embodlment
of all factors 1nh1b1t1ng economic development. From these v
concerns, the study proceeds to con51der the extent of general
reglonal disparities and alleged frelght rate 1nequ1t1es, the

economic role of transport subsidies; and, in the specific




context of attemptlng to increase reglonal production, the
efficiency of transport subsidies as against other forms of
aid. The discussion commences with a strong orientation
towards Western Canada and the Atlantic Region, as it’was-the
" transport problems of these areasvwhich proﬁided the initial
paison d'etre for the‘study. 'As the analysis proceeds'to the
role ofdtransport subsidies in general and their efficiency.
in regional development, inevitab1y~thedapproach becomes |
-broader and less conflned to the- problems of spec1f1c reglons;
‘_The final chapter of the dlssertatlon therefore 1nc1udes a
re-focus of conclu31onsvof~general appllcablllty back to the -

specific geographical»regions}With-whichrthe-study-commenced.

’i, THE TRANSPORT PROBLEM

The Canadlan Pa01f1c Rallway completed its flrst trans—
contlnental rail 11nk in 1885. Western transportatlon complalnts
':had been marked long before the- completlon of thlS trans- B
contlnental system and the constructlon of -an-all- Canadlan
'grallway dld not remove the concerns. *  In thevdebate on the

Crow s Nest Pass contract in 1897 Frank Ollver Member of

'Parllament for Edmonton, stated 1n terms - very 51m11ar to those‘fr

~ * In debate on the frelght ‘rate issue,- *+he terms "Western ,
Ganada" and "Prairie Provinces" are often used 1nterchangeably,
this inaccurate but hallowed tradition is followed in the
present dissertation, even though it is unusual for British
Columbia to complain 1n the same terms as the three Prairie
Prov1nces._. . ;




used in the West today:

. . . it is because the railway rates have
been distinctly'against the west in parti-
cular and in general from the first that
‘Manitoba and the Territories have shown so
much less rapid progress than was expected
when the Canadian Pacific Railway was’ first
-aided. (71, p. 536)

The:concern with rail freight rate inequities has con-

tinued in,Western Canada to the preSent day and is deeply

embedded in the fabric of the_western economic outlook. The

concern has never been inactive, although its intensityhhas
obviously fluctuated over the"years——less intense during the
period of economic prosperity that preceded the First World
War; more intense in the 'twenties when Canadian National
Railways was formed and the grain rates of the Crow s Nest
Pass Agreement were given permanent statutory extenSion; less
intense in the 'thirties against preoccupation with the
general problem of economic depression; more intense after

the Second World War, in the era of horizontal increases, the

Turgeon and MacPherson Commissions and the 1967 National

Transportation Act.
The 1967 Act relied primarily upon competition as a means

of avoiding discrimination in freight rates, although there

were ‘also three’provisions‘to protect shippers from excessive
rate charges. It was hoped that the 1967 Act, together with
the continued growth of highway transport, would allay the

_ concerns of the West in respect of rail freight discrimination.




However, within two or three years of the passing of the Act,
i£ became clear that these hopes were not to prove justified.
Thus, in 1970 the late Ross Thatcher, thén Liberal Premief
of Saskatchewan, cléimed that the railways

. . . charge Western Canadians substantially
higher freight rates than they charge the
people of Central Canada. The result has
been that unfair and discriminatory rates
have hurt Saskatchewan in a major way in
attracting new industries. (34,p. 33) '

In similar vein, a 1971 Manitoba submission to the Federal
Minister of Transport argued that:

. . . the Prairie Provinces are more

- dependent upon rail transportation and the
penalty of this captive status has been
that the west has been called upon to make
more than a proportionate contribution to

" the total railway overhead. This is the-
basic complaint of Manitoba on the question
of freight rates. (78, p. 1)

Complaints in respect of freight rate inequities continued

to become more intense in the Prairie Provinces during the\'
early“seventies énd in July 1973 the Western>Ec0nomic‘
Opportunities Conference took'place in Calgary between the
Prime-Ministér‘of Canada and;the’Premiers of‘therfour Western
.ProVinces. Transport had pride of place.bn the agenda and
the Premiers stated in their submission that "the development
of the Western region of Canada is inhibited by the lack of
positive policy direction and the discrimination inherent in‘_
our present system of freight rates" (92, p. 3).

' The concern with transport problems in the Atlantic




Region goes back well over one hundred Yeafs. The promise of
railway construction was an intégral part of Conféderation

- itself and the Intercplonial Raiiway was built at public
expense with a rate structure that was not required to covér‘
fully the interest on the investment. After a particularly
larée rise in rail freight rates during and following the
First World War, in 1927 Parliament passed the Maritime
'freight Rates Act which provided:a twenfy per cent subsidy
'on.raii txaffic movementé withinlﬁhe Selectherritory and on
_the Seléct‘Territory‘part“of'wesbeund rail movemenfs;;. As
- a result of further complaints from'Maritimekinterests, the

' outbound western subsidy was'iﬁcfeased,to thirty per centlin
'1957. In 1969, the freight ratés subéidies were extended
from rail tokinciude highway_tranéport} provisions'were made
‘to reduce the level of»subsidy on movements within the

Select Terrifory and this has'now been lowered to fifteenb
per cent; and the savings from,thevreduCtion in the subsidy
on intra-traffic were‘to be used for.altérnative forms‘of‘
 transp6r£ assisténce‘in tﬁeLSelect Terriiofy. This has since
included additional subsidy tb a total of fifty'pér cent on

selected westbound products.

*The Sélect Territory consisted of New Brunswick, Nova Scotia,
Prince Edward Island and Eastern Quebec; Newfoundland also ’

became part of the Select Territory when it entered Confederation

in 1949. For a history of transport subsidies in the Select
Territory see (19, pp. 113-21) and (81, pp. 163-74).
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In the light of the very considerable transport subsidies
given to the Select Territory amounting to $36 million in
1974, perhaps it could be expected that complaints in respect
~ of freight rates would be much less pronounced in' the Atlantic
Region than in Western Canada.;_Such‘eXpectations would only'
be partially realized. The Atiantic Premiers asserted in 1975
that the reliance on competition.in]the 1967 Act "is not
practicai in the AtlanticeProvinces where'there is limited
conpetition, lack of facilities, a‘low volume of traffic, and
long distances whlch are sparsely populated” (2' p. 3).
Atlantlc concerns on transport issues have been expressed even
‘morevV1v1dly in a recent issue of the Halifax Chronicle-

Herald which refers to ?freight_rates that unfairly discourage
industrial growth*in‘developing regions of the nation—ethat
‘is to say the west and Atlantic provinces" (42)

Turning to the prov1s1on of rail services in Canada, the
railway companies claim that they compete in respect of
service, but there is very llttle prlce competltlon as all
‘frelght rates are as’ flled w1th the Canadlan Freloht Association.
The railways would admit to price dlfferentlatlon~1n the sense
that freight rates are related to value of serVice and not only
to cost of service. As there is virtually no price competition,
the railway companies can be conSidered in aggregate ae |
approx1mat1ng the economic behaviour of a price dlscrlmlnatlng

‘monopollst, with this behav1our pattern only sllghtly modlfled




by service competition arising from the actual existence of
~duopoly rather than monopoly.

Yet the railway companies do not make excessively large
.profits. In the two years ;971—72 Canadian National'Raiiweys
operated at an annual aVerage net income before interest on
debt of $46 million. This represented little more than a |
return of 1% on the consolideted assets of. the corporation.
After payment of debt ihterest, the corporetion showed a |
deficit of $21 million, givihg a negative return of 1% on
shareholders' equity held by the Governmentvof Canada (12,
calculations from pp;_38—4l). The financial performance of
Cenadian PacificrLimitedfwes more favourable, but hardly
impressive. Incoﬁe_before_tax from‘railway and "miscellaneous"
sources avereged $107 million per annum’in 1971-72 Related
to total assets, the return before tax was only 431%; after
tax the return fell to just over 3% (13, celculatlons from
pp. 8-11). Although the argument is often advanced that'. -

 Canadian Pacific Limited has "salted_away?‘resources originaliy g

given for railway construction into Canadian Pacific Investments

Limited, nevertheless the return on assets currently employed
in Canadlan Pacific lelted is certainly not high. 1In theory,
the railways may Stlll enjoy a residual element of monopoly
power in spite of increased intermodal competltlon; in practloe,
the rewards from,explOitation‘of this monopoly power aredl

meagre.




To conclude this first section, the transport problem

raised in the Prairie Provinces and the Atlantic Region is

dissatisfaction with the Canadian rail freight rate structure.

- This dissatisfaction ie often expressed in rather vague
generelized terms, but the overall complaint is that, becaﬁse
of lack of competitive transport, the Prairie Provinces ahd’
 the.Atlantic'Region have to bear more than theirﬁfairvshare-
:of~the'reilway-overhead. Without admittihg'these charges of
regional disorimination, the réilways‘Woold admit to'dis—v |
crimination in the sense‘of‘obtaining‘greater contributions
to fixed costS'from some trafficvmoﬁeﬁents~than from others.
- The rallway p051t10n is that thlS type of dlscrlmlnatlon lS'
'essentlal if revenue is to cover flxed costs and that the
 financial p031t10n of the rallway ‘companies is ‘in fact
precarlous,'show1ng clearly that rate dlscrlmlnatlon is not

‘being used tonreap excessive profits.




2. THE REGIONAL ]jISPARITY PROBLEM
Regional disparities are not very difficult to explain

as short-run phenomena. Postulate avdynamic economy, with
| changing income, tastes and technology, and_it is~high1y_
yimprobable that growth will proceed at precisely the same
rate in each geographical region. 'During the period of time
in which.the economy is adjusting, incomes and employment.
fopportunities should increasehat a greater rate in the more

- rapidly expanding areas and unemployment should be less there.
However, within a national economy, these disparities should
| only be temporary, if labour and capital can move freely
within the national boundaries.'-Yet, it has become.increasingly
evident that in both advanced and underdeveloped economies |
interregional disparities can perSist for Very long periods
'of time. Typically, these disparities take the form of large
differences in income per head betweenvregions; high unemploy-
ment‘and'under—employment in certain‘parts of the COuntry;. |
and popnlation concentration in certain areas'with reduced
growth or-depopulation elsewhere.' | |

There is considerable evidence that.a high degree of

labour mobility can co-exist with only modest dimunitions in
'income disparities between regiOns.. For eXample, a large gap
‘between farm and non-farm labour income has persisted.in both
bthe United States and Canada in spite of substantial migration

| from the land over a conSiderable number of decades. In his
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l96l analysis of the Upper Midwest of the United States,
Sjaastad suggested‘that since “a goodhpart of what we consider
human capltal is an accumulatlon of skills and experience
specific to an occupatlon . « . income differentials could
persist over long time periods even in a market system with»
no lags or 1mperfectlons save lack of perfect fores1ght“

(74, p. 262) . From a general survey of emplrlcal ev1dence,
Okun and Rlchardson concluded that "no general prop051tlon

can be formulated concerning the effect of 1nternal mlgratlon
on'reglonal 1nequallty of per caplta 1ncome (76, p. 318).

Some wrlters, for example Myrdal have argued that 1nternal

mlgratlon can even w1den reglonal 1nequa11t1es because the -
mlgratlon is selectlve of the young and capable. Economlc
theory implies that mlgratlon will reduce 1nterreglonal.
1ncome dlsparltles on the assumptlon that unlts of labour -
are homogeneous; thlS does not necessarily hold if the actual
~migration process is selective of the more productive labour ‘
unlts.. | | |

In Canada, there are two major areas faced w1th problems :
of'regional disparities--the Atlantlc«Reglon and Manltoba/ d
Saskatchewan. ‘The Maritime Provinces have lagged behind
',Canada in terms of income and growth of. employment opportunl—
ties for over one hundred years. Confederation itself was a
dlsapp01ntment to this region in respect of hopes for w1der
markets and increased- 1ndustr1al development, Macdonald s
National Pollcy was felt to 1mpose rurther costs, and the

Marltlmes did not even share 1n the economlc expan51on of the
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‘Laurier years (73, pp. 409-10, 450). Following the Duncan,_
Commission on Maritime Rights of l926,_attempts were made ﬁo
alleviate economic depression through freight rate subsidies
and these were further increased in subsequenf years. However,.
as will be shown in the next chapter; incomes in the Atiantic
fegion heve remained far below the Canadian average, the
vgrowth'in_employment opportunities has been 1ess andiunemploy—
" ment rates have been higher. |

The second region of Canada_suffering from regional dis-
parities is Manitoba/Saskatchewen.’ For seme_forty Yeafs;vthe:
vgrowth'in'employment and nqpulatiOn has been much belqwithe
national average in these twodproyinces. The explanation has:
been the heavy dependence on agriculture, Where;employment‘
opportunltles have been declining. ‘At the beginning of the
twentieth century, the proportlon of the Canadlan labour force’
employed in agrlculture approximated 42°; by 1951 this was
down to 20% and the current figure is rather less than 7%
-Alberta would»have_shared the same fate as-the other two'd
Prairie Provinces, but the discevery of petroleum and the
accompanying development allowed the economic base employment
the:e to increase very substantially‘in spite of‘declining
employment opportunities in the large agricultural sector.
Anticipating the results of the next chapter, the prbblem of
régional disparities in the Prairies is confined to Manitoba

and Saskatchewan; in Manitoba, the problem is seen only in
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terms of low growth of employment oppdrtunities; in Saskatchewan.
there is the lowest growﬁh in employment opportunities and
population in the whole of Canada, an income problem related
primarily to fluctuations in agricultural prosperity, but
unemployment far below the national average.

The Government of Canada has, of course, always had to
be awarelof the political importancé cf regional conSidefations,
but direct action in.respeét of fégional ﬁafiations in economic.
| growth is a more recent deVelopménf. In 1940 the Rowell-
‘sirois Réport recognized the heéd tdvreduCe regional economic
‘ disparities in Caﬁada‘ahd its proposals'for revenue adjustment
between'provincial and federal‘goyernmenté were in effect
achieved through wartime tax arrahgements which were continﬁed'
into>the post-war period (73, p. 628). Nevertheless, it was
not until the ‘sixties that efforts to create employment
" opportunities in the slow growth areas of Canada became feally
" pronounced with an'impressive érfay of new legislaﬁioh.

Concern with the plight‘of'impoverished'farmers was
responsible for the,Agriéultﬁral‘Rehabilitation.ana,Development
Aét of 1961. In 1962 the Atlantic Development Board was |
established to provide special assistance to the Atlantic
Provinces. In 1963 the Area Development Agency was set up tp
'encourage industrial develOpmént in areas of chronic unémﬁloy— |
ment. In 1966 the Fund for Rural Economic Development appeared

on the scene to permit implementation of comprehensive rural -
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- development programs in problem areas considered to have
development potential. Of these agencies--ADA, ARDA, and

FRED--Rotstein remarked "New government agencies are launched

and one acronym follows another into a state of suspended
animation" (72, p. vii). 1In 1968, the Federal Government
set up a new Depattment of,Regioﬁal Economic Expansion and

~all the programs*with the confusing initials were consolidated

here. The new emphasis has been stated'as the development of

“growth'éentres,“ and the need for regional development has
been kept consiétently in.the forééround of econdmic/discussion
and policy of Canada.*

The persistence of interregional econ&mic disparities‘is,~
now fullf'recognized; in fact, the Economic Council of Canada

only slightly overstated the degreevof persistence in the
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following passage from its 1968 Annual Review.

pifferences in both the levels of economic

and social well-being and in economic

opportunity among the various regions and
provinces of Canada are large, and have

persisted with only modest change for over

forty years. This persistence has been - o
remarkable; neither strong national economic ..
growth nor the strains and turbulence of
depression and war have had lasting effects

on the basic pattern of regional disparities.
There is little reason to suppose that the
historical mix of market forces and public

policy is likely to lead in good time to

‘a significant reduction in these disparities.

(32, p. 141)

*Nevertheless, as recently as December 1975, Conservative Leader
Stanfield charged that the "government has failed to develop a

- coherent, co-ordinated program to attack the deep-rooted problems
of regional disparity.," (77, p. 4). ' .
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3. A SYNTHESIS OF PROBLEMS

‘All advaﬁced countries are concerned with the "geographical
unevenness of their development . . . All try in one way or
another to steer economic activity from their more prosperous
to their less prosperous areas " (38, p. V). »The concern at
the national level is felt even more keenly by provincial
jurisdictions which have not beenvcoﬁtent to rely on migration
Fas a solution to iﬁterregional’disparities, For example, the
Manitoba Commiséion on‘Targets fof Economic Development,
'reportihg in 1969, established the objectives that by_1980
provincial income per heéd should equal the Canadian average
and that Manitoba should regain itsvl966 share of Canadian
pbpulation (70, pp. 523-5). »The N6rth American preoccupation
withvgrowth;for growth's sake was.regérded with mote askanée
in the 'séventiés} yetvthe'Manitoba objective.in’l973 seeméd‘
only slightly modified With i;s stress on thé'stay option
allowing natives of each area the‘opportunity'to continue to
 1ive aﬁd work in their area ofvorigin (69, pp. 14-5). These
'Ménitoba objectives are not atypical.* Within most.western

economies, the objective of slow‘growth regions has been to

*For further discussion, see (74). An aspect of population
migration from the slow-growth areas which has received far

too little attention has been expressed by Leven as the need
"to investigate whether the regret over induced migration is
mainly expressed by individuals who have had to move to realize
an improved economic position, or by individuals who are con-
fronted with declining markets for local goods and services"
(65, p. 587). .
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attain at least en "average" rate of growth, £6r "below average"
is regarded not merely as a statistical description but also
as an expression of moral disapprobation.

For many decades, the major growth area in employment in
Canada has been the tertiary or service sector of the eCOhemy
- and this has, of course, been typical of economies with risingv
'ievels'of,real income per head; However, generally the service.
industries are located as a result of multiplier effecte from
the basic economic activities which exist in an afee; in some.
ihstances, of which tourism ie the mosﬁ'imporﬁant example,
service industries can provide the raison d’etre for economic
activit&} but usually service employment is a.fﬁhctioh of ‘
other ecbnomic base employmeht. The economic base of a region
is normally aefined as consisting of agriculture, fiShing,»
forestry, mining; manufacturing, and perhaps tourisﬁ; although
the construction industry produces a tangible prqduct, thev
| level of employment hefe iS»responsiVe to other economic
‘activities and, in terms of economic base theory, construction
is hest censideted‘alohg with the tertiary sector.

The agricultural component ef the economic base in the
Prairie Provinces hes been declining for many years, while
fishing ahd fofestry offer onlfla limited number of employment )
opportunities. The petroleum industry has, of‘course; had a
marked effect on the development of Alberta, while inbManitoba

and Saskatchewan mining employment has‘provided a welcome
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addition to the provincial economies. Employment in the
tourist industry has also increased; However, manufacturing
industry has usually been regarded as the main contributor
to increased baseiemployment. In Manitoba, for example, this
was apparent in provincial thinking before the publication of
the report of thevCommission on Manitoha's Econdmichuturedof
1962; it continued in the Targets for Economic DeVelopment of
fl969- and, although statlng constralnts and reservatlons, the'
1973 Manitoba Guidelines recognlzed the stress that had been
placed on “1ndustr1allzatlon as a meansvof promotlng, 1nfluencing_-a:
or maintaining’economic deVelopment" (69, p. 122). Similariy,h'
after examining employment opportunities~in agriculturé,
-fishing; forestry, coalemining, tourism, and defence expendi—’
ture, a recent study concluded thatd"Nova Scotla s hope lies
in lts.manufacturlng sectoxr" (38, pp. 22-3).

Increased growth in employment opportunities requires a
o iarger economicbbase and, in the slow‘growth regions, this
is perceived as best achieved by an expansion of the manu-
facturlng sector. Transpcrt charges are alleged to be one of.'
the main costs in developing manufacturlng. Vast distances
separate the Prairies from the major markets of Central Canada
and the distances are also constderable between the Atlantic
‘Region and Central Canada. Moreover;,it is alleged that |

'transport costs are hlgh not only because of the real costs

*Data on transport charges in relation to product selling prlces
are developed later in Chapter IV, Sectlon 3.
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of distance, but also because lack of competitive transport
allows an inequitable rail freight structure'to‘be ;mposed
on the Prairies and the Atlantic Region. Hence, it is claimed,
ioWer»ireight rates would help Substantially.tomards relief
of regional disparities, particularly inadequate growth ofv
employment opportunities. This is the basis for a perceived -
“integration of the transport problem.and the regional'dis—
IParities problem. o

ThlS synthe31s of problems is made eas1er in that since

Confederation itself the Federal Government has regarded

transport as one of the means of securlng.natlonal objectlves.-'~

Government had relatively few tools available to inflnence
development in the nineteenth century and rallways, together
w1th the tariff and western settlement, were the three main
planks of Macdonald's national polioy. Canadian railways were
not primarily business enterprises but ‘instruments-of nationel
purpose (20, p. 144). Up. to the present time, the develop—’
ment of transport pollcy in Canada has been domlnated by - the
need to reconc1le p011c1es which are approprlate for transport
with the desire to use transport itself to promote other
national goals. The MacPherson'Commission, reportin§ in 1961,

and the 1967 National Transportation Act allowed economic

considerations to be the main criteria for transport policies,

but the issue was certainly not dead.
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When a problem has existed as long as the transport issue
in Canada, complaints about transport and freight’rates can

become at times a useful catch-all for many forms of business

woe. If inequitles are widely believed to exist in the freight o

rate structure, it is very easy to generalize these inequities
as the cause of a far wider ranée of economic problems.'»The‘
term "freight rate 1nequ1t1es" becomes symbolic of a multltude sv
of problems, not all of which are even - 1n the transport field.

Ruppenthal has recently summarlzed thlS attltude as follows‘lv;p

AL
~

In Canada there is an uncommon propen81ty
to look to transport as the potentlal cure
for all our ills. Probably in no other
nation in the world is transport regarded = -
" as the universal nostrum. Just do some= ..
thing to transport and all ‘will be well
with the farmers, the mlners, the loggers,
and the native peoples. Transport is
»regarded as the key to economic expansion,
~equitable treatment, and a more abundant R
life. (85, p. 588) : 3 :

While the synthesis of the transpert problem and the
regional development problem may not be complete, nevertheless,
1t is clear that transport is ascribed a key role in respect
of alleviating reglonal dlsparltles.v Thus, the Atlantlc
Provinces stress the need for policy recognitioen that "trans-
portation‘is used as a positive instrument for regional economic
development" (2, p. 10). The position of the Prairie Provinces
is unchanged from 1973 when, joined by British Columbia in the
1nterests of western unity, they asserted the need to solve

'the transport problem as a means towards a solutlon of reglonal

disparities:
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‘The Western Economic Opportunities Conference
has been called by the Federal Government .
"specifically to consider concrete programs

for stimulating and broadening the economic

and industrial base of Western Canada.” One - -
of the most dramatic and effective ways to S
do this is for the Federal Government to commit -
itself to new transportation policies to over-
come the aforementioned inequities and hence
significantly stimulate and broaden the economic.
- and industrial base of Western Canada. (92, p.2)
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-4. OBJECTIVES SCOPE, AND ORGANIZATION OF THE P‘RESENT STUDY
The present- study commenced by documentlng two issues
which are w1dely percelved as problems in the Prairie Provinces,
and the Atlantic Region. Flrstly, there is the claim that |
the rall frelght rate structure contalns 1nequ1t1es whlch |
work against these regions and secondly’there-ls the complaint
’that the regjons.suffer generally from economic disparities. |
Frelght rate inequities are viewed as a major cause of reglonal
}dlsparltles, espec1ally in respect of the slow growth in
employment opportunltles. This study was 1n1t1ally 1nsp1red
by these concerns and,theidilemma,that,.whlle transport is
generally believed to be crucial to regional developmentdon
the part of prov1n01al governments and publlc oplnlon in the
Prairie Prov1nces and the Atlantic Reglon, academlc oplnlon '
tends to be.skeptlcal as to the usefulness of transport as
a reglonal development tool * |
The overall objective of thls dlssertatlon is
therefore to make a contrlbutlon'towards resolutlon of the
-role of transport in regional development, " The specific

objectives-are as follow:

*See, for example, the conclu51ons to Straszhelm s 1972 artlcle
(88, p 219), and the wrltlngs of George Wllson, such as (95).
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(i) To document the extent to which perceived
regienal economic disparities and rail freight rate inequities
are in fact justified by the evidence;
| (ii) To determine the extent tb_whidh transport subsidies
can be used to solve transport problems;

(iii) Te examine within a_theoretical framework the | -
effectiveness of subsidies on transport freight rates*, in
- comparison with other types of non—transport subsidies,
to achieve a required increase in‘output from a firm.located
in a slow growth region where'itvis specified thatvthis‘
1ncreased output is de51rable and can only be achleved by
1ncreased shipments to markets outs1de the region.

The organization of the individual chapters of this
study is briefly outlined.

Chapter II examines the extent to which perceived
disparities can be factually supported. In the first sectioﬂ}
regional disparities are documented in respec£ ef ineome,
unemployment and the growth oflemployment opportunities.

The second section examines freight rate disparities withb

reference to the Prairie Provinces and the Atlantic Region.

¥Subsidization of increased 1nfrastructure and services is .
not usually advanced as hav1ng a significant stimulus to regional
development. The only mode in which more transpcrt services '
are urged for purposes of reglonal development is local air
services; for a critical review see (14, pp. 22-4). As far

as increased surface transport is concerned, the hope for -
increased regional development from. 1ncreased 1nfrastructure

is almost reminiscent of Adam Smith's' famous. parody of d,_v e
attempting "to increase the good cheer of . prlvate famllles

by obliging them to keep an unnecessary number of kltchen '
uten31ls" (87, p. 386). S - o
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The examination commences with examples of specific disparities
and then assesses the evidence for the existence of overall
discrimination across the freight rate structure. The finalj
section deals with the difficult problem of equity_iﬁ freight
rates and explores the question of whether the Prairie
ProVinces and the Atlantic Region'are seeking the correction
of injustice or subsidy in the sense of freight rates which
do not cover}the costs of providingvtransport serviees.
Chapter III'isiconcerned with thebgeneral economic
basis for transport subsidies and is an essential prelude
" to the later discussien of subsidies in the»more,narrow iv
. regional development context. »Pareto—optimality conditionsb
are speéified aﬁd it-is argued that the transport industry
does not satisfy the conditions necessary to ensure an
_efficient allocation of resources without government ihfer—
veﬁtion. The theoretical case for subsidy under increasing
returns to scale is examined, gualifications required by the
‘theory of second best are considered, and the existence andi
consequences of increasing retﬁrns‘to scale in transport
are assessed. Transport subsidies are considered as a means
of counteractiﬁg monopolistic power, transport is examined
as a strategic factor in economic growth, and the non-
economic benefits of transport are discussed. Finally,
income distribution and regional development aspects of

transport subsidies are briefly introduced.
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Chapter IV outlines a model to examine the efficiency of
transport subsidies as a means of securing increased output
from a single-plant firm. It is specified exogenously that
the increased output is required for regional development -
purposes and that this can be achieved only by expanding the
geographical area in which the,firm sells. Three alternative
subsidyvapproaches are examined—-subsidy on‘output price,
subsidy on the prices of factorsbemployed by the firm,andb
subsidy.on transport charges—;and‘it:is arguea that these
a'alternatives also provide a basic“framework for examination
of subsidy on other innuts snch as raw materials. The most
efficient subsidy system isvdefined‘as that which minimizes
- net social cost, which isvspeoified as subsidy cost paid by
government minus the increased profit of the firm. However,
government does not raise taxes w1thout expense and it is
also desirable to minimize the actual subsidy cost paid by
government. Empirical data necessary to calibrate the model
are also presentea; ‘ o ‘

| Chapters V and VI develop and calibrate the model.
Chapter V postulates that the demand for the firm's product
is uniformly distributed in an'unbonnded plane; in other
words, as the firm increases output, it has to tapbmore
distant markets but these are available in every direction
from where the firm is 51tuated Chapter VI postulates

demand as unlformly dlstrlbuted in a band of constant w1dth-




24

ignoring exports to the U.S.,’this assumption couid be applied
as a rough approximation for those perts of Canada where |
population is distributed in a line along the U.S. boundary
so that increased output cannot be delivered in all directions,
bﬁt roughly only due east ot due weet; " The real world
" situation is, of course, intermediate between these two
alternatiVe.fOrmuiations‘of demand;\‘
The model is developed in'two versions in Chapters V and
VI, correspondlng to these two demand patterns. .Output is
establlshed for equlllbrlum condltlons w1thout subsidy and
hthe effects of the three forms of sub51dy are examlned. The
model is developed on the alternative assumptlons that subsidy
v'is paid on all output and that subsidy is paid only on
additional output. The practicaitfeasibility of confining
subsidies to incremental output is discussed. Constraints
are introddcedhon the amount of subsidYﬂpayments that can be
made and arithmetical simulations are presented.
Finally, Chapter VII-sumﬁarizes.the dissertation'andt

‘makes suggestions for further research.




CHAPTER II: THE EXTENT OF DISPARITIES

The first chapter estéblished the concerns expressed
in Western Canada‘and the Atlantic Region in respect of
regional disparities and transportation.' The presént |
chaptér examines the extent to which these perceptions of
inequities are justified by factual evidence. Section 1
describes regidnal ecoﬁomicidisparities. _Section 2 is a
rathe:vlengthy discussion of rail freight rate disparitiés,
'focﬁssing initially on exaﬁples 6f specific.disparitiés and .
théh examining the_évidence for'the'existehce of general
disparities against 'different commodities and different
;geograﬁhical‘regions‘of Canada. ‘Section 3 considers the very
fdifficUlt_conceét of equity in freight rates, and the gquestion
of whether the aspirations of the West and the Atlantic Région
éan be met in terms of correction of inequities, as distinét

from transport subsidies.

1.‘_THE EXTENT OF REGICNAL DISPARITIES

Itiis customary to describe rggional disparities iﬁ i
terms of ihcome, employment opportunities, and growth and
this section proceeds to examine the extent of such disparities

in Canada.*

*This section is based on the author's "Inter-regional Dis-
parities in Canada: A Statistical Analysis" (47)

25
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There are three main approaches used in defining
economic regions. The first approach is to stress homogeneity
in respect of significant characteristics such as income,
unemployment, growth, and otheér physiéal and sbcial factors.
The secondvapproach concentrateé on nodal regions, where a
central urban area is regarded as the polé around which
_ the region concentrates. The third approach relies on
‘administrative coherence and the institutions available
for carrying out‘poliéy decisions. These approaches‘tb"
regioﬁal.delineation are not necessarily contradictory and
in_practice regional definitions arevdften established_as
a compromise between these three,crite;ia.* vHowever,
,-decisions on regionai bqundaries‘can often be.heavily
influenced by the intractability‘of statisticians. 'In the
words of Walter Isard, "Finally . . . the choice of a part-
igular intér—regional framework depends upon the stock of
-existing data, and the manner in which existing data collect-.
ing and processing agencies are organized and their procedures
-subject to change" (58, N 32344).’*The examination in the
present section is in termé of the pﬁovihces of Canada,‘although
this hides some substantial variations, for example the
contrast between conditions in the Quebec Gaspe and the

metropblitan area of Montreal.

*For useful discussion of reglonal deflnltlons see (74, p. 243)
and (5, pp. 46-51). ‘
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(a) Variations in Personal Income per Head

Table 2.1 below has been prepared from Statistics
Canada data of personal income per person and from intercensal
~population estimates. The income statistics relate to
money incomes and are not corrected'fbr_price changes.. Personal
income per person has been averaged over three year periods to
reduce the efféct of random flﬁctuationé;'of which'the most
- important are variations in agricultural income. The starting
period bf.l949—51 is the earliest for Whichjfigureé are |

~available to include Newfoundland. The population distribufion

between the various provinces dbes‘hot fluctuate from year to
o year and'it was theréfore not necesééry to use‘three—year
averages in this'serieé. ‘

“Annual pérsonal income'per head by province is also
shown in the table on an index basis. 1In each period, the
overall Canadian average persohal income is shown as anﬂ
index of 100.0 with appropriate indexes estimated for each
province. The COefficientvof §ariation gives the standard
deviation of the index of perSOnal,income per head eXpressed
‘as a percentage of average,personalﬂincomé; this'coefficientb
is calculated in two different ways. Firstl?) the equi-
weightedvindex'gives all provinCes an equal weight in the
calculation. Secondly, the’popﬁlatién ﬁeighted index gives
.each province a weight in the calculation in proportion to
its share of Canadian populaﬁion. This second method seems

to be more realistic, as it is to some extent historical




Newfoundland
P.E.I.

Nova Scotia

New Brunswick
Quebec.
Ontario
Manitoba
Saskatchewan
Alberta

B.C.

Canada

Newfoundland
P.E.I.

" Nova Scotia
New Brunswick

Quebec

"~ Ontario

" Manitoba

- Saskatchewan
Alberta

B.C.

Canada

Source: - Calculations from Statistics Canada data--no catalogue number.

TABLE 2,1

Annual Personal Income per Head by Province

. Annual Personal Income per Head

1949-51 1959-61 1969-71

% Increase per Annum

$ $ $
539 916 2,002
593 955 2,036
782 1,255 2,439
742 1,108 2,268
916 = 1,442 2,803
1,289 1,939 3,710
1,098 1,599 - 2,956
1,039 1,324 2,469
1,142 1,646 3,156
1,294 1,896 3,442
1,078 1,638 3,157

Personal Income per Head

49-51 to 59-61 :59-61 to

5.4
4.9
4.8
4.1
4.7

4.2
309" -

2.4

3.7

3.9

4.2

8.1
7.8

) 6.9

7.4
6.9
6.7
6.4
6.4
6.8
6.1

6.8

V.PoPulatioh Distribution -

Index Canada

100

1950

1960

1970

1949-51 1959-61 1969-71
50.0  55.9 . 63.4 2.6 2.5 2.4
55.0  58.3  64.5 0.7 0.6 0.5
72.5 76.6 77.3 4.7 4.1 3.7
68.8  67.6  71.8 3.7 3.3 3.0
85.0 ~ 88.0  88.8 29.0  28.8 28.3
119.6  118.4  117.5  '32.6 34.3 35.6
101.9  97.6  93.6 5.6 5.1 4.6
96.4  80.8  78.2 6.1 5.1 4t
105.9  100.5  100.0 6.7 7.2 7.5
120.0  115.8  109.0 8.3 9.0 10.0
160.0  100.0  100.0 100.0  100.0

100.0

Equi-weighted

Population weighted

Coefficient of Variation - %

1949-51

'1959-61

27.4

19.5
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accident that the ten per cent of Canadian population.contained:
in the Atlantic Region should be split into four administrative:
entities, while Quebec with over 28 per cent of the total
population should constitute only one administrative unit.

Interregional-income,disparities in Canada are very
substantial. On the data‘for'1969—7l, personal income per
head was far below the national average in the Atlantic Reglon,
ranging from a shortfall of 37% in Newfoundland to 23% in Nova
Scotia. Other provinces below the national average were
Quebec,dSaskatchewan and Manitoba. Income per head in Manitoba
was only 6% below the Canadian'average;‘but in Saskatchewan
;the,shortfall’was 22% on 1969—7l figures.l‘These were bad
’”years for prairie agriculture and thereforetparticularlyffor
: Saskatchewan, which is the‘most'heavily agricnltural province
of Canada. However, calculations for the more representatlve
period of 1967 69 still showed a Saskatchewan shortfall of
13%. The third province of the Prairie Region, Alberta,
. has income per head identical with the Canadian average. The
most'prosperous:provincesbin Canada'are Ontario and British
Columbia. |

The figures of personal income per head in Table 2.1
relate to money income and make no allowance for dlfferences
in price levels between the various reglons.b It is very
~difficult to make this type of adjustment, chlefly because
of lack of data on varlatlons in hou51ng costs. Moreover,.

apart from‘thls data problem, there arevfurther difficultieng' |




30

in trying to quantify costs iﬁposed on a consumer by virtue
of hiS'rééiding in a specific area of Canada, such as the
heavy costs in time and transportation in getting to work in
Toronto and the higher fuel consumption in the more severe
winter of the Prairies. An examination of an admittedly
tentative nature suggested that allowance for regionnl price
variations and differences .in consnmer costs would'marginally
reduce the degree of interregional disparity,in terms of |
reél income (47), However, the vaiiations in éefsonal inédme.
per head in money terms in Table 2.1 seem substantially to |
mirror the variations in real terms.

In spite of these substantiél interregional incnme
variations in Canada,Athere is at.least some evidence that
there’haS>been a modest narrowing‘in the ektent‘of differences.
In the period 1959-61 to 1969-71 all four Atlantic ProVinces
had rates of increase in personal incomé pérnhead gréater fhan
Canada as a whole and, with the exception of New_BrunSwick,
this was also true of the earlier périod 1949-51 to 1959-61.
Quebec also enjoyed a greatef rateiof incfease in persbnal
income than Canada in each_of these time periods. Of the
provinces with personal income per head below the Canadian
average, only Saskatchewan and Manitoba failed to reduce the
shortfall. The coefficienté of variation in Table 2.1 give

a measure of the dispersion in personal income per head.

On both sets of coefficients, the degree of disparity in personal’

income has been reduced in the last-twentyIYears;‘ This was
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also the broad conclusion of Chernick's study of income

- disparities based on earlier data (18, p. 15).

(b) Variationms in the Unemployment Rate

Table 2.2 shows Statistics Canada unemployment‘rates
in the proviﬁces of‘Cénada averaged over 1970-72. Figures
of provincial unemployment rates are not available prior”tov
'thé mid—sixﬁies,' Unemployment is ranked by province, with
£hé lowest uﬁemplojment rate ranked one and the highest
ranked ten. Although overall ievels of uheﬁplofment change
from year to year, this rank order of prQVincial unemploymeht ,
‘rates has been remarkébly stable. The table élsb showsvproVinc;Ql'
rankings in terms of annual persoﬁal income per head.in 1969-

71, with‘these figures derived from Table 2.1 above.

TABLE 2.2
Unemployment Rates by Province e
-Average Unemployment , Prov1nc1a1 Ranklngs
. Rate (/) - 1970~ 72 Unemployment Income per head
Newfoundland 11 © 10 10
" P.E.I. B ' 6.6 5 9
Nova Scotia = : €.9 ‘6', 7
New Brunswick ' ‘7.9 -8 8
" Quebec . 8.1 9 5
bntario . 4.8 4 1
Manitoba . . 4,7 3 4
Saskatéhewan | 4] 1 6
Alberta v 4.5 2 3
B.C. o 7.4 7 2
" Canada ' o 6.2 ‘ e - L=

Source: -Statistics Canada 71-201. Unemployment rates for P.E.I. were
. ‘not released after 1971. It has been assumed thatthe ratio
of the P.E.I. unemployment rate to that of Canada was the same
* in 1972 as in 1970 71. : :
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'Unemployment in Canada is lowest in the Prairie Provinces
“and Ontario. Newfoundland and New Brunswick have high unemploy-
ment rates, but the other two Atlantic Provinces are not much
above the Canadian average. .Quebec and British Columbia have
high unemployment. |

In principle, there shOuld.be a positive correlation
between provincial rankings on unemploymentvand on personal
income per head as given in Table 2.2. Wages and income. per
head should be hlgh where there is a strong demand for labour
and minimal unemployment. However, the Spearman rank correlation
coefficient between these.two variables is only .43. There
- are three factors which reduce the correlation. Firstly,'
-British Columbia . has high personal,income'per head, but also
high unemployment. Although.the provinoe is growing fast,
its attraction to migrantSrfrom other parts of Canada is -
such that the labour inflow appears to run ahead of the
creation of employment opportunities. Secondly, Quebec has
almore serious problem in respect of unemployment than in
respect of inoome."Thirdly, unemployment.rates are lcw in
thermore agricultural parts of the Canadian economy, namely
the three Prairie Provinces and Prince Edward Island. Each
of these provinces ranks better in respect of low unemployment'
than in personal income per head. The explanation may be
partly in terms of dlsgulsed unemployment on the land and it
can be argued that a statlstlcal measure of unemployment Whlch

does not make allowance for~under—employment';s 1nadequate.
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However, from Statistics Canada data, it would be difficult
to establish regional disparities in the Prairie Provinces

on the basis of unemployment.

(¢) Variations in tﬁe Rate of Population Growth.

Table 2.3 shows the Census populations of the provinces
in 1971 and the percentage rates bf incréase in the decades
1951-61 and 1961471, The rank order of provinces by populétion

~growth is shown for 1961-71, togéther-with thevprovinciél |

rankings by unemployment and income per head fromvTable.2.2,

TABLE 2.3

Population Increase by Province

- Provincial Rankings

Population

1 . Population - : Income
thousands - Population increase — Z  increase = Unemploy- per
. | 1971~ 195161 .  1961-71 '_1961-71 ment head

" Newfoundland . 522° 27 : 14 5 10 10

P.E.I. 112 7 7 5 9
Nova Scotia -  789. . 15 Y 6 7
New Brunswick 635 16 9 8 | 8
' Quebec 6,08 -~ 30. 15 4 9 s
Ontario 7,703 3% 2% 2" " 1

Manitoba 988 19 7 7 3 -
Saskatchewan =~ 926 | 11 - 10 1 6

Alberta ~ . 1,628 42 22 . 3 2 3.
B.C. 2,185 . 40 3% ' 7 2
Canada 21,569 . 300 18 - - .

?

Source: Statistics Canada 11.003E. Total Canadian population includes
Yukon and N.W.T. - R S ;
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The Canadian population increééed by 18% in the decade
1961-71. Three provinqgs had rates of increase appreciably
aboVe this -- British Columbia, Ontario, and Alberta.
Quebec and Newfoundlandbshowéd increases slightly below
the national average. The population increase of 7% in Manitoba
was similat to Nova Scotia, Prince'Edward Island, and New
 Brunswick. The Séskatchewan populaﬁion‘showed virtually
no change during the decade.

The Canadian increase in,popuiatioﬁ of 18% in 1961-
71 was much below fhe 30% increase in 1951-61, mainly
beéausé of the very’;argeffalllin the bifth_rate in the 'sixties.
However, the geographical paﬁtérnﬂof grbwth had not changed
much between the two decades. 'Thé,pro&iﬁces Which grew mos£
in the 'fifties‘also grew most in the 'siXties.. The Spearman
' correlation cdefficient between provincial rankings 6n‘percentage

pbpulation.increase in 1951—61 and 1961-71 was a high of .87.

The use of population growth as a proxy for the increase -

- in employment opportunities would be indefensible in international -

comparisons, but examination.of the relevant statistical series
for the Canadian economy»suggests that this is not quite so |
‘unreasonable for comparisons befweeh the-provinces. In view

of population migration, one would hypothesize positive
correlation between population increase and income per

head and between'population'increase and low unemployment

rétes. The rank correlation betweén”population.increaSé '

'in 1961-71 and average income per head in 1969-71 wés'+;65,
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thus showing the expected positive sign. Two factors prevented -

the association from being higher. Firstly, there was relatively

high population increase in Newfoundland but very low
income per head. Secondly, the effect of low employment
growth on income‘per head in Saskatchewan was modified by
heavy out-migration of population.

 The data did not support the hypothesie of positive
"eorrelation between populetion increaee and low unemployment.
The rankings of these two serieS»in the table produced. a
cerrelation coefficient of virtuaily zero (-.18). This is
explained by three factors. Firstly, Newfoundland'and Quebec'
had fairly highbfates of population increase in spite of
heavy'unempioyment. 'Secondly, British Columbia had high

growth, but also high unemployment. Thirdly, populatidn

increase was modest in Manitoba and non—existent_in Saskatchewan,

while the‘unemﬁloyment_rates were:-also low in these two prov-
inces as a result of high outemigration and the‘failure to
‘measure underemployment on the land.

To conclude this section oneregionalvdisperities,
.the major problem area in Canada is, ofveourse, the Atlantic.
Region. Personal income per head is‘substantially below
the Canadian average, ranging fromIShortfails of 23% in Nova
VScotia to 37% inrNewfoundland. Tne_growth~in population
and employment oppertunitiee has been'mﬁchiless than in the
rest of Canada and unemploYment is above the national a&erage,

especially in Newfoundland and New‘Brunswick;' The Atlantic
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Region suffers from regional disparities on all three counts
of income, unemployment, and lack of growth.

The nature of the problem of regional disparities in
the Prairie Provinces is very different. In spite of the
common front often shown by the three Prairie Provinces,
regionalvaisparities really affect only Saskatcﬁewan and
and Manitoba; Alberta is_not.a‘problem area on any of the
' three measures examined. Unemployment is less in the Prairie
Prdvinceé than in any'othér region of Canada, although this
‘may be slightly misleading in view of the possibilitiesiof
disguised unemployment in'agricﬁlture. :In terms_of personal
income ber head, Manitoba is only Slightly below the Canadian
average, but Saskatchewan has more-Of‘an income problem
and particularly a problem of income instability due to -
fluctuations in agricultural prosperity. The main disparity
pfoblem is.low gfowth‘iniemployment opportuﬁities and population;
" on this measure, growth in Saskatchewan in 1961-71 was the.
lowest in Canada and Manifoba also showed a low rate of growth,
Acom?arable to that in lNew Brunswick, Nova Scotia, and Pfince
Edward Island. If large fariations in the rate of growth
between different parts of Canada were not a public concern,
the regidnal developnment probléﬁ iﬁ the Prairies would be
mainly a question of income instability caused by agricultural
fluctuations. However,:given the concern for growth describédvin
the previous Cﬁapter, it is nOt possible to aismiss“regional

disparity problems so easily.'
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v2. THE EXTENT OF RAIL FREIGHT RATE DISPARITIES
Prior to the Canadian National Transportation Act of

1967, railway freight rates were regulated by the Board of

vTransport Commissioners. This regulation covered all freight
rates except for the statutory Crowis Nest Rates on grain and
grain products and rates were not-ellowed’to be ﬁnjustly
discriminatory orvunduly preferehtial. The 1967~Actvsub—

stituted competition for regulation and partieularly competition -

en an inter-modal basis. With the‘exeeption of the statutory
grain rates, the railway companies were left free to fix
freigh£ rates without regulatory approval; tariffs.had ﬁerely
to be filed with the'Canadien_Traﬁsport Commission_withv
the requiied statutory notice given.ﬂ

The 1967>National Transportation Act contaiﬁed three
provisions toxprotect shippers from excessive rate charges -

where the act or omission or establishment of a rate of a

carrier or any two or more carriers may prejedicially affect

the public interest (9, Section 23); where a shipper is

 deemed captive to rail in the carriage of goods in less than

carload quantities under 5,000 lbs. (11, Section 264); andb

where a shipper deemed captive to rail,applies to the Canadian

Transport Commission to fix a rate, which will be equal to
variable cost of the carriage of the goods at loadings of

30,000 lbs. plus an amount equal to one hundred and fifty
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per cent of the variable cost, with a specified deductlon'
from this rate for loadings of 50,000 lbs. or more (ll Section
278). Since the 1967 Act came into effect, no action has
_ been taken under Section 264 of the Railway Act and the only
captive shipper appeal uhder'Section.278 was withdrawn by
the shipper'befCre the case was concluded. There have been
Section 23 appeals in respect of rapeseed 0il and rapeseed
'fmeal, and pulp and paper. Howeﬁer, in spite of this limited
utlllzatlon of legal forms of redress for freight rate problems,'
the‘complaints in respect of spec1fLC'and.generalidlsparltles:<
have continued. |
(a) Specific Dzsparztres

The complalnts of the Western Prov1nces in respect of
specific rail freight rates fall into three broad'categOries.
The first category_reletes tovrew materiais7verSus finished -
”products, where it is allegedﬂthat further processing and
manufacturing are hindered in the West beceuse<finished goods
are charged hlgher frelght rates than raw materlals. The |
second category is long-haul short—haul dlscrlmlnatlon, where.
short-haul ‘movements to non—competltlve-p01nts are assessed
higher freight rates than long-haul movements of the same
product. The third‘category is rail ratevgroups,_where it is
argued that the West is denied the advantage given in Central
Canada of having several communities considered as one location

for rate-making purposes and hence enccuraging development
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in the Smaller'population'centres. Allegations of this type
were made, for example, in the Transportation Statement of

the four Western Premiers at the Western Economic Opportunities

Conference in July 1973 (92, p. 2). .They also fqrmed the
basis of complaints investigated in>a Canadian Transport
Commission Report to the Minister of Transport in late‘i973, .
and subsequently'released'és a public document (16); |

It is more difficult to document complaints on specific

'fréight rates, as against the genéral inequity argument, in
respect of the Atianfic Regiqn._ Thé'transport ofipotatoes is
always an acti&e issue but the éompiaints often relate more
to equipment problems than to freight rates. Theré are also
complaints in respect of freight rates levied on small ship-
ments, but this may be substantially becaﬁSe small-scale
industry generates an unduly 1argé proportion of‘small'ship—
ments rather»than é result ofbany basic discrimination in the
freight rate struéture.

Westbound shipments from‘the Select Territory of the

Atlantic Region and Eastern Quebec.réCeive a 30% subsidy on
that proportion of the rail or truck rate which applies to
the Select Territory part of the journey. In 1974, these

rail and truck subsidies amounted to $10 million.* Effective

-April 1974, the westbound subsidy could be increased to 50%

on a selective basis for industries with heavy transport

FHowever, subsidies on shipments between points in the Select
‘Territory, the so-called intra-subsidies, amounted to $25 o
million. ‘ '
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costs and good prospects of competing outside the Select
Territory. During the last nine months of 1974, additional

~ payments under this incremental 20% selective subsidy amounted
to $1.4 million and this was expected to double for the full
year of 1975. Perhaps, the geheral Qestbound subsidy plus
the additional selective subsidy has the effect of defusing
complaints about iﬁdividualvrates iﬁ the'Atlantic.Region. vIn
enyvevent, the Atlantic Provinces Transportation Policy
Statement of the four Atlantic Premiers, dated Aprii 1975,
states‘with-apparent approval ﬁhat "In recentvyears, both
levels of government have agreed that seleetive subsidies are
more effective than glanket.sﬁbSigies ihvfosterihé regional
econoﬁie.development“ (2, p. 11).

The issue of higher freight rates on finished products
than on raw materials has been_raised bybthe Western Provinces
in fecent years mainly in respect of rapeseed oil and meal
and meat end livestock; A Section. 23 application was made ine
1970 to the Rallway Transport Commlttee of the Canadian Trans-

port Comm1351on by the western rapeseed crusherq for redress

of freight rates on rapeseed oil and meal and this was supported

by the Prairie Provinces. The application argued that it was
‘cheaper to ship rapeSeed from Western Canada for crﬁshing ih
Eastern Canada than to ship the.oil and meal‘obteined from
crushihg-in the West. Rapeseed moved at the Crow's Nest Rates

from Western Canada to Thunder Bay and then at an Agreed
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Charge to Montreal. These rates were less than forvrapeseed
meal, which enjoyed the statutory rates to Thunder Bay but
had to meet a much higher freight rate for transport beyond A
to Montreal and less than for rapeseed’oil, which moved at
- Agreed Charges from Western Canada to the East. The Railway-
Transport Committee found that this rate structure gave a
‘bias in favour of crushing in Eastern Canada and the 1973
Dec151on of the Commlttee.gave relief in respect of the
domestic rates on rapeseed meal and ordered the‘railways to
’ develop a“complete'expOrtrrate structure on rapeseed’meal
~and oil (15, pp. 54-8). |

Of the eleven freight rate disparities referred by the
Minister of Transport to the Canadian Transport Commiss1on
for investigation in 1973 (see 16, Appendix A), four related
togmeat.and 1ivestock. A recent analysis by the ‘Research

Branch of the Canadian Transport Commission concluded that

the evidence did not suggest that the freight rate structure

discriminates in favour of shipping cattle rather than beef
or +that beef made a greater relative contribution to railway
fixed costs than livestock. However, the statutory grain

rates to Thunder Bay and feed freight ass1stance onward to

eastern points could certainly make it economic to use western

grain to feed hogs in Eastern Canada rather than to transport

pork:from the West (17, pp. 38-9).

Freight rate disparities where short'haul‘movements are
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chafgéd at higher ratesMihéh ibng haﬁl mbvéménts have beén
cited.mainly'in respectléf iron and steel products and canned
foodstuffs. Of the eleven freight rate differences cited
by thé Minister of Transport in 1973, fourwfelated to differ?"

entials of this type (lG,‘Appendix‘A). A typical‘example

~was the freight rate on structural steel from Hamilton to

;Calgary,‘which was higher»thanvthe rate for the considerably

longer haul from Hamilton to Vancouver. The long haul rate
was originaily lower than the inﬁermediaté'rate bécause_the
railways had tq face watér cdﬁpétitipn £hrough.the Panama
Canal. More recently, this differéntial:has been justified.

on the grounds that higher rates from Hamilton to Vancouver

"would mean loss.of traffic; as Hamilton strudturél»steel

would be unable to compete with off-shore imports.

The long—haul'short—haul problémvWAS-documénted’at
some length so far as it affeétedbManitobébin a 1971 submission
to the Fedexal Minisﬁer‘of»Trénsport (78; Exhibits IIT andi |
IV) . In respect of iron and steel,‘Maﬁitdba complained .
that ffeighﬁ rates per ton-mile, operative.in April 1971,
were almostvtwice as high from Selkirk to Gillam as from
Sault St. Marie to Ottawa in spite of the ;imilarity of length
of haﬁl. On the transcdntinental'route;‘rates from Selkirk to 
Vancouver were identical to rates from Montreal to Van¢ouver,‘

even though the haul was virtually twice as far from Montreal.

A recéht7unpubiished update.of this material to Decemea—fJg»m :
has shown a continuation of this first dispagity;.gy” TN

ever,
OF MANITOBA




43

Selkirk to Vancouver rates are now only two-thirds of the
Montreal to Vancouver rates. |

In respect of canned foodstuffs, Manitoba complained

that the distance from Toronto to Vancouver was more than
doubie'the_diStance from Toronto to Winnipeg, yet the carload
rate-for 100,000 lbs. minimum was oniy 15% higher in April
1971. ThlS dlfferential had increased to 43% by December 1975
~The freight rate structure was also claimed to dlscrlmlnate v
.against the Portage la Prairie producer of canned foodstuffs.‘
The dlstance from Toronto to Vancouver was almost double the
dlstance from Portage la Prairie to Vancouver. In Aprll

1971, the carioad rate for’lO0,000 1bs. minimum‘was:only’
'16%”higher on the longer run and by December 1975.this
differential had only increased t0'19%;

The third major category of specific freight rate
complaints advanced by the West_relates'to rail_rate groups.
The argument’is broadly that, . if'the'smaller‘centres surrbunde
ing each. major c1ty were given the same frelght rates as
the larger clty, this would encourage 1ndustr1al expansion in
_the-smaller centres. There is no dlsputing that the West
does not enjoy rate groups of the size of that embracing Toronto

'-and Montreal used in respect oftfreight rates for movementsdu
between Eastern and Western Canada. However, preliminary n
evaluation by the Canadian Transport Commission has questioned
the amount of dlffu51on of 1ndustr1al act1v1t1es that would

result from the establlshment of rate groups (16 p. 25)




(b) General Disparities

a4

In addition to specific disparities, there are also

allegations of overall freight rate discrimination. Thus,

the Western Premiers claimed that "The lack of
in certain regions of the West places railways

-of ‘significant monopoly, leading to rail rates

policies which are a major barrier to economic

competition
in a position
and pricing

development

andvdiversification" (92, p.'l). Similarly, the Atlantic

Premlers have clalmed that competition

is only effective and equitable in those

regions of Canada which have a well

developed, mature transportation system
with a high level of modal and inter- '
modal competltlon.: This pollcy works
effectively in certain areas such as
parts of Ontario and Quebec, but it is
not practical in the Atlantic Provinces.

where there is limited competition,

lack

- of facilities, a low volume of traffic
and long distances which are sparsely

populated. (2, p. 3).

‘There has been little substantiation_of,thesevclaims of

general discrimination partly because comparisons raise sub-

'stantialfdifficulties'in_standardizing for differences in types

of traffic, car loadabilities, length of'haulﬂand handling

- characteristics. The remaining part of this section attempts,

very imperfectly, to throw some 1ight on the problem of general

-discrimination.

Table 2.4 below shows rail average revenue, average haul

and average carload for Major Commodity Groups in 1973.

Compared to 1972, there had'beeanlight increases in average
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length of haul, average carload, and average revenue per car-

mile and a marginal increase in average revenue. per ton-mile;
the various commodity groups'and 1972 data are therefore not

shown below. ‘Table 2.4 and all subsequent tables in this

traffic, while the major exclusions are Canada-United States

- traffic, traffic moving over the lines of two or more rail-

however, there had been no'change in the relationships between

sectioh are based on complete computer tape records of Canadian

National Rallways and CP Rail for a11 domestic carload revenue

ways, container traffic, piggyback movements other thah»Plan'l,

joint water and rail movements, and less than carload traffic.

‘Statutory Grain
Agriculture

Manufacturing &
Miscellaneous
Piggyback (Plan 1)
Total (excl.
Statutory Grain)

Source: .

Table 12.

Major Commodity Groups - 1973

Average - Revenue

 ton-mile

0.49
1.35
3.09

0.94
1.71 .

Piggyback Plan anspo
of highway common carriers. 'Calculations in _
text are from this table and also Tables 1, 5-11.

car-mile

31.0
62.4
65.7

81.9

74.7

75.7

37.7
71.6

Average
- Haul

miles

889

752

1,502

388
354

673

1,062

508

Rail Average Revenue,‘Average'Haul and Average Carload:

Average
Carload

tons

63.3

"~ 47.6
21.7 -

77.4

- 47.3

Canadian Transport Commission, Traffic & Tariffs Branch
Reference Paper No. 1.1, Commodity Flow Analysis 1973,

1 covers transport of trailerS'a.f
llowing"
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Figures of average revenue allow only limited comment
on which commodity groups are most profitable to the railways.
In general, costs per ton-mile wouldlﬁend to fall as average
length of haul increases and as averagé carload increases,
but these tendencies can be. swamped by such factors as
variatiéns in handling charactéristics between different -
cgﬁmodity groups.

The 1owest'revenue pef,ton?mile is_éarned from grain and
grain prbdﬁcﬁs carried at the statutory Crow's Nest Rates.v |
It has been widelyjargued'that these rétes are not compensatory
and dovnot‘cover even.the variable éosts_of movin§ graih.*
Earnings per ton—milé are also low in the mine broducts group
at only O.94¢’per-ton¥mile; The éverage carload is naturally ~
-very high in this group, but on the othef hand the length of
“haul is low. Freight rates f&r this grqup presumabiy covered
variable coéts in 1973, but there.cannot have been much left
over as a contribution to railway fixed costs.

Statutory grainvand mine producté accounted respectively“;
" for 17%% and 4l%lof total tons_moved’by rail in 1973.. Statutory
grain did not cover vériable costs so that the éontribution 

to fixed costs was negative; mine pﬁoducts can only have made

a very modest cohtribution to overhead; consequentiy, the

railwaYs had to make up the shortfall of revenue on grain

*See, for example, the analysis carried out by the Canada . ..
Grains Council on data for 1970 and 1971 (8, pp. 112-25).
The grain rates have, of course, remained unchanged since '
that time while costs have continued to rise steeply.
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and co&erage of fixed costé from the remaihing two-fifths of
the traffic carried. 1In general, variable costs account for
some 75% of total railway costs so that the burden of fixed
‘costs is a substantial 25% of railway costs.

The commodity group yielding the higheét revenue per ton-
mile was animals and animal.products.v This consists princi-
"pally of meat moving in refrigerated cars ahd‘cattle moving
‘in single and double deck cars. _Although'the.failways obtain
a>contribution’to fixed costs from this tfaffic, nevertheless
the variable costs are quite subS£antial in the transport'of
‘meat.because of the need for e#pensive refrigerated equipment :
ahd the heavy non—reVenue yielding'tare‘weighf of the refriéer-
ated»cérs. In any event;*the'traffic movement in»this group
is not very large andvaccounts for only’%%'of total tons moved
by raii. The agriculture products group'yields oniy a modest
return of 1.35¢ per ton-mile and‘this'grbup only accounts for
’3%% of total:tons mbved. } |

‘The piggyback (Plan 1) gfbup‘is also small, accounting for
only 2% of all traffic moved} the fate'pér»ton—mile is only 
slightly above the average for all traffic_excluding statutory
grain and, while the length of haul is high, average carload
is very low. The forest products group also produces ton-
mile revenue>at about the average level aﬁd this accounts for 
103% of all tonnageAmoved. However, car loadings»are

-slightly beiow average, and length of haul is very low. -
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From this superficial consideration of freight rates, traffic
characteristics and traffic volume, it is unlikely that‘the
contribution tovfixed costs frOm‘these four groups - animal,
,agriculture; forest and piggyback - would do much to meet

the shortfall from grain and mihe‘products.

This leavesvmanufacturing and miscellaneous products
tc meet the major part of the burden of railway fixed costs.‘
v Average revenue per ton-mile in this group was 2 38¢ in
- 1973, more than 40% higher than the average for all trafflc |
excluding statutory graln.- The average carload at 38
tons was rather low, but the 1ength of haul was appreciably
- higher than that recorded for all traffic.: Manufacturing
and miscellaneous products,accounted'for‘ZS%'of all ton-
nage moved by rail in 1973, but this group- yielded 51%
of freight trafficvrevenue from domestic Canadiah traffic.
As a broad generalization,rthe freight rate picture}is
therefore ohevwhere'manufacturing and miscellaneous goods
are meeting the greater part of the railway overhead, while
" there is a negative contribution to fixed costs from
'statutory grain and only a modest contribution from mine

products.

The next table shows the distribution of rail tons moved
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in 1973 by province of origin. The total column excludes
statutory grain, but includes the agricﬁlture, animal, forest
and‘piggyback groups which are not shown separatély in the
table.

TABLE 2.5

Rail Tons Moved by Province of Origin - 1973

% distribution

Statutdry _ ' Manufaéturing.

grain Mine & miscellaneous " Total
Maritimes = = 15.4 © 13.2 . 13,7
Quebec - ‘ ‘5.6 - - 26.0 : 14.2
- Ontario . ' 1.7 - 33.5 33.3 . 32.2
Manitoba 14.6 4.9 4.7 - 4.7
- Saskatchewan 64.1 ~ 6.5 5.3 5.8
Alberta 19.6 16.3 ° 10.9 -'12.9
B.C. - 17.8 6.6 16.5
Total - % 100.0 - 100.0 . 100.0 100.0
‘Total - thousand IR -
tons , 22,997 53,467 . 32,332 - 107,317

' Source: Calculations from Canadian Transport Commission,
Traffic and Tariffs Branch Reference Paper No. 1.1,
. Commodity Flow Analysis 1973, Tables 2, 5-1l.

The benéficiaries from léw freight-ratesvon sfatutory
grain ére, of course, thewPrairie Prd&inces»and especially
Saskatchewan. In the mine products group, the Prairié
Provincésbacéount for 27.7% of totalAShipments, which was
slightly in excess of their 23.4% shére of all traffic

excluding statutory grain. The Maritimes also accounted
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for slightly more of the ?raffic in mine prbducts (15.4%)‘than '
their share of all traffic excluding statutory grain (13.7%) .
Turning to the manufacturing and miScellaneous group which
__'meets most of the railway overhead costs, the Maritimes share
(13.2%) was slighfly less than their share Qf all traffic and
this waé also true of the Prairies with a 20.9% share of
ofiginating traffic. As expected, Ontario originated'moré
manufacturing and miséelianeous trafficvthan‘any other‘
"province, but Quebec hadAthé greateét gap beﬁween its share
: 6f manufacturing and miscellanebus (26.0%) and its sharé'Of
all'traffic ekcluding statutory grain (14.2%). (The major
part of this(gap was offset ianritish Columbia. This proVince
had a much 10Wer‘sharekof manufactﬁring and miscellaneous
loadings than pf total traffic, beéause of heavy shipments
of forest products ﬁhich have not been shown separately in
the table.) |

.Table»2.6 shows rail average revénue, average haul and
a&erage carload by province of origin fof all traffic excluding v"
- statutory graih. (The inclusion of graih would, of cbﬁrse,
reduce revenue per ton-mile and per car—mile very,substaﬁtially
in the three Prairie Provinces.)

This table is difficult to interpret because of variations'
in type of traffic, average haﬁl and average carload. In
terms of revenue per ton-mile, the railways obtained their

'highest earnings from traffic originating in Quebec and Ontario.
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TABLE 2.6

Rail Average Revenue,bAverage Haﬁlvand'Avera§e Carload:

Total Traffic excluding Statutory Grain - 1973

Province of = Average Revenue " Average . - Average
Origin » ¢ per ‘ Haul Carload
ton-mile Car—mile miles ~_tons
. Maritimes  1.96 65.9 220 ~ 51.5
Quebec 2.25  73.1 459 40.6
" Ontario : e 2.24 0 75.5 . 433 . 47.4
"Manitoba ' "1.85 74.3 - 567 - 46.4
' saskatchewan . .1.13 0 79.9 o 842 A 64.2
Alberta ‘ ' 1.14 - 69.5 693 . 65.6
.BoCo‘ 1022 ‘ 63.6 ] . 655 A63._3
 Total 1.68 71.6 508 51.4

';Source: Canadian Transport Commlss1on, Traffic and Tariffs
' Branch Reference Paper No. 1.1, Comniodity Flow
Analysis 1973, Table 12. . Frelght ‘assistance paid -
on shlpments from the Select Territory is. not '
.. included in the revenue figures above. .

However, in'addition'to the freight.rates charged to shippers
from the Marltlmes, the rallways also received payments under
the Marltlme Freight Rates’ Act. On'the structure of trafflc
: destlnatlons in 1973, lt would appear that these subs1dy pay~
ments were Worth an additional 22% to the rallways. If the
figure of 1. 96¢ per ton-mile recorded in the table were
1ncreased to this extent, revenue per ton-mile on trafflc
'orlglnatlng in the Maritimes would 1ncrease to 2.39¢ or

approx1mately.to the Quebec/Ontario level.v Although average
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carload was less in Quebec and Ontario than for Canada as a
whole, average revenue per car-mile was also above the
national average from these tﬁo provinces. Similarly, the
addition of the transport subsidy would place average revenue
per car-mile in the Maritimes above the;hatiohal average.
However, length.of haul was below average from Quebec and
'éntario and very-lew indeed’from the Maritimes. |

Turning to Western Cahada,7railway reVenue-pervton—ﬁiie‘
was substaﬁtially‘below the national average on traffic
ofiginating in all provinces'excepf Manitoba., However, bethv;
Saskatchewan and Manitoba yieided'a revenue per car-mile
above the national aVerage.e Length of haﬁi‘was'abeve‘thev
national average-from all foar Western Provinces aﬁd SO was
average carload except ih ﬁhe case of Manitoba.

The conclusion from the earlier’ekamination was that
- manufacturing and miscel;aneous pfqducts were meeting the

bulk of railway fixed costs and that contribution to over-

~head was negative from grain and very modest from mine products.

This cbmmedity‘pattern takes the geographical form of high
railway revenue per ton-mile en freight'originating‘from the_
most heavily industrialized provinces, Onfario and Quebec. A
~similar revenue per ﬁon-mile is obtained on traffic from the
Maritimes‘when subsidy payments are included, while the
lowest revenue per ton-mile is found on trafficboriginating

from Saskatchewan, Alberta and British Cdlumbia.
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The examination now proceeds to consider only the manu-
facturing and miscellaneous products group. In Table 2.7
bélow, the figures of revenue per ton-mile fall into three
broad classes. Firstly, there are the high revenue yields
from Ontario and Quebec traffic. Secondly, there'are inter-
mediate yields from British Columbia aud Manitoba traffic,
with.the’Maritimes also included in this group if allowancev
is made for MFRA subsidy paymehts. Finally, there are the
much lower figures of_revenue per tonFmile from Saskatchewan
and Alberta.- Hewever, average’earload was much higher from
these last two provinces, suggesting a greater preportien‘of
lower valued products. Average length of haul was greatest
~ for traffic originating from British Columbla, but traffic
originating in Ontario moved further than that from the -
three Prairie Provinces.] Average lengthiof haul was lower

from traffic origlnating 1n Quebec and the Maritimes.

On balance, the data in Table 2.7 may not support

allegatlons of across—the—board discrimination 1n frelght

rates against manufacturing and miscellaneous trafflc origln-'

ating in one part of the country rather than another; at the
same time it is not possiﬁle to allow refutation of such
charges. An attempt was made to explore this further through
regression analysis with the depeudent variable revenue per
ton-mile y and.the independent variables average length of‘

haul x“‘and average carload x

1 ¢ ' These data are given as

'
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- TABLE 2.7

- Rail Average Revenue, Average Haul and Average Carload:

Manufacturing and Miscellaneous Prodiucts - 1973

Province of Average Revenue : Aﬁerageb AverageA
Origin ¢ per _ Haul ‘sCarload

' ton-mile car-mile = = miles = toms

 Maritimes o 1.87 57.8 505 37.6
- Quebec - 2.52 - 74.1 537 36.9
. Ontario oo 2.78 0 77.6 5 784 ) ;33.2‘
' Manitoba o 2.14 - 87.20 674 . 739.3
Saskatchewan 1.60 100.3 v 670 . 53.5
. Alberta 1.79 101.7 = 695 57.3 .

" B.C. 2.23 62.3 ' 971 38.7.
. Total - 2.38 75.7 673 - 37.9

Source: Canadian Transport Commission, Traffic and Tariffs
' Branch Reference Paper No. 1.1, Commodity Flow
" Analysis 1973, Table 12. Freight assistance paid
on shipments from the Select Territory is not ‘
included in the revenue figures above.

| provincial origin/destination matrixes in the Commodity Flow.

Analysis 1973, Tables 13-19. As in the earlier discussion,

the four Atlantichrovinceskare tréated'as one region and

the matrix is therefore on a seven-by-seven basis. Table 2.8s

~gives 1973 observations pf.thevdepehdent'and independent
variables. Howevér, earnings from traffic originating in the
Maritimes are supplemented by MFRA subsidy payments and it

was therefore decided to exclude all traffic originating in
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the Maritimes from the regression calculetions*. This reduced

the size of the matrix to six-by-seven with 42 observations. -
| From a theeretical standpoint, a freight rate can be

considered in two components, terminal'charges which do not

vary wifh distance travelled ahd line haul charges which

vary directly with distance travelled."Hence, the freight

rate per ton over a distance x; would be of'the form b + cx

-1

' and revenue per ton-mile y would be bxl + ¢. A similar

'argument'can be advanced in respect of the relationship

1..’

2
explains the form of equation (2.1) below. However, a

between revenue per ton-mile end*average carloéd X, and this
graphical'examination'ofnthe deta in Table 2.8 suggested that
"anvordinary linear relationshipfWOuld be more appropriate'e‘
and this is estimated in (2.2).,‘There-wa5'elso a slight
euggestion from the'gfaéh of curvilinearity with respect tQF
bxz and this is estimated inﬂ(2.3);' finally, an‘interaction

term was included in (2.4){ The graphs did not sﬁggest any

- . logarithmic or semi-logarithmic relationships.

*Shipments to the Maritimes are, of course, not subsidized.’
It could be argued that subsidies on the east-west movement
would have the effect of reducing rates from the west to the
Maritimes. However, this effect would be weak because there
is more rail traffic in total and for manufacturing and
miscellaneous products in the west-east direction than in

" the east-west (Commodity Flow Analysis 1973, Tables 1 and
10.) : ] ’ . ' :
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Manufacturing & Miscellaneous Products 1973: Link-by-Link Data

Obéetvation Revenue per Aver. 1engthv "Aver. car  Observed (y) minus Caiéulated (v) as Z:!f¢
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of haul(miles) load(tons)

" number ton mile(g)
—_— ¥ :
10 2.87
11 T 1.45
12 - 1.39
13 2.78
14 ‘ 2.49
15 3.05
16 . 2,28
20 2.20
21 2.44
22 2.45
23 2.97
24 .3.20
25 3.05
26 - 2.53
30 2.50 .
31 . 2.82
32 2.99
33 3.24
34 3.47
35 2.99
"~ 36 2.29
40 2.32
41 1.45
42 1.80
43 2.87
44 2.72
45 2.58
46 2.04
50 0.97
51 1.32
52 1.41
53 2.4}
54 2.53
55 1.98
56 1.24
60 1.73
61 1.21
62 1.30
63 2,27
' 64 2.56
65 2.90
€5 1.76.
70 1.32
71 2.24
72 2.26
73 2.67
74 2.68
75 2.48
76 1.29

Source: Canadian Transport Commission, Traffic and Tariffs Branch Reference Paper No. 1.1,
10, 13 - 19, and regression calculations.
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The equations below were estimated from 42'obsérvéti0ns.
The mean values were 2.27¢ for aﬁerage-revenue per toneﬁile
v, 1,334 miles for*avérage length of haul x, and 40.3 tth'
for average'cafload Xy The estimates of y and X, are not
too far distant from the figuresAsthn for'manufactﬁring
"and miscellaneous products in Téble 2.7 above; average length
of haul is almqs£ twice as'high, begause-the regression‘gives
4equ&1VWeight to a long—distance ﬁovement, such as B.C. to
'Québec where the traffic is light; as it does té a short-
" distance movement, such as the‘Véry heavy traffic from
Ontario to Quebéc.‘ In'each eqﬁétion, the first line of
figures in paréntheses gives the staﬁdard errors and the

} second line t-statistics.

- + * . :
y = 0.474 * 301.8x, 47.3x, | (2.1
(.213) (51.6) (5.7 :
©(2.22) (5.85) - (8.34)
| B2 = 0.647 -
y = 4.212.- .000388x; - .0353x, oy
(.200} (.000063) - (.0036) P
(21.09) (6.13) (9.70)
R? = 0.712
2 . .
Yy = 4.906 - .000430x; - .0684x2 + '009372X2" (2.3)

(.537) (.000069)  (.0241) : (.000268)
(9.13) (6.19)  (2.84)  (1.39)

R® = 0.719
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y = 3.852 -~ .000170xl - .0269x2 - .00000553xlx2

- (.359) (.000192) (.0079) (.0000046)

(2.4)

(10.73) (0.89) (3.41) (1.20)
R = 0.715

At this stage, (2.3) and (2.4) can be abandoned.‘ They
'explain Very littledmore'of the variation thah'(2.2) and
significanee is low en the squared term in (2.3) and on the
interaction‘term in (2;4);»,In SPite of an»a.priori preference
for (2. l), a better fit is prov1ded in (2. 2) in terms of 7
-51gn1f1cance of the regres31on coeff1c1ents, the square of
‘the multlple correlatlon coeff1c1ent, and negllglble skewness
and kurtosis. The'dlscu531on therefore proceeds in termsrof
2.2). | | |

of the:twb explanatdry variables used, average carload
X, expiained more of the variatioh than average iength of
_haul xl, the simple correlatlon coeff1c1ents were°—0 68
between the dependent varlable and-_x2 and -0.25 between the
'dependent variable and'xl. The-equat;on explalned aA
remarkably large 71% of the total variation;~ This is
surprising in view of the heterogeneity of the broad group
of manufacturihg and miscellaneous products; the tendency
for freight rates also to be a function of the value of
product carried, the relationship of rail freight rates to
_the availability of competltlve modes- of transport, the

>questlon of backhaul versus fronthaul rates, and the multl—'
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plicity of other considerations whichvinfluence freight rates.
However, to some extent, the effects of these faétors may
have been partially caught in the vériables used; average
carload for example may also have been an imperfect igverse.
proxy for product value.

An examination of the reéidﬁals from (2.2) showed that
the.expected revenue per ton-mile on movements within British"‘
, Co1umbia'wasv6l%:higher thaﬁ ﬁhe figure actually obsérved
(observation.76 in Tablev2;8);'-The;next highestfdeviation
ofjcalqulated:from observed amounted tp 33%.  It was.thereé
fore decided to omit the_Qbservéﬁion for mo§ements within
.British Columbia‘bn the grounds that this was dominated.by :
1bw—ra£ed and presumably low-valued préducts..:The re—estimated 
equation is‘showh_as-(Z.S);* The total number>of.observatiohsv
used in the regression is now 41 ﬁithgmean,values of 2.30§ for
revenue per ton-mile y, 1,357 miles foi average length 6f

haul‘xl}'and 39.9 tons for average’carload_xz.

Yy = 4.218'—,.000405xl - 0.344x2. o - (2.5)

(.188) (.000060)  (.0034)
(22.47) (6.77) (10.00)

' | R = 0.737

As expected, (2.5) shows an improvement in terms of good-.

" ness of fit and 74% of the total variation is now explained.

*(2.1) Was also re-estimated in this way;: goo&ness of fit
- was still considerably inferior to (2.5). ‘
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The residuals have been expressed in percentagé form in

Table 2.8. The hext table summérizes these residuals on
a geographical basis. The clearest pattern in this table
"is the high revenue per ton-mile on traffic destined for
the Prairie Provinces. - |

TABLE 2.9

" Average Deviation (%) of Revenue per Ton-Mile Calculated

from Equation (2.5) from Observed Value

"Origih ' Destination

Maritimes : n/a S - -8.6
Quebec -0.6 S . - =9.5
‘Ontario . 6.8 =T7.2

" Manitoba Co=12.7 : 4.4
Saskatchewan o --0.4 ‘ 4.7
‘Alberta . = o 7.0
B.C. o -4.1 -3.4
Total | -1.8 ' -1.8

-

The néxt'step is to re—éstiméte (2.5) introdﬁcing a
dummy variabie Xq which takes the value df.one forvdésti-'
nations in the'three Prairie Provinces and zero for other
:destinationé.* Sample size continués to be'41 aﬁd mean
‘values_for fhe depéndent and independent variables the same

as in (2.5).

..

*A form of (2.1) was also re-estimated in this way. The square.
of the multiple correlation coefficient was slightly higher at .
0.819 and t-statistics were also slightly more significant.
However,. there was a problem with a kurtosis value of 2.02 and
it was therefore decided not to return to this formulation.

In addition to the dummy variable approach used in cont'd....
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y = 3f696 - 5000297¥l - .0295x2 + .408x3 | (2.6)

(.205) (.000057) (.0032) (.102)

(18.00) (5.17) (9.33) (4.00)

| C®% = 0.812

EQuation (2.6) suggests that, if-the,destination of a

shipment of manufacturing and miscellaneous products is the
Prairie Region,’the average revenue perbton—mile earnea hy |
fthe railways is increased by,0;4¢ as~compared»with-other
destinations in Canada. This'equation explains 81%_ofvthelj~
variation, as'against 74% intk2.5).. The'regression'coefficients»
~on all the independentnvariablesvare highly Significant; -
However, the residuals,to (2;6)‘wereedistributed With greater
. skewness than in~(2.5) (0.68 as against 0;23)'and kurtosis
. was also a qreater,problem (0.31 as against 0.06);
The residuals between observed values and calculatlons
.from (2. 6) are shown in Table 2. 8. In seven cases, the
calculated value diverges from the actual observation by ﬁore
“than 150, but there is no.obvio;s pattern in these divergences.v
‘The two instances of observed value'in exoess of caloulated‘m

~value were the movements within Ontario and within Alberta.

(2.6), regressions were also calculated omitting x3 and using
‘an alternative variable of distance of destination from ‘the
centre of the Prairies (taken as' the mean of Regina and
Saskatoon) minus 500 miles. This gave zero values for
destinations in Manitoba, Saskatchewan and Alberta.and
positive values for other destinations. However, these
regression equations did not show any improvement in terms

of goodness of fit and are therefore not shown.
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The five cases where average revenue per ton—mile‘was
appreciably less than expected from the equation were, in
descendlng order of magnitude, Alberta to Ontario, Quebec
to the Marltlmes, Manitoba to B. C., Manitoba to Quebec, and
Saskatchewan to Quebec. The table. below shows the deviations
of‘ca1Cﬁlated revenue from observed values on a geographical
basis. With thevinclusion of the dummy variable, there is
;how very little'variation in the celumneby destination..ywith
 ,respect to orlgln, traffic mov1ng from Ontarlo contlnuee to
be . shown w1th actual revenue per ton-mile apprec1ably in

| excess_of the f;gures calculated from the equatlon, whlle

* the reverse is true in fespeCt of Manitoba.

TABLE 2.10

Aveérage Deviation (%) of Revenue per

Ton-Mile-Calculated fromeEquation (2.6) from

Observed_Value

Origin‘ . ' Destination

* Maritimes o » n/a “ o ‘ -5.2
" Quebec o I 2.5 o ' =3.2
Ontario ‘ 9.5 ' B 0.3
Manitoba g -9.7 . : - =1.7
Saskatchewan : -3.1 . -0.6
Alberta -1.5 ~-0.5
B.C. ' . -6.0 - v 2.6
Total A ~1.3 -1.3

To conclude this section on generalvfreight rate dis-
parltles, manufacturlng and mlscellaneous products meet most

of the rallway.flxed costs, In terms of the geographlcal
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origin of differentbéommodity'groups;'raiIWayvrevenue'per ton-
mile is highest on traffic originating in Quebec and Ontario
and lowest on traffic from Saskatchewan and Alberta. Cohsidering.
"only traffic in the manufacﬁﬁring and miscelléneous’group, it
would appear that over 70% of the &afiation in revenue'per"ton*‘ 
mile between different movements can be‘expléiﬁed'in termé’of
differences in carléad weights_ahd‘diffefences.inAthe length

of haul. From the'regressibn-aﬁalyéis, there does not seem

:#o be eﬁidéncé of unduly high_freiéhtvrates on'traffic‘origi—
nating in the Prairie Provincéé; However there is évidence. 

to suggest that:average,revenue per_ton—mile £ends to be'
highérron products déstined for the Prairie Provinces and -

this would be the expécted resu1t of shdrt—haull ‘1ongfhaul

discrimination.
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‘3. EQUITY AND SUBSIDY
(a) Equity and the‘Disparities

The discussion in the first section of this chapter

established the existence of regional disparities. Income .
levels in the Maritimes are'substantially below the Canadiani
average, employment opportunltles are growing less rapidly
_and unemployment rates are above the national average. lIn"

the Prairie Prov1nces, there is a problem_of'slowxgrowth of

‘employment opportunitiesfin-SaskatcheWan and Manitoba and an
‘income;instabllity problem'invsaskatchewan. Fortnnately, ' g s
the present study does’notlrequire‘consideration of thesev |
“disparities'in terms of eguity'or ansmers'to‘such‘teleological'
problems as determining the extent of 1ncome short-fall that
would be equltable in the Marltlmes or the short- fall in
vemployment growth_that would.bekequitable_in Saskatchewan."

The conclusions as to the existence of railvfreight rate
disparities in Section 2 are mnchaless elear'and'the ooncept

- of equity‘is also very difficult in this area. As long ago

as the 1914 Western Rates Case, the Board of Railway
7Commlss;oners recognized . that "it is practlcally.lmpossible1

to formulate any hard and fast principle which would determine

when and where discrimination ceases to be harmless and becomes
undue" (quoted in 19, p. 229).
- In a recent article, Studnicki—Gizbert has assigned two

sets of meanings to»the conceptkof equity,.equity in'outcome'
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and equity as a process. In respect of equity in outCome,.
the interpretation has ranged from a goal of equality in all
outcomes to the more modest neutral concept of equal treat-
ment of equals without discrimination. In the freight rate
context; this neutrality concept Would mean that given,A
equivalent distances, volume of traffic and handling‘charac—
teristics, rates per unit-distance should be equal, regard-
-less of whether competitive coﬁditions exist of»net (89, pp.
648-51). - On this neutral concept; equity wouldvbebsétisfied
for ﬁost movements on a cost-based rail rate system.

A major problem in establlshlng a cost—based rail rate

system relates to cost,allocatlon.v Ind1v131ble costs, Whlch_va~

are'common to al; traffic, are‘tybical of railway operations
eand in Canada only some 75% of total railway cests are‘
classified as variable in the leng,period, Section 276 of
the Railway Act (11) tequires that ffeightvrates must be

compensatory but, if freight rates covered'no more than long-

iy

term variable costs, there wbﬁld remain the problem of meeting

railway fixed cdsts.

While it may be in accordance with eqﬁity to suggest
that eééh prbduct should pay a freight rate equivalent to
long-run variable costs plusva uniform‘percentage addition to

cover overhead costs, this is not a practical solution.*

' *George Wilson has suggested outspoPenly but- justlflably,_
that "average cost pricing is economic nonsense" and also
pointed out that long-run marginal cost represents a rate
floor that can be too high for specific movements. 1n some -
transport sub-markets (94, pp. 8 9) ' :
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If lower tated traffic were required to pay an average contri?
bution to overhead, some of the'traffic would be:lost to other

modes, or, unable to absofb a higher freight charge, it would
cease to move. ConSequently, thevrailways have been forced
to practice price discrimination in the sense of obtaining
greater contributions to overhead costs from some traffic
movements thanvfrom others.* | |

A solution could be found to this dilemmavby making

:freight fates equivalent only to lohg—fun.ﬁariable eOSts;.but
this would leave aedeficit of some $500 million per-annum;to
be met by government. IncreaSeditaxation to provide avsubsidy'

of this extent would involve allocative inefficiencies of

¥Making highly simplified assumptions on homogeneity of out-
put the suggestion has been made that the average cost curve B%
is always above the demand curve for rail traffic in Canada e
and this explains why it is necessary to practice price
discrimination in order to achieve a determinate output.

See my article (49), summarized in Chapter III, Sectlon 4(b)

An alternative-hypothesis to explain the' need for pPrice
discrimination could be advanced in terms of inefficiencies

of having two national railway systems rather than one. "On
the assumption of increasing returns to scale, the existence
of two firms where one would be more efficient would increase
costs. 'However, it is not the intention. to examine evidence
for this hypothesis in the present study. In any event, it

is possible that a consolidation of two railway systems

could mean the provision of railway services on a higher

cost curve as a result of removal of competitive stimulus,
even if this competition is confined to service as distinct
from price. This problem of ineffective utilization of
‘resources and. consequently higher costs of production has

been christened X-inefficiency by Leibenstein; this tends

‘to be more of a problem under monopoly where the pressure

to minimize costs is less. For a discussion of X-inefficiency
see (64). : ’ .
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resources between tfénspdrt and other economic acfivities Andr
income redistribution effects of uncertain direction. The
problem in rail freight rates is to reach a compromise between
equity in the sense of similar contributions to overhead from
different traffic movements and commercial viabilitvahich
requires some degree of price discrimination. There is no
“ready solutionkand the,considerations;below, although‘relevant _
towérds a trade-off‘between equity‘and railway revenue réquiref
: ments,‘are notvoriginal;
(i) - The freight rate stfucture,should‘not in toto

discriminate against any of the geographical regions ofuCanadé.

(ii) - For movements of simiiar‘qﬁantities'of a given
product over similaf.dist&nces infdifferent pafts of Canada,
- freight rateé»should nét.discrimihété oﬁef and beybnd»anyi :
ldiscrimination based upoh differences in variable coéts. |
'In'practice, it cén,be-difficult to'estabish where such
caseS‘df discrimination exist; for examp1é, 6ne does‘not
>>norhally find a major flow of a product from the Prairies to
‘Ontario accompanied by & similarly'large.reverse fiow of
the same product from Oﬁtario'tq the Prairies. Nevertheless, 
the long-haul and short—ﬁéul freighﬁfrate discrimination
problem is of this broad genus.

(iii) Because of railway revenﬁe cohsiderations,'somé
producté must continue to make avhigher than average contri-

bution to railway fixed costs. .In_general, theSe are high .
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velue products where freight rates are a very small part'
of the cost of production. Nevertheless, there should be
limits to the extent to which any category ofvgoods is obliged
to make an above—average contribution'to railway fixed oosts,-
but Section 278 of the Railway;Act only gives this prOtection
if the shipper is captive to rail.. |

- (iv) There.is evidence that'departure from the'principle
of equity in one area of freight rates can automatlcally
cause problems in other areas. Low freight rates on statutory
~grain have played a fundamental partuinvallegations of
discrimination in favour of raw meterials_as against finished
products, forxeXample_in the'repeseed oase‘ahd.in the debate
on the‘transport'of meat versus livestock and grain.
(b) Justice and Subsidy» | |

The demands for redress of transport problems in the

~Prairie Provinces and the Atiantic Regionfnormally take the
form of requiring the correction of 1nequ1ties rather than .
requesting transport sub51d1es to fac1litate reaching distant ‘
»markets. The following quotation from a 1970 Manitoba
«'ministerial addresspis reasonably typical}
Manitoba seeks equity, not subsidy, and to
secure adequate economic growth in the
Province we must ensure that freight rates
reflect only the costs inherent in our
distances from markets, and not an additional

impost based on having to pay because of
lack of alternative transportation. (79, p. 83).
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The demand for equity rather than'subsidy has obvious
emotional appeal. Superficially, a correction of inequity
would result in a superior economic allocation of resources,
while subsidy would lead to an inferior allocation. Howeyer,
in a world where ﬁseeond best" consiaerations are pervasive |
and there is no logical Wayvéfbinterpreting allocative
efficiency’inJrespect of meeting the fixed costs incurredbin
railway operatlons, the dlstlnctlon between equlty and
sub51dy is very blurred

leen that it is not feasible to eoter railway fixed
costs through equal proportionate contributions’to oVerhead
from all traffic movements, the only alternatlve equallty
‘¢riterion would seem to be zero or near-zero contribution
to overhead fromrall trafflc,fw1th frelght rates approximating
to long-run variable costs. Apart from.the substantial -
‘problem of meeting fixed costs throngh goternment subsidy,
it is doubtful 1f thls type of equlty would meet the requlre-
“ments of the Atlantlc Reglon and the Western Provinces.  This:
upproach would eliminate freight dlscrlmlnatlon on finished
products as against raw materials and-also the short—haul_
iong—haul‘problem. On the other hand, freight rates weuld .
have to be increased on western grain and products of mines
- would enjoy only modest decreases in rates. -

Considering manufacturing industry, the results of lower

‘freight rates would be to reduce the burden of transport




charges in industrial costs and hence increase the relative

importance of exploitation of economies of scale. Railway

spokesmen have alleged that substantialrredﬁctions in - freight
rates on manufactured goods would destroy the'maﬁufaeturing |
industry of the Atlantic Region and the West, because much
of this industry flourishes on the basis of protection given
by;dietance from>Centra1 Cenede'and_the burden of freight'
fates; ’This complex problem is noﬁ_pﬁreued further in the
present study, but it shoﬁld be noted that there3is:n63

a priori reason for believing that a general reduction in

freight rates on manufactured goods would necessarily benefit

the Atlantic Region and the Western ProVinces more than

Central.Canada.'

If freight rate reductions were confined to shipments
of manufactured goods from the'Atlantic.Region and the West

(and poéssibly inbound shipments of rawbmaterials), there

would be more possibility of meeting regional aspirations for:

'_ industrial development. While pursuiﬁ,of equity in respeet

of some freight rates could have this fesult, it is unlikely
that equity considerations by themselves Would have this
general effect on the rate structure. If the objective is

to stimulate regional economic activity, it may be necessary
to reduce outbound freight rates to a level below tha_t‘
dictated by equity considerations. However, in examining the

effects of transport subsidies as a stimulus to regional out-
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put, the present study does not.need.to be too concerned withi

" whether subsidy is given to offset an inequity or to provide

transport at rates whichvare below’the costs of producing

the required transport services. Regardless of whether

| previous freight. rates were "too high",-“about right", or

even "too low"vfrom the standpoint of equity, the effect of

transport_subsidies in promoting increased_ontput can be:‘

compared with alternative methods'of achieving this objective.l
The - next chapter examines the general role of transport

subs1d1es and the study then. proceeds to compare the efficiency

of achieving output 1ncreases-from transport sub51dles as..

against subsidies on product price or factor prices.




CHAPTER III: THE ECONOMIC BASIS FOR TRANSPORT SUﬁSIDIES

This chapter is concerned with the general problem
- of the circumstances under which transport - subsidies canh
be economically'justified.*vylhe term subsidy is interpreted
in-the'nsual senSe as the'excess of costs of providing
btransport over the amounts which are collected in the market
:place from users of transport services. vThere‘is no detailed
dlscu551on of cross- subs1dlzatlon, where w1th1n a mode some. |
commodities are charged at h;ghvrates and others at rates
vwhich‘barely‘cover out-of-pocket costs. | | |

‘The Canadian National Transportation'Act,of'1967'relies“
more.on market-place competition than"on regulation or
-subsidy as. policy tools. It declares the need forp"an economlc,
‘eff1c1ent and adequate transportatlon system“ and expresses
faith in competltlon as the means by which this is "most
11kely to be achleved". Competltlve condltlons requlre inter
alia that "each mode of transport, so far as practlcable, bears
a fair-proportion of the real costs of the resonrces, facilitiesk
and services provided that mode of transport at. publlc expense
However, the need for subs1dlzed services under certaln
‘conditions is explicitly recognlzed and it is required that

"each mode of transport, so far as practicable, receives

*An earller version of this chapter was presented at the
Unlver51ty of Manitoba Center for Transportatlon Studies
in February 1975 (50).

72
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compensation for the reeources; facilities and services that
it is required to provide as an imposed public duty" (9, Section
3).
gThe_extent‘of Canadian transport subsidies paid to carriers
'is substantial. For 1972, payments to the Canadian railways :t;
under the National Transportation Act amounted to $139 million;
with a further‘$13gmillion expended under the Maritime Freight
Rates Act. Adding Darlingfstfigures of government subsoriptions
to CN preferred stock, coverage-of the CNadeficit;.and-pnrchase E
’of'grain'cars (22, p.‘75), the assistance‘in 1972 increased |
to SOme $260 million.. FederaliGovernment assiétance to water
- carriers, prlmarlly on the east coast, was $47 mllllon in . |
-~ the flscal year 1972 3, and there were also modest sub31d1es
of $2 mllllon to regional air carriers (23 pp. 51-3). |
However, these figures related only to»dlrect payments
to carriers, Whiie.the buik of‘transport subsidy in Canada
is in the-provision'of infrastruotureiforbwhich costs are only
partlally recovered through user charges. Assuming a required.
six per cent return on government 1nvestment in lnfra— :
structure, it has been calculated‘that the total deficit on
the four major modes - rail, road,‘marine'and airv- incurred -
by all levels of government in respect of direot‘subsidies |
~ to carriers and non-recovered infrastrncture costs totalled}
some $1.5 billion in 1968 (43, p. 27).

Subsidization of transport in Canada is clearly substantial,’
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but the conceptual basis for this subsidization has received"
little attention in the literature. The economic case against
‘subsidies rests primarily on the argument that competition"
can achleve an economlcally optimal allocatlon of resources
and that sub51d1es therefore cause distortions from this optlmall
allocation. The chapter commences w1th a discussion of

Pareto optimalityfand the main areashin which the real world
dlverges from the Pareto requlrements. Subsequent sections_v
fcon51der the case for transport sub51d1es under . 1ncrea51ng
returns to scale; carrier monopoly power, soclal beneflts

not rewarded in the market-place, and the use of transport
policy to secure non—transport publlc pollcy goals, such as

income redistribution'and regional deVelopment.

1. PARETO OPTIMALITY

A Pareto—optlmal allocation of resources is one in which
it would be 1mp0551b1e to reorganize. productlon and dlstrlbutlon"
so that the utility of one or more individuals would be increased
_without decreasing the utility of others.. Con&ersely, an
~allocation is Pareto-nonoptimal if the utiiity of at least
.one person could be increased without reducing the utility
of anyohe else. It can be demonstrated that Pareto-optimal
' conditiohs will be achieved under_perfect competition if second
order condltlons are satisfied for each consumer and producer,

‘no-consumer is satlated and there are no external effects
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»either in consumption or production (51, pp. 255—64).

Under Pareto-optimal conditions, it is impossible to

~ secure a reallocation'of:goods that increases the utility of
one or more consumersiwithout.reducing the utility of at -

" least one other consumer. 'Product-product relationships
requlre that consumers arrange thelr expendlture so that the o
marglnal satlsfactlon from the last dollar spent on good X

is exactly equlvalent to the marglnal satlsfactlon from the
“last- dollar spend on good Y. Otherw1se, the consumer Wlll
substitute between products untll ‘the equallty condltlon is
.re—estahllshed. Similarly, goods X and Y are produced to
“the point where the last unit of resources used to produce

vX yields a return in the marketfexactly equivalent to the |
last uhit of resources used to produce'Y;

‘Factor-factor relationshiPS'are such that'the-producer
employs factors, say labour and capltal to the p01nt where
vthe marglnal product attrlbutable to the last dollar of
- expenditure on labour is equal to the marginal product of the
last dollar expended for the servicesbof.capitala_ (The |
converse can appear naive if suppllers of factors are con-.,'
51dered as supplylng each factor up to the point where the
5'dmarg1nal disutilities of factor supply are equal, say for supply;
ing capital and labour. The concept is somewhat more meanlngful
when it is applied to an individual'worker able to provide

different types of labour.) Finally, the factor-product -
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relationships require that each faCtor of production be
" employed to the point.where its marginal‘value»product is
equal to its price. Each factor is supplied to the point
where the return just compensates for the marglnal dlsutlllty
of factor supply. |

Subsidies would be distorting,in a Pareto-optimal world
characterized by perfect competition, no externalities and.'
unw1111ngness to decrease the utlllty of any one consumer in
. order to increase the-ut;llty of others. However, 1t has -
long been recognized'that a completevlaissez7faire prlce
mechanlsm does not functlon in practlce with the smoothness
spec1f1ed for.condltlons of Pareto.optlmallty. The competltlon
‘of the real world is.a:very”imperfect_image'of the perfect
‘competition'ofAthevtextbook; The~seven.main areas.in which
the real;world diverges from the Pareto requirements are
listed’below,.and then examined in_the context of_transportation.-

(1) InCreasing.returns’to:scale have been advanced as
‘justlflﬂatlon for sub51dy to the p01nt where prlce is equal
to marglnalvcost. Average cost pr1c1ng would be necessary 1f
total costs were to.be_covered_by the 1ndustry but, to max1mlze
the excess of benefits over costs, price should be equal to 2
‘marginal cost with the shortfaii’in'totalfcosts met by
government sub51dy. |

(ii) Goods jOlntly consumed by the commtnlty as a'

whole cannot be produced merely.by re;lance on-the operation
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-of a free price mechanism, even though the total benefits
‘from these goods exceed the costs. In addition to public
_goodsjsuch_asidefence andllaw and order, pﬁblic works such
asvhighways andvbridges.are commonly‘classed under this head.
(iii)- Monopoly, Oligopoly and all the other varieties
of lmperfect competltlon prevent the achlevement of a Pareto-
optimal dlstrlbutlon of resources. A firm equates marglnal
-revenue to‘marglnal cost and, if a degree of monopollstlc

_power allows it to influence price by varylng output, pr1ce~

o will be hlgher than marglnal revenue and marglnal cost.

The Pareto product-product relatlonshlps are violated by

, dlfferences in the extent of monopollstlc power. »Slmllarly,v
varlatlons in monopsonistic power over factors of productlon:

| violate Pareto factor—factor relatlonshlps. ‘The posse551on |
of either monopolistic or monopsonlstlc power is sufflclent

to violate the Pareto factor—product relatlonshlps. Moreover,
in an industry with‘continuously increasing returns to scale
that are internal to the flrm, the efflclent ‘form of organiza-
‘tlon is monopoly as this is the way in whlch 1nterna] economles
of scale can be most fully exp101ted.

(iv) Social oosts and benefits'are not taken into
~account by.the free market price mechanish. A firm may impose
oosts on the community at large, for example throuéh lack of;
pollution controls. Alternatively,‘a’firm may bestow benefits

on SOciety without private reward, for example through -




facilitating increased productivity in other industries.

The efficiency of perfect competition explicitly assumes that
these external effects do not exist. It has long been an
'aCCepted tenet of.economiC’theory that the‘state’shouid'tax
firms that 1nf11ct social costs on soc1ety and compensate
those that bestow social benefits.

-(V)‘ Income distribution is not considered injthe

oontext of Pareto optimality and is exogenous to the allocation
 of resources. The prevaillng income distributlon lS taken

as a datum and the problem of findlng an optimal income
distribution is not examined. The pOSSlbllltY of 1nter—
‘ personal utility comparisons lS denied and the economlst
'per se can say nothing about a change which 1ncreases the
utility of some consumers only at. the expense of decreas1ng
the utility of others.  This assumption has arid consequenoes,
 as most changes in the real world result in a reduction of
_psomeone's'utility, and the use of compensation criteria has

been suggested to.overcome this problem. -For-example( the_-
»ScitoﬁSky'criterion states that allocation A isasociallyipre4e
ferable to B if those who gain from A could compensate the
losers into accepting the change, and simultaneously the losers
Lcould‘not compensate the gainers into-not‘making the changeb
(51, p. 279). Subsidies can be justified - on ethioal rather
~than economic grounds - to promote a more "desirable"

distribution of income or to compensate the victims of economic
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change.
| (vi) Market frictions in respect of inadequate knowledge
band_resource immobility can prevent the attainment of Pareto-
o?timal allocations. Government subsidies are thereforevv
used to iﬁprove the operations of the market in such areas

~ as consumer protection and labour mobility.

(vii) Full employment and~stable level of prices-are
not guaranteed in a laissez- fazre economy There is general
recognltlon in free ‘enterprise soc1et1es that the state has
a respon51b111ty for stablllzatlon pollcy and the measures

used may 1nclude subsidies.

The transportation industry does‘not satiSfy‘the oonditions
necessary to ensure an efficient allocation of resources -
without government intervention or subsidy. Pareto.reqnire—

ments are v1olated in all of the first five areas listed above
and only the problems of market frictions and full employment
with stable prlce levels - items (vi) and (v11) - do not

fall within the terms of reference of the present study.

(i) Until fairly recent times, there was a general
belief among economists that increasing returns to scale
were characteristic of rail transport. The~discussion_below
therefore commences with an examination of the conceptual case
for transport.subsidies on theAgrounds of diminishing supply

price.
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(ii)"Tﬁe_provision of public goods has always been
very important in transport, particularly in respect of
~infrastructure where'costs are not reco&ered through user
charges. The example of Dupuit's bridge (30, pp. 255 ;l‘
83) deserves its eminence in ﬁhe 1iteréture,_although to"
some extent this eXample of éefo marginal cost may be
regarded as only a special case of'increésingAreturns to
scale. Thevqueétion.of public.works, where the marginal  "
cost of an additional unit of consumption is'nil,iié théreforé
not examined further in the follOWing pages.

| (iii) Perfect competition dbeé;nOt exist bétWéen or‘gv

within the various transport_modes,b_Transport coméanies are
‘not'pureiy price=~takers buﬁ also determine prices themselves
to a very considerable extent. Coﬁpetition within modes is
Ieduced, for examplé by the activities of rate bureaus,.ahd"
this inevitabiy has re?ercussiohskon competition between modes.
The discussion below conéiders two Cases - firétly, where -
price discrimination is not operaﬁive, the_examinaﬁibn_feiates
 to the use of ﬁrdnsport"subéidies‘to persuade a company‘
exercising monopolistic pdwer to producé the output that
Wouid‘result without exercise of this power; secondly, where
price discrimination is opérative, the examination proceeds 
to the implications of abolition of such discrimination.

(iv) ‘Under-éocial costs and benefips, the role of transport‘_

subsidies is discussed in the context-of transport as.
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a strategic factor in economic growth and from the standpoint
of the non-economic benefits of transport.

(v) Transport sub51d1es are con51dered finally in

'respect of thelr ability to achleve public pollcy goals in
respect of income distribution and reglonal .economic

_development.
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2. INCREASING RETURNS TO SCALE

(a) The Theoretical Case for Subszdy under Increasing
Returns to Scale

In The Economics of Welfare, Pigou statedrthat

‘there is‘"a presumption in favour of State‘bouuties

to industries in which conditions ofﬂdecreasing supply
price'simpliciter are operating, and oflState takes:uuenr
industries in which conditions of‘rnereasing supply

-

‘price from the standpoint of the communlty are operatlng

(80 P 224) The argument in respect of 1ncrea51ng

returns to scale is 111ustrated in the famlllar dlagram"’
'.'below.b

FIGURE 3.1

Increasing Returns to Scale
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- of average costs per unit of output is ac, and‘the




marginal cost curve is mc. If the industry covers average
total costs and there are no opportunities for price dis-
crimination, output w1ll be ON at a unit prlce of BN. The
consumer surplus is ABC. Now let price fall to DM where the
demand schedule intersects the marginal cost curve. Output
',1ncreases to OM ‘and the consumer surplus to ADE. Price now
falls short of average cost by FD and a subsidy of GFDE has
to be paid tovcover total-costs; This~subsidyris justified '
on the'grounds that the paYment'isvless than the increase in
“the consumer surplus of CBbE. This is the simple economic |
case for subsidization of industries Wlth 1ncreaSing returns
»'to scale, but this leads 1mmed1ate1y to the problem of second

“best.

(b) The Problem of Second Best

It;haS‘been suggested that economies,which deviate
from the marginal conditions necessary for Pareto‘optimality‘
can usually be led to a Pareto-world»through'the imposition
of taxes and subsidies (51, p; 275) . Thislis not necessarily
correct. Tax'receipts from those imposing social,costs on
society would not normally equal subsidy payments to those
bestowing“social benefits plus other expenditures of govern-
ment, and additional taxation is usually required. Such'
taxation always involves a disturbance to the-Pareto—optimal

factor-product relationships and can involve a disturbance
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to product-product relationships. Additionaily, the imposition
bf taxes to fiﬁance subsidies implies an income redistributiqn |
and this is.also a violation of Pareto conditions‘

| ‘During the 'thirties, theré was considerable discussion
as to whether, in an otherwise Pareto—opﬁimal situation,
‘indirect taxes would cause a vio;afion of the conditions of
' optimality;. Obviously; the_imposition of taxes a# differentv
- rates on different products w0uld destroy the prbduct—product

rélationships;_ From a discussion of which the major partici-

pantsVWere Kahn, Hotelling-and»FriSch,vit was agreed-that'taxes."

’ propcrtiqnal‘to mérginal_costs wéuld no£ destrby the prodﬁct—
_produétlrelationships.(59;'ppf-1%35;‘55, p. 151; 37, p. 145).
Howevér, a structure‘of proportionality in indireét taxééfwhich.
preserves the product-prodﬁct relationship does not maintain
intact the factor-produét_relaﬁionShip. If all prices wéreb
proportionately higher than margina1 costs, then by.working'
a little harder, everyone‘could be.made.better off since

"the preferred tefms at which they~exchangé leisure and goods
1are hot equal to the trﬁe productivity terms at which they
 can be transformed into each'otherf‘(SG, PpP-. 239—40). it

is indeed correct that indiréct'taxation on a proportiohal
basis still breéchgs thg‘factorfpréduct requirements and the
writers in the 'thirties seem to have been aware of this;
Kahn stated that "The interests of'tﬁe national dividend

demand that each factor shall be paid a_price which is equal
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to the value of its marginal proauct" (59, p. 18). Hotelling
recognized quite clearly that both indirect taxes and'direot
taxes would violate the factor—produot.relationships (55, pp.
154-5). |

Pareto—optlmal conditions cannot normally be. satlsfled
~once taxation is 1mposed. At the same tlme, it is 1mpos51ble
to satlsfy these condltlons in increasing returns 1ndustr1es
without sub51dy. _The»theory of second best says_that if
one or more of the necessary'oonditions-for Paretoioptlmality>;
cannot_be‘satiSfied, in general‘itvis neither necessary or':'
‘ desirable to satisfy. the remainino conditions'(Sl, p. 286).:
Yet, practlcal pollcy adv1ce ‘has to be glven and there |
bls value in the approach that v1olatlon of Pareto condltlons
for product X is not relevant to analy51s of product Y if the
two products are only distantlf related.

The theory of second.best serves a very useful purpose
‘in showing that, when a subsidy isfpaid, the~taxes are not
raised without cost. The direct cost to goVernment Ofgvi
‘collecting taxes rarely exceeds tWo cents in the dollar-and‘
‘the admlnlstratlve cost of spendlng the tax money may be a
similar amount. However, these direct costs may represent
only the smaller part of-the true loss in welfare through
taxation in thatvthe taxes themselves cause a‘misallocation
often between products and alwaYs'in‘factor—prOduct‘relation?

ships. The implicit assumption'thatrtax reVenue is raised




at the margin from activities which yieid no consumer surplus

is often unjustified.

(iii)” Inereasing Réturns~to,ScaZe in Traﬁsport

In writings on railway economics before the Second
Wérld War, if was usually aSSumed‘that the réil&ays
‘showed ihcreafing returns'ﬁb.scale. The hlgh proportlon
1of fixed- costs in rallway transport had been stressed.
iby such writers as Welllngton-ln.1893,'Acworth,ln,l9ll,
Ripley in 1927 and Eliot Jones in 1931 (4, p. 322).

;InvThe”ECOnOmiCS'of.Welfare,vfirst published‘in 1920,

vaigou stated the réasoné for increésing returns to scale
‘in the rallway 1ndustry.

Among wazlways there is ground for belzevzng ,
that, at all events until considerable develop-
ment has been reached, this condition is generally
‘satisfied. The reason is that the fixed plant
of a railway cannot, in practice, be so made

‘as to be capable of effecting less than a
certain considerable minimum of transportation.
The aggregate costs of arranging for rail trans-

 portation for one ounce per week are very nearly
as great as those of arranging for the transport
of many thousand tons. For the same heavy
expenditure must be undertaken for surveying

and legal charges, bridging valleys and torrents,
tunnelling through rock, erecting stations and
platforms, and so on. This implies that the

law of decreasing supply price acts strongly

till a large investment has been made, and

afterwards less strongly. -
: (80,.p. 310)

Similarly, after discussion of thevéase‘of zero.

marginal cost in respect of highway bridges, Hoﬁelling
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'cialmed that the argument of meking price>equal to marginal

cost applied "equally to railroads,‘exoept that in the

latter;case there;is‘some slight additional cost

resulting‘fiom an extra passenger or an'extra shippef

of freight" (54, p. 262). In 1953, Klein gave some

quantltatlve support to 1ncreas1ng returns to scale

v in railway transport; He fltted a Cobb-Douglas type of'

production functioﬁ'to 1936 data for;U.S,_rallways and"

obtained a production functionfhomogeﬁeous of degree

1}29i(91, p._3l). The claims of the theorists were'

apparently eupported by the eoonometricians.‘ -
However, the argument of decllnlng marg*nal cost

in railway operatlons was not unlvercally accepted. As

early as 1916, Lorenz, the well-known statistician of.b

the Interstate Commerce Commission;claimed that declining -

marginal cost'was‘more typical of the early stegee of

‘railway development and that constant marginal cost

was more reallstlc for hlgh den51t1es of trafflc (24, p. 159).

~In 1940, Healy argued that:

Under present condztzons of maturth,.most

main line railroad facilities and the operation

thereon have had a chance to become closely

adjusted to the density of traffic handled and

the revenue derived therefrom, so that average

untt costs tend to be nearly uniform over a
wide range of densities and the cost of
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handlzng additional zncrements.of buszness
are not likely to be much below the average
costs.
| (quoted in 24, p. 160).
Similarly in 1950 Nelson claimed that the growth in output
~ of the railway industry had largely eliminated increasing-
returns (4, P 318). |
“In an artlcle publlshed in ‘1952, De Melverda stated that -
_flxed costs in rallway operatlons were an 111us1on.‘ -De :
vMelverda argued that labour ‘costs were fairly constant at
about 60%»of total costs in the operatlon of U.S. rallways,;
regardless of whether one examlned fluctuatlons in time over:
the 1933-47 period, reglonal varlatlons on the ba51s of 1947
‘costs, or 1944 data on the labour cost share of»total costs
vfor dlfferent 51zes of rallway company (24, pp. l162- 72)
| If labour costs form a larger proportlon of variable costs
than of total costs, this constancy of the.labour share of
.total costs throws considerable doubt on the view‘that marginal
cost is'declining in railway operations.
With'the.rapid price increases of-the early.1970's
~and the use of historic prlce costlng, in many 1ndustr1es
marglnal cost measured in current dollars has tended to
exceed average cost, measured partly in past'dollars. This

is an'additional complication to an already complex problem

*T am grateful to Dr. K. W. Studnlckl Glzbert for brlnglng
» thlS article to my attentlon.




but, for purposes of evaluation of the existence of economies
- of scale, obviously the comparison between marginal cost

and average cost must be in real terms and not in money

terms. The measurement of economles of scale in the varlousv

transport modes is an under~researched area both in Canada

and in other countries but some work in this field is currently

underWav in the Canadian Transport Commission.  In the mean-

time, one can perhaps accept the conventional v1ew that,
with the exception of pipelines, where scale economies ‘-
ex1st for other modes they are likely to be less than for
rail. | |
M:Atmthe“i972 University'of:Torontod—'York'UniversityA
Conference on Canadian National Transport~Policy, Df.,ﬁ
Mohring presented a most stimulating,paper "Transport |
Subsidies and the Economic Development‘of the Atlantic
Provinces." Dr. Mohring defined'the‘marginal benefit
of a subsidy dollar as the excess ofvbenefit over
subsidy cost. This marginal benefit’is,a'function of
economies of scale in the‘industry to be subsidized,
the demand elasticity for the product of that industry,
and the amount of subsidized output. Thus, in Mohring's
" table below, for a = 0.1, ¢ = 0.6, and:elasticity of
demand = 2.0, the expenditure of a subsidy dollar
yields a total return of $1.67 or $0.67 in excess

of the subsidy ekpenditure (75, pp. 275-6).
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. Marginal Benefits per Subsidy Dollar as a Function Scale

Economy Level, Demand Elasticity, and Amount of Subsidized Outputf'

o = (W - W) /(W - W)

Elasticity of 0.0 0.1 ~ 0.25 0.5  0.75 0.9
Demand (1/b) : S _
; / Scale Economy Index (c) = 0.6
2.0 $4.00 $0.67 $0.34 $0.15 $0.06 $0.02
1.0 0.67 0.55 0.40 0.22 0.10 0.04
0.5 0.25 0.22 0.18 : 0.12 | 0.06 0.02
- ‘Scale Ecbnomy Index (c) = 0.8 -
2.0 $0.67  $0.54  $0.39  $0.21 $0.09 $0;03¥
1.0 - 0.25 0.22 "0.17 - 0.11 0.05 0.02
0.5 0.11 0.i10 - 0.08 =~ ~0.05 0.03 Q.Ol B
Where W = Actual”output‘without'subsidy;
Wé'= Output with price equal to average cost.
Wy = Outpﬁt_With érice'equal to marginal cost.
¢ = Scale economy index where the cost of ganu—fﬁ K
facturing an output W is of the form W~ . Increas-
ing returns to scale mean that ¢ is a fraction '
in the range zero to one; thne greater the
returns to scale, the lower is c.
1/b = Price elasticity cf'demand obtained from a

demand function of the form P = aW™b.:
Mohring advances this approach as indicative of
orders ¢f magnitude and not as a definitive measure of

the benefit of subsidies. He considers the welfare

*As expected, marginal benefits are generally higher
for ¢ = 0.6 than for ¢ = 0.8. The only exceptions are
where 1/b = 2.0 and o »0.25. -In correspondence with the
present writer, Dr. Mohring has agreed that these exceptions
are intuitively surprizing. - However, the algebraic mani-.
pulations appear to be correct and the present writer
confirms the accuracy of the arithmetical calculations.




costs

'data,

range

There

of raising tax revenues, points out the lack of

and speculates that "10-50 cents is a reasonable

for the social costs of tax revenues" (75, p. 277).

is merit in Mohring's argument that marginal benefits

' per subsidy dollar of ten cents'and less are not worthv

their social costs.

.gain

'only

In.particular, there is little net
from subsidy when the elasticity_of‘demand is

0 5 or where o > 0. 5.l

_ The follow1ng comments are relevant to the Mohrlng

approach to transport sub51d1es..

(i) If a transport company is successfully |
exerc151ng an element of monopollstlc power,_

o must 1n1t1ally be negatlve, for actual output '
W is less than»output Wo where average.total ‘
costs are just'coVered. Given thatvperfect‘“‘
competition cannot exist w1th lncrea51ng returns

to scale that are 1nterna1 to the flrm, an-

o whlch 18’1n1t1ally negatlve is quite 11kely.

A transport company not exerCLSlng monopoly

power and just covering average total costs would

_commence with o = 0. Afprlvate transport company

making a loss would commence'with a > 0, but
without a state subsidy this is not a feasible

long-run poéition.
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(ii) In respect of the Canadian railways, the
Costing Order of the Railway Transport Committee

treats long-run marginal costs as equivalent-to

'v-some 75% of average total costs, i.e, a value of
‘¢ = .75 for Canadian rail transport. Interpolating‘f_ S
from Mohring's table, the initial pay- -off for sub51dy

dollars spent on rall transport would be: reasonably

lihrgh for o < 0.25 and elast1c1ty of demand of
‘unity or above. As a further-con51deratlon, ‘the
.Epay—off should be hlgher in those parts of the -
3country where ¢ is below the system average,‘becausev_r'
'trafflc is less dense and the economles of scale '

further from exhaustion.

(iii) It is often argued that the demand-for
 transport in total is inelastic on the grounds that
transport forms only a smalliportion”of the costs

of a product and a large change in transport charges

~has therefore only a small effect on the prlce of
the,flnal product. For example,,lf transport
costs constitute,lolper cent of the total costs

. of productlon of '‘a good and transport rates fall

by 20 per cent, then the cost of the flnal good
will only decline by 2 per cent.. However, this

represents.a partial approach to transport costs.




Transport must be regarded-as'a factor input
in the production of a good and, to some extent,

there can be possibilities for substituting transport

- for other factors of. production. If a reductiOn'

fin transport rates made it economic for a manufacturer

to relocate his plant in an area where labour costs

are low, this would mean that a transport input

was being substituted for labour.i It caneonly'd

be argued a przorz that the aggregate demand for'

'3transpcrt is 1nelastic when there. are no opportunities_
lfor substitution between transport and other factor o
5~1nputs..-‘ | |

(iv) bmhe demand for transport by a'spec1fic mode

'-is; of course more elastic than the demand for
transport in total. If the Mohring‘table_is applied :

‘to rail transport, it is legitimate to use the |
price elasticity of demand forvrail without'anyb

' adjustment_only'if there“are conStant returns_to'

‘scale in competing.modes. ‘If.competing modesrshow‘
increasing returns‘to scale, thejSubsidy.benefit,
from increased rail transport must be reduced to_
allow for the rise in costs in . the ‘competitive

mode. Suppose that the marginal beneflts of sub51dy

»ekpenditure for a giVen'commodity were 22¢ for

~rail and . 10¢ for highway and thatzthegaggregate :




‘ e
transport elasticity of demand was such that an .

increase in one unit travelllng by rall in response
to a dollar sub51dy expendlture was accompanled by
' a reduction of four-fifths of a unit travelling
bykhighway. In that case, the net.marginalj
“benefit from the subsidy dollar would be 22¢_‘ |
- (4/5 of 10¢) = 14¢. - Conversely,'if the competing?
‘_mode suffered from deoreasing‘returns to scale,
‘the benefit of the subs1dy would be 1ncreased beyond-

,,the figures shown in the Mohrlng table.

'lAs'a‘general conclnsion.tovthiSisection, the'
dreater are the: economles of scale, the greater is. the.f.'
.‘Justlflcatlon for.transport subsld;es. If the extent,‘
. of,increaSlng returns to;scalefls'small, the scope for
fbenefit from subsidization is-small; The more elasticl
the demand for transport,’the°greater is'the social
pay -off from sub31dy 'There are dininishingvreturns
to the appllcatlon of subs1dy dollars 1n that kthe net
social benefit from 1nc1=a51ng appllcatlons of sub51dy
~ declines as output 1ncreases towards the point where
-average revenue equals marglnal cost. - Elasticities
. of demand and partlcularly, ‘returns to scale are not
identical for all transport modes. Hence, as Mohring
| has -argued, "sound economic‘principleS"‘do ngt'diotate
that "all modes receive equalltreatment? in réSpeot of

’transport subsidies (75, P. 298) .




3.  COUNTERACTING MONOPOLISTIC POWER

This section considers two situations. Firstly, on

v'the assumption of no price diSCrlmination; subsidies are
examined as a means of'persuading a transport company with
lsome degree of monopoly power to produce the output that would
‘result w1thout exerc1se of thls power. Secondly, where prlce i

dlscrlmlnatlon is operatlve,‘the 1mpllcatlons of the abolltlon

of such dlscrlmlnatlon are con51dered.

5(a)l~MonopoZy'without Pricé-Discriﬁinafibn |

The approach is algebraic~anduthe;results‘are Sunmar}’r‘E
ized in the'initialzparagraphs.%»-' |

Output is less and prlce hlgher under‘monopoly ‘than

under perfect competltlon. A sub51dy to the monopollst

. given as a fixed sum would not necessarily affect his behaviour;
lThe'examination‘proceeds to the case where a fiXed-perCentage

sum,is’added to the price obtained by the monopolistkl An

' output equal to that of perfect competition can be achieved
"if the price elasticity of demand is greater than unity.

If the demand curve becomes inelastic

‘*The monopollst is assumed to be a proflt maximizer. Although

 discussion of alternative measures of the degree of monopoly

power is beyond the scope of this thesis, different inter-
 pretations of monopoly power would of course have different
jlnteractlons ‘with subsidy requlrements over time. For a
useful discussion of monopoly power, see Eugene M. Slnger.
Antitrust Economics (Englewood Cliffs, New Jersey
Prentice- -Hall, Inc., 1968), pp. 63-72.
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at some point between the monopoly and competitive'outputs,
this type of subsidy is unable to secure any increase in
voutput beyond the point where demand ceases to be elastic.
Payment of a flat'rate of subsidy’per unit of'output

'can'ensure that the monopolist'produces.an output identical’
- to perfect competltlon, but this 1mplles sub51dy in excessi

of the narglnal coct of productlon if the demand curve |
becomes lnelastlc.y Where the elast1c1ty exceeds unlty, thep-g'
yflat rate sub51dy per unit of output is less expen51ve than-l
the percentage addltlon to prlce as a ‘means of obtalnlng |
the.competltlve output |

| If a monopollst is sub51d1zed to produce anvoutput
»equlvalent to ‘the c0mpet1t1ve level in- theory the total
subsldy payments to. the monopollst can be' recovered by a flxed
tax on the monopollst of equlvalent amount, but not varlable
with the output. “Normal proflt"lls already 1ncluded w1th1n
costs and the complete taxatlon of the monopoly proflt need
'*notpcause productlonAto,cease.. Although there are obv1ous
| difficulties in implementlng thisrapproaCh and insufficient‘
knowledge to allow recovery of all the monopoly profit, the
possibilities of some recovery in this way are at least intriguing.
Adebraic'Approach

A conventional demand curve is assumed where quantity

demanded g increases. as price p declines.
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g = £(p)
The elasticity of demand is therefore always negative.

The case of perfect inelasticity with'eb= 0 is excluded from

consideration. ¢
e=;.dﬂ/-.d_'p_
- q P A _ v
-Total cost is expressed as C(q) and its derivative, marginal
- cost, is
dc 1
aqg = ¢

- The profit equation is I = pg - C
and this is maximized when dI
o _ . L dg "
(1) .Perfect competition (pl anqul) '

an 1. .

Substituting in the demand curve,f..‘.»'pl"=l'cl

1
_ 1
- and q; = f(Cl)
(21) Exercise of monopolistic-pdwer'(pz"and qé)f

e dp., .
an APy 4
dq, T P2 + a, a&;“'cz

. !
. l N

C2.

‘and P, = —
2 1,
Substituting in the demand curve,

1
.C2

1
(1 + E)

qz =

At the monopoly output, the demand curve must be elastic

(e < -1), as otherwise marginal revenue would be negative
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and the monopollst could increase recelpts and proflts by

further restrlctlng output. .
Hence, 0 < (1 + —) < 1 and the expression (C /1 + —) is p051t1ve.

S Py > Py
and d, < 4y

Price is higher and output less than under perfect competition.

- The payment to the monopolist of a fixed sum, 1ndependent of

the scale- of output, would cause no change in the proflt

_maxlmlzatlon equation. By definition, this flxed sum would

not affect marginal revenue or marglnal cost.

‘(iii)"Exerctse of monopolzstzc power'with~% subsidy
addition to price (p3 and q5) S

Sub51dy addition to prlce 1s apys where a. > O.e

am o, ST TRRS R
o = P3 (1 + a)(l-+ 2 ~C3=0

, a B -
S 3

oe Paq =
T g

Substituting in the demand curve,

1
C3

\{1*a) (142

q3=f

. If the deémand curve continues to be elastic (e < ~1)
"abetween the monopoly output and the cdmpetitive cutput,
0 < (1 + —) < 1 and the expre551ons for P and g5 are
meanlngful. ‘ '
As l+a > 1, P3 < P,
_ ~and d3 > 9
CIf d3 is to equal dqs C% must equal Ci, and'p3.must equal Py -

S (1+a) (1+-}3—) =1

and a = - 1

T3 ' which is positive where e < -1 .
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If the demand curve continues to be elastic it is possible
to achieve an outputiequivalent to that of perfect competition"

through a percentage subsidy addition to price. However;v

the cost can be high; for example where the elast1c1ty is.

e = -2, the subsidy (a = 1) must be equal to the prlce under*
perfect competition. If the demand curve becomesvlnelastlc
‘at some point between the'monopolyvoutput and the}oompetitive

_output, it is not p0551b1e to secure an expan31on of output

'beyond thlS point through appllcatlon of a %’ subs1dy addltlon

' pto price.. 1In algebralc terms,,(l + —) becomes negatlve and

“the expres51ons for p3 and q3 are not meanlngful. In economlcfi
terms, a monopolist w1ll not operate on the 1nelastlc part =
of hls demand curve and the addltlon of a % sub51dy to prlce

'does not .change the 51tuatlon.-

(Zv) Exercise of mbnopolistio'powerfwith“flat
rate subsidy addition to priceo(p4\and q,/

| Subsidy addition is b per'unit of ‘output,: where b >0.

an _ 1 el
_ Ci-b
PaT T, 1
e

Substituting in the demand curve, .
- b , G e | B

q4=f
_ e
For an elastic demand curve, 0 < (1 +.é) < 1 and the expressions
for Py and q, are meaningful.
As b >v0,.p4 < Py

and VRS qé.
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If q4 is equal to q,, Ci’must equal Ci, and Py must equal

Py 1
R S |
1+ 3 1
e
ot
andb=——€-

Under condltlons of elastic demand, a flat rate subsidy -
,addltlon to prlce can 1ncrease a monopollst's output to that
of perfect competltlon. If demand becomes 1nelastlc at some
'p01nt between the monopoly output and the competltlve output,k
the ‘expression (C - b)/(1 + —) 1s negatlve if Ci > b and
'output cannot be expanded further., However, 1f b >. Ci, 1t
-is p0551ble to secure the. competltlve output through a flat
rate subsidy even under condltlons of 1nelast1c demand. - In
econom1C'terms, the monopollstgwlll 1ncrease outputrlf the
flat:rate subsidy for an incremental.unit of output e#ceeds
the sum of the marginal cost of produc1ng that unlt plus the .
reduction in revenue 1mp11ed by operatlon on the 1nelastlc
- 'part of the demand curve. But thls can be a very costly form
of subsidy operatlon. |

Under the % subsidy addition to price in sub—sectlon
(iii) above, the output of perfect-competition could only

be achieved with an elastic demand schedule. The rate

of subsidy per unit of output is ap3,vwhere a = -(1/1+e).
a = aCl =~ = e ..___——C1 ‘ ‘ o
P3 = 1T#a) (1+D) (1te)

e
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Therefore, the flat rate subsidy per unit of:output”ia less

; costlydthan the % subsidy addition to prioel,

(b) Monopoly witk Price Discrimination*
In respect of theltransporﬁ industries, analysis
of monopolistic power,supplemented by price dis-

,crimination.is ‘of much greater practical interest; From

the very earliest days, rallway companles have partlally
followed ‘the pr1nc1ple of value of service pr1c1ng or

' charging what the trafflc‘w1ll bear;v_Indeed,;lt is
probable,that-total’coSteicould;aoﬁ have been covered
withoot price discrimination;‘ | ‘

b T - FIGURE 3. 2

Styllsed Supply and Demand Rail Transport.'

Pric'ev'

Q_uantity

*The argument in this sub-section was developed earlier
in my article (49). :
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Figure 3.2 above shows a nypothetical demand for
and supply of rail transport, where railway companies
are not_competing on price. This approach is, ofdoourse,
stylised; as a simplification, quantity is measnred.in
-terms of units of'railfservice invspite of valid

crltlclsms of assumptlons of homogenelty of output

units 1n transport (see 93 pp. 14 30) The average ) -
cost curve ac 1s con51stently above the demand curve‘
vddl and there 1s no achlevable output where average costs.

'can be covered w1thout prlce dlscrlmlnatlon.,.

' FIGURE 3.3

Prlce Dlscrlmlnatlon- Rail Transport

N
Quantity
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-Now lntroduce price diScrimination»in Figure 3.3
and allow this to be complete in the:sense that the railways
can capture all the revenue below the demand curve. This
,makes ‘the demand curve dal also a marginal revenue curve.
‘A marglnal cost curve mc is shown and output is determlned

at ON where marglnal cost is equal to marglnal revenue. The
total revenue enjoyed by the rallways 1s ABNO and thlS allows
a monopoly proflt 1n excess of costs CDNO.i .

There is no unlque method of recapturlng monopoly proflt
through regulatlon and ‘there are a large number of alternatlve |
hfea51ble'solutlons. These solutlons must 1nvolve some or f' |
all of the follow1ng.v ; | |

_(i) An increase 1n costs through 1nefflclent regulatlon,,‘

which would be'portrayed graphlcally hy angupwardvmovement

in the ac and mc curves. | | -

‘(11) Rate regulatlon to reduce the exer01se of monopollstlc
::powers in. collectlng revenue from customers for output - ‘
* ON in Figure 3.3.

(111) Rate regulation and common carrier'obligationsb
forcing the railways-to extend output beyond Oﬁ and,provide
some units of output where marginal revenue does not

cover marginal cost.

In Figure 3.4 below, all three developments have been

allowed to take place. The demand.curve dd'is the




.10'4,

same as in Figure 3.3 but;the ac and mc’curves have’been
forced upwards by the inefficiencies of regulation.

On the new cost curves, the railways would try to |
maximize revenue. by producing an output ONI. which

“ pecause of increased costs is somewhat less’ than ON
jJ1Figure 3.3 However, the regulatory body-1n51sts that"

- some transport serv1ces be: prov1ded where revenue does .

~not cover costs and output is therefore pushed to OM.

FIGURE 3.4

Regulated Prlce Dlscrlmlnatlon- Rail Transport

NiM
Quantity .

At this'output;.the potentialbrevenue,’practicing
complete price discrimination,.is A'B!MO, which still
exceeds total costs of c'p!MO. By rate'controls, the -
regulatory body pushes prices actually charged down

7 from A!B! to some lower level, say to the step function
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labeiled EF and‘revenue becomes:EFMO. . {The EF function
can, of course, take a multitude of different forms;'

“the constraint that total revenue must equal total

costs leaves a'vast number ofvalternative pricing
Nstrategles under condltlons of prlce dlscrlmlnatlon )
dAssumlng complete eff1c1ency on the part of the regulatory*s
{body, thls revenue EFMO Just covers total costs of |
dC 1p! MO. : Monopoly proflt 1s ellmlnated and only a d:}
'“normal" proflt left, Whlch 1s 1ncluded w1th1n the g
hdeflnltlon'of‘costs., Ineff1c1ent regulatlon w1ll elther S
“allow the contlnuatlon of some monopoly proflt or,s; : |

5-conversely, result 1n revenue Wthh is not suff1c1ent

_ to‘cover total costs.~f> | bv -

» | Under thls type of regulatlon, there is no»problem

of falllng to achleve the "1deal output" ' In fact, the

- output OM is in excess of‘that of ON! wherevthe~demandv

curve intersects the marginal cost curve. hHowever;

the problem of price discrimination’stiil.exists in

that different sectors'of‘output,are Charged different df'

prices for comparable service. If,the price charged to |
the harginal'unitaof demand were to.be-levied on'all"units

of output, a substantial subsidy Would be required to meet

sthat proportion of total costs not recovered‘through'user

charges.
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4. SOCIAL COSTS AND BENEFITS

Although}there are social'cOSts‘aSSOCiated with
_transport,lsuch‘aslthe'air pollution.ofgthe'internal.
combustion engine and the~noiSe of'the‘jet aircraft,‘
the literature, particularly-that of'the period when
rall transport was - domlnant, stresses the soc1al beneflts
'rather than the soc1al costs of transport.' As it is the
';object of thls chapter to examlne the conceptual ba51s

for transport sub51d1es as dlStlnCt from transport taxes, B

"?‘there w1ll be no detalled con51derat10n of soc1al costs.

.dVHowever, these must be taken 1nto account 1n respect of net
~sub51d1es ‘to transport._t; AT S ”

The soc1al beneflts clalmed for transport are broadly
of°two:categor1es.; The flrst category relates to the strateglc
5role of transport in an economy and the beneflts whlch a- |
j_tgood transportrsystem-can~bestow»1n terms of-an 1ncreased :

.lelSlon of labour and a greater rate of economlc growth..
i The second category of 5001al beneflts attrlbuted to transport
can be class1f1ed as non-economic. The relatlonshlp of
transport to reglonal development is 1ntroduced later in Sectlon 5
~although many of the benefits covered in the present section

. obviously have repercus51ons-on reglonal development.




(a)  Transport as a Strategic Factor in Economic Growth

In The Stages of Economic Growth, first published'a

in 1960, Rostow stated the case for the strategic role

of rail transport in economic growth.

The.introduction of the failroad has been historic- "

ally the most powerful single initiator of take-offs.

Tt was deecisive in the United States, France, - -

Germany, Canada, and Russia; it has played an
“extremely important part in the Swedish, Japanese
~-and other cases. : C SRR o '

The railroad has had three major kinds of
' impact on economic growth during the take-off
. period. First, it has lowered internal transport
costs, brought new areas and products into commercial
markets and, in gemeral, performed the Smithian e
funetion of widening the market. -‘Second, it has
' been a prerequisite. in many cases to the develop- -
" ment of a major new and rapidly enlarging export
‘seetor which, in turn, has served to generate .
_eapital for internal development, as, for example,
" ‘the American railroads before 1914, = Third, and
' perhaps most important for the take-off itself,
the development of railways has led on to the
development of modern coal, iron and engineering
~industries. ’ _ (84, P. 55) . ' :

The Rostow thesis is not, of course, a new

departure. Max Weber considered the'railway thefgreatest

innovation in history.- Schumpeter was equally enthusiastic .

wheh*he wrote that it was possible to treat the economic
history of the United States in the second half of the

nineteenth century solely "in terms of»railroédvconstructiOn'

apd its effects“ (35, p. 13). Pigou was more restfained,

but he also described "the indirect advantages of cheap

’rqilway transport in facilitating the division of
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labour between different parts of the country, making
possible the development of large-scale localised

industries, and, through the improved communication of

markeﬁs, lessening local price fluctuations" (80, p. 313).
In the last few years, considerable doubts have

been cast upon the structural role of rail transport in

the United States,‘ﬁainly on the grounds that inland

water transport was a readily available alternative and

that railwav development was not the indispensable

cause of the vast economic expansion of the nineteenth
century. Writing of the period before the Civil War,

. Fishlow has argued that the evidence denies the hypothesis
that economic development was substantially the result

of railway construction in anticipation of traffic

demand (35,p. 204). Fishlow concludes his argument
in-the‘following terms:

The prime beneficiary during the ante-bellum
period was not industry, however, but agriculture....
Derived demands, a favored Rostow linkage, although
they had positive effects by the 1850's as ratlroad
investment increased, were an insignificant anfluence
earlier. In partzcular, railroad demands for iron
were independent of the rapid growth of domestic
industry in the 1840's. "Nor do the inducements

afforded manufacturing by lower transport costs
seem capable of explaining the observed industrial
surge of that decade. Distribution costs were a
small fraction of total expenses, and 1t i1s possible
to identify other factors,‘like lower cotton prices,
tariff protection, and the large English demands
for iron, that were more szgnbfzcant to the tnttzatzon
and contznuatﬁon of that expansion.
(35, p. 303).
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Without the railroad (sic), growth woulid surely
have been slower, but the country would not have
withered: & percent, or even 10 percent, of 1859
inecome 1is a small sum in this context. Few innovations
can be expected to become indispensable within
brief years of their introduction.

(35, p. 305).

Writing of a later period, Fogel reached similar

conclusions. Without railways, U.S. national income in

1890 would have been reduced by some 6 to 7 percent.

(36, pp. 219-20). The railway was an impoftant part of

nineteenth century economic development but not a condition
"for the accelerated rate of growth.

This stress on the multiplicity of solutions
along a wide front of production problems clashes
with the notion that ecomomic growth can be
explained by leading sector concepts. Such
concepts suggest that the search for, or discovery
of, new solutions was limited to narrowly selected
industries and that growth im other sectors had
to wait for breakthroughs in the anointed ones.

It is the hero theory of history applied to things
rather than persons. '

(36, p. 236).

In respect of England and Wales, Hawke concluded

" that the impact of the railways had been greater than
in the United States because the alternative of cheap

water transport was not so readily available. Without

the railways, the national income of England and Wales
in 1865 would have been reduced in the order of 10 percent
(45, pp. 404-5). EHowever, Hawke also concluded

that the linkages between railways and the iron industry
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were much smaller "than many llterary accounts would seem
to imply" (45 p. 409).

Fortunately, it is not the purpose of this thesis
to mediate between conflicting claims.in respect of

the strategic nature of railway transport in the nineteenth

century; Iﬁ the Second Edition of The Stages of Economic
QEQEEE,.Rostow tended to dismiss the work of Fishlow,
Fogei and others as having deepenea knowledge wifhout
shaking.his original judgment (84, pp. 229-30). The
pfesent‘writer does not find Rostow's refutation entirely
convincing, but there ére also nagging doubts as to whether
the Fishlow-Fogel analyses have taken fully into account
the external effects. of railway .development on the economy.
'But perhaps this historical consideration may be closed
with a quotation from Fishlow: "The ability of an
infrastructure to alter the economic environment in
favor of industrialization-is perhaps weaker than we
appreciate" (35, p. 306).

The argument as to whether transport investment
must take place in order to allow other developments
is still cruciél today in respect of.under~deVeloped
economies. Thus, writing receﬁtly of rural road
construction in Maléya, Hughes concluded that "If
social development is a policy goal, such packages of
investment may be desirable in many developing countries,

even in cases where rural roads alone could not qualify

i
I
|
|
i
)
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for investment funds on normal economic grounds" (56, p. 121).
However, it is intuitively obvious that the marginal
social benefit of additional transport increments
must be a declining function. If the first road to
an area is planned efficiently to'tap the maximum
resources available, the impact must generally be .
greater than that of the second road, which in its turn
will have a greater impact than subsequent roads.
The structural role of transport facilities may
still be atgued in respect of the remote areas of
Canada, but there mﬁst be considerable justification
for Wilson's views in respect of transport infrastructure
in settled areas. of Canada.
While a good case could be made for the strategic
nature of transport in the late 19th and early
20th centuries, this is no longer valid. This
does nmot mean that present inequities and imbalances,
to the extent to which they can be identified, should
not be corrected, nor does i1t mean that such
corrections would fail to improve the overall
efficiency of the transport system as well as the
whole economy. The point 1s that general improve-
ments in efficiency and acceleration of the
growth rate both oit the Prairies and for Canada
as a whole will recetive but marginal support from
improvements in transport under present circumstances.
(95, p. 60).
(b) Non-economic Benefits of Transport
" The non-economic benefits claimed for transport have

always been considerable and varied. 1In Canada, the

first transcontinental railway was built after Confederation
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as an instrument of national purpose. Canada is not
unigque in placing a-high non-economic benefit on transport

as an essential condition of political unity and national

defence. 1Indeed, permanent_transpbrt sﬁbsidies

could well be urged oﬁ the grounds of fostering national
unity, anduthe economist per se can sa§ little on this
issue.

Transport has also been regarded as a "merit" good
in itself. Transport allows workers to live outside
congested urban areas, it facilitates outdoor recreation,
it is educational and so on. The non-economic social
benéfits of transport need not be confined to users; for
example much of the benefit of urban transit systems is
c;edited to non-users in terms of reduced congestion
on the roads. Subsidies on transport serviceé to rémote
communities are justified on the grounds that the benefits
of transport to these communities far exceed the sums
_carriers can collect in the market place and that these
services must therefore be‘provided even although they
do not cover costs. Uneconomic passenger train services
are retained in the public interést partly as a form of
transport'insurance. The examples of social benefits
of transport are legion and can only be considered on

v theirvindividual merits rather than in generalized terms.
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5. INCOME DISTRIBUTION AND REGIONAL DEVELOPMENT

Transport policy has traditionally been used to
secure non-transport public polic¢y goals. This section
comments briefly on the use of transport subsidies to
redistribute income and introduces transport subsidies on

fréight rates as a tool of regionél development.

The price mechanism of a free enterprise economy
allocates income to individuals in.accordance with what
they can produce either through their own labour or
through ownership of capital and land. The income
distribution which results is not normally regarded
as "idealf by society and measures are taken to re-
distribute income to those who are poorly endowed. The
economist is not qualified to comment on society's |
value judgments, but he does have technical expertise
relevant to the problem of distinguishing efficient frbm'
inefficient ways of income redistribution.  If the consumer
is the best judge of his own welfare, it is generally
more efficient to carry out income redistribution by
direct money transfers; allowihg the recipients to decide
how they wish to spend their transfer receipts. It is
not so efficient to transfer income to the less well
endowed by making specific products available to thém
at subsidized prices or as free goods. For a given net

transfer payment, the increase in utility is greater if
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consumers are allowed to spend without restriction rather than
have consumption concentrated on specific products.

In special cases -- for example, encouragement of "merit"

goods, the existence of increasing returns to scale, or admin-
istrative and political difficulties in arranging selective

mechanisms of direct income transfer -- there can be justifica-

tion for redistributing income through specific product

subsidies as distinct from money transfer payments. Neverthe-

less, there is a presumption in economic theory against

income redistribution through subsidizing specific prices rather

than by making direct money transfer payments. .
It is no£ the intention to review at length fhe present

structure of transport subsidies in Canada from the standpoint

of income redistribution effects.. Nevertheless, considerable

income redistribution occurs and the beneficiaries present

a very diverse group, ranging from western grain farmers to

eastern livestock producers, and from businessmen travelling

by air %+o old people travelling by passenger train.

From the standpoint of regional developmeni, transport
subsidies can be used to reduce the extent of inter-

regional disparities. However, the potential in this

direction would be slight if the only effect were to
reduce consumer prices. In respect of the Prairie Provinces,
the Batten Commission concluded in 1968-that for most consumer

goods rail freight charges ranged from about 2% to 13% of -
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the wholesale price‘(lO, p. 124). Taking an average of 7%
and making the very broad assumption that transport charges
through all modes affected half of total consumer expenditure
on goods and services, transport costs wouid be equivalent to

31% of total expenditure. Even a 25% reduction in transport

charges would only increase real income by 1%. The corresponding

effect in the Atlantic Region would probably be slightly

less than ih-the Prairies. But a reduction of consumer prices
is not, of course, the prime objective of transport subsidies
in fespect of inter-regional disparities.

| The majbr regional aevelopment justification for transport
subsidies is to bring employmént to otherwise unemployed
resources. A formal version of the argument would seem to
run as followsi..As a result of rigidities, factor prices do
not fall in depressed areas of Caﬁada to the extent'necessary
to achieve a full employment of resources. Moreover, as a
matter of social policy, the people of Canada would not wish
to see wage rates fall, for example in the Atlantic Région,
to the ektent necessary tc achieve full employment of labour
there. The downward inflexibility in wages is accompanied by
labour immobility so that unless special action is taken
labour will be unemployed. If the prices of other inputs
such as trahsport can be reduced, this would allow increased

employment in the. depressed regions of Canada.
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The conveational response is that it would be more
efficient to provide funds directly for regional development
rather than subsidize application of a specific input such
as tfansport. Yet, this is a criticism more easily offered
in theory, as it is very difficult tb stimulate regional
development without subsidizing some specific input. For
example, a major government tool for regional development
in the past has been capital grants; this is, of course, a
subsidy on the factor of production capital and there can
be obvious criticisms of the dangers in trying to promote
emplo&ment in the ﬁndeveloped regions by stimulating heavily
capital-intensive préjects.

Location cost étudies betwéen centres in the Prairies

~and Ontario, Québec and British Coiumbia have shown freight
charges as an important source of cost differences between
locations. An approach admittedly subject to statistical
criticism hés shown 30% of the total cost variation between
highest and lowest locations attributable to freight costs
(48, pp. 18-29). The efficiency of transport subsidies as
aéainst,other incenti&es for regional.devélopment requires

much more investigation and the-objective of Chapters IV - VI

of this dissertation is to make a contribution in this

direction.
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To conclude the discussion in this chapter, the justi-

fication of transport subsidies would appear to rest on four

major categories of argument.
Firstly, where increasing returns to scale prevail,
there is a case for transport subsidies on the grounds that

the total benefits from subsidy exceed the total costs.

Returns to scale are not identical for all transport modes;

subsidy payments should generally be selective of modes with

increasing returns té scale and this denies the argument that

all modes should necessarily receive equal subsidy treatment.
Secondly, transport subsidies can be used to offset

the effects of the exercise of the vestigial monopoly powers

of carriers.> The examination of ﬁhe use of subsidies to

counteract monopoly without the use of price discrimination

is of considerable theoretical interest and has some practical

applications. However, transport pricing is generally charac-

terized by price discrimination in that rates are to some

extent determiﬁéd from consideration of what the traffic can
bear. This price discrimination may well be inevitable if

total transport costs are to be met without subsidy, and the

subsidy cost of eliminating all discrimination’would be very

substantial.
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Thirdly, transport subsidies can be justified ohfthe
grounds of social benefits which accrue in excess of the
charges that can be recouped in'the market place by carriers.
Additional increments of transport infrastructure would not
~generally exercise a strategic role in the development of
the non-isolated parts of Canada today. However, a number
of othér social benefits are claimed for transport andbthese
‘must be considered on. their individual merits.

Fourthly, transport subsidies can be justified on
the'gfbunds that they can form part of a package to secure
other_public policy goals such as income redistribution aﬁd
regiohal development. The next three chapters examine the
efficiency'of transport subsidies as against alternative

measures to aid regional economic development.




CHAPTER IV: TRANSPORT SUBSIDIES AND REGIONAL DEVELOPMENT'
THE THEORETICAL MODEL
1. BACKGROUND

The general»economic basis for transport subsidies
has been examined in Chapter III in terms of increasing
returns to scale, counteracting monopoly power, obtaining
social.benefits where'the costs cannot be recouped in the
ﬁarketplace, and using transport to pursue non-transport
public policy goals.’ The'use~6f transport subsidies to
promote regiona; economic development was‘briefly-introduced.
This theme is pursued further in the next three chapters,
where transport subsidies are cdmpared with a number of
alternaﬁivé incentives asva means of promoting increased out-
put in the slow.growth‘areas of Canada.

The regional development objective exémined»in Chaptérs
'iV—VI is assumed to be an.ihcrease in output of a specified
amount by a one-plant firm in a low growth area. In view
of the anxieties frequently expressed in the low'Qrowth
areas of Canada for more employment opportunities, this
objective is hardly a theoretical abstraction. However, for
purpoSes of this study it is a datum and will not be examined
further. The basic objectives.of regional development
policy are beyond the terms of reference of the present
research and there is no discussion of'such‘issﬁes as the
relatiVe»imporﬁance of maximization.of income per headbin the
slow growth areas as against minimization of unemploymént there,

119




120 i

The firm in the low growth region is assumed to be a
profit maximizer, and it is specified that increased output

can be attained only by ex?anding the geographical area in

- which the firm sells. Increased output must be shipped'.
greater distances to markets'outside.the region. As ihcentives.
towards increased output, transéort subsidies are compéred to
subsidies on output price and subsidies on specific factors

of production. This model is highly relevant to cases where

the growth of a firm is limited by £he small size of the local
'market, but it is well to note other impediments to regional
develbpmenf which cannot be examihed in the framework of the
present model. e

The model precluaes consideration of potential oﬁtput
iﬁcreases to be achieved.in slowtgrowth areas from import
.substitution, improvements in the gquality of technology or
labour productivity, and the effécts of infrastructure devel-
opments. Thus, the study does not provide a framework for

the examination of alternative incentives to produce goods

previously obtained from other parts of the country or
abroad. Similarly, the study does not examine the relative

efficiency of providing incentives for increased production

as against spending funds on improving technology or upgrading
labour in the slow growth area.
There is also no discussion of infrastructure investment -

either in respect of social capital in its broadest sense or




121

'in respect of transport infrastructure. The model does not
allowvappraisal-ef social capital e#penditUres aimed at
improving the general quality of life in the slow growth areas.
By extension, although allowance is made for varying degrees
of returns to scale in the firm's production'fuhction, there.
is no provision for economies of seale which are external to
the firm and enjoyed oniy by the industry as a whole or by
rhe economy as a whole.” The model therefore is not designed
to cempare the_efficiency of securing increases of output
from sﬁbsidizing a firm as against subsidizing the industry“
or the area to which it'belengs. |

On‘the specific issue of transport infrastrueture; as
George Wilson has argued (95, p. 60), it is only in the
most isolated areas of Canada that regional development is
inhibited by an actual shortage ofrtransport.facilitiesr
Transport investments must obv1ously be made where there is
a laek of transport capacity, but addltlonal 1ncrements of
transport-lnfrastructure would not generally have a major
.effecthin stimulating reglonalvdevelopment. Of more nractlcal
concern, the model examines transport costs only in respecr.
of freight charges actually paid:by the shipper. There is
no explicit discussion of inadequacies in the.quality of
‘transport, alrhough it can be argued that a remedy here
should first beAseught by eliminating ahy market imperfectidns.,
which prevent shippers‘from'purchasing the guality of‘service

for which they are prepared to pay. This would not, of course,
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cover cases where increasing returns to scale operate in the
transpcrt industries, and particularly where increased

total movements of traffic provide external economies in the
form of greétef~frequency of service. ‘However, these external
economies are beyond the scope of the present discussion.

The model developed in this study allows an increase in
output to be achieved by a subsidy on output price, on a
specific factor or production,'of on cutbcundetranspcrt charges.-
At first glance, the most serious omission from this list |
wculd'appear to be rew material costs. However; if raw o
" material costs are‘constant in priCedand constitute'a fixed
~input to each unit of output, then a subsidy on raw meterials
"becomes conceptually the same as a subsidy on output price.

If the amount of raw materials‘used is no£ fixed and the pro-

duction process allows the possibilitypof greeter use of raw

materials as a substitute fcr labour or capital, then a

isubsidy on raw materials falls analytically between subsidy

on cutput price and subsidy oﬁ‘a specified factcr.of producticn;
The model assumes perfect competition_modified by

spatiai separation, and the firm has no ihfluence on the prices -

of the labour and capital it employs. The same assumption

‘isimade in respect of the prices'of.raw materials, but it

is necessary to comment on the question of inbound tfansport

charges for raW materials; which can.be‘an appreciable

part of a firm's total'ccstsf 'If‘transport cherges'per unit .

of raw materials do not change for different quantities of -
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raw materials bought by the firm, then a subsidy on inbound
transport charges is analytically the same as a subsidy

on raw material prices.’ However, this analytical similarity
does not hold if, as a firm increéses output, it has to bring
raw materials over increasingly longer distances at increas-
ingly higher freight charges. .In view ofvfhebstress placed
on developing production in léw;growth areas of goods'

-Where comparative disadvantages are least, the case of increas-
.iné inbound ﬁfansport charges per'uhit of output should

be less important than increasing outbound transport charges,
as product has to be shipped to more distant markets. Never-
theless, perhaps these inboqnd transport costs .should bev
examined further at a later date.

Of a firm's costs of production, labour, capital and
outbound transport cosﬁs are covered within the model and the
effects of subsidyion raw materials would fall'someway -
between the effects of subsidy on price and subsidy on a
specified factor of production.‘ This covers theagﬁlk of the
firm's costs of doiﬁg business,‘leaving only fuel and light
and taxes at the municipal,‘provincial énd federal levels.
‘When costs of fuel and light vary with output, the effects
of subsidy are similar to subsidizing raw material prices;
When fuel and light are fixed costs, by definition a subsidy

would not lead to any increase in output.

Municipal taxation may be‘assumed to be broadly a function E

of plant size. If plant size does notichangékwith changes'
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in oﬁtput, a subsidy on municipal taxaﬁion has no effect on
6utput} if plant size increases.pari passu with output,
a subsidy on municipal taxation is similar to subsidy on
output price; if size of plant is a variable which can be'
substituted to. some extent for other factors of production,
a subsidy on municipal taxation is equivalent to subsidy on
é specific form of capital.. Corporate taxatién at the prov-
incial and federal levels may be considered as levied on the
earnings of capital and on profit as an economic surplus. To
the extent that corporate earniﬁgs represent a return on
capital réquired by competitive factors, a corporate tax
reduction is a subsidy on capital. Insofaf-as corporate
earnings represent éﬁ economic surplus, reduced taxation
would not lead to increased output.

| The model developed in tnis stﬁdy focusses on the
firm and examines‘the relative subsidy costs of achieving a
specified increase in output through subsidizing product
price, a specified factor of productién, or transport charges.

It would seem that this range of alternatives would cope

reasonably adequately with the various possibilities for subsidy -

on product price and the various inputs used in production{
Limitations to this apgfoach have been stated; not surprisingly,
ﬁhe model does not provide a mechanism for the aﬁpraisal of
all possible means of stimulating regional output and it is_

hardly unique in its incapacity to deal with external economies.

The model is also partial in that it examines alternative.

subsidy incentives to a given firm without tracing through
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the effects of these subsidiés on other sectdrs of the:economy.
A more general interregional model wduld be conceptually
superior to the partial equilibrium analysis of the present
study. An explanafion is therefore necessary as to why a

more generalizéd model was not selected.

The first problem in using a more generalized model
is that the very pfocess of géheralization itself can be a
delusion; Neariy forty years ago, Hicks initiated the revival
'5f interest in general equilibrium theoiy, regretting»that
the teachings of Marshall had confirmed so many peopie in
the belief that the Walrasian aﬁproach was no more than a -
mathematical counting of equatiohs (Sz,bpp. 2-3). Since the
Second World War,‘economic theqrists have devoted considerable
efforts to developing and improving general eguilibrium
theory (go, pp. 364-7). Nevertheless, it has reéently been
cogently argued by Kornai that the Walrasian models are nét
general but "valid only within a highly restricted sphere"
(60, PP. 28-9).

Recognizing that the areas in which an economic system
can be evaluatea are numerous, Kornai'lists'seven-groups of
‘desiderata, ranging from the ability of the economic system
to generate growth to its ability to obtain desired income
‘distributions. Efficiency in resource allocation is included ,
in one of fhese seven groups, the adaptive properties of the
system, but Kornéi argues that the phenbmena with_which thé
geneial equilibrium school is concerned do not even cover all

the factors classified under ability to adapt (60, pp. 210-17).




Kornai may overstate his indictment of general equilibrium .
theory and he is obliged to recognize that the preseht

corpus of non-equilibrium theory does not constitute an

adequate replacement. Nevertheless, Kornai has given very
effective indication of the limits to the generality of

the Walrasian approach and shown that reservations are. not
simply the result‘of training in the Marshallian tradition.

With an explicitly partial approach, it is difficult to

forget that the conclusiqns‘are.partial because all subsequent
ripplé effects throughout the ecbnomy'havé not been examined.
It can also be arguedvthat this awareness of limitations
extends to a greater consciouéneSSxof the dependence of theA
model on its basic assumptions. With more complex simulations,
there is a danger that the greater efforts at comprehensiveness
~detract attention from the fact that the approach is still
inevitably incomplete. Thus,'in_the specific’area of the
application of system simulations to transport planning,

Roberts and Dewees have pointed out that simulation of

‘ the entire world is not practicable or even useful, that
- judgment and experieﬁce are necessary in determining the

realism and coverage of the model, and that hence model -

credibility can never be established perfectly (82, pp. 72, 77).
The second problem in using complex models is the difficulty

in obtaining the data necessary for calibration. There are

obvious conceptual attractions, for example, to a general o

equilibrium approach where prices, factor utilizations,
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output and location choices for several regions are~determined
simultaneously. However, the data requirements for this type
of model are very substantial and the models' can become very
elaborate. As Straszheim has stated the greater generality
of general equilibrium models is "gained at the expense of a
_huge increase in the number of variables ahd functions which
must be dealt with. Only. the very s1mplest of applications
of this approach can be solved" (88, p. 215). Similar views
on the costs of empirical 1mplementation of general interregional
, models have also been expressed by Kraft and his assoc1ates
(63, p. 94)

Although the search for more generallty should not be
vdabandoned, the model_used in the present study is to some

extent a trade-off between generality and empirical calibration.

- The chapter proceeds to examine the model specifications

in detail;Ato present empirical data on the relationship of
freight charges to the selling prices of commoditiesé to

. assess evidence on the‘relative contributions of terminal and
line haul costs to transport charges; and to review at greater
length the appropriateness of the production function used in

~the model.
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2. MODEL SPECIFICATIONS

The model considers an industry in a slow growth area
which consists of a single firm Producing é single homogeneous
product in a single plant. The regional development objective,
which_is determined exogenbusly to the model, is to increase
the output of this plaht by a séecified_amount and it‘is
assumed that this can be atﬁained only be expanding‘the geo-
~graphical érea in which the firmvséllé.v The modelvi; developed
in two‘forms; corfesponding tovaiternative hypotheses on the
geographical distributioﬁ of ?roductrdemand. ”

The required increase in output can be achieved by (i)

a subsidy on the outpﬁt price; (ii) a subsidy on a sﬁééific
factor of productioﬁ; ofA(iii):a'Sﬁbéidy on transport charges;
The cost implicaﬁiohs of these alternative subsidy éppfoaéhes
are considered;in'terms of (i) subsidy costs; (ii) increased .
profits of the firm; and (iii} subsidy costs nminus increased

- profits, which.is (i - ii). Thése'COSts are examined firstly
when the subsidy is applicable té the entire output of the
ffirm, and secondly when the subsidy isléaid onlybté output

in excéss of tha£ originaliy,produééd by'the’firm befbre the

- subsidy scheme was introduced. Clearly, it.is always less
expensive to follow the second alternative and confine subsidy
payments to incremental units'ofrbutpﬁt,‘but sometimes this is
not administratively feasible. |

(a) Prices and Profit Maximization

The firm seeks to maximize profits under conditions where -
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it has no influence on the prices of factors of production
used. The prices of capital and labour, P and pz"are

constant and not influenced by the firm's level of production.

The firm is assumed to receive a constant selling price Py for
each unit of outpﬁt produced, but it has to meet transport

costs as well as proéuction costs on each unit of output. Profit
‘maximization therefore requireé that, within thek¢onstrain£ of-

a given production function, output be carried to the poiﬁt

where marginal revénuev(whiCh is the séme as average revenue pX)

is eqﬁai to marginal'produqtioﬁ cost plus marginal transport

cost. |
.‘Equilibrium conditions require that ?rofits should not

be negative and second order conditions require that thebcom—

bined marginal cost of productidn_piﬁs transport is-incréaéing.

It is shown later that the marginal cost of transport is always

increasiﬁg'and it is therefore possiblé to have decreasing
‘cost of production as output increases and still have a deter-

minate output. The firm is therefore not required to produce

at minimum production cost and it may also enjoy a non—zerd
profit.
There are two aspects of this model which need specific

comment in the light of micro-economic. theory.

(i) The assumption that the firm receives a constant
selling price for each unit of output can be regarded as an

-extension of the theory of perfect cOmpetition'to the case of
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spatial separation (see, for example, 51 pp. 121-4). However,
in the present model, a firm without combetition in its initiai
marketing area could exercise monopoly ?owers to the extent
fhat the costs of spatial Sepération prevent competition from
firms located in adjoining areas. The firm could charge
differential prices in its initial marketing area, according
to'the clbséness of alternative éourcés of supply to its
various CuStomers,iand it might have to offer lower prices, to
‘new customers in ofder to,cémﬁéte beyond its initial marketing
area.

It is always diffiéult to  incorporate spatial separation
into a model based on perfect_coﬁpetition. Initially, an
attempt was made to ihclude a géneralized approach to imperfect
-competition 'in thé present modél but the algebra became
extremely‘burdenSOme. It was also difficult to disentangle
the effects of the spatial issue frbm fhe more géneral behaviér .
of a firm in an imperfect market. The decision was therefore
made to postulaté a constant éelling price of Py This is not
an unreasonéble assumptidn:for,.evén in a country as large as
Canada, a manufacturer's sellingfprices may‘show'very 1i£tle
reéional variation.
| (ii) The model has been developed on the asSumptibn fhat
there 1is only one firm producing the product in the region |
and therefore oniy one firm to be sﬁbsiaizéd., An increase in

this firm's output has already been specified as an exoqenbus
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regional development objective, but some comment is necessary
as to conditions if there were several firms in the region

operating under similar production functions and identical

factor and product prices. In a model of spatial separation
without producé differentiation, this would mean that each

firm would ihitially have its own section of the regional

market. Firms near the periphery of the region would have a

~greater incentive to expandvto_markets outside the region,

because their transport costs would be'less £hanvar firms
in the center of the regional market. On £he other hand,
firms situated in the center might be éb}e to gain some of
£he markets at present enjoyed by firms situateéd by the

. periphery. However, it isibeYondfthe'scope of the present

study to develop detailed interactioﬁs within the regional

market. The present model is an approximation to show in
aggregate terms the effects of different subsidy schemes in
encouraging increased output where this has to be shipped to

markets outside the region.

(b) Production Costs
Production costs are determined by the fixed factor

prices, p, and p,, and the production. function under which
k 2

the firm operatés. The pfoduction function expresses the
maximum outputs which can be produced from various combinations
of inputs when the production process is organized with maximum

technical efficiency. The factor prices then determine the
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_most economic combination of inputs to be used.
The present model uses the familiar Cobb-Douglas form of

production function.

x = ak%® | | | (4.1)
where x is output,

k is ca?ital,
2 is labour,

and, 0 < a < 1

0<B<1

0 < a
There are diminishing returns to inputs of each separate _l
factor, but not necessarily diminishing returns-to scale for
a proportionate increase in all inputs} a + B ‘can be less than,
equal to, or greater than unity. In the empirical calibration
of the model, alternative valuesbofbd + B are specified, thus

allowing consideration of different degreeg of returns to

»

-scale.
" In the final section of this chapter,.thekproduction

function problem is discussed at greatef 1ength particularly

with reference to the choice of a Cobb-Douglas type of functlon
rather’ than the more generallzed CES (constant elasticity of sub-

stitution) production function. There is also consideration

of empirical data relating to the values to be aSsigned to a
and B in the present model. It will be noted that the production )
vfunctlon spec1f1ed above 1gnores the question of raw materlal

' inputs; 1mp11c1t1y, these are assumed to be constant for each
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unit of output and the production function is measuring output
x in units of "value added".
(e) Transport Costs -

The model specifies that, as the firm increases output,

sales must be spread over an increasingly wide area and that
hence distance travelled is an increasing function of the

volume of output. If freight rates'paid‘by thebfirm reflect

the costs of providing transport services, the freight cost

per unit of output paid by the firm will also indreasé with
oﬁtput;_as additional units have to be shipped increasingly
'ionger distances. | | |
| The total transport costs TRANS to be met by the firm
ﬁay'be defined as foiiqws:, . R
TRANS = bx + cdx 1 - | | | (4.2)
’ﬁhe¥e x = output of the firm, | '
b = fixéd terﬁinal charges a£ origin and

destination per unit of output,

¢ = line haul rate per mile per unit of

output (subsequently described as line
haul rate per ton-mile), o .
d = average distance travelled in miles per

unit of output, which is an increasing

function of output.
This specification considers the transport rate per unit

of output as composed of fixed terminal costs, which do not
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vary with distance travelled, and a line haul cost which is:
constant for each mile a unit of out?ut is shipﬁed. It would,

of course, be completely incorrect to apély the concept of

constant ton-mile costs to combined terminal and line haul

costs. However, the assumption of a constant rate per ton-

‘mile confined to the line haul part of transport cost is more

realistic and allows the downward taper in ton-mile charges

‘as distance travelled increases, which is a common feature in

freight tariffs.

‘The model assumes that b and c are constants. If

freight rates reflect cost, this would imply constant returns

to scale in the provision ofltransport services. However,
this implication is ;ess restrictive than i£ may initially
appear. The model is~examining different\types of_subsidy
as a means of securing a specified increasebin output and,
regardless of the form of subsidy used, the same additional

product has still to be transported to the more distant

‘markets. Obviously, the total use of transport resources

~for a given increase in output would be greater if there were

decreasing returns to scale in the transport iﬁdustries than
if there werevincreasing returns. However, for any given
degréevof.returns to s%ale in transpbrt, the real use of
transport resoﬁrées to secure a specified.increase in output
would be tﬁe saﬁé regardless of which subsidy approachvis.
adépted. The‘implications'of returns‘ﬁo scale in transport
on the moéel are not'thereforé a$ important-as was initially;:

fearedé




135

The avérage’distanée that each ﬁnit of output>ié shipped
is a.monotoﬁically increasing function of the output of |
the firm. The next stage in the development of transport costs
is fo establish the nature of this relationship and this
requires examination of the geographical distribution of
demand for the product under consideration. ' Two alternative

assﬁmptions are postulated and, althugh reaiity would seem

to lie wit£ih'these'tw6 extremes iﬂireséect ofvgeographical
distribution of déméhd, this still leaves the arbitrariness
in the éssumptibh of'uhiformity in the distribution.
(i) Uniform distribﬁtionbof demand in an unbounded
-plane. This assumption is typically made for the pop-
ulation of a uniform agricultural area and would be
relevant as a rough approximation, say, for the population
distribution in the Province of»Saskatchewan;
(ii) }Uhiform distribution of demand in a band of constanﬁ
width. This second assumptian could be appliéd as a
roﬁgh approximation for Canada with population,stpung
'joﬁt in a line along the U.S. boundary. However, the
assumption does not allow for variations in population
density along this line.
(1) Uniform diétributi0n of demand in an unbounded plaﬁe
Christaller and Losch have separately examined the_casg;”
of identical conéumers,>distributed at uniform densitiéé ovef

~an unbounded plane and free to.moVe_in.any direction théy
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choose over this plane. They have shown that the area servedv
by identical firms offering a given good at identical prices

will be of identical hexagonal shape. (see 3, pp. 59-73).

FIGURE 4.1

Demand in an Unbounded Plane

Consider the hexagon.in Fiéu}e 4.1, where r is'the
distance from the centre to each vértex. The area of this

. hexagon is:

NI

6(r) (2 -3 )38 2

 Let Y represent the density of consumer demand (tons
per square mile) for the product under consideration, and

the market size of the hexagon is:

x = §~2—’/§'D/r2 " : . o (4.3R)

- The hexagon consists of six identical equilateral tri-
angles, ‘each of which is divisible into two'triangles,df_the
dimensions shown in Figure 4.1. The market size contained

in the Figure 4.1 triangle is one-twelfth of the size of the

hexagon: | R U B

e —— e e e
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5

. g

r? = .2165 y r2
J S

The next step is to establish the number of ton-miles

travelled in this triangle. Consider the triangle as composed

of strips of height z and width dv, where dv is infinitesimally
small. The average distance of each strip from the plant is
represented by the variable v. The number of ton-miles is:

\

¥ 2V dv

The upper limit on v can be obtained by numerical
methods and is 0.91r. By'similaf tfiangles and‘the assumption
that dv ié infinitesimaliy small, z = .55v.

Substituting, .the number of ton-miles becomes;

. .SSXS vidv = .lBBOD/r
. 0. . »

- Average distance travelled over the triangle as a wholé;

d, is obtained by dividing ton-miles by tons moved:

d = .1380yr>/.2165¢r% = .64r

From IIIA, r = (2x453J§)% = (.385x4g)%

S d = .64 (.385x/y)
- Defining g as a constant .64 (.38545)2

2

d = gx

Substituting for d in?f(4;2),

TRANS = bx + ché ) o - (4,4R)

Transport costs are now transformed into a function of

‘output x and the constants b,,c»and'g.l-

;In an earlier formulation of‘thisfmodel;”the_market area.of5 '”
the firm was assumed to be a circle rather than a hexagon. :
Under this assumption, x = yNr2, number of (cont'd. next-page)fv L
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(i2) Uniform distribution of demand in a band of
- constant width.

Figure 4.2 shows a firm shipping equal amounts in
both directions along a band of constant width w and uniform

density of demand ¥.

FIGURE 4.2

Demand in a Band of Constant width

—A X I
< . : r* pZS ’ r-" 7 -
‘Under this formulation, the algebraic manipulation is

extremely simple to express average distance travelled as a
function of output. |

Market size is simply:

- x = 2)fwr* : : (4.3B).

Assuming a very small w, average distance travelled
a* approx1mates to r*/2. | |

Substltutlng for r* from Equatlon (4.3B),

ax = x/45w
-Defining g* as a constant (l/Q{W)-
 ax = g*x |
Substltutlng in Equatlon (4. 2), transport costs become:-

TRANS = bx + cg*x2 : »I : o (4 4B)

ton-miles = 2{Hr°/3 d = 2r/3, and g is redeflned as (4/95H)l.
~ With a different ‘g the equation for transport costs was still
- of the same form, with x terms to the power of 1 and-1l.5.
This formulation is robust for considerable variation in.
market spec1f1catlon under conditions of unlform den31ty of
populatlon in an unbounded plane. : v » :
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Transport costs in'Equatien (4.4B) are higher than in
Equation (4.4A).l As output increases, transport coste
increase more rapidly under the assumptien of a uniform
distribution of demand in a band of constaht width than under
‘the assﬁmption of a‘uniform distributien'of demand in-an
unbounded plane. Transportation cests are a relatively much
heavier burden in the Canadian situatidn, with population to
some extent distributed in a.band along the U.S. border, than
under conditions of uniform distribution of ?opulation in an
unbounded plane. .

- Empirical evidence 1is examihed in Section 3 of this
chapterdin respect of the relationship ofvtransbort costs to
product selling‘pricee; and in Section 4 in.fesﬁect of the
relative contributions.of terminal and‘line haul charges to

transport costs. The model is developed in the next chapter

‘-

lThls statement 1is virtually‘self—evident on the assumption. of

identical market sizes in equations (4.32A) and (4.3B). Given.

that all the terms in equations (4.4A) and (4 4B) are positive,

it is merely necessary to show that g*x > gx?. Substituting

. from (4.3B), x = 2ywr*, g* is defined as (1/45w),vtherefore
g*x = r*/2 k .

LY
2

Prior to (4;4A), g is defined as ;64(.3854y) , therefore
gx? = .64(.385/p " (szwr*)% = .563 (wr*) 2,

"It is now necessary to show that:

r*/2 > .563(wr*)%' |

Which»is‘equivalent to showing that: r*1>’1{27w

This is true by assumption that'r*‘is much greater than w.
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on the assumption of a uniform distribution of demand in an-
unbounded plane and in the subsequent chapter on the assumption ;

of a uniform distribution of demand in a band of Constant

‘width.
(d) Output'Increases

The model considers a firm with initial oﬁtput x where
for regional aevelbpﬁént reasons'it is desired to secure an

increase in oﬁtput to xé such that xz/x = hz. (The h2 '

notation is used merely'tq simplify the aigebraic piesentation
in the follswing chapters.) -

In'respect of the rénge of output increases to be con-
‘sidered in the arithmetical simulations of the model in the

next two chépters, it seems iogical to'sﬁart by considering

a small increaSe'in output, say of the order of 5%; The
choice of an upper limit of oﬁtputfincrease is more arbitrary, |
buticlearly where.transportucbsts increase st a fast rate.
subsidy could exceed product price if veryslarge ihcreases

in output were sought. An upper limit of output increase

after subsidy in the model is specified as four times the out-
put before subsidy, i.e. for an increase bf 300%. - This upper
‘limit was chosen because the four Western Provinces accounted -

for 27% of the total population of Canada, on latest figures

for Octoberx 1975, and a firm‘extending its market from Western
Canada to the whole of Canada would require'ceteris»paribus

.an increase in market of some 300%. Of coincidental intsrest,
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relating the population of only the three Prairie Provinces
(16.3%f to the population of Canada from Ontario to British

Columbia (63.1%) also produces a required increase in output

of some 300%. On the other hand, to allow a firm to extend
its market coverage from ﬁhe Atlantic Region, with only 9.5%
of Canadian population, would clearly require an increase.in
market size substantially greater than the 300% postulated;

The following range of output increases and values for

h2 and h are used to calibraté the model.
Perceptage,Increase '” 2 y
- in Output: - o hT _ " h
5 - 1.05 | 1.025
25 | - 1.25 -~ 1.118
50 1.50 - 1.225
100 1 2.00 E o 1.414
300 B 4.00 . ' 2.oob

(e) The Subsidy Approaches

The output increase réquired for regional development

purposés'can be secured through subsidizing
(i) the output price px;'or
(ii) factor input prices for capital Py Or labour_pg; or

(iii) transport costs in respect of the terminal component

b or the line haul rate c.
In respect of each of these alternative subsidy schemes,

a determination is made of
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(i) total subsidy costs paid by government;
(ii) increased profits earned by the firm; and
(iii) net social cost, which is defined as (i) - (ii).

Firstly, these quantities are detetmined'on the assumption
that subsidy is paid on the entire output of the firm, the
entire employment of the subsidited factor of éreduction, df
- the entire transport cost in respect of the terminal or line
haul component. Secondly, these quantities are determined
on the assumptlon that subsidy is paid only on the 1ncremental
units of output over and above the initial output already
produced without Sub51dy.

The analytical approach of this model is one of comparative
statics, but once allowance is made for the dynamic change of -
the real world, the admlnlstratlve difficulties of marglnal
Subsidies become more evident. Inltlal ‘equilibrium output is
only a transitory concept in a world characterized by changing
demand, changing technical possibilities and ehanging factor
| prices and in practice it would be very difficult to dlstlngulsh
ex post variations in output induced by sub51d1es from varlatlons
attributable to dynamic change.

Net social cost has been defined in the model as total
subsidy cost minus the increased‘profits eafned by the firm.
This definition ignores the issue of income distribution and
the coéts of raiaing taxes. Ceteris.pafibus;‘publierbolicye

considerations would call for minimizing the income redis-
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tribution necessary to secure the required increase in output,
on the assumption that income redistribution from taxpayers

at large to the owners of the firm would in general be
regressive. In other words, with ne£ social cost the same for

two alternative methods of subsidy, the method incurring‘the

'smaller actual subsidy payment and the smaller increase in.

profits to the firm wouldvgeneraliy be pfeferred on income
redistribution grounds.

Moreover, government does not operate in a frictionless
economy where taxes are raised and spent without cost and
without distortions. 1In reality,‘the average.COst bf'raising
taxes in Canada is eéuivalent to gdme 2% of totai tax
éollected and perhaps the expenditure of tax revenues in

subsidies would add a fﬁrther 2%, to make a combined costvof,.

Atax/subsidy adminiStration of 4%. To this, must be added the

cost of distortions causéd by taxation, Direct taxation has
its distortion effect through making‘the return from work iéss
attractive vis-a-vis leisure while~indire¢£‘taxatioﬁ‘affects
not only this rélationship but élso the pattern.of consumer
expendituré., | |

There are equity considerations involved in income trans- -

~fers from general taxpayers to individual firms and very real

costs involved in raising tax revenue to finance subsidies.
Therefore, when the net social costs of two different Subsidy

programs are the same, the one involving‘the'loweét actual
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subsidy payment is generally to be preferred. Indeed, a lower
actual subsidy payment may under certain circumstances justify

the choice of a program with a higher net social cost, as

defined in this paper.




145 .

3. TRANSPORT CHARGES AS A PERCENTAGE OF SELLING PRICE

In equation (4.2) of Section 2 above, the firm's total
£ransport‘costs TRANS for output x were'defined as follows:

TRANS = bx + cdx

‘Transport costs pér unit of output vy cah then be
expressed as y =b + cd . If tﬁe selling price of the
product is designated as a numéraife, px = 100, then the
e#pression ‘y also représents‘transport costs as é
percéntége.of the selling price of‘thé product.' Given that
average distance travelled 4 is a function of ogtput,
y is not a constant. However, ih,brder-to-calibrate
. the model, it is necessary to thain some initial estimate
of the range of valﬁés for y before application of the
alternative forms of subsidy. _ |

Table 4.1 shows unpubiiéhed 1971 Canadian aata on
the percentage relationship between ouﬁbound freigh£ ¢harges.
and the delivered values of producﬁs. The charges represent
COmp;ete-tranqurt costs from'originsbto deétinations and,
élthdugh some products may be shipped by‘truck rather than
by rail, neverthelessbthe table gives a reasonable
indication of the incidence of freight charges. Of the 30
_products included in the table; 11 had freight rate ratios-
of under 5%; 9 had fatios between 5 ana-lO%,.and’lO had
ratios éxceediﬂg-lO%. Most oflthe_prodﬁcts With a high.

1ratib of fréight charges to‘déiivered Valués,céuld'be
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regarded as either raw materials or only semi—manufactured
goods. Freight charges tended to be a nuch smaller portion
of price for manufactured articles with a high value relative
to their weight and bulk.

This‘general pattern is confirmed by U.S. figures in
Table 4;2.. The U.S. data cover'some of the'coﬁmodities
examined in Canada - meat, butter, wheat flour, sugar,
lumber, copper,vand'gasoline. -Except forvsugar, the Canadian~
freight charges are.a.greater proportion of produCt selling
price for all of these commodity groups. - Given that product
has in general to be hauled greater distances in Canada, a
relatively higher freight burden is to.be'expected here.

In recent years, there have also been important
regional 1nvest1gations which have included examination of .
the relationship of freight rateycharges to the delivered
values'of-products. Comprehensive material was compiled
by Wilson and Darby in 1968 as backgrouna information for
the Prairie Provinoes Roya1‘Commission on Consumer Problems
- and Inflation (96, PP - 5—15),"Using-theSe data, the Prairie
- Provinces Royal Commission concluded that, for most
consumer goods used in the Prairie Provinces, freight charges
ranged from 2% to 13% of the wholesale price (10, p. 124).
Although this related to products entering the Prairie
Provinces rather than products being shlpped from that
region, there was conSiderable overlap in the pattern of

shipments covered. Consequently, this would not serve too
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TABLE 4.1

Rail Carload Freight Charges as percentages of Delivered Values:

Canada - 1971

Freight Charges

as % of
Product ‘Delivered Values
Meat, fresh or frozen 6.2%
Animal oils and fats 10.3
Fish and marine animals 4.7
Butter 3.7
Wheat flour : , 9.1
Wheat bran, shorts and mlddllngs o 17 .4
Bakery products : - 8.8
Sugar _4.3
Synthetic rubber 3.4
Rubber tires and tubes 3.6
' PulpWood chips - 18.5
Lumber - 21.0
- Plywood 14.0 .
Household furniture and fixtures 4.7
Newsprint ' 7.3
Steel bars and rods 4.4
- Sheet and strip steel 8.2
Pipes and tubes, iron and steel 6.8
Copper and alloys in prlmary form 1.3
Zinc and alloys - 5.2
Metal containers : ; -‘j~ﬁf',-~u ,Add:. . 9.8

Motor vehicle engines; accessories, parts

and assemblies L 1 , 3.6
Women's apparel N 0.2
Leather and dressed furs : ‘ 2.7

Agrlcultural machinery and equlpment R - 8.4
Road motor vehicles .= . T : 15.9
Cement and concrete basic products : T . 24.2
Glass ba51c products : T - 14.8
Gasoline . : ‘ o ' 16.0
Sulphuric acid o - ‘ - 17.9

Source: Unpublished data made'available'forrthis‘study._g
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TABLE 4.2

Relation of Railroad Freight Revenue to Average Wholesale

Price at Destination: U.S. - 1959 S

Freight Charges

as % of
Product : ' Delivered Values
Fluxing stone and raw dolomite S 57.3
‘Gravel and sand o ' 54.9
Hay - o - 45.1
Bituminous coal = = e : : 42.0
Cabbage o e ' 38.1
Watermelons R 37.5
Common brick. ; : A 27.7
Potatoes o T . 27.5
Lettuce ' I S 27.2
Oranges and grapefruit ~ - T . 23.6
Lumber, shingles and lath T 20.7
Iron ore I : - 19.7
- Corn ‘ 12.2
Gasoline 10.8
- Pig iron 8.3
Flour, wheat 7.5
Eggs 6.4
Sugar - 6.3
Automobiles, passenger 5.3
Meats, fresh 4,2
Butter 1.7
Cigarettes o - 1.0
Copper ore and concentrates 0.7
- Business and office machines 0.6
Airplanes, aircraft, and parts 0.2

Source: Bureau of Transport Economies’ and Statlstlcs, o
- Interstate Commerce Commission, quoted in Locklin
(67, p. 57). Unsuccessful attempts were made to
obtain more recent data from the Interstate Commerce .
Commission. . . A : o
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badly as an order of magnitude for transport costs as a
proportion of selling prices of manufactured goods then being
produced in the Prairies, and whose production might be |
increased in order to stimulate regional economic development.

In respect of the Atlantic Region, data on freight.
charges in relation to product selling prices compiled in__
1967 by‘Thé Economist Intelligence ﬁnitish0wed transport
coéts in manufacturing tunning at about 5% or less of
total cost of production. These findingsﬂwére consistent
with a later study by George of 1962-data‘for Nova Scotia
where transport costs range from a heglig@ble propOrtion‘
to 16%, with a médian of 3%. .Tthbulk of these shipments
'did not leave thé Atlantic,Regioﬁ and it was estimatedbthat,
if all output had been sent to Quebec—Ontario, outbound
costs would have been of the.ordet.of 5.3% of product
value (38, pp. 89-90). | |

On the basis of this empirical evidence, it wao
initially decided that, for purpososbof'érithmétiool simulatioﬁ»g
in later chapters,’five cases should befconéidered of trané¥-
port costs y equivalent to i%; 3%, 5%, 7%%»aud'10%
respectively, of the selling price of the product px .
Inevitably, there is an elementlof.arbitrariness in the choice
of these cases. The figure of 1% représents'a product not‘
éensitive to transport,charges; 3%'aud>5% are chosen to_

represent an average and a "high" for the Atlantic Region; -
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73% and 10% serve the same functions for the Prairies.
These figures relate transport costs to the

wholesale prices of products under consideration. The

Cobb-Douglas type of production function used in this

model examines output as produced by the combined operation

of two factors of pfoduction and, as“alreaay_explained, there~- |

fore relates to value added. The table below shows that_ 

value added in Canadian manufacturinguindustry in 1971

and 1972 was-equivalent to 43% of the QaIUe'of manufacturing

shipments. The comparable flgure was 37% for the

 Pra1r1e Provinces and for the Atlantlc Reglon.

TABLE 4.3

Value Added in Manufacturing

Value of Shipments Value Added'“(2);as'%

$ million $ million  of (1)

o , (1) ‘ (2) - :
Canada -~ 1971 50,276 - ‘ 21,738 - 43.2
- 1972 56,192 A : 24,292 - 43,2
Prairies - 1971 4,004 - 1,499 37.4
o= 1972 4,580 : 1,693 37.0
Manitoba - 1971 1,345 ‘ ' . 534 o 39.7
o= 1872 1,509 . ~ 600 - 39.8
Sask. - 1971 578 g . 210 36.3
, - 1972 646 ' . 244 37.8
Alberta - 1971 2,081 - - 755 - 36.3
= 1972 2,425 849 ' 35.0
Atlantic - 1971 1,825 L 719 . 37.4
. Region - 1972 2,310 - 860 37.2

Source: Statistics Canada 31- 203, 1971, p. 12 and 31-203p,
1972, p. 3. ~ | | |
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Relating transport costs to value-added,uwhich‘isfrOughly :
two-fifths of the value of shipments, the transport charges .
specified earlier of 1%, 3%, 5%, 73% and 10% have to be
multiplied by a factor of 2.5. Rounding these multiplications,
the model is calibrated with transport costs as a percentage
of value added at figures of 3%, Z%, lZ%,_ZO%‘and 25%.

The model requires that, in equilibrium‘before the
- application of any subsidy, the firm must not be making‘a
loss. 1In economic terms, the firm exerclses no monopsonistic
powers over the factorS'of productionvand each‘unit of each
,factor employed recgeives the value of its. marglnal product
Under condltlons of 1ncrea51ng returns to scale, thlS is only .
feas1ble if the f1rm s marginal revenue less transport -
. costs has declined suff1c1ently to allow non-dlscrlmlnatory
payment of factors w1thout creatlng a loss. | | )

Values of returns to scale are specmfled in- Sectlon
‘5 below and there is no problem in reachlng a determlnate
solution before application of subs1dy under condltlons of | ixj
decreasing and constant returns to scale.’ As explalned
in Chapter V, a pre—subsidy equilibrium'is not attain-_t
able for transport costs as a percentage of Value added at 20% h_
and less, when condltlons of 1ncrea51ng returns to scale are |
vspe01f1ed. The value of 25% can be used when o + B 1s»l 1.
- For o +‘B 1.2 ,‘lt is necessary that thlS percentage exceed
33.3. In order to accommodate this ‘in the model, a further

- value of 35% is spec1f1ed For ‘o + B = 1.3 , it is necessary' N :ff
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vtp exceed 40.9,'and a further value of 42% is thereforew
added. The model in Chapter VI has to beyconstrained to
a lesser extent becauSe transport costs rise more rapidly
in this version: the value of 35% is still needed,
but not the value of 42%. |

To summarize, the model is to be calibrated in
"Chapter V with_seven values;of tranSport¢costs as‘a_percentv
. age of value added, namely 3%, 7%, 12%, 25%, 35%:end |
'42%; the highest value of 42% is oﬁitted in‘Chapter VI.
All values are to be useduwhen ‘a.+'e is equal=tonunity
or ieSs. Where there are 1ncrea51ng returns to scale, only
the higher ratlos of transport costs can be used. This
'is an annoying llm;tatlon, but hardly surprlslng 1h view
‘of the general theoretical difficUities in examining
increasing returns to scale withinva non;monopolistic cem—,

petitive model.
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4. TRANSPORT COSTS: TERMINAL AND LINE HAUL

Estimation of the model in subsequent chabters requires
data on the relative contributions of terminal and line haul
costs to total transport costs. Although the characteristics
of different products clearly affect‘this relationship, the
' examination in this section is confined to the relative
contributions of terminal and line haul costs for different.
distances travelled.

Table 4 4 is derived from publlshed data on Canadian .
- carload all—rail trafflc carried in 1973 by Canadian
National Railways and CP Rail. ‘ Data are. published for seven
broad commodity groups but, given.the context of the present
model Table 4. 4 is confined to the manufacturing and
miscellaneous group. Figures for the Pra1r1e>reglon were
vobtalned by using weights of 29 1% for Manitoba, 24.4% for
Saskatchewan and 46.5% for Alberta, corresponding to- the
proportions of the total. number of Prairie Region cars -
originating from each province in respect(of manufacturing
~and miscellaneous products. | T S
From Table 4.4, it is seen that for manufacturing and3
‘miscellaneous products, the average loaa per car in 1973 was
51.1 tons for traffic originating from the Prairie.Region.
This compared with a figure of‘37.9'tonsffor Canada as

a whole and a figure for the'AtlanticﬂRegion very close
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te this nationai average. The hlgh flgure from the Pralrle
Region is attributable malnly to shipments from Alberta
and.Saskatchewan and may imply a larger proportion of |
-heavier leading miscellaneous producte thefe. The average
length of haul of manufactuiingvand miscellaneous'produetsi
was 683 miles from the Prairie Region. The three'individua}
Prairie Prov1hces were all fairly close to this average and,
surprlslngly, this average length of haul was only sllghtly
'-hlgher than the overall Canadlan flgure of 673 miles.
Average 1ength of haul for manufacturlng and mlscellaneous.'
products was rather;shorterlfrom the Atlantic Region-at

505 miles.

TABLE 4.4

Average Carload and Length of Haul: Manufacturihg'andt’
Mlscellaneous Products - 1973 '

Number =~ Average Load ' Average

’ . of Cars - per car g Haul .
Origin thousands . ___tons o Miles
Manitoba 38.5 S 39.3 674
Saskatchewan ~  32.3 | ‘53,5 670

- Alberta - - k»_61;7' : ;,; : 57.3" R 695>
Prairie Region 132.5 N 51,1 683
Atlantic Region .»113.1 - 37.6 : ' 505
Canada - 853.3 3709 673

Source: Canadian Transport Commission. Commodity Flow
Analysis 1973, Traffic and Tariffs Branch Reference
Paper No. 1.1 (Ottawa' ‘Information Canada, 1974),
Tables 10 and 12. : o :
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*  There are no publishedffigures in Canada relating
"terminal costs to line haul costs and it was therefore
necessary to go to the latest U.S. flgures for the year 1970.
Flgure 4.3 below shows the three U.S. Major Rail Territories;
‘publlshed data do not 1nclude consolidated figures for the
whole of the United States and the examlnatlon in the present

sectlon is conflned to the Western and Off1c1al Terrltorles.’

FIGURE 4.3

'U.S. Major Rail Territories
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U.S. data on terminal and line haul costs are available
for a variety of car wéights in the range of 18 tons to 70
tons and for a number of dlfferent types of equlpment. Table
,4:5 has been compiled in respect of unequipped boxcars. For
the Western Region, costs are shown for 50 ton cars to
correspond broadly with the 51.1 ‘ton flgure estimated for
the Canadian Prairie Reglon in Table 4 4 The U.S. Official
‘Terrltory is taken: as the closest approx1mat10n to the Canadian
Atlantic Reglon and the 373 ton car is v1rtually the same as
~ the average car loading shown for-the*Atlantlc Reglon in Table
4.4. Aﬁerage figures have been calculated for:the‘Western'andr
Official Territories in-respect of 37%-toh'¢arsato give a

‘comparison with'the 37.9 ton average car loading for Canada.

TABLE 4.5

U.S. Rail Carload Cost Scales: General Serv1ce Unequlpped
‘ Boxcars - 1970

Load Fully,A110cated - cents per cwt. o
per Car Terminal - Llne Haul Costs
Region . tons , Costs ; per mlle"
Western  50.0 - 11.638 - » .04004
official . 37.5 15.343 .05593
Western  37.5  14.448 .04598
Official = 37.5 15.343 _ , .05593
~ Average - 37.5 . 14.896 - .05096

Source: U.S. Interstate Commerce: Comm1551on‘~~Ra11 Carload
I " Cost Scales by Territories for the year 1970, ‘
(Washington, D.C.: T.c.C., 1973), pages 99. and 309.
Line haul costs relate to so-called average welght
_trains, as distinct from separate flgures for way

trains and through tralns. .
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The next step in these'calcuiations is to‘establish'
terminal costs and line haul costs,ﬁer cwt., on the»baSis
of U.S. costing data for the car loadings and length of haul
recorded in Table 4.4 for the Prairie Region, thetAtlantic |
Region and Canada. The calculations in Table 4.6 are self-
explanatory. | |

TABLE 4 6

‘ T - 'cents v Ty
Terminal costs R 11.638 - 29.9
Line haul costg at 04004¢ Lo S o ‘

per mile , ' P ©27.347 70,1
Total | : 38,985 100.0
Haul of 505 mlles in Off1c1al Territory = 371'ton'cars
‘ : . , ‘ ~ _cents %
Terminal costs ‘ 15.343 -~ 35.
Line haul costs at .05593¢ T S SRR
per mile - o . 28,245 " 64.8
Total o ~ 43.588 ©100.0

Haul of 673 miles in average Western/Off1c1al Terrltorles_j

- - 374 ton cars

' cents %
Terminal costs , S 14.896 30.3
Line haul costs at .05096¢ A ’ :
per mile : : 34,296 0 69.7
Total - : - 49.192 100.0

For a 50 ton load and a 683 mlle haul for trafflc orlglnatlng
in the Prairie Reglon, calculatlons from these U S. flgures -v
suggest that terminal costs account for 30% of total transport
costs and line haul costs. for. the remalnlng 706.' The breakdown

between termlnal and line. haul costs 1s very 51m11ar to thls
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for Canada as a whole. With the shorter length average haul
of 505 miles on manufacturing and miscellaneous products
originating in the Atiantic_Region, the share of terminal

costs increases to 35%. The‘objective of these'calculations

is to place an order of magnltude on the initial breakdownv
between termlnal and - llne ‘haul costs, before con51der1ng the
effects of appllcatlon of subsidy. ~The model will therefore

be callbrated in subsequent chapters on the assumptlon that

termlnal costs 1n1t1ally represent one—thlrd of total trans-g

port costs and line haul-ccsts:the remalnlngvtwo—thlrds. .
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7 5. THE PRODUCTION FUNCTION

In Section 2 above, the production function was
defined in the familiar Cobb—Donglas-form.

}x = ak 26

where x is output,

~ k is capital,
% is labour,
and, 0 <a<1
,0 g et
0 < a

Under this-specification; there‘are diminishing
_returns to 1nputs of each separate factor of production,
.but not necessarlly diminishing returns to scale for a
proportionate increase in all 1nputs. In,a COnstrained -
Cobb-Douglas formulation of o + B = 1 , -the production
function is hoﬁogeneouS-of degree one, i.e. showing constant
returns to scale. .Under the formulation of the present
model there can be 1ncrea51ng a + B > 1 , ‘constant
a + B8 =1, or decrea51ag o, + B <1 returns to scale.
The Cobb Douglas type of production functlon suffers from
-~ the ‘well-known limitation that it postulates the same.
vreturns to scale for all levels of output., Depending upon
the spec1f1cat10n of o + B the functlon must always show
either increasing orvconstant or decreasing returns. However,

by postnlating,different values of 'a'+ g in the presentv"
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‘ mddel, it is posSibie'to consiaer a firm producing a singlé
~product ‘in a sinqlé plant at varying degrees of returns to
'scéle.*

The present section commencés with a discussion of
desirable qualities of production functions and then pro-
ceeds to the choice between CobbFDoﬁglas andfthé more
generalized CES (constant elasticity‘of substitution)
'pfoduction function. Finally,'there is cénéiderationvof‘the
vempirical valués to‘bevéttached to the Cobb-Douglas functioﬁ’.’

used in the present model.

(a) Desirable Qualities of Production Functions

The objective of a‘production function,is, of‘course,
to express maxiﬁum outpﬁts which can be produced'frbm varioﬁs
combinationé of -inputs when the production process 'is
organized with maximum techﬁicai efficiency. The-theoréticalvf
coﬁcept'of the production function is 1ong-eétablished and |
~goes back as far as Wicksteed ih 1894, but this area of
economic théory is still'notvwithout its problems. lln,his
introduction to the Proceedings of a 1965 Conferencé on -

production Relations, Murray‘Browﬁ commented that productibn '

*Attempts have been made to generalize production functions,
including the Cobb-Douglas, to allow declining returns to
scale as output increases (see:97). However, it is not
necessary to go to this degree :of complexity in the present
model, as the impact of changing returns to scale can be -

- considered quite adequately by using different values of
o+ B . - : . : ' ' :
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economics was in its "winter of discontent" (7, p. 3).

In 1968, the introductory article to a st?osium on CES
production functions noted the debate concerning the "question
of the conditiohs permitting many productive factors to be |
éollé?sed for purposes of anaiysis into one homogeneous jelly
conforming to neo-classical par#bles"_(ZG, ﬁ. 443); In 1970,
Georgescu-Roegen stressed that production economics "is not

a domain where one runs no risk of committing some respectable |

errors. In fact,vthe history of every science, includingv--

that of economics, teaches us that the elementary is the hot~-

bed of the errors that‘count.most“'(39,'p; 9).

In the current‘state of debate on the subject of production ‘f

. .

functions, there isvclearly nd“definitive generally-accepted
approach. Theré aré a great varigty 6f functiohs that can’
be‘used in econometric'analysis,*.although most-reéearch int@’
empirical relations hés used either Cobb—bouglas; CES, or the
fixed cOefficients forﬁ (90, p. 288).'“The fixed Coefficients
form is clearly unsuitabie in the preseht model, -as this would

not allow comparison of factor subsidies with the other methods

*In the original formulation of this model, it had also been
the intention to consider quadratic and cubic production
functions. In his short story "Eupompus Gave Splendour to Art -
by Numbers" (57), Aldous Huxley recounted the fate of an -

imaginary Alexandrian portrait-painter who. came to the~conclur['”:* =

sion that the only pure artistic beauty was to be found in" -

numbers. The result of this mathmatical obsession was "mental

leprosy" followed by madness. The present writer must thank .

Dr. P.S. Dhruvarajan and Dr. 0.P. Tangri of.the University of - S
‘Manitoba for saving him from a similar algebraic fate, by :

advising him against pursuing the quadratic and cubic models.
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under consideration for securing an increase in output. The
Cobb—Douglas function has already been specified at the

beginning of this section. The CES function is as follows:

=y [ax™% + @ - a)2""] ~v/s
where x is output,
k is capital,

% is labour,

y,'a and s are constants, -

where -y >

0 < <1,
S>—1‘,"buts7£0

v is 1nd1cator of returns to scale,

viz., v > 1 means 1ncreas1ng returns,

v = 1 means constant returns,

v < 1 means decreasing returns.

i+ s

"substitution of labour for capital.

and —_— = o, where o is the elasticity of

A minimal set of three crlterla have been spec1f1ed as

operationally des1rab1e propertles 1n a productlon functlon. - -
Firstly, the marginal products of,factors of. productlon should

be positive. Secondly, to achleve a determlnate solution, each

marginal product should decrease, at least over some range of
'output. Thirdly, the degree of returns to SCale should.be
determlned by the data and not specified a prlorl in the |

function (6, pp. 29-30) .. Wlth o <1 and B < l ‘the Cobb—
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"Douglas type of productlon functlon satisfies these require-
ments (6, pp. 31-3). With similar restrlctlons, the CES

function also satisfies these criteria (6, pp. 46-8) .

The elasticity of substitution o is a pure number
that measures the rate at which substitution takes place.

It 1s deflned as follows-

G = d log (L/k) _ g d (2/k)
d log R 2 ’ "dR

- _ 3x/%k
where R §§7§T——

The most famous quality. of the Cobb Douglas productlon
, ‘function is that the elast1c1ty of substltutlon is unity i
for all yalues of capital and labour and for any degree‘of'.
returns to scale (6, PpP. 35-6) . Forvthe CES production
function, the elasticity of substltutlon is a constant )

(1/1 + s), but not necessarily unity. The hlgher the value
of s, the ]ower the elasticity of substltutlon. As s |
approaches 1nf1n1ty, the elast1c1ty of substltutlon becomes
' extremely small ‘and the productlon functlon approxlmates to
the fixed coeff1c1ents of linear programmlng. As s approaches
its lower limit ofp—l,‘the elasticity'of substitutibn
tends to infinity.“As's approaches zero, the elasticity of
substitution tends to unity ana apprOXimates to the Cobb-

_ Douglas - function (90, pp. 286-7).
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»(b) The Choice Between Cobb-Douglas and CES Production Functions
The model outlined-rn this chapter of alternative forms | .

of subsidy to regional development must not be limited to

. examination of constant returns to scale. In part, the model

_texamines the potential trade-off of the advantages of large-

scale production against increa51ng transport costs. It

uld be a very seriousﬂllmitation to the analYSis to confine

' .cons1deration to production functions homogeneous of degree

_one. Both Cobb—Douglas and CES production functions do- not -
require this limitation. The model includes sub51dy to factors .
of production among the various alternatives available; and
xmust therefore postulate ‘some pOSSlbllltleS of substitution
between capital and labour. The Cobb—Douglas function spec1f1es
an elasticity of substitutlon of unity, while the CES function
is not constrained in this way.

In principle, it could be best ‘to. use the CES function
rather than the more limited Cobb—Douglas. However, in the =
spec1fic context of the subsidy. model of this paper, the Cobb-
Douqlas constraint on the elasticity of substitution is- not
too serious a drawback._ The only essential assumption in the
examination of the effects of subsidy on one factor of pro—
duction is that there is some substitutability between factors,
but that this is not sufficiently great to allow the elast1c1ty
of substitution to approach infinity.u The theoretical purity

of CES w1th variable returns to scale as against Cobb—Douglas
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with variable returns to scale must be measured against the
greater complexity of manipulating CES and the more limited
empirical results available for this type of function. ‘Inv

short, it may be possible to invoke Occam's Razor on behalf

of Cobb-Douglas.
There are difficulties in the estimation of production |
relationships which are common.to all forms of function. These

1nc1ude, for example, data availability and the definition

of inputs of factors: of productlon. Analysis.of’cross—Section_' o
data is characterlzed by problems of multlcolllnearlty L
attrlbutable to small varlatlons 1n capltal—labour ratios

between firms (90, p. 323) - Time series analy51s is compllcated
by the effects of technlcal change and by economleSfand.dls—
economles of scale which are enjoyed by the industry as a ‘

whole . and not be 1nd1v1dual firms . (91 p.,8); In addition to
these general problems, the Cobb—Douglas function implies a

risk of spec1f1catlon error that can be serious arising from

the requlrement of an elast1c1ty of substltutlon of unity.

The Cobb- Douglas functlon 1s also 11m1ted in its appllcatlonf

to aggregation work beyond the level of the firm (90 pp. 305=8),
. put this is not of serious 1mportance in the present study.

The major disadvantage of the CES functlon is that the

difficulties of estlmatlon are much greater than for Cobb-
Douglas. The Cobb—Douglas equation can be easily transformed
’logarlthmlcally and a s1mple 1east—squares procedure can be

‘ applled,_although of course there Stlll remaln problems of .
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data avallablllty, input deflnltlon, multlcolllnearlty and
equation misspecification. On the other hand, the CES function.
cannot be converted into a simple linear form. Methods of
overcoming this problem through the estimation of somevpara—
meters‘from side relations have beenidescribed.in the literature,
and it is shown that the greater generality of the CES function |
exacts a considerable prlce in the burden of fitting (6, pp. 128~
40) . It is therefore not surprlslng to flnd Grlllches statlng
that "Since the CES productlon function form is hlghly nonllnear
in the parameters, it is rather dlfflcult to. estlmate, and very
few direct estimates of this function have been reported in

the literature“ (4l,‘p.'296).

Given the_practicalbdifficulties in fitting CES production
functiOns, the1Cobb—Douglas function has obvious attractions,r
provided that there is not too»serious‘a misspecification caused
by the assuﬁption of an elasticity of substitution of unity.
However, analy31s of time series data has suggested that this.
mlsspec1f1catlon is not trlte. The orlglnal 1961 CES artlcle by
'Arrow gt;al concluded that "the elast1c1ty of substitution
between capltal and labor in manufacturlng may typlcally be less
than unity" (1, p. 246). Tlmebserles analysis by Kotowltz in
respect of Canadian manufacturing‘industry also supported this
conclu51on, although it was recognlzed that a fair amount of
residual varlance had not been: explalned (62 pp. 619- 32)

- On the other hand analys1s of cross—sectlon data does not
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support the hypothesis of misspecification based on time series
results. For example, surveying United States evidence,
‘Griliches concluded that cross-section estimates suggested an
elasticity of substitution not significantly different from
unity, while time series estiﬁates“averaged below unity although
often not to a very large extent (41, p. 286). At a theoretical

- level Maddala and Kadane- have concluded that it 1s a plaus1ble :

o assumptlon that factors of productlon are 1ndependently

lognormally dlstrlbuted and that hence there is no apprec1able
bias in estimating returns to scale by using the‘Cobb—Douglas
function as an approximation for CES (68,'p, 422) .

.The algebra of the:Cobb—Douélas production function is
much more.tractable than the CES for the subsidy'model of the
present study, and relevant em?irical results are aﬁailable'
" only for Cobb-Douglas. ’Although‘the'issue is far from a
definitive solution, the cross-section data suggest
»that the Cohb—Douglas assumptionbof an elasticity of sub-
stitution of unity is not unreasonable. In,any event;-the
present model is more concerned with econcmies.of SCale than
with. prec1se measurement of the elastlclty of substltutlon and
the Cobb—Douglas productlon function seems to be a reasonable
" theoretical approx;matlon. |
(c) Empirical VaZues

The final part of thlS sectlon considers the emplrlcal

values to be attached to the Cobb~Douglas productlon functlon L

in respect of the ar1thmet1ca1 simulations. carrled out
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‘later in the paper. The discussion commences with'consid—
eration of returns to scale as a whole o+ B, and then |
proceeds to the individual coefficients attached to capital

d and labour B. The»examination is entirely in terms of
value added, omitting material inputs. As Domar has remarked,
this is suggestive of making fpotato'chips without_potatoes“'
'(27, p. 472), but it is the favoured approach‘oftendbecause

of problems of data. |

In 1970, Walters conducted an exten51ve summary of
econometric studies of production. The results were drawn“
from a number of different countries and the production
~ functions used were'all Cobb—Douglas. He concluded-that
evidence of economies of scalepwas fonnd.chiefly'in public
utility'industries and that there.seemed to be constant
. returns to’scale in most interffirm studies (90, p. 338).
Eisner reached a similar‘conclnsion in his examination of
1959 62 U.S. data (33, p. 436).

On the other hand, 1n a cross—section analy51s of 1957 data
for 15 U.S. industries, Hildebrand and Llugfound increa51ngp
returns to scale in 12 industrial groups;.with food products
the highestvat o + B = l.ZZ, leather»products the lowest at
a *+ B é'.92, and an‘average.reading‘Of d'+'8'% l,07.: Moreover,
.they claimed that their estimating procedure produced the lower,
band of true values and underestimatedhincreasing returns to

scale (53, pp. 106 -9) . However, Walters has'pointed out'that‘

these results are subject to relatlvely large standard errors
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audAthat they might merely show.inter—state 1ocational advan-
tages rather than the shape-of the ?roduction function (90,
p. 332). Analysing.U.S; manufacturing -data for 1954 andbl958,
Griliches produces economies of scale indices in the order of
1.04, but showed that this would increase'to above 1.10, if
analysis were confined to the medium to large scale plant range
where the main evidence for economies of'scale was to be found
(4},»pp.}305—81. |
i UnfOrtunately,“there{arg‘no spebificfCanadiaﬁ”results
dlrectly comparable with these U.s. flndlngs._ In his
studies of the Canadian CES production. functlon, Kotow1tz
constralned his productlon functlon to be homogeneous of
-degree one on the grounds that economies of scale could only
be estlmated'from cross-section analysis which was outside
his scope of reference (61, p. 430). The study of Canadian
produétiOn'relationships carried out by Lithwick et al.t
_focussed malnly on the growth rates of manufacturlng in the
postwar period and excluded examlnatlon of returns to
‘ scale (66) - |
If Kotowitz's statementeis acceptedfthat returns to
scale should be estimated from-cross—seotion data, itﬁh
becomes almost impossible to estimaterproduction.funotions
from Canadiah manufacturing data that arevunoonstrainedtwith
respect to scale. If productlon functlons were estimated

across provinces for the 20 major 1ndustry groups on whlch

data are given- 1n Statlstlcs Canada 31 203 there would be a.f?s”

a formidable problem of lack of homogenelty in these broad S
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categories. :If a greater degree of product disaggregation
were sought, data would soon disappear for the smalier'
provinces because of Statistics Canada requirements on
confidentiality. The estimation of a two factor production
function‘would onlyvallow seven degrees of freedom even
if data were available for all ten provinces; at low levels
of disaggregation,.the datajavailability’could easily fall
-towards a figure of only three provinces and the productionvi
function estimation becomes lmpOSSlble. Resolution of this
data problem would be extremely difficult and is- clearly |
beyond the terms of reference of the present study.

The existence of economies of scale has been a
- favourite area of controversy among economists for at
 least the: last fifty years, as evidenced in the exchange of
the 1920's between Clapham, Pigou and Robertson. Yet, given
the indivisibilities in many productlon processes,' |
it is difficult to believe that economies of scale exist only
in the imagination of the theorist. Extending Georgescuff‘
Roegen s argument that the arrangement of a number of
processes in line can ensure that no production fund is
idle at any time (39, p. 6), it would follow that a Widening_'
of the market and the adoption of more- complex processes
should allow increasing returns_to scale. In the speCific
case of Canada, it can be argned‘that higher output per:unit
of labour in theAUnited~States isbattributable to economies'
of scaie. o |

In 1963, net value added'per:employee in- -
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manufacturing as a whole inhthe_United States wastU;S;f$ll,843
as against a comparable figure for Canada of C. $9,096 |
(21, p. 10). Net value added was therefore 30% higher in
the United States, even'treating the two currencies as at
parity, while in actual fact the Canadian‘dollar was-below
the U.S. dollar at that time;' Eaatman has argued‘that
generally the basic equlpment used in manufacturing
industries 1s very 51m11ar between the two countrles (31 p; 440) .
The explanatlon of greater U.S. output per man is not normally
'couched in terms of different productlon functions, or in |
terms of more heavily capltal—lnten51ve productlon in the:h
United States. Size of plant is not genera;ly v1ewedvas
the dominant factor in the»differencesvin productivity
_between the two economles, but rather it is argued that the
limited extent of spec1allzatlon is the major factor
adversely»affectlng productivity in Canadlan»manufacturing
'(21, pp. 20-3). A Staff Study of the Economic Council.of'Canada
. has argued that Canadian manufacturing-does not reap‘the
eoonomies of .scale and specialization that are availablevto
American industry (21, p. 7).

This raises the possibiiity‘of an interesting, if‘
admlttedly superficial calculatlon. Equation 1 beiow is a
stylised Cobb Douglas functlon for output per head (1ndex = 100)
in Canadlan manufacturlng lndustry.'rEquatlon 2 is a similar |
_ version for the United States, where the capltal to labour,
:ratio is held the same'as in Canada, inputs of each factor

are increased tenfold, and output per head is_indexed at;l30;‘”
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ak®28/2 = 100 ) - (1)
aqok) ®(10 ) B/100 =130 (@)

Solving these two equations for dv+f8, the'production
function is homogeneous of degree 1.114. vThis'calculatlonl
may be crude in its assumptlons of equlvalent stylised
production functions with the same constant a, and equal
vcapital to labour ratios, yetbin conjunction with other
evidence it could be.argued-that a mean value of a +'B;= l.lt :
is not unreasonable for manufacturlng 1ndustry. However,'
this suggestlon is not cruc1al to the present study, as. 1t is
the 1ntentlon to estlmate the model from a 1ow of o + B = 8‘
to a high of o + B8 =1.3.

The flnal stage in determlnlng the callbratlon of the
model is to a551gn values 1nd1v1dually to a, the capltal o
coeff1c1ent, and 8, the labour coeff1c1ent As far as
sub51d1es on product price and subs1dles on transport costs
are concerned, only the total of o + B is of 1nterest but
obviously alternatlve values have to be assigned to o - and B
to determlne the effects of sub51dy on factor prlces.p&

In the orlglnal formulatlon of the Cobb Douglas productlon
function constralned to be homogeneous of degree one, Douglas
recalled that least squares Were applled to U. S manufacturlng
data to estlmate a = .25 and g = g75 Subsequent lnvestlgatlons';
were carrled out in respect of Australla, New Zealand the

Unlted States and a number of other countrles and, for a d-

functlon constralned to constant returns to scale, estlmates rffﬂ .
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- of 8 were around the .65+ range on the basis of pre—war
manufacturing data (28, pp. 16-20). 'Using data for 1947-60,
Griliches has estimated the labour share of value added in
ﬂU.S manufacturing at .73 (41, p.v310); |
The most detailed data available for Canada on value
' added in manufacturing industries are contained in Statistics
Canada 31-203 "General review of the manufacturing industries:
of Canada : On latest figures for 1972 the'proportion of*
value added in manufacturing attributable to labour is only
.55 andfthisvisvbroadly-consistent with earlier years. However,
this statistioal serieskincludes.in'value added the purchase
of a number of external serviceS’whioh must‘be excluded in the
type of‘calibration to be performed‘in_thevpreSent'study.y‘Ite‘
is therefore necessary to use Canadian National Income data‘
(Statistics Canada 13- 531),vwhere calculations from Tables 28i
rand 29 show the labour share of value added in Canadian manu-
facturing'as .68 on preliminary fiéures foril973'and as .69
for the average of 1968 72. | | | |

In the light of the evidence on returns‘to scale and the
labour share of value added in manufacturing industry, it‘was
decided to Simulate the seven values below in the calibration

~of the model *  The values of o - and B have been speCified to

*Tt was the original intention to Simulate conSiderably more
- values of a and B and initially this temptation was not | -
completely resisted.. The additional results did not add to.

“the understanding of the problem and have been excluded from S

the study.
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only one significanf'figureyand this has caﬁséd'the'labour

' share of value added (8/& +'Bf'to_fluctuate‘fromv;63 to ;73,
with the mid-point of this rangeﬁcorresponding roughly to

the best estimate based on‘recent Canadian data; .~ The adﬁantages
of 51mple spec1flcatlon of o and B outwelghed this-fluctuation
effect, partlcularly as 1nd1v1dual spec1f1cat10n of a and B

was only relevant in the case of subs1dy on a factor of

production.
e+ @ e  (8/0 + B)

0.8 0.3 0.5 .63
0.9 0.3 0.6 .67
1.0 0.3 0.7 .70
1.1 0.3 0.8 RE
1.1 0.4 0.7 .64
1.2 0.4 0.8 .67
1.3 0.4 | 0.9 .69




CHAPTER V: DEVELOPMENT AND CALIBRATION OF THE MODEL:
'~ UNIFORM DISTRIBUTION OF DEMAND IN AN UNBOUNDED

PLANE

In the previous chapter, the model is specified-as
a firm producing a single homogeneous product in a single
plant.. The production function is of thevCobb—Douglas type
and the objective of.the firm is profit‘maximization subject
to the restrlctlons of given factor and: product prices. The
firm has no 1nf1uence on the prices of the factors of product-
“ion it uses and it receives a constant*selllng price for each
“unit of output produced. However,_it has tO;meet transportfh
costs as well'as‘production costs on each-unit\of outpnt;
Increased sales.can only be achleved by expandlng the geograph-
ical area covered, thus 1ncurr1ng rlslng transport costs
per unit of output. 7

" In determining transport costs pald by the flrm, two
alternative assumptlons were made on geographlcal dlstrlbutlon
of demand. The present chapter develops and callbrates the
1model on the assumptlon that there is unlform dlscrlbutlon
of demanc in an unbounded plane, as outllned in Sectlon 2(c)
of the prev1ous chapter. The case of unlform dlstrlbutlon
of demand in a band of constant width is examlned in Chapter
VI, . _ :

The present chapter coﬁmences by establlshlng the

’equlllbrlum condltlons for the . firm where no sub51dy 1s pald. '
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The model is then developed to show the_costs of'achieviné
a givenyincrease in output from the application of subsidy
to (a) output price; (b) factor prices for labour and capital;
and (c) terminal and line haul transport charges. The cost
implications of these alternative subsidy approacheS‘arev
considered in terms of (i) subSidy costs; (ii) increased
profits of the flrm, (111) net soc1a1 cost, deflned as
- subsidy costs minus increased proflts. It has been argued _
in Sectlon 2(e) of the previous chapter ‘that, 1f two sub51dy
approaches result in the same net soc1al cost, the approach
1nvolv1ng the lowest subsidy costs is. normally to be preferred.

Section 2 develops the model. where subsidy payments
. are appllcable to the entire output of the frrm, and Sectlon 3 E
where these'payments are required only forxoutput ;n excess
of that originally produced before the subsidy scheme was -
introduced. Finally, arithmetical simuiations,of the model

are presented in Section 4.
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1. EQUILIBRIUM WITHOUT SUBSIDY

The production function has been specified as Cobb-

Douglas. . N
x = ak%sP : - o (5.1)
where x is output,
k‘is,capital;
2 is'labour,
~and, b,<‘a <1 n
‘0;<'B,<'1
0 < a:

When demand is unlformly dlstrlbuted in an. unbounded
plane, transport charges TRANS paid by the firm are glven on
- page 137, | 7 |

TRANS = bx +'ch% l | o h I (5.2)
where b is fixed terminal charges at’ orlgln ‘.
and destination per unit of output;
"c is line haul rate per,mlle per unit of
‘output,‘- |
g is a'constant.
The firm receives a constant prlce Py for each unlt

: of output sold*, so that revenue is 51mply pxx. The factor

prices, Py and pz, to be paid by the firm”are constant»and fr'

not 1nfluenced by . the firm's level of productlon._:The firmfs'

*Strictly speaklng, for each unlt of Value added sold but
this slightly pedantlc wordlng is not used 1n the argument .
whlch follows. . ALy : :
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~production costs are therefore pkk + pzz Traneport ceste',
have already been shown in (5.2). The objective functlon
of thevfirm is to_maximize profits P, subject to the require-

ment that profits should not be‘negative; The next equation L

shows profits as revenue minus production costs and transport
costs.

P =px - (pk + pzz) - (bx + ch%) - (5.3)

where P 3 0 -

Substituting for x from (5.1) and-rearranging the_>
terms, » h
‘ f = (p, - b)adeLB - cg(akais)% - ppk - 17
v From the requirement for proflt max1mlzat10n that
' each factor be employed to the p01nt where factor price 1s }’

equal to marginal product,

Sk al(p, - b) ak™ Zs - zacg(aks)% %a - Py = 0.
. - "l . 3 % . ‘.
S ko= oxpy [px - b - zcgx ] B , (5.4) .
9P _ . a,B-1 _ 3 oy $,88-1 _  _
sg = B(p, - blak"? $8cg (ak™) %2 Py = 0
: -1 Ctead s 8
S.o%=8xpy [Py - P - Zog% 1 (5.5)

Profit maximization requires that prOflt must be
decreasing with respect to further appllcatlons of elther k

or L separately, and of both k and L together..-It canhbe
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shown that the specification in (5.1) of 0 < a < 1 and
0 < B < 1 satisfies the first of these requirements. Given,
from (5. 3) that proflt must not be negatlve, and that the model -

1S not to be calibrated at values of a + B < 0. 8 (see p 174)

the second requirement is also satlsfled.*

: *From (51 p. 68), proflt max1mlzat10n of P 1mp11es that

the pr1n01pa1 minors of the relevant He551an determlnant,

fll and £

After algebralc manlpulatlon and substltutlon of pkk,‘

\ =2
f11 é (a-1)k~ (pkk) ua cgk x%

227 be negative, and that fllf22 - f12f21 > 0.

-2 2 ,
£59 (B=1)2 “(pyR) - 38 cg2 x ‘ E : R

~which are negatlve because a <1, B < 1.

3 .
= £, = B(kD) " H(pgk) - 308(kt) togx?

21
-1 \ 3 -1 3
or-a(kl) (pgz) - wae(kl) cgx
_ o : 5 | n |
£155, - flzf21 = B(pk) (k) T (1-a-B) (p,~b) x

3
+ 3(3(a+B) 1>ch ]

£12

Substltutlng P from (5 6),

£115,, = 12857 = B(pkk) (kz) [P +‘2[3 0L+B) 1] cgx ]

This expression'is positive because B(-p]<k)(k2)"2 > O,_

P»0, and [ #(a + B) - 17]>0in a model which is only

estlmated for o + B > 0.8. However, not surpr151ngly,

further calculatlons have - shown that fllf22 f12f21 > 0,

when.a + 8 < 0.8.
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‘Returning to (5.3) and substituting for pkk and

pzz from (5.4) and (5.5), ‘
=[1 - (¢ + B)_] (p, - b)x + [$(a+B) - lj._ch%f(S.G)
where P > 0 7

There is no problem in satisfyihg the requirement~
that P.» 0 for values of a + B of 0.8, 0.9 ana 1.0, but
',hlgher values cause dlfflcultles.,'From (5.2), transport
charges per unit of output are b + ch%. Terminal costs b are
initially taken as equlvalent to one—thlrd of total transport

charges (Chapter IV, Section 4) Now d1v1de (5 6) by

X, substltute b .2ch ‘and the requlrement that P 2 0 lmplleS°_§f'

1

[2(a +B) - 3 :]cg 2 3 (0 + B - 1)p

300 +. 3B - 3
> 25 + 48 - 3

"Hence 2 chz/p (5.7)

| The expressien.% ch%/px is simply trahsport costs per unit
'of output as a proportion of product selling price. As
already noted (Chapter IV,'Sectien 3),,to.achieVe the'equil-.
ibrium.requirement Qf»P >0, the following"conditions must

hold:

o+ B Transport costs as
o : ‘% of selling price

1.1 o oy 21.4
1.2 | > 33.3
1.3 24009

-




- Finally, from (5.4). and (5.5), the well-known -

Cobb-Douglas prqperty is established:

L = Bpkk/ap2
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(5.8)
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2. INCREASED OUTPUT THROUGH SUBSIDIES APPLICABLE 'I'O :
ENTIRE PRODUCTION OF FIRM ,
From an equilibrium'output'without'subsidy x, the

objective is to apply subsidies to increase output to x2,
2

‘such that x2/x = h2, where h > 1.0.° (The h notatlon is used
merely to simplify the algebraic presentation below.)
This_objective can’be'achieved'by:

(a) Subsidizing output price p;

. (b) ‘Subsidizing faotor input prices of
(i) 1labour pz; |
‘or (11) oepitai Py i
or (c) Sub51dlzlng transport charges in reepeot of
(1)  terminal component b, |
or (ii) 1line haulvcomponent c.
The cost implications -are coneidered in terms of
(i) subsidy costs incurred by oovernment; (ii) increased
profits of the firm; and (iii) net social cost,’which is
defined as (i) minus (ii). .For eachuform of subsidY’used,

the costs are determined on the assumptlon that sub51dy 1s‘

paid on the entlre output of the flrm, on the entire amount
of the relevant factor of»productlon used, or on,the entlre

transport charge in respect of'terminal or line haul component.

Con51deratlon of sub51d1es pald only in respect of 1ncremental
units of output is contalned 1n Sectlon 3. |
(a) Subsodtzzng Output Prﬁce

The prlce to the. flrm is 1ncreased from p to px2
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and a subsidy of Pyo ~ P, Per uﬁit of output is paid by

government on the increased outpﬁt Xoe Subsidy cost is.
- . _ 5 _
therefore (px2 - px)x2 = (px2 px)hvx. |

From the production function (5.1) and substituting

for & from (5.8),

a~fBl o + B _
Xy _aky hy" EE)' N
X ax% B oLk 0 (5.9)
Substituting for k from (5.4),
| - 3, o+ 8
X | %2 (Pyy - b $ cox,?) |7 7T
= _
x . (p, - Db - 3 cgx?)
Substituting x, = h?x,
| 2(1-a-8)
o+B e
Py, - Py = h (p, = b - % cgx*) - (p, = b -
| 1
3 cghx?)

~ and subsidy cost-of.(pxé f:Px)h2X‘iS,

G+B‘ : 3 1 2 o '»_3 % ,
h (px -b-3cgx®)x - h (px - b - $ cghx®*)x

| (5.11)
This is positive by definition of the equilibrium- B
. requirements of the imodel in Section 1.

From (5.6), the firm's profit (which is » 0 by
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definition) is shown before subsidy P and aftef*sﬁbSidy Pz.
=[1-(@+8](p, -bx+ [+ 8) - 1] cgx?
| o f%
=[1 - (o +‘3):](px2 - bix, + [3(c +8) - 1] ch2 

Substituting for_'Px2 from (5.10) and'x2-= h2x, the

increased profit of the fir‘m,‘P2 - P, is:

5

_——

[1’— @+ B)] (%% (p - b - $ogxd) - (p, - b =~ degh’xH) Tk

+ (h3: - 1) [%(oc +8) =1 Jegxr . (5 19) -

Net social cost is defined as subsidy cost (5.ll)xminus:

increased profit (5.12) and is:

2

(e + B)[B* e XA- b - %ch%)] X

- [n? ‘+ (@ +8) - 1] (p, - B)x

v ‘ ‘ 3
+ [h3 + 2(a + B) -1 ] cogx?

which simplifies.further to:

2 ) : .
G B)[ B 1] (p, = b - %ch%)x

o1 : R S L
- h2(px - b - cghx?®)x + (p, - b - cgx®)x (5.13)

(b) Subsidizing Factor Input Prices
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(Z) Subszd%zzng Input Price of Labour

Through a government subsidy payment. of s per unlt of
labour employed, the price of labour to the firm is reduced
to pz - & in order to achieve an output o where x2.= hzx;'
It is spe01f1ed that s < Pyi otherw1se labour would become
a free or negatively priced factor to the flrm, an 1nf1n1te

amount would be used with a Cobb Douglas type of productlon

functlon, ‘and the model becomes 1ndetermlnate. ThlS spec1flcatlon‘

of s <Py also constralns h, but this is not a problem Wlthln
the range of values for transport charges and h used to

calibrate this model* The subsidy cost is sf,.

*From the requirement s < pi,'itfis necessary,in'(5.16)‘
below that [Px -b - % cghx%‘j. > O.VhThis means;that- |

h < (p - b) (3 ch%)—l. Following‘the explanation on page
141 the expression on the rlght of thls inequality is
51mp1y (product price minus one-third of transport. charges)

divided by (total transport charges) ' The hlghest value of

transport charges as a percentage of Py used to calibrate the

model is 42%. This requires that bk <‘(86/42), i.e. h < 2.05.
The highest value used for h is72.0; The required.inequality

is: therefore satlsfled, although labour is becomlng very

close to- belng a free good when transport charges and” h jolntly

approach their max1mum'values.
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Fr?m (5.5), %, = Bx,(p, -~ 8) [px -b- 2 cgx,* ] 

(pzl

Bh |

2(1-a) 7w -2
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From (5,1)'andeubstituting for k from (5.8),

a+B o

a, B -
X

o ;B : 1 ,

a x* 2 5 P,
Substituting x,/x = h?,
2 : o _

. o+ o+ R o
S %y = fh B (py/pg - 9)¥E _ - (saa)

- ; 1
='h28x(p2 - s) 1[px - b - %cghx® ]

- Solving (5.5) and (5.14),

a+f 2 . NI % |
21 X R DT
2B P |p /mexip, - b - gegnx®) | P (5.15)
-1 5 ' N : ‘
Py, - %, h% Bx [px - b - 2 cghx?] (5.16)
Subsidy cost s£2>is. - ;‘_ o |
ot 2(1-a)[ | o . 2
B B b | P
) h * |Bx (p, - b - 2 cghx?) | .

1
cghx?}

Substituting for‘pzl from (5.5), subsidy cost is o

Nlew

- hzsx[px - Db -

1 T, i
B (py - b —§ch2)_B‘(px - b =~ 2cghx?) -

X

-8 h? (py - b - 2 cghx?)x S oE
~ ’ o (5.17)
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From (5.6),'the'firm's profit (whichkis > 0 by definition) -

is shown before subsidy and:after subsidy.-

!
=[1- (a+ B):](px - p)x + [2(a + 8)-1 cgx®

1
[} - (o +- B):](p - b)x2 + [}(a + B) 1] cgx,?

Substltutlng Xy = h2x, the 1ncreased proflt of P2 -P is:

Niw

2 - D1 - @t B (b - DI+ (h - 1) [2 (a+8) - 1Jogx
' _ : ’ ‘ - (5.18)
Net social cost is definedias subsidy cost (5,17)'m1nus :

increased proflt (5. 18) and. lS‘ : _
2(1—@) . B Te ;a
gh B - (py - b - % cgx? '

&?

"
A
o2
1

™ jw

g .
cghx?) "x

- [(h2 -1)(1 -a) + B] (pX - b)x

- [(h - 1)(3a - 1) - 3 —e] ch2 : | (5.19)

‘The next step is to compare subsidy cost, increased

proflt and net 5001al,cost from sub51dlzlng the factor price
of labour as agalnst sub51dlzlng the output price. The:
- first comparlson shows the sub51dy cost on: labour (5. l7) minus -

the subsidy cost on output prlce-(S.ll).

: 1
(p - b -3 cgx?)
. o 1 2 e
0P (p, - b - fegxix | B 2(a+6 o5 |
b h (p —b—gcghxz)




188

- (8 - l)h2 (p, = D —-é eghx%)x | | (5.20)

After lengthy algebraic manipulation, it was not

' possible to determine the sign of expression (5.20); in
~particular, it could EEE be shown ftom the first differential
vthat (5.20) was a'monotonically increasing-function of h. |
-We return later to the‘question_of whether’subsidy cost is

v;greater when labour‘is‘subsidized thanvwhen»output-prieeiis

subsidized. | - ”

The next compafison shows the increased profit to
the firm when 1abour is sub51dlzed (5 18) minus the 1ncreased

proflt when output prlce is sub31dlzed (5. 12)
2 | |
(a + B'- l)[hu+8(pg -b - %ch%)x'+ hz(pg'- b - %cghx%)g]
(5.21)
From (5.11), the expression inside the square brackets is
positive, if h > 1. | |
_ Hence, (5.21) is positive if o + B8 > 1,
| .zero if o + B = 1,
‘negative if o + B < 1.
- If the production function~showsfinCreasing returns'to'
scale, the profit of the flrm increases more from a sub51dy
on labour than from-a sub51dy on. output prlce. - If the ‘pro-

ductlon function is homogeneous of degree one, both sub51dy

izapproaches have the same effect on the flrm ) prof1t.~ When ;_15'." o

there are dlmlnlshlng returns to scale,_the flrm s proflt ’
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increases more from a subsidy on output price than from a

‘subsidy on labour.

The net social cost from subsidizing labour (5.19) is

now compared with the net social cost from subsidizing the

output price (5.13):

ah®P (p - b - fogx®)
2 |
+ Bha+8 (Px - b - %ch% ) |
2 (l—OL"‘B) . . B
: + 1. C _ :
h P (p, - b - fegx®)/(Py L p - %cghx%). sl

(5.22)

Consider the value of (5.22) as h approaches its limits.
as h -1, (5.22) » 0.

. :
As h > (p, - b) (Fogx?) 1 (5.22) » + .

2.

Since thH"-B > 0, the sign of (5.22) is the same as the

sign of:

2(o+B-1) . : L
—— 1 A 1
al h atB (p, =B - 2cghx?) -'(pg -b - 2cgx?)
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 2g(1=a-8) . o+8 . =

+ B h (Q+B)B (p - b - _chxz) B (px - b - %cghx

i
>R

- (px - b - %chz)] | | (5.23) .

It is shown that the first differential of (5.23)

"with respect to h, and hence the flrst dlfferentlal of (5 22), -

-

is p051t1ve for all values of o + B £ 1. Given the equll—
_1br1um condltlon of the model that the flrm s proflt should
not be negatlve (5. 6), it can also be shown that these flrst.
dlfferentlals are p051t1ve for those values of a+pf >1

~used in the model.*_ Hence (5. 22) 1s an increasing functlon

*The first differentialtof (5.23):with respect to h is:

atg-2 - 2(o*B-1)
. 1 S 1
———2(312 D B (p - b - geghx?) - n TP fogx®
r 20(1-0-B) _ 4 o a+B -
2(1-0-8) , (0P B | R N PR
+ @L—‘TTE’ h (p, = b = Fegr®) 7 (py - b - zeghx)
20 (1-a-8) S ot fb;ﬁiﬁ
3 v 1 "B, 3 3
N (a+B) B--(Pg - p - %chz).s (p, - b - 3cghx?) dcgx?

continued....
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of h and always positive when h > 1.

Under decreaSing or constant returns to scale, the net

social cost to achieve a given increase in the firm's output

is greater from subsidizing the price of labour than’ from o
subsidizing the output price. This conclu51on also holds for
1ncrea51ng returns to" scale over the range for which the model

is calibrated to satisfy equilibrium conditions. x

This simplifies to:

~2 2(1-w)  o+B

N . | B
20 (1-0-8) ,o¥B ~ ~ |4, B 3, B
S h h (p, - b = dcgx?)
: T -2 ~ ' ‘ 1
(p, - b - 2oghx?) © - n2(p, - b - fcghx?)

‘ 1 - 1
+ aha+B(px b - Zcghx?) 1‘§ch2

: 2(1-a) a+f o - ] . ,
h Bv (p, - b - 2cgx?) B (p, = b - $cgx?) B —'hz(px—b—gcghx%)]

which is equivalent to the product of the follOWing three

terms: - — (2+0+8) o ‘ | |
+ o R ' ' ,
(i) (a+8) h¢ 8 '(Px - b - %cghxf)"l, which is clearly
‘ p051t1ve, - e | o

2(1- a) a+B O a L e
. . 1 ) : SN t q. .
f(ll) h ? | (p -b - ich ) B- (p - b ——cghxz)8 —,h?(prbfgcghx%y“

- which is positive because (5.17) isnpositiVe};bf
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(2i) Subsidizing Input Price of}CapitaZ

An analysis of subsidy on the input price of capital
would largely parallel that already carried out for labour
and the exercise is therefore not repeated. In the equatlon
"of subs1dy cost (5 17), the coeff1c1ents o and B would be
transposed; The increased proflt of the flrm in (5.18)
would be unchanged, and a and B would again be transposed
in the net social cost equatlon (5. 19) To the extent that
the reglonal development objectlve is creatlon of employment
- opportunities as well as 1ncreased productlon, subs1dy on
capital 1s,less effectlve than sub51dy on labour, but thls
'aspect willknot be explored further in thisrstudy.
l(c) Subsidizing Transport Cﬁarges-' s

(<) Subsidizing Transport Terminal Charges

The model has divided transport charges into two com-.
ponents, termlnal charges whlch are constant for each unit
of output sold and unrelated to dlstance travelled, and
line haul charges whlch are a dlrect functlon of dlstance.’

Before meetlng frelght charges, the flrm receives a
constant prlce for each unlt of output sold It also_pays

a constant amount in respect»of’termlnal‘frelght charges on

(iidi)

[(1 -a - e) (p -~ b - icghxz) + LodB) cghxz)]

" which is positive for all values of o + B & .' Moreover,'
expression (iii) is also a form of (5. 6), whlch was constrained .
to be positive for those values of o +.8 > 1. 0 used in the model.
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each unit of product shipped. jAnalytically; a subsidy on
transport terminalvcharges is therefore no differentvfrom am
subsidy on product price. Thevresults from subsidizing
vtransport terminalfcharges parallel the results from sub-
‘sidizing’output price; examined above.

In practice; a subsidy applled only to the terminal
component of transport charges:would~be a peculiar innovation
- for which there does not seem to be any precedent. Never;'
‘theless, a sub51dy applled as a percentage of total transport
'charges, for example under the Maritime Frelght Rates Act,
is in effect partly a subSLdy on termlnal charges and partly
a subsidy on llne haul charges. Thls “mlxed"'effect of
transport subsidies affectlng both termlnal and llne haul
charges is often admlnlstratlvely unav01dable. However,
there does not seem to be any case for attempting to develop |
sub31dy schemes that dellberately concentrate on the terminal
-‘component of freight charges; w1th1n the constralnts of the
present model, this would only have the same effectvas‘the
-s1mnler procedure of SUbSldlZlng output prlce.' Yet, every
model is inevitably the prlsoner of its own assumptlons and,
if monopolistic competltlon were assumed with the firm able
to influence the selling priCe of its product, this conclusron
mlght not still hold | |

(i) Subsidizing Transport Line HauZ Charges

“This ‘sub- sectlon conSLders a sub51dy whlch reduces the
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- line haul charge per mile per unit of output. Although
transport subsidies generally apply to both terminal and line

haul charges, it would not be difficult to introduce a

;trensport subsidy scheme that appliedegﬁly to the line haul
- component. This could be aceompiished-bf specifyiﬁg.that
on each unit shipped the~manufac£ufer must meet in full

: the'figst part of his freight'chargee'per unit of output

(covering‘at'least the terminal charges),with subsidy paid

on excess costs abOve‘this minimum and therefore akfunction"
only of line haul charges.
Through subs1dy action, the llne haul charge: per mlle ‘

per un;t of output 1s;reduced ;n»the,model fromvc to c2 in
erder to achieve an increased output x2, where X, = ﬂzx;“'
From (5.2),'for an outpﬁt X, the aggregate humber of
"output unit»miles" is gxzé-‘ Subsidy cost is thereforef
(c - ¢ )gx23 = (¢ - ¢ )gh3x3. | |

Repeating (5.9) and substltutlng for k from (5 4),

»Substituting x2,= hzx,

2, .G |
‘h%(p, - D —-z-czghxr)x = (p
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~and subsidy cost of (c - cz)gh3§? is

/

From (5.6), the firm's profit is shown before subsidy

P and after subsidy P,.

P =[1 '(a+8‘)] (p, - bIx +[~§-(a+8). —;lchr.' *
= | == 3
?2=:£1: (0L+B)] (px - b) X2+ [’23-(OL+B) e ﬂczgxz'z‘

Substituting x 'hzk,

2

.P2 - P =[Zl

(wﬂ ®, - b)(h? - L)x
g . ' 3 3 3
+[:r(a+8) - 1:](02gh‘27 - cgx?)
. 3 - '
Substituting for czgh3x”from (5.24),
P, - P —[:} - (a+82](px —fb)'(h  — 1),

o 2 3B 13 oy 4 w2 -~ s
+ (a+B)-%F zcgx® (b7 - 1) + h” (p, - b - cghx®)x

27 :
—_— - 1
- hOH‘B‘ _‘(px. - b - -g-ch'z-)x]

.......

'For ease of later comparisdn, increased profit of the

‘firm is converted into the following expression:
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[ FE b caeedt ot e b - 2egnd) |
. - (OH'B)] (p, = b ~zcgx?} - {p, - b ~zegh™x7)x

+ % 1) [.T.(.a.+.s.). -1] Sgxt

| 2 |

Net'soc1a1"‘st is deflned as sub51dy cost (5 24) minus

_increased profit (5.25),,wh1ch s1mp11f1es to: .

. (0+B). [hm - .1] (p. = b ~dcogx®)x

) . . . N 1 ) ‘ . ) . ) L ' R
- 12 (p, - b - cghx?)x + (p, - b - cgx Hx  (5.26)

R

The next step is to compare sub81dy cost, 1ncreased
proflt and net 5001a1 cost from sub51dlzlng 11ne haul trans—-'
port charges as. agalnst sub51dlzlng the output prlce or the
factor prlce.of-labour. “ | '
| The-subsidy costofrom Subsidining~line haul'transport'

'charges is shown in (5 24). "This is exactly two-thirdSAOf-”
.» the subsidy cost incurred. 1n sub51dlzlng output prlce in (5 11).
.Under the model spec1f1cat10ns, 1t is 1ess expen51ve to achleveb
a given increase in output from subs1dlzlng 11ne haul trans—._r
',port charges than from sub51dlzlng output prlce. This concluslon s
‘may not be 1ntu1t1vely obv1ous from mlcro—economlc theory,
' whlch generally argues that 1t 1s better to apply sub51dy to

output in total rather than to spec1f1c 1nputs.} Yet perhaps r
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f,thls result is not really surprlslng.l It is:the maréinal
units of output with high transport costs which are most in -
need of subsidy; the line haul transport subsidy is dlrected
~more intensely to these units, while‘thevoutput price subsidy
: operates equally and indiscriminately on all units of production.
The earlier discussion (p.188f)'was inconclusive in.ther
‘comparison of subsidy costs from subsidizing factor prices as
against sub51dlzlng the output prlce. However,'it was’later-
_establlshed that net soc1al cost ‘was always hlgher from the .
sub51dy on factor price (pp 189~ 91).‘ The flrm s profit was
“also hlgher from the subsrdy on factor ‘price when there were
':1ncrea51ng returns to scale, whlle there was no dlfference
A'between proflt from the two sub51dy approaches under constant
‘returns to scale. (p. 188 ). By deflnltlon, sub51dy cost 1s’
.‘equal to net social cost plus the 1ncreased profit of the
. firm. Hence, the sub51dy cost must be greater from subs1dlzlng
- factor price than from subsrd1z1ng output price under |
conditions of 1ncrea51ng or . constant returns to scale. It:is
not p0551ble to make a deflnltlve comment in- respect of
diminishing returns to scale. The-discuss1on'below will show
that net social cost and the increased profit of the firm are
' always less from sub51dlzlng a factor prlce. Hence, the
sub51dy cost must be lower from sub51dlzlng llne haul trans—.
port charges than from sub51dlzlng factor price, 1rrespect1ve

of the returns ‘to scale in the productlon function.
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The increased profit ofvthe-firm'from a subsidy on line
haul charges is shown in (5'25). This is,easily~compared
with increased proflt when output pr1ce is subsidized in
(5.12). The 1ncreased proflt of the firm is always less from
the subsidy on line haul charges by an amount:

B | |
7| 0B (o - b -fegxhix - b2 (p, - b -doghkh)x|  (5.27)

ThlS is. equlvalent to one-third of the total cost paid to:
Sub51dlze outout prlce in (5. 11) .. It is also the amount by‘
whlch the sub51dy cost on 11ne haul charges in (5 24) falls.
short of the subsidy, payment when output price is subs1dlzed
in (5.11). 1In other words, the sav1ng»1n sub31dy‘cost from -
sub51dlzlng line haul charges rather than output prlce is |
vmatched exactly by the smallerﬂlncrease in the firm's profits
when the subsidy is applled to 11ne haul charges.

 The 1ncreased proflt to the flrm from sub51dy to labour
"(5.18) minus the increased proflt from sub31dy on line haul :

‘transport charges (5.25) is: .

1

2 N .
(o8 - %) [ o+p (p, - b —-}ch"‘)x ~ n? (p, = b -%cgth)x] (5.28)

This expreSSLOn is p051t1ve for all values of d+6 > 2,

and the model 1s not callbrated for values of a+8 < 0 8. Hence,
‘the profltvof the firm is greater from a sub51dy on the 1nput
price of labour thanpfrom a subsidy on line haul‘transport'

- charges.
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Sub51dy cost is one-third less. from sub51dizlng 1ine R

- haul transport charges than from sub51dlzing output price,f“*'
but the increased‘profit of the firm is also reduced by an -

equivalent amount. Conseqguently, net social cost from

‘subsidizing line haul charges in (5.26) is identical to netv
social cost from subsidizing.output'pricefin (5.13), and
less than the net soc1al cost 1ncurred from sub51dizing

the price ‘of labour. The sub51dy on output prlce 1nvolves

a larger transfer payment from taxpayers to the firm, offset

by an equally larger increase: in the firm s profit. Ceterzs B
parzbus, with net soc1a1 cost the ‘same for two - alternative‘
':methods of subs1dy, it was argued in Chapter IV, Section 2(e),
“that the‘method incurring the smailer transfer‘payment would‘
be superior.‘ Within thefrestrictions ofbthevmodel,;thisb

- additional crlterion would suggest that subsidy on line haul

transport charges would be preferred to subs1dy on output

Apart from the equilibrium condition that no factor of

production should become free or negatively priced, the

algebraic presentation in this sectlon has not been constrained_
to require, for example,‘that sub51dy'on transport charges1
' should not exceed transport charges actually paid by the firm.

Constraints‘of this type do not,affect»the algebraic analysis,

but they llmlt the extent of output 1ncrease attainable for
different combinations of transport charges and economies of
scale. This is examined further in Section 4 which presents

the'modelA31mu1ations.,
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3. INCREASED OUTPUT THROUGH SUBSIDIES APPLICABLE ONLY TO
| ADDITIONAL PRODUCTION OF FIRM B

This section considers subsidy_costs incurred by
government when these are'peid'only‘in respect,of the
increase in output beyond that produced in equilibrium
without subsidy, or alternatively only in respect of increased
utilization of a subsidized factor of production beyondvthe
'amount‘already used in equilibrium‘withouthsuBSidy. If - |
‘this procedure is administratiuelyvfeesﬂale, it'ishalways"

1ess expensive in terms ofvsubsidy costs'to confine'payments

to 1ncremental unlts of output or. 1ncremental factor- utlllza- o

tion rather than pay in respect of the entlre output or the :
entire factor utlllzatlon.' In effect, a marglnal sub51dy
scheme reduces the transfer paymentsdby government to the. o
firm with a corresponding reduction in the firm's profits;
Net social cost, ‘as defined in thls paper, remains unchanged.
vAs already explalned, ‘with net soc1al cost the same for two-

| alternative methods of sub51dy, the method incurring the
smaller-transfer payment would normally be preferred. This
is the bas1c justlflcatlon for u51ng marglnal subsidies
rather than subsidies appllcable to the entire operatlons

of the firm.

. The discussion proceeds to consider the reduction in
subsidy payments .-from a subsidy‘on’output price applied'only""

to units of output in excess of that produced in equilibrium .
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without subsidy; from a subsidy;on labour applied only‘tornH
units of labour used in excess of that,used in equilibrium :
without subsidy; and from a subsidy on line‘haulftransport
- charges applied only to additional shipments.not made-when
the firm was in equilibrium without sub51dy. Assuming‘that-'
marginal type subsidies are administratively fea51ble, the
equilibrlum conditions for the firm under subs1dy w1ll
continue to be the same as in Section 2 ‘The examinatlon‘
below relates only to sub51dy costs, as. already stated,
each reductlon in subSidy cost 1s accompanied by an equal ;p'
reductlon 1n the firm's profit and net soc1al cost does
| not'change. | | |
(a) Marginal Substdzzzng of Output Prtce fﬂk ‘
| Sub31dy cost applied to the. entlre productlon of the
firm was shown in the prev1ous sectlon in (5. ll) ‘it.
was subsequently'shown that it was less expens1ve to
subsidize output price than tO‘subsidize the‘factorhprice
of labour when constant or 1ncrea51ng returns to scale were
operative; no clear conclu51on was reached in: respect of |
"dlminishing returns. to scale and this-has to await the
arithmetical simulations. It was,also'shown-that subsidy'
cost was always greater from sub51dizing output price than.
from sub51dizing line haul transport charges. |
The sub51dy cost in (5. 11) was obtalned by applying a

-sub31dy of By ~ p per unit of output to an output Xy
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'Under a -marginal -scheme of subsidy, this rate of subsidy
would only be applied to the additional output X, = X for a’

- subsidy cost of (px2 - px) (x2 - X).

The ratio of subsidy cost under a marginal scheme to
- subsidy cost epplied-to-the entire output is:

Pyy - p,) (x, - x)

(sz - px)xz

Substltutlng x2 = h®x, the ratio becomes 1 - h—2._,In

k_other words, for a required 25% 1ncrease in output (h2 = 1.25)
- application of subsidy to only the addltlonal output would
av01d 80% of-the subsidy cost. If a 100% increase in out-
put were required (h2 = 2‘06),‘50% of. the sub51dy cost would
;be saved These sav1ngs are clearly substantlal.
(b) Margznal Subszdzzzng of Input Price- of Labour
 The sub51dy cost incurred from sub51dlzlng the entire .
labour 1nput 'is given in (5.17). This is obtained by applying

the sub51dy s per unlt of labour employed to the entlre labour’ )

b,lnput_Zz. A marglnalvsub51dy requlres.that subsidy s be

applied only to the additional labour input Sy = L.
The ratio of_subsidy cost under e'merginal scheme to
~ subsidy cost applied to the entire output'is-,‘s‘(ﬁ,2 - 2)/s£2,
% | B hfzfp -s) (p ?b?% égi%fv
- i.e. (1 - I—); From (5.5), T = % X ' .
2 2 p, (b b~} cghx?)
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It can be shown that this expression is.<'h—?.*_ Therefere;f~
the application of'marginal'suhsidy to theliabour input
reduces the subsidy cost.by‘a 1ower»pro§ortionate amount than
the introdﬁetion of a marginal subsidy scheme tohoutput price.
vNevertheless, there are still substantial savings in subsidy
cost by moving from a scheme appiicable to all labour usedito
sub51dy appllcable only to the 1ncremental usage of labour. -
(e) Margznal Subszdzzzng of Transport LGe HauZ Charges

. The sub51dy cost 1ncurred from sub51dlzlng line ‘haul
'eharges over the entlre output x2 1s glven in (5.24). This
is obtalned by applying the sub51dy c - c2 per "output unit-

: 3
mlle“ to the aggregate number of "output;unit—milesﬁ-gxzf.

-2 - a

* From (5.14), &/%, = hO B (o - s/p,)OtE

_ [y g
: | _ \ .
. 2 ——B =1h 2 (py = s) (py, - Db - % cgx?)

S S (py = s/py)"

.- _ 3 e
poPy - b -z-cghx)_

2 = (a+B)
_ -2(1-a-8) _ Sy —F
and. (py-s/py) = h ——
' Py, ~ - % cghx
o - o s 1\o1 B
. » 3 - h—2 'h..z (1~a=B)-| P, - b. -~ +cghx »
o« e % v
2 : 'Px"“b"%ch.

The expre551on in the square brackets is < I for h > 1
and o+B8 & 1. From arithmetical simulation, it is also <1
for 1 < u+B 1.3 within the range of values of h and line
, haul transport charges for which the model is calibrated.
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A marginal subsidy would be applied only to the additional'f*fm
| T = - ©
"output unit-miles" gx,* - gx’.
The ratio of subsidy cost under a marginal scheme to

- subsidy cost applicable to all shipments is:

3 3
.(c.r.cz).(gxz?.a gx?)

(c f'cZ) (gx2§7 |
Substituting X, - h2x, the ratio becomes 1 —»h_3. This
ratio is higher than the ratio of 1 - h™ 2'establi-shed above
in respect of a marginal subs1dy schemt on output price.* The
output price sub51dy applies equally to all units of output,
while the line haul charge sub51dy is applied less intensely |
to initial units of output. Hence,'the introduction'of'a
marginal subsidy Scheme must have a relatively greater effect
in»respect of output price sub51dy. Nevertheless, the,effects‘
are still substantial for the introduction.of'marginal subsidy.”
. on line haul charges as against subSidy on all shipments. If
‘a 25% increase in output (h = l 25) is required, application
of subs1dy to only the addltional output would reduce subs1dyv
cost by 72%. For a 100% increase in output (h = 2.00), 35%

of the subsidy cost would be saved.

It has already been shown that, Wlth sub51dy applicable

to all output, subsidy cost with respect to line haul chargesyr"

(5.24) lS two- -thirds of subSidy cost with respect to output
- price (5.11).‘,For a marginal sub31dy'scheme,vthe-comparlson E
. is therefore %(1 —»h-3) for line haul charges,has‘against

1 —‘h_2 for output price. The line haul subsidy cost
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is less for all Values of h>1l. For eQual net social cost;
the subsidy scheme requiringvthe lowest actual subsidy pay-
ments is generally to be preferred° on this criterion, the -
~line haul transport charges sub51dy is again superior.

(d) Feasmbzltty of Marginal Subsidies

Within the present_model,-net sociai cost;'definedvas
subSidy cost minus the'increased‘profit of the firm,is the
same'under a scheme of marginal_subsidies.as when subsidies o
are applied:to the entireboutput-or the%entire factor
'utilization.v The purpose of'marginal subsidies is therefore
‘to reduce the actual transfer payments that have to be met
by government, recogn121ng that each reduction in subs1dy
“cost Will be matched by a‘corresponding.reduction in the
,profit of the firm. | | |

‘There are often appreciable administratlve difficulties
in.achieving the savings in subsidy'costs,offered by marginal'
subsidy schemes. The present modei hasibeen'develOped in "
terms of comparative statics, but practical applicationbis.,
mora complex in'a‘dynamic economy characteriaed'by changes in
product prices, factor prices and transport charges.. The
‘correct criterion for the determination of marginal sub51dy
is comparison of deSired output at time t with what equilibrlume‘
output would be at time t without subSidy. - In practice, the'»
comparison often tends to be between de51red output at tlme t

and equilibrium output w1thout sub51dy at time t - 1. Between,
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these two time periods, there can be changes in technology,
 tastes and prices. |

' At_first blush, the subsidy on transport charges would
seem to be the easiest to administer'on'abmarginal basis. -
Subsidy on transport charges would be applied only in respectb
hof shipments beyond alspecific distance.‘ This appears to |
avoid the'problem of forecasting, on the basis of data for;
time t -1, what output prlce w1thout subs1dy or labour
utlllzatlon without subs1dy would be at time t. However;

this greater s1mpllc1ty of a sub51dy on transport charges

may be‘more apparent than real. Between tlme t -1 and tlme
't, the dlstance that can . be reached w1thout sub51dy may
change not only Ain response to changes 1n transport charges,g
but also 1n response to changes 1n product and factor prlces.
. In practice, a marginal sub51dy scheme. can only be applled
approx1mately,.regardless of whether subsidy relates to out-
put prlce, factor price or transport charges. Nevertheless,k
even imperfect marglnal sub51dy schemes can yleld con51derable
"reductlons 1n‘transfer payments and the marglnal approach hasl
considerable merit; | 1-’

The marginal subsidy schemes developed in this chapter
are-not unique and it»would‘be possible to use alternative
criteria. For example, a subsidy on line haul charges means 3
that the sub51dy pald on each addltlonal unlt of output is
~ always 1ncrea51ng as output has to be- shlpped longer dls—‘

' .tanceS° in pr1nc1p1e, it would be p0551ble to secure a 51m11ar




effect from subsidies on oﬁtéut brice ornlabour if the'marginél
rate of‘sﬁbsidy were an increasiﬁg fﬁnction offoﬁtéut. Howéver,
this would be administratiVely_cﬂmbersdme.aha the écheme of
marginal subsidies already examined appears to be more practical.
In Section 4, arithmeﬁical simulations are preséntedvon_subsidyf’i
cost, profit of thelfirm and net soéial'éost when the vérious |
subsidy schemes'éré applied to the entife output of thevfirm.
'Simulatioﬁs~have not'been developed to show subsidy‘cost in
respéct,bf marginai subéidy séhemés,-but the order of magnitﬁde
- of théksubstantial'savingé offered Has been outlined in the |

‘present section.
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4. ARITHMETICAL SIMULATIONS
The algebralc analysis for this version of the model has.

now been completed. In this section, arithmetical 51mulatlons

are developed in respect of subsidy schemes,applicable to the

~entire output of the firm or the entlre utilization of a

factor of productlon. The main purpose of this section is to

rglve a quantltatlve 1nd1catlon of the amount of subsidy- cost,’

1ncreased profit and net 5001a1 cost from the dlfferent
sub51dy approaches.
(a) Simulation Requtrements
Sub51dy cost, 1ncreased profit of the flrm and net soc1al
cost have - been establlshed from sub51dlzlng output prlce 1n
'(5 11) to- (5.13); 1nput prlce of labour 1n (5 17) to (5 19),v
and line haul transport charges in (5 24) to (5. 26) ‘ These'
expre551ons ‘are now processed as. follows~ o
(1) D1v1de each expre551on by h2-,so that subsidy cost,
1ncreased profit and net soc1a1 cost are expressed per unlt of
that output which 1s achleved after appllcatlon of sub51dy.
(ii) The selling prlce of the product Py is taken as

the numéraire and is spec1f1ed as equal to 100.’

(iii) From (5 2), transport’ costs per unit of 1n1t1al oth'

1
put x-are termlnal charges b and llne haul charges cqx .

-Follow1ng the earller dlscuss1on (Chapter 1v, Sectlon 4),
terminal charges are taken 1n1t1ally as one—thlrd of total

- transport costs and line haul charges as the remaining two—,
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‘thirds. The model is renotated Wlth y b+ ch ; b = 0. 3333y,
and cgx® = 0.6667y. |

| .The_expressions below are éer unit of out?ut Xy and are
given iﬁ the order subsidy cost, increaéed-ﬁrofit, and net |
social cost. Net social cost‘is expressed as subsidy cos£7'v
minus increased profit,'rather thaﬁ‘in algebraic terms;
expressions in respect of llne haul charges are glven as
Iproportlons of measures under output prlce.:

-Subszdy on output przce

L 2(1-0=8) |
. no % (o0 - 1.3333y)
| —(100 - .3333y - hy)
| [ 20-e-m) R ST
2. (L-a-8 |n B (100 - 1.3333y) - K% (100 - 1.3333y)

+ (h - h™%) .3333y

3. (1 - 2)

Subsidy on input price of labour

=0

2 (1-a-8) . __§ _ a
s, sn B (100 - 1.3333y) P (100 - 3333y - hy) P
-8 (100 - .3333y - hy)
5.  (L-o-8 (1-h"% (100 - .3333y).

+ (o + B - .6667) (h - h'z)y

6. (4 -5)
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.Subsidy on line haul trans?brt'charges
7. .6667 of (1) |
8. (2) - (.3333. of (1))
9. (7 - 8), wh1ch equals (3) -
From the dlscusslon in the ?revious chapter'(p; 174), the
- model is to be calibrated with‘the‘felloﬁing'combinaﬁione of |
Yalues-fer‘the’capitai coefficient‘& and ﬁhe labour coefficient

"3{

w g a e
0.8 0.3 0.5
0.9 0.3 0.6
1.0 0.3 0.7
1.1 0.3 0.8
1.1 0.4 0.7
1.2 0.4 0.8
1.3 0.4 0.9
The following renge of output increases'and,values for
” . , v

h® and h were specified in the previous chapter (p. 141).

Percentage Increase = ‘
In Output L h™ ' h
5. 1.05 1.025
25,  1.25  1,118"
50 1.50 .~ 1.225
100 - 2.00 . 1.414 -
300 ' . 4.00  2.000

As‘explained in the previous chapter (p. 152 ), the model
is to be calibrated with seven values of v, nemely‘3%, 7%, 12%, 20%,
25%, 359; and 42%. All seven values are to be used when o + B
is equal to unity or 1ess.: In order to obtaln a determlnate ;

-equlllbrlum solutlon to the model only the three hlghest values_




:2l1l
can be used for o + 8 = 1.1; only the two hlghest values for -
o + 8 =1.2; and only the highest value of 42% for o + g = 1. 3.
(b)'_SimuZation Results

The results of the arithmetical simulations are
contained in Appendix A. TableS»IA - IG of this-Appendix
present simulations for a + B = 0 8 in respect of each of the'
seven spec1f1ed levels of transport costs before subs1dy.~ ‘
~ Similar results are given for o +.B»= O.9vand.a.+ B =1.0
"in Tables II.and III. As.stated-atﬁthe end of the previous
‘sub—sectlon, the callbratlon for a + 8 = 1.1 has. to be

conflned to the three hlghest values of transport costs and'

-only Tables IVE - IVG are shown for=thls 51mulatlon.» Simi-

'_1arly, for a + B = 1. 2 the callbratlon is confined to

‘Tables VF - VG, and for o + B = 1.3 to Table VIG.

The discussion of the s1mulat10ns commencescw1th some
general statementS‘and.then proceedS'to examine the results
in respect of decreas1ng returns to scale. In the algebralc
formulatlon of the model, the- only constralnt 1ncorporated so
'far is the requlrement that a factor of productlon should not
" be sub51dlzed to the extent that its cost to the firm 1s zero
or negative; otherw1se there would not be a determlnate
'equilibrlum output after payment of'subSLdy. However, the :
model still allows payment of subsidy in excess of the selling .

prlce of the product, and payment of sub51dy on transport

'charges in excess of the transport charges actually 1ncurred
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hy the firm. The discussion’therefore.proceeds tobconsider
vimposition of constraints to prevent’Such excessively high
levels of subsidy. |

From the Appendix Tables of subsidyjcost, increased
'profit and net social cost per unit of total output, the
three follow1ng generalizations can be made.

(1) The higher the increase in output requlred the‘
.greater are sub51dy costs,. increased proflt and net soc1al
cost per’ unit of output. These three measures are therefore |
increaSing'functions of h2 ThiS‘1s~hard1y surpr151ng;-each .
additional unlt of output has to be shipped a further dis-
tance, thus 1ncurr1ng an 1ncrea51ngly heav1er burden of
vtransport charges which‘must be offset by sub51dy,

(ii) The‘higher the initial leuel‘of.transportbcharges
as a proportion of product price, the greater is the burden
in terms of subsidy cost, 1ncreased proflt and net social cost
- for a given increase in output.l These three measures are
therefore increasingvfunctions of y. This result is to be
b'expected as it:obviouSly costs.more‘to ship increased Output ~
when freight chargesﬂare‘already high.‘ | |

(iii) The lower the returns to scaie, the higher is‘the
' burden of sub51dy cost, increased proflt and net social cost
per unit of output These three measures are therefore |

decreasing functions of o + 8. Again, this result is not
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surprising.*  With increasing returns to scale, the firm
needs leSsvsubsidy to expand output because production costs

are also falling; similarly, constant returns to scale

_require less subsidy than'diminishing returns to scale.

The Appendix Tables show subsidy cost, increased profit‘
and net . soc1al cost on-a per unit of output basis. This .
understates the extent to whlch these three measures 1ncrease

for lncrea51ng values of h2 and y and decreas1ng values of

'va + B. From the spec1f1catlon of the model, initial output
is a decreaSLng function of y and an. 1ncrea51ng functlon of
_a + B. . The model formulatlon calls for equal ratios of out—:
put'increase hz, but the absolute 1ncrease in output of

%h - 1)x is clearly an 1ncrea51ng functlon of the 1n1t1al
output X. As. transport charges are also an 1ncrea51ng-

functlon of output, the transport component to be overcomne by

sub51dy is higher for the larger 1ncreases in output. Sav1ngsv
in subsidy cost shown for hlgh valueS'of»d +»B and low values

‘of y would be even greater 1f the requlrement had been equal

absolute 1ncreases in output rather than the ‘equal. proportlonate‘
increases which are postulated This is an 1mportant

consideration to be borne in mlnd when 1nterpret1ng the ‘tables.

*There 1s one exceptlon to thlS generallzatlon in the arlth—'
metical simulations. Where h2 = 4.00 and y = 42%, the cost.
of subsidizing capital is greater for higher values of a + B.
However, firstly this occurs at levels of subsidy which are
- far too high for practical appllcatlon. (Cont'd. next page)
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Decreasing returns to Scaie
The following conclusions emerge from the'results forj:w
decreasing returns to scale in Tables I and II.ot Appendix A,
where the o + B values are 0.8 and’O.Q; |
(i) Net social cost is the same for the subsidy on
output price as for the sub31dy on line haul transport chargesv'
'and always less than for the sub51dy on factor prlce.‘bOn'
the model assumptlon that‘capltal,‘a = 0.3, is used less
intensively than labour, 8 = 0.5 or 0.6, in the production.
vprocess,~the net social cost. from subsidizing capital ié~
: greater than the net social cost from subs1dlzlng 1abour.'
.ThlS dlfference is modest for low increases in output but
becomes very marked for large output 1ncreases and heavy
burdens of transport charges. | | | |
(ii) Wlth decrea51ng returns to scale, the 1ncreased
‘profit of the flrm is always highest for the subsidy on out—'b
putlpricefand lowest for the subsidy~on transport charges.
Subsidy on factor price produces an increase profit interffl
mediate between the otheretwo forms of'subsidyg and increasedl
'profit from subsidizing factor pricekis the same regardleSS'

" of which factor is subsidized.

Secondly, as explalned in the next: paragraph of the text above,
the Appendix Tables have been estimated as average. sub51dy cost
per unit of output. Initial output and the absolute 51ze of

the output increase are greater for: higher values of o + B than

for lower values; if the comparison were between equal absolute;p_

. increases in output for dlfferent values of o + B, the curlosum~
would dlsappear. ‘ : v o :
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(iii) Subs1dy cost 1s always lowest from. SubSldlZlng line
haul transport charges. Subsidy cost is less from sub51d121ng
output price than from_sub31d121ng factor price when the out-
put increase is at the highest specified level of;300%.1
However, for the lowest output increase of only 5%, subsidy
cost is always less from subsidizing the 1nput price. The
'results for the_three 1ntermed1ate~levels ofﬂoutput 1ncrease
are rather 1nteresting. For.output increases of 259 ‘the'g
subsidy cost is always 1ower from SubSldlZlng the factor price
- .for values of o + B = ;8.' ThlS is also true of the subs1dy '

on labour when o + B8 = 0.9 but the sub51dy>cost on capital “
becomes greater than-the subs1dy cost on output prlce when
 the transport cost y 3*35%.: For a 506 1ncrease 1n output,. the
sub51dy cost on labour is again 1ower than the sub51dy cost
on output price, but the cost of SubSldlZlng capital edges
'above the cost of sub51d1z1ng output,price_at y = 20% for_J

o + B = 0 9,'and at y'= 35% for d + B = O 8. For'an output
increase of 100%, the labour sub51dy ceases" to be less expen—
sive when y = 42% in Table I and y = 35% in Table II, subSidy_V'
cost for capital exceeds,that}forvoutputfprice-at y.= 20% in
Table I and y 7% in Table II. | |

It is always less expens1ve in terms of subsidy . cost to

subsidize the factor of production whichvis*used more inten-
sively in the production process.(i;e. labour in this:example);g'f

than the factor of production used:leSS intenSively;s‘Under
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decreasing returns to scale, the’subsidy cost from subsidizing

a factor price canlbevless from Subsidizing outputvprice for
modest output increases where transport charges are not too '
’heavy a burden. This canvgive a superficial attractlon‘to

. subsidizing a_factor input; evenialthough'an Output’price
sub51dy scheme would be preferable in terms of net social

‘cost. However, subs1dy cost on 11ne haul transport charges .

is less expensive - than both the output prlce and factor prlce :

approaches, it also equals the 1ower net 5001a1 cost achleved

- from the output~pr1ce sub51dy.v

Constanttreturnsvﬁo secale

The arithmetical simulations offconstant'returns to scale -

o+ B = l,O are -given in Table IIilof;Appendix:A,and.the
following‘conc1usi0ns emerge. B B |

(i) Net social cost is the same for:the-subsidy on out-
‘put price as for~the SUbsidy on'line‘haul.transport‘charges-f
and always less than the subsidy‘on factorbprice;‘ Net social'
cost is greater from sub51dlzlnq capltal than from subs1d1z1ng
labour, as capltal is the factor used 1ess 1nten51vely.' When‘
the required'increase in output is modest,or the burden of
transPort charges,low, the differences in net social cost
between the various subsidy'schemes.aretnot’too:great; the
differentials are much morevpronounced for large increases in
output where transport charges are also high. | |

(ii) The 1ncreased proflt of the flrm is always lowest
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for the aubsidy on transport’chaxges. However, under'constantf
returns to scale, the increased profit is identical-between.
subsidy on output price and subsidy on factor input price.-
| (iii) Subsidy cost is al&ays 1oWest from subsidizing
line haul transport charges. ﬁnder constant ‘returns to scale,
subsidy cost is‘always lesé:for subsiditing output price than ‘
vfor‘subsidizing a factor pricc; the_saving in subsidy'costf“
is normally slight cOmoarihg-output price with the more
intensive - factor, labour, but the difference can become much
more pronounced ‘between output prlce and capltal |
Increaszng returns to scale | |
The arithmetlcal 51mu1atlons of 1ncrea31ng returns to ...’

dscale are given -in Tables IV, V,. and VI of Appendix A for
o + 8 values of l.l, 1.2 and 1.3. The following conclusions
- emerge. | | |

i(i) As under conditions of decreasing»andbconstant
returns to scale, net social.coét;is idéntical between subsidyi‘
on output price and Subsidy,on:line hauivtrahsport charges.:
This is less than thc net.sociai coat from subsidiéing a
factor input price, with the highest net social cost‘incurredf'
froﬁ subsidizing the factor which is used 1ess'intensively.

(11) Uhder increasing returns to>scale,-the'increased’
profit of the firm continues to be lowest when the subsidy
- is applied to transoort charges. - The increased profit of

Vthe firm is the same regardless of whichcfactOr input is
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' subsidized, but increased profit from subsidy on factor price
is now larger‘than from subsidy on Cutput price.

(iii) Subsidy cost continues to be lowest when line haul

ttansport charges are subsidized. Under increasing returns
to scale, subsidy cost is always less for output price than
fot-factdr price, and subsidy cost centinues to be highest
when applied to the 1ess intensively used factor.

Constraints on subsidy cost

~ Some of the simulation results in the Appehdix Tables
show very hlgh sub51dy cost requlrements per unlt of output,
in a few cases even in excess of 100% of the product prlce.
The examination now proceeds to consider- the effects of two
types of restraint —.firstly;’thatZSubsidy cost must not
‘exceed 25% of the,ptoduct price and, secondly, that subsidy
‘cost on transport charges must not exceed the transport
charges actually incurred by the firm.

Subsidy cost is heav1est when the productlon functlon

- shows decreasing returns to scale, as the sub51dy has to cover

- not only 1ncrea31ng transport charges but also 1ncrea51ng '
t costs of productlon. For o + .= 0.8 in Table I, the constralnt

that subsidy cost must not exceed 25% effectively prevents

the attainment of the highest output increase of 300%. When
initial transport charges exceed 20% of”product selling price,
this constraint also eliminates the use of a Capital.subsidy

to aehieve a doubling of’output; By the time initial trans--
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' port charges reach 42% of selling price, it is also iﬁpossible
to achieve a doubling in output from subsidy on either output
price or the input price of labour. The extent of diminishing
returns to scale is less in TablevII where d + B = 0.9, but .
the constraint that subsidy coSt'must-not'exceed 25% of product.
price prevents.the-achievement'of output‘increases of 300% from
subsidies on output,pricedor factor prices as transport charges
: increase beyond the 7% level. |

The constraint that sub81dy cost must not’ exceed 25% of
product price has less effect for constant returns to scale
1n Table III. For increases of 300%, subSidy on capital
" becomes’ 1neffective when 1n1tial transport charges reach 20% ;
of product price. . Thepsub31dy'on output price and on labour'
is'inadeqUateiwhenpinitial transportocharges reach 25%.‘.In
'.‘respect of a lOO%Iincrease inioutput, the only subsidy not |
allcwed by the constraint is.that,on capital when tranSport
charges are at their hlghest level of 42%.

With increasing returns to. scale in Tables IV, V and
VI,-the‘constralnt‘that sub51dy-cost~must‘not exceed 25% of
product price does not affect output increases of 100%; except
for the subsidy on capital where'a + B = 1.1 and.transport
‘charges amouht to 42% of selliné price.  When transport charges.»'
are » 35%pof initial product price; the constraint-rules out
output'increases of 300%ffrom'Subsidiesvon output price or

 factor prices.
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The second constraint is that subsidy cost on transport

charges must not exceed the transport charges actually incurred

by the firm. Initial transport charges per unit of output

are shown above as consistfng of terminal charges of b = 0.3333y
and line haul charges of ch% =‘0;6667y; When output increases
from x to X, terminal charges per unit of output*remain |
unchanged but line haul charges increase to 0. 6667hy. 'The

requlrement is therefore that sub51dy cost per unit of output

must not exceed (l + .6667 (h - l)] Y.

This requlrement is satlsfled in- respect of all 51mulat10ns
for constant and 1ncrea51ng returns to scale in Tables III - VI
of Appendlx A. Under decreas1ng returns to 'scale in Tables I
‘and II this condition is not satlsfled when transport costs :v

are a low proportlon of product prlce and large increases in o

output are sought. Spec1flcally, 1n Table I for o + 8 = 0. 8,
the cost of subsidy on transport charges would exceed the
transport charges actually 1ncurred by the flrm, when the

»lnltlal transport costs are only 3% of selllng prlce and an

output 1ncrease of 25% or more is sought. The constralnt also
prevents output increases of 1009 or more when transport

charges before subs1dy amount to 7% of product selling prlce, B

and output 1ncreases of 300% ‘when 1n1t1a1 transport charges -
~amount to 12% or.200. .Turnlng to. Table IT where o + B = 0.9,,
the constraint on subsidy-cost for transport charges limits

‘output'increases to no morefthan 50%'When initial,transporti
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costs amount to only 3% of selling price; the 300% output
increase is also not attainable; when initial transport_charges
amount to 7% of the product selling price.
(e)  Simululation Conclusions

‘The net social cost of subsidizing increasedhoutput is
the same'for'a snbsidY-scheme applied‘to output price as for
- a subsidy scheme appliedytO'line hanl.transport_charges.. Netl
social cost ls(greater from a subsidy scheme applied to the
',factor”price).particularly‘if‘applied to the’factor used |
less 1nten51ve1y, i.e. capltal in the present model -The net-
social" cost may be regarded as the resource. cost of achleV1ngv
'reglonal development in the-present model and,lt can be,.' |
, argued,lcetérisﬂparibns, that ithls‘this'quantity thatV

should be minimized. However, government does not.raise tax

revenue palnlessly and, for 51m11ar levels of net soc1al cost,"~

the approach 1nvolv1ng the lower actual transfer payments is
to be preferred. In the present model this second crlterlon
is best satlsfled by the sub31dlzlng of transport charges.‘
The proflt of the £1rm shows its smallest increases from»
__subs1dy,on transport charges, Under decrea51ng returns to
scale, subsidy‘on‘output pricedyields a larger increase in
:profit thanhsubsidy on factor price; under constant returnS’

to scale, the 1ncreased proflt of the flrm is 1dentlcal from

both.types of subs1dy, under 1ncrea51ng returns to scale, proflt

lncreases sl;ghtly more from a sub51dy on‘factor‘prlce-, leen.

~ the argument of the previous chapter thatrslightly'increasingﬁ{
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returns to scale are more'typicalfofmmanufacturing industry
than decreasing or constant returns; it could be argued that
the firm might have a preference for suhsidy on a factor of
‘production over other forms of subsidy. |

The subSidy,cost which has to be met by government is
-less from subsidy'onvoutput price than fromvsubsidy on factor
price unaer conditions of constant-or-inCreasing returns to
scale.r However, ‘under decreasing returns to scale, the
sub51dy cost can be less from the factor prlce approach when
the requlred increases 1n output are not overly large and |
'Vtransport charges  do not represent a 1arge part of the firm's
costs.* If these conditions do not hold, the sub51dy CQSt.lS‘
also higher for.the factor price,approach_under decreasing
returns to scale. | | h

The incorporation of a constraint on subsidy cost per
unit of output made the attainment of very,high output increases
1mposs1ble, espec1ally under condltlons of decreasing returns |
to scale and a heavy burden of transport costs. Nevertheless,

the requirement that subsidy cost per unit of,outputvmust not

*0f the sab51dy approaches examlned in the present model, the _
major thrust in Canadian regional development has probably been -
subsidies on capital, rather than on output price, transport
charges or labour. This does not seem to be an optlmal approach
in terms of minimizing net social cost. However, in terms of

the model, sub51dy on factor prices would be favoured by sub81dy—f S

givers if they believed in diminishing returns to scale and the v
objective function were minimization of government transfer. pay-.
ments; conversely, sub51dy—rece1vers would favour this approach '
for profit maximization if they believed in increasing returns:
to scale. But further pursult of this 1ntr1gu1ng p0551b111ty
is beyond the present terms of - reference. ' :
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- exceed 25% of the product price only occasionally prevented
the achievement of a doubling in output._ A further constraint -
stated that subSidy payments in respect of thevtransport.charges
approach must not exceed the transporticharges actually incurred
by the firm. This had no effect under constant or increasing
returns to scale, but it limited the output increases achievable
under decrea51ng returns to scale When transport charges were
only a small portion of product prlce. A sub51dy on transport
,charges is not a feasible way to secure large increases in outnb
"put for a flrm faced w1th a low burden of transport costs
together with decreas1ng returns ‘to scale in its productlon
process.‘k

Marglnal SubSldleS appllcable only ‘to output in e#cess
of that which would be produced without subsidy can produce
very 1arge savings in sub51dy costs. The transport charges -
subsidy continued to be the least expen51ve approach in termsi
of subsidy costS>undervthe appllcatlon of a marginal scheme.
The reduction‘in'subsidy cost achieved by a marginal scheme'
is matched by an equal reduction in the increased - proflt of
the firm and leaves net 5001al cost. unchanged However,
these marglnal schemes are Stlll desirable in that they reduce
the tax revenue to be raised by government in order to finance

the subsidy schemes.




CHAPTER VI: DEVELOPMENT AND CALIBRATION OF THE MODEL:
UNIFORM DISTRIBUTION OF DEMAND IN A BAND
OF CONSTANT WIDTH : .

In this chapter, the model ié developed on the assumption
that demand is uniformly distributed in a band of constant
width. This was the second assumption of the geographicalv
distribution of demand outlined in Chaptér IV. Output can be
shipped only in two directions along the band, énd‘pot in the
multip;icity of directions ailowed.in thé previous‘chapter,
when demand was distributed in an‘uﬁbdunded plane. Transport
costs are therefore inevitably higher in this second model.
The Canadian situation would éeem to lie within these two limit-
ing asSumptions'in respect 6f the geographical distribution of
demand, although this still leaves the arbitrariness in the
assumption of uniformity in the distribution. To facilitate
comparison with the results of the previous chapter, equations
are numbered to'corre5pond with the cdmparable‘stages of
development of the model of demand distributea in an unbounded
plane. | | |

The chapter commences with the equilibrium 6f the firm
where no subsidy is paid. Section 2 develops the cost of
achieving increased output through the various subsidy schemes
and Section 3 the effects of'confining subsidy to output in
excess of that iﬂitially produéed in eqﬁilibrium without
subsidy.' Arithmetical simulations are presented in Section 4

and the overall model is reviewed in Section 5.
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1. EQUILIBRIUM WITHOUT SUBSIDY
From Chapter IV (p. 132) the production function is of

the familiar Cobb-Douglas form.

x = akeP (6.1)
where X is output,
k is capital,

% is labour,

and, 0 < a <1

0 <B <1
0 < a
For démand uniforﬁly distributed in a band of constant -
‘width, transport charges TRANS paid by the firm are given

in Chapter IV (p. 138).

TRANS = bx + cg*x2 ' ' (6.2)
‘where b is fixed terminal charges at orlgln

and destination per unlt of output,

c is line haul rate per mile per unit of

output,

g* is a constant.
The firm receives a constant price Py for each unit

of output and revenue is p X . Production costs are

pkk + plz and the objectlve functlon of the firm is to
maximize profits. P , subject to the requirement that proflts
should not be negative. The next equation shows profits as_”

' revenue minus production costs and transport charges.




226

P = p.X - (pkk + pzl) - (bx + cg*x2) : (6.3)
where P > 0

Substituting for x from (6.1) and rearranging terms,

P = (p, - b)ak*e® - cg* (ak®2f) 2 - p k- pyt

From the requirement for profit maximization that each
factor be employed to the point where factor price is -equal to

marginal product,

9P _ _ a-1,8 _ * B,2 ,20-1 _ =
K oc(px b)ak L 2ocg*(al™) " k Py 0
s k= Otxpk_l [p, - b - 2cg*x_] ‘ (6.4)

Similarly, & = erz'l'[px - b - 2bg*g] (6.5)

Profit maximization requires that profit must be decreas-
ing with respect to further applications of either k or %
separately, and of both k and % together. This condition is
satisfied.l |

_ Returning to equation (6.3)and substituting for pkk and
p,i from (6.4) and (6.5), | o
p=[1- (o+8](p, -bx+[2+8) - 1Jeg*x® (6.6)

‘1 From (51 , p. 68), profit maXimization of P requires that
the principal minors of the relevant Hessian determinant,
and £

£ , be negative and that f£,,f,, = £;,f > 0. After
a}%ebraicz%anipulaticn, : .l;_22 ;2 21 -
= - -2 _ 2 -2 2
fll = (o Lk (pkk) 20 cg*k "X
| -2 L2 =22
£, = (B - 14 (pg®) - 28 cg*l “x

which are negative because o < 1, B < l.‘

-continued....
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where P > 0.

There is no problem in satisfying the requirement that
P > 0 for values of o + B8 of 0.8, 0.9 and 1.0, but higher

values require a further restraint. From (6.2), transport

charges per unit of output are b + cg*x . Terminal costs
b are initially taken as equivalent to one-third of total
transport charges (Chapter IV, p. 158). Now divide equation

: (6.6ka'x , substitute b = lcg*x , and the requirement that

P 2> 0 implies:
(50 + 58 - 3)icg*x > (o +B- lip,

. 30 + 38 -3 - ‘
SR XSRS = s e

- The expression 3 cg*x/pX is simply transport charges

per unit of output as a proportion of product selling price.

To achieve the equilibrium requiremént of P > 0, the following

conditions must hold:

12

£, = £, = B(k&) "H(p k) - 208cg* (kL) Tx
| = a(k2) "Hp,0) - 208cg* (ki) Ttk
£11F50 = £12%) = BRK (k)Y [(1-a-8) (p, - B)x + 20g*x” (2(a+B)-1]

Substituting P from (6.6),

s a2 2 )
£11f55 = £15557 = Bppk(ke) P + cg*x“(2(a+B)-1)_]
2

This expression is positive because Bpkk(kz)—j >0,

P > 0 from the requirement of (6.3), and 2(a + B) > 1 =
for all calibrations applied to this model. (In fact, further
calculations have shown that fllf22 - fl2f21 >0 even when
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o + B Transport costs as %
of selling price

1.1 > 12.0
1.2 > 20.0
1.3 ‘ > 25.7

It is not necessary to assume such high levels of transport
charges:to satisfy the P > 0 requirement as in the previous
cnapter. Marginal transport charges are a more rapidly
increasing function of output when demand is distributed in
a band of constant width than in the previous model of an
unbounded plane. Hence, the gap between marginal and average
transport charges is larger in the present model and equlllbrlum
. without sub51dy can be achleved under increasing returns to |
scale without assuming quite such a large burden of transport
charges. It should be noted, however, that the more rapld
rate of increase in marginal transport charges in the present
model'means that, for each combination of values for a, B
.and transport charges,equilibrium_output before subsidy x.
is always less than in the previous chapter.

Finally, from (6:4) and (6.5), the well-known Cobb-
Douglas production function property'isrestablished:

= Bpyk/opy (6.8)
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2. INCREASED OUTPUT THROUGH SUBSIDIES.APPLICABLE TO ENTIRE
PRODUCTION OF FIRM : o

The approach here parallels that of the corresponding
section of the previous chapter. The presentation has been
abbreviated where the algebra is'repgtitive and this expiains
the omission of some equation numbers. As already mentioned,
equilibrium output before subsidy is less in thevpresent model
than in the previous chapter for cofxesponding values of
a, B and transport charges. Each model calls for a subsidy
scheme to increase output fromv X to Xy where xz/x'= h2 ’
" but in absolute terms on-output‘increase of }hz --1)x is less.
in thé present model than in the pfevious chapter.

(a) Subsidizing Output Price
‘ From the same argument as in theAprevious chapter,

‘SubSidy cost of (p., - px)hzx is

2 '
ha+8(px - b - 2cg*x)x - h2(px - b - 2cg*h’x)x (6.11)

Increased profit of the firm is

' : 2 : .
[1 -« —‘B:][hu+b(px - b - 2c9*x) - (p, ~ b - 2cg*h4x):]x_

s 0% - 1) [20 + 8) - 1Jog*x’ (6.12)

Net social cost is defined as subsidy cost (6.11) minus increased

profit (6.12) and is:

2
(@ + 8) [0®® - 1] (p, - b - 2c9*x)x - n¥(p, - b - cg*h®x) x

-

4 (p, - b - cg*x)x , (6"-.'13’_) .  ‘
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(b)v Subsidizing Factor Input Prices
(2) Subsidizing Input Price of Labour
A subsidy of s per unit of labour is paid to reduce
the price of labour to the firm to Py = S in order to achieve

the increased output of X, = h2x . It is specified that

S < pyi otherwise labour would become a free or negatively

priced factor and the model would become indeterminate.

2

The specification of s <. p, also constrains the ratio h® of

increased output to initial output. This was not a problem

in the previous chapter. ‘However, in the range of values
for calibration of the present model, it is not possible to use
a factor price subsidy to achieve an‘output increase of 300%

';(h2

= 4.0) when transport charges as a ratio of product price
are 20% or more; or an output increaserf 100% (h2 = 2.0) when
the transport charges ratio is 35% or more.l (This restraint

does not apply to subsidy on output price or subsidy on transport

charges.)

Repeating the algebra of the previous chapter,
' o

+ 2 =

o+B B

2, =% ° n®[p,/n%x (p, = b - gcg*hzx)] (6.15)

1 From the requirement s < pq' it is necessary in equation (6.16)
below that (p - b - 2cg*h*x) > 0. ‘Hence, it is required
that h?

< (px - b)(ch*x)—l. From the discussion'on page 228
of this chapter, the expression on the right of this inequality

is (product price minus one-third of initial»transport charges)
divided by (13 times total transport charges). The values of
transport charges as a percentage of P, used to calibrate

the model (Chapter IV, p. 152) are llsted below with the
2

correspondlng upper llmltS on h

Continued... .
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h%6x [p, - b - 2cg*h?x] (6.16)

Subsidy cost si is then

2
2(1-a) ot -
T : B : 2 E'
Bh (px - b - 2cg*x) (pX - b - 2cg*h x) X
2 2 ‘
- Bh (px - b - 2cg*h”x)x © (6.17)

Increased profit of the firm is

(h® - 1) [1 - (a + )7 (b, - D)x + (h* - 1) [2(a + B) - 17 cg*x?

(6.18)
Net social cost (6.17)-(6.18) is
200) e T :
Bh B (Px - b - 2cg*x) 8 (pX - b - 2Cg*h2x) BX (
f_[(h2 - 1) (1-0) + Bj (pX —.b)x
4 _ . | 2 _
ZLb S D1 - 28] g (6.19)

Subsidy cost, increased profit and net social cost are

Tiansport charges - Upper limit
as % of Py .  h2
3 : 24.8
7 . 10.5
212 6.0
20 3.5
25 2.8
35 1.9
42 ; , 1.54 _
h2 values or 4 0 ana 2. O are not achlevable for all values )
of transport charges as % of Px -
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now compared'frdm subsidizing the factor price of 1abour, as .
against subsidizing the output price. The first comparison |
shows the subsidy cost on labour (6.17) minus the subsidy
cost on output price.(6.ll): |

2

ha+8(p -~ b - 2cg*x)x

2 (a+B-1) o

[elto, - b - 20941/ € (p - b - cg*n0))® -1

+ (1 - B)h?% (p, - b - 2cg*h?x)x | (6.20)

The sign of (6.20) is not uniquely determined and depends
upon the values of o, 8, h and cg*x.

The next comparison shows the increased p:ofit.of thé#
firm when labour is subsidized (6.18)'miﬁus the increased .
profit when output price is sub51dlzed (6.12):

(o + B- l)L§u+B( - b - ch*x)x - h2 (p, = b —.ch*hZXfx]

(6.21)

The expression in the square brackets is identical to
(6.11) énd therefore positive if h > 1.

Henée, (6.21) is positive if o + B > 1,

zero if o + B = 1,
negative if o + B < 1.

If the production function shows incréasing returné'to
scale, the profit of the firm increases more from a subsidy f
on labour than from a subsidy on output price. If thefe are

constant returns to scale, both subsidy approaches have the

same effect on the firm's profit. If there are decreasing
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returns to scale, the firm's profit increases more from a
subsidy on output price than from a subsidy on labour.

The net social cost from subsmdlzlng labour (6 19) is

now shown minus the net social cost from sub51d1z1ng the

output price (6.13):

2 2 (a+8-1) | o
o ho‘+B n o8 (py - b - 2¢g*h2x) - (py - b - 2cg*x)

+ 8 h | h B(a+8) (px -~ b - 2cg*x) B ‘(px - b - 2_cg*h2x)B

- (py - b - 209%n) K (6.22)

Consider the value of (6.22) as h2 approaches its limits.

As h2 + 1, (6.22) + 0

as % > (p, - b) (2cg*x) "L, (6.22) +
The first differential of (6.22) with respect to h is
positive for all values of a + B used in the calibration.

(The lengthy proof follows, pari passu, from that given in

" the footnote, pp. 190-1 of the previeus chapter.) Hence

(6.22) is an increasing function of h and always positive.'
Net social cost is therefore highér from subsidizing factor

price than from sub51dlzlng output price.

" Returning to sub51dy cost, thls 1s deflned as 1ncreased
. profit plus net social cost. Net social cost is always greater
from sub51dlzlng the factor prlce~ 1ncreased profit is ' .

‘higher from subsidizing the factor prlce under increasing returns

to scale, equal,to the increased profit of subsidizing the
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output price‘underlconstant returns to scale, and’lower under
decreasing returns to scale. Hence, subsidy cost must be
higher from subsidiziﬁg the factor price than the output
price under increasing and constant returns to scale; the
position under decreasing returns to scale will be clarified o
in the arithmetical simulations. :

(i2) Subsidizing InpuflPrice of Capital

The analysis parallels that already carried out for-
labour and the comments in the corresponding section of the
previous chapter are again applicable.
(¢) Subsidizing Transport.cﬁargesv

The examination of transport terminai'charges in the
‘previous chapter showed that subsidy here was énalyticaily
“ no different from subsidy on product price. . This also holds
in respect of this second version of the model and the
discussion below is confined to subsidy on transport line haul
charges. |

The line haul charge per mile per unit of output is

4 2

subsidized from c to c, and subsidy cost of (c—cz)g*h x° is:

2
" (- b - 209%)x - h(p, - b - 2cg*h’x)x (6.24)

=

The increése in the firm's profit is
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2.
N I -.B)A[hafs py -xb.—.2gg*x).r.(px[éfbféf2¢g?h4X)]x
C ) T s e
2 ' - L
- 3| 0% (p, - b - 2c9*x)x - E%(p, = b, -"'-"-?ég'-*hzx.) x] (6.25)

Net social cost is:
2 .
R . - :
-1 (p, - b - 2cg*x) x

o

(o + B) (b~

- h2 (px -b - cg*h?x)xw+,(pX‘f-bL- cg?x)x (6.26)

The subsidy cost from subsidizing line -haul transport
charges in (6.24) is exactly half the'subsidy cost from
subsidizing output price in (6.11). .This is a greater saving
in subsidy cost than in the previous chapter, where the saving
was equivalent tb one-third of subsidy cost. Transport
"charges rise more rapidly with distance in the present model
so that the gap between marginal transport cost and>average
transport cost is also greater. The‘liné_haul'transport
subsidy is directed more intensely on the marginal unité of
output, while the output price subsidy operates equally and_l
- indiscriminately on all units of préduction. Hence, the saving
in subsidy cost from the line haul transport charges approach
mus£ be greater for the pattérn‘of‘demaﬁd postulated‘in the
present chapter.

The increaSéd profit of the firm iskagain less from .

subsidizing line haul tranSport charges (6.25) than from
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subsidizing outpﬁt price (6;12).'”The reductionrin ths
'incrsssed'profit is equal to the saving in subsidy cost;
Consequently, net social cost (6.26) from subsidizing line
haul transport charges is the same as from subsidiiing output
price (6.£3). Byvthe same argument as in thevbrevious |
chapter, subsidy cost, increased profit of the firm, and net

soc1al cost are always less from subs1dlzlng line haul trans—._

. port charges than from sub51dlzlng a factor prlce.

]
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3. INCREASED OUTPUT THROUGH SUBSIDIES APPLICABLE ONLY TO
ADDITIONAL PRODUCTION OF FIRM

The previous section has consiaered subsidy costs which
ére applicéble to the entiré output of the firm or.the entire
utilization of the subsidized factor. This section focusses
on marginal subsidies which are paid only in respect of out-
put additional to that produced in equilibrium without subsidy,
or to factor employment additional to.that'employed before-
the introduction of a subsidy scheme. A marginal‘subsidy
scheme does not affect net social cost as defined in this
paper; In'effect, it reduces the.transfer payments by govern-
ment to the firm with a corresponding reduction in the firmfs
profits. However, with net social cost the same for two |
éiternative methods of subsidy, it has been explained earlier-
that the method incurring the smaller transfei payments would
normally be preferred. Thisvis_the basic justification for
marginal subsidies.

The section proceeds to examine the‘éffects of marginal'
subsidizing of output price, input price of labour and trané- 
port line haul Chérgés. The sub-section . on the feasibility of
marginal subsidies in the previous cﬁapter‘is also apbiicable
here and is not repeatéd. .

(a) Marginal Subsidizing of OutpuﬁvPrice

Subsidy cost applicable to the entire output of the firm ’

.is'given in (6.11) arnd was caléuiated as p,, - P, per unit bf -

2

output paid on output X, = h"x. Under a marginal subsidy
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scheme this rate of subsidy would only be applied to the
additional output X, = Xy which is equivalent to (h2 - 1)x.

The ratio of subsidy cost under a marginal scheme‘to
subsidy cost applied to the entire output is:

- py) (% - 1) x )

(sz
2
(pxz - pX) h"x

= 1-nh"

The éavings alloWed by a maréiﬁal subsidy scheme_are
substantial. For an output increase of 25% (hz = 1.25);
application of subsidy to only the additional output would
avoid 80% of the subsidy cost. If é 100% increase in output
were pbstulated (hzvf 2.00), 50% of the subsidy cost would be

saved. | ‘ | | |
(b) - Marginal Subsidizing of Input Price of Labour
| Subsidy cost applicable to the entire labour input is
'given in (6fl7) and was  calculated as 522. Uﬁder a marginal
subsidy scheme, only additional units of labour 22 —.2 would
be subsidized for a cost of s(zz.f"Z). The ratio of subsidy
cost under a marginal scheme td subsidy cost applied'to.the

entire output is: -

From (6.5),

. | 2
Py (Py = b = 2cg*h7x)

Following the proof in the'previous chapter (b, 203, footnote),
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this expression is < h"2 over the range of values used to
estimate the model. Therefore, the application of marginal -
subsidy to the labour input reduces the subsidy cost pro- |
portionately less than the introduction of a marginal subsidy
scheme to output price. However, there are still substantial
savings in subsidy'cost by moving from'a ‘scheme applicable
to all labour used to a scheme appllcable only to the
addltlonal unlts of labour employed.
(e) Margtnal Subsidizing of Transport Line Haul Charges

- Subsidy cost appllcable to all transport 11ne haul charges
is given in (6. 24) as ¢ - c2 per "output unlt—mlle“ pald on
the aggregate number of "output unit-miles” g*xg = g*h4x2.
Under a marginal scheme, subsidy would be applled only to the
additional "output unit-miles" g*xg‘- g*xz} " The ratio of
suhsidy'cost under a marginal scheme to subsidy cost applied
to the entire output‘is: |

4 * 2
(¢ - ¢cy) (h” - 1) g x7 l.—'h—4

(c - c'2)g*h4x2

The proportionate reduction in subsidy cost_frem using a
.marginal.subsidy scheme is less at h"4 on the'line haul charges
approach than the h'-2 of the oﬁtput price approach. The output
 price subsidy applies equally to all units of output, while
the line haul charge subsidy is applied less intensely to
initial units of output. Hence;,the introduction of.a‘marginal:
subsidy scheme.mﬁst»have a relatively greater effect in/resﬁect

of the output price subsidy. Nevertheless, the savings are
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still substantial from the introduction of marginal subsidy
on line haul charges. If a 25% increase in outﬁut (h2 = 1.25)
is required, application of subsidy to only the additional
output would reduce subsidy cost by 64%. For a 100% increase
"~ in output (h2 = 2.00), 25% of the subsidy cost would be
savéd.»‘ |

With subsidy applicable to all'output, it has been shown
that subsidy cost with respect to line haul charges (6.24) is
one-half of subsidy cost with respect to output price (6.11).
For a marginal subsidy scheme, the cbm?arisén is £heréfore
(1 - h—4) for line haul charges, as against (1 —vhfz) for
output price.' The line haul sﬁbSidy‘cost is less for all
values of h > 1. With margihal'subsidy schemes, the line haul
subsidy cost continues lower than the outpu£ price subsidy
cost and, from the earlier discussion, it is also less than
the factor price subsidy cost. For equal net social cost, the
‘subsidy scheme requiring the 1§wést actual subsidy payménts
is generally to be preferred; on this‘criﬁerion,'the line
haul,transéort chargés subsiay'is superior both in respect of
subsidy épplicable to all output and‘sub§idy applicable only_‘

to additional output.
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4. ARITHMETICAL SIMULATIONS

In this section, arithmetical simulations‘are presented
in respect of subsidy schemes applicable to the'entire output
of the‘firm or the entire utilization of a factor of pro-
duction.
la) Simulation Requirements

| Subsidy cost, increased profit’of thé firm and net social
cosf have been established from subsidizing output price
(6.11) to (6.13), input price of labour (6.17) to (6.19),
and line haul transport charges (6;24) to (6.26). These ex-
pressions are now'piocessed‘as follows:

(1) Each expression is divided by h2x so that Subsidy L
cost, increased profit and net sociél cost are given on-the‘
basis of per unit of outpu£ after subéidy.xz. |

(ii) The selling price of the produdt Py is takeﬁ as the
numéraire and specified as equal to 100. |
| (iii) From (6.2), transpoft'charges per unit of initial‘
output were terminal.chargeé'b aﬁd line haul charges cg*x.
Following the discussion in Chapter IV (p. 158),»terminal
charges are taken initially as one-third of total transport
charges and line haul coSts'as‘the rémaining two-thirds. The
model is renotated with y = b + cg*x, b = 6.3333y and _
cg*x = 0.6667y. | o | |

.The expreséions'below are per unit_Qf output'x2 and are

>giVeﬁ in the order Subsidyvcost, increased prqfit, and net.




242

social cost. Net social cost is expressed as subsidy cost
minus increased profit, rather than in algebraic terms;

expressions in respect of line haul charges are given as

proportions of measures under oeutput price. .

Subéidy on output price

2(1 - o - B) | |
1.n ®7F (100 - 1.6667y) - (100 - .3333y - 1.3333h°%y)
: 2(1 -~ o -B) 5
2. (1 -0 -8) (100 - 1.6667y) (b %P < n7?

+ (h% - n"%) .6667y
3. (1 - 2) | |
Subsidy on input price of labour -
2(1 - o -B) ' ot B
4. gn P (100 - 1.6667y) °©
| - | ,
(100 - .3333y - 1.3333h%y) ® - B (100-.3333y-1.3333h%y)
5. (L-a-8) (1L-h"%) (100 - .3333y) +

(20 + 28 - 1) (h® - h™%).6667y

6. (4 - 5)

'Subsidy on line haul transport charges
7. .5 of (1)
8. (2) - (.5 of (1))

9. (7 - 8), which equals (3)
The values used to estimate the model are as summarized in
the previous chapter (p. 210). Values for o + Bvrange from‘0.8-

to 1.3 and h2 values from 1.05 to 4.00.
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The model is calibrated with«sixlvaluesabf initial
transport charges as a proportion of product price, namely
y values of 3%; 7%, 12%, 20%, 25%; and 35%. The seventh
value of 42%, which was used in the previous chapter, is not
simulafed in the present model, as it was not necessary to
~go as high as this to close the model. All six values are
used when o + B is equal tb unity or leés. As explained above
‘(pp;.227—8), the requifement for a determinate initial R
equilibrium solution to thé model means that o + B = 1.1 can
only be calibrated for y >'l2%;:d'* B —1.2 for y 2 20%; and
o+ B = 1.3 only for y'; 35%. ' .
Finally, it haé been shown above (pp. 230-1) that the
‘requirement that labéur and'capital mﬁst not become freé‘gOOds
limits the maximum achievable output increase from subsidy on
a factor price to h2 = 2.00 for y = 20%‘andjy-= 25%, and to
'h% = 1.50 for y — 358.

(b) Simulation Results

The results of the arithmetical simulations are contained

-in Appendix B. Tables IA -~ IF present the simulations for

o + B = 0.8 in respect of each of the six specified levels of

transport charges before subsidy. Similar results are given =

for o + B =0,9 and o + B8 = 1.0 in Tébles II and III. The
»calibfation for o« + B = 1.1 has to Eé confined to the-four '
:higheSt values of transport coéts_and‘bnly Tables IVC - IVF
.are shown for this simulation. Similarly, fof o+ B =1.2,
the caiibfatidn is confined_to TablestD -~ VF, and forv

o + B =1.3 to Table VIF.
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The examination of the simulations is very similar to -
that of the previouS'chapter‘and can therefore be given in
abbreviated form. From Appendix B simulations of subsidy
cost, increased profit and net sociél cost per unit of output,
‘it is seen that:

(i) The higher the increase in outpﬁt required, the
greater are subsidy cost, increased profit and net social
" cost per unit of output.* These three'measures are there-

. . ' . 2
fore increasing functions of h".

(ii)  The higher the initial.lével of trahsport charges
as a,proportion of product pricé, the,greater:is»the-burden
in terms of subsidy cost, increased profit and net sgcial
cost for a givenvincreasé ip‘outpﬁt. These fhree measurés
. are therefore increasing functions.of.y. |

(iii) The lower the returns to scale} the higher is the
burden of subsidy cost, increased profit and net social cost>'

per unit of output.** These three measures are therefore

decreasing functions of a +.B.

*There is one exception to this generalization. The increased
profit per unit of output as a gesult of subsidizing line haul -
transport charges is less for h“ = 4.00 than for h2 = 2.00 in
Tables IA - IB and Table IIA. However, in absolute terms, the
firm's profit would be greater for.-h2 _ 4.00 because of the = =~
greater output produced. This exception was not found in the
-model developed in the previous chapter. ' S

**There is also an exception to this generalization in the
arithmetical simulations. Where (y — 25%) and h2 _ 2.00, the
cost per unit of output of subsidizing capital is greater for
higher values of o + 8 . Where y = 35%, the cost of subsidiz-
ing capital is greater for higher values of o * B. for all

cont'd on next page
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The Appendix Tables show subsidy cost, increased profit
and net social cost on a per unit of output basis. This
understates the extent to which these three measures ihcrease
for increasing vaiﬁés of 'h2 and y and decreasing values
. of a + 8 . From the specificatién of the model; initial
output - is a decreasing function qf y and an increasing
function of o + 8 . The model formulation calls fo; equal
ratibs of output increase h2 , but the absolute increase
in output of (h2 - 1)x is clearly‘an'increasing fﬁhctionvof'
the initial outqu 'x . As the relative burden of transport
charges aiso increases with:output, the transport component to
be overcome by subsidy is higher‘for the iarger increases ih
output. The savings in subsidy-cost shown for highvaiues of
o + B and loW'values of vy would be even greater if the
requlrement were equal absolute -increases_ in output rather

than the equal proportlonate increases on Wthh the model was

4 calibrated.

those Values of h2 which can be attalned from subsidy on

' capltal. An exception similar to this was also noted in the
previous chapter (pp. 212-3), but was not considered to be. of
practical importance. As explained in the next paragraph of
the text above, the Appendix Tables are estimated as average

subsidy cost per unit of output. -Initial output and the absolute

size of the output increase are greater for higher. values of

o + B than for lower values; if the comparison were between equal

-~ absolute increases in output for different values of a *+ B,
this curious result would no . longer be present.
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Subsidy cost, increaeed profit ana net socialAcost

per unit of output are always greater in Appendix B reiating
to this chapter than in Appendix A. However, this com-
parison underestimates the extent to which these th:ee measures
increase in the'present version. . Because transpert charges
v-risevmore rapidly in thisnchapter,-where demand is distributed
in a band of ~constant width, that in the prev1ous chapter,
where demand is dlstrlbuted in an unbounded Plane, equlllbrlum
output is less before sub31dy for each given combination of .
‘e + B and y . Hence} paralleling the argument of the
previous paragraph, similar proportionate increaées in output
‘of h2 in the two versions'of the.model mean a smaller
absolute increase in output in the present chapter; If

vthe requirement had been equal-absolute increases in outpnt
rather than the equal proportionate increases postulated,

the excess burden per unit of output of subsidy cost, increased
ﬁnrofit and net social cost'wonld have been'even greater in

the present chapter. | \ | .

The results in Appendix B are shown for decreasing
returns to scale in Tables.I - II, for constant returns to
scale in Table III,band_fo} increasing returns to scele in
Tables IV - VI. The main conclusions are as follow:

(i) Net social cost is the same for the subsidy on

output price as for the subsidy on line.haul]transpdrt-charges
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and eiﬁeysvless then for the subsidi on factor price. The
model assumes that capital is used less.intensiveiy than -
labour in the production process o < B ; hence, the net
social cost for subsidizing capital is always greater than for
subsidizing labour. These conclusions all hold regardless of
the extent of returns to scale. When the required increase
in output is modest or the burdendof transport charges
low, the differences in net sccial.ccst between the various
subsidy schemes are not too great; the differentials are |
much more pronounced for large increases in output where
transport charges arevalso high.

(ii) The increased profit of the firm is always
lowest for the subsidy on transport charges and this holds
regardless of the ieturns to scale. Under decreasing reﬁurns
to scale, the‘firm's profit increeses more from subsidy on
output price than from subsidj oh factor price; with constant
returns to scale, both forms of‘subsidy scheme.pfcduce the
same increased proflt, ‘with increaSing returns to scale, the
. profit of the firm is greater from the subsidy on factor
price. The increased prcfit from the factor price approach
- is the same from subsidizing capital as from subsidizing
labour. | |

(iii)A>The substidy cost tO'be_met by government must by-
vdefinition cover the sum of_net social cost and.increased3ed

profit of the firm. As the sum of}@pese two measures is always
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lowest from subsidiiing line haul,transport charges, it,followspi
that subsidy cost is also lowest for this form of snbsidy
scheme.. Net social.cost is always less from subsidizing output
price than from subsidizing factor price; under conditions of
constant or increasing returns to scale, the increased profit
of the firm from subsidizing output price is, respectively,
equal to or less than the increased profit from subsidizing
factor price;'hence,'subsidy cost is less from subsidizing
output price. | |

With decreasing returns to scale in Tables I and II,
the sitnation is more complicated. If output price is
subsidized rather'thanifactor price,nnet social cost is less
‘but the increased profit‘of'the iirm‘is larger. Hence, the
subsidyvcost from subsidizing factor price can be less than
from subsidizing output price. This is apparent for modest
output increases where transport charges are not too heavy
a burden. It occurs over a wider range of subSidy application
to the factor‘of production which is used more'intensively
(i.e. labour), than to theifactor of production used less
intensively. Thus,‘the'subsidy cost is less for labour than
for output price for all output increases where initial
transport charges as a proportion of product selling price are
only 3%; for output increases.up to 100% where the transport
charges ratio is less than 20%; and for eutput increases o
up to 50% where the transport charges ratio does not exceed

25%. However, under all these conditions,'subSidy cost on
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line haul transpor% charges is still very much less expensive
than sﬁbsidy on the factor price.

Constraints on subsidy cost

So far the only constraint on subsidy cest in the
Appendix Tables is the requirement that subsidy on factor
price must not equal or exceed the factor price itself. 1In
“the previoqs chapter, this constraint did-not make any of
the specified output increaees gnachievable. However, in
the present model this prevents the use of subsidy on factor
price to achieve output increases‘of 300%_(h2 = 4.00) when
transport charges before subsidy are 20% or more of product
selling price, and the achievement,efeoutput increases bf 100%
(h2 = 2.00) when transport charges are as’high as‘35%. The
examination now proceeds to eonsider'the effects Of two further
restraints —.firstly, that subsidy cost.must not exceed 25%
of the product selling price and, secoedly, that sﬁbsidy,cest
on transport charges must not exceed the trahsport charges
actually incurred by the firm, |

The requirement thet subsidy cost must not exceed
25% of tﬁe product selling price has its major effect under
decreasing returns to scale in Tables I and II, where subsidy
has to cover not only‘increasing‘transpoft charges but
also increasing costs of produetien._ Output increases‘of.
306% are not achievable; increases'of 100% are unachievable
as transport charges pass 7% iﬁ Teble‘I.and 12% in Table II;

by the time transport charges reach 35%, increases of 50%
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are also too costly. This constraint has less effect for
constant returns to scale in Table III. For increases of

300%, subsidy becomes too expensive when initial transport

charges are 7% of product price, but increases of 100% are
feasible until transport charges reach 20%.

With increasing returns to scale 1n Tables IV - VI, the
constraint naturally operates more. gradually. ‘Nevertheless,'

an output increase of 300% is not achievable when transport

charges reach 12% of initial selling price; when transport
charges are 20%, only the output price and line haul transport ,
schemesvsatisfy the constraint forvincreaSes of 100%.

The second constralnt is that sub51dy cost on transport
.charges must not exceed the transport charges actually 1ncurred
by the firm. Initial transport.charges per unit of output
consist of terminal charges b = 0. 3333y and line haul charges |

cg*x = 0.6667y. When output 1ncreases to X, termlnal»charges.
per unit of output remain unchanged but line haul charges

increase to 0. 6667h2y. Subsidy cost per unit of output must

therefore not exceed [ 1+ 0,6667(h2 - l)]y..
This:requirement is satisfied in respect of all simulations

for canstant and increasing returns to scale in Appendix B

Tables III - VI. Under decreasing returns to scale, there

are prohlems-where initial transport charges-amount togonly a
small percentage of-product selling price. Thus, -in Table-IAf"l
where transport charges before_subsidy amount to only 3% of

product selling price, the costvof subsidy on‘tranSport charges'
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- would exceed the transport charges actually incurred by the .
firm for output-increaseé of 50% or more. Where initial
transport charges amount to ‘7% and 12% of selling price in
Tables IB and IC, this constraint prevents output increases

of 300%. Turning to Table IIA, tﬂe constraint means that

an output increase of 100% is not achievable'where initial
transport charges amount to only,3%‘dflproduct price. Similarly,
in Table IIB, an output increase of 300% is not achievable
whgré transport charges are equivalent to 7% of product ﬁrice.
The general conclusion f:om-examination of this second
restraint is rather obvious -‘a subsidy‘on transport charges
is not a feasible way to secure large increases in output from
a firm faced with low burden of‘transport éosts ;ogether with
increasing costs. in its production process.

The questiqh of marginal éubsidiés has already been
discussed earlier (pp. 237-40) and the examination is not
repeated; Considexablé economies can be achieved in subsidy
cost .if payments can be donfined only to output in excess of
that produced under equilibrium without_subsidy.

(e) Simulation Conclusions

The conclusions from the simulations for demand uniformly
distributed in a‘band of constant width‘are-therefore very
similar to those already established inbthe.previous'chapter,A
where demand was unifofﬁly diétributedAin an unbounded plane.
Between these two extremes liééba’whole_gamut of possible

assumptidns,on the geographical distribution of demand and
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the results withim this range would conform to the common
pattern established for the two extremes..

The net social cost of subsidizing increased output is
the same for a subsidy scheme‘applied to output price as for
a subsidy scheme applied to line haul transport charges. Net
social cost is greater from a subsidy scheme applied to factor
price, particularly if this is appiied to the factor_used~
»¥less intensively, i.e. capital in the present model.-

The profit of the firm shows its smallest increase from
,Subsidy on transport charges. Under decreasing returns to
scale, subsidy on ontpnt price means.a larger increase in
profit than subsddy on factor price; under,constant'returns
to scale, the increased profit of the firm is'identical‘frcm
both types of subsidy; under increasing returns to scale,
profit increases more from a subsidy on factor price,.

The subsidy cost which has to be,met by government is
always least from the subsidy on line haul transport charges..

Under conditions of constant or 1ncreas1ng returns to scale,

the factor price approach. However,’under~decrea51ng returns
to scale, the subsidy cost can be less from the factor price
approachvthan from subsidizing.cutput'price. This occurs
when the required increases in peruCtion are not‘overly
large and transport charges do not represent.a large part of
the firm's costs. If these conditions do not hold, the
subsidy cost is also higher frcm thé factor price approach,

under decreasing returns to scale.
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The model necessarily postulated ﬁhat éubsidy on factor
price must never be so large’as to make a factor a free or
negatively priced good. Consequently, it was not bossible
to achieve very large increéses in output from subsidy on
‘factor price when the burden of transgoft charges was also
high. -The_incorporation of a fu:ther restraint that subsidy
cost per unit of output mus£ not exceéd’ZS%”ofAthe éroduct
price preﬁented large increases iﬁ butpﬁt from the other
subsidy approaches when transport‘chargés were-high; A fénal-
cdnstraint stated that subsidy payments in respedt of
transport charges must hot‘excéed-the trans?ort charges actually
“incurred. Tﬂis had no effect under'cohstanﬁ or increasing
returns’to scale, but under decreasiﬁg retﬁrns it limited the
extent of output increases that could be achieved when trans-
port charges were-only a small portion‘of.product price.

The transport charges subsidy‘continued to be the least
expensive abproach when ﬁarginal schemes were applied. The |
reduction in subsidy cost achieved by a mérginal.scheme is
matched by an equal reduction in the increased profit of theb
firm and leaves;net social cost uhchangea. However, these
marginal schemes are still desirable in that they substantially

reduce the tax payments to be made by éovernment.
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5. THE MODEL IN RETROSPECE‘
The examination of the versions of the model in this
- chapter and the previous chapter has yielded conclusions which

are to some extent surprising. The model has postulated a

single-plant firm with a regional development objective to
achieve a specified increase in output, where this can be
obtainéd only by expanding the geographical area in which the

. )
firm sells. Three alternative subsidy approaches have been

examined in detail. On the criterion of minimizing net social

.

cost, which is defined as subsidy cost borné:by government
minus ﬁhe increased profit of thevfirm: the'alternative
approaches of subsidizing output.price or subsidizing line“
 haul transport chargeé are equally efficient and less costly
than Subsidizing‘facﬁor pricé. Government does not raise

taxes painlessly and, on the further criterion that ceteris

paribus the actual subsidy cost‘paid by government should

be minimized, the subsidy on line.hahl transport charges

is the most efficient.

In practice, it may not be feasible to direct a transport
subsidy exclusiVely to line haul charges and part of the
subsidy may inevitably relate to terminal charges. However,

it has been shown that subsidy on the terminal charges component

has exactly the same effects as subsidy on output price. Hence,
if a transport subSidy is directed towards a blend of terminal
and line haul charges, the advantages of a transport subsidy

- vis-a-vis an output price subsidy will be diluted but not -

.

elimihated.
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These conClusions-as to the efficiency of transport
subsidies are surprising in the light of frequenﬁ questioning
- perhaps more by carriers and academic economists than by
~regional development poliéy advisors - of.the relevance of
transport subsidies to regional development. Thus, in a
recent article on this suﬁject, Straszheim concluded that

"The weight of current evidence concerning the usefulness of

.using transportation investment or rate regulation as a region-
-

al development tool would appear to be on the side of the
skeptics" (88,p. 219). 1In the conteft of this stateﬁent, the -
term "transportation investment or rate regulation" would
appear to embraée transport $ubsidies. Thevconclusions‘to

-

- the model devéloped in the présent paper are therefore somewhat
~at variance with.accepted opinion.

Under £hese circumstanceé,'the next step is obviously to
re-question thg assumptions on which the model is built.

However, in many respects, the present model stands up well to

scrutihy. The Cobb-Douglas production function is a

respectable assumption in micro-economic analysis and it has
been éxplained why this was preferred to the more’genéralized
CES function. Of more importance, the relationship between

subsidonn output price applied uniformly to all units of output

and subsidy on transport chatges applied more intensively to
incremental units of output would hold regardless of éssumptions
of the form of the production function. Similarly, if some

substitution is aSsumed between_facfors of production - regard- -

less of the precise relationship —'it_is clear that additional
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net social‘cost‘is incurred from snbsidizing factor ptice as
a result of'sub—optimal factor combinations in the production
process.

The model has been developed for two factor inputs
and has not dealt explicitiy with other production costs,
such as raw materials, inbound transporE costs, public utilities
ana tases. However, it was argued at the beginning of
Chapter IV (pp. 122-4) that this was not a serious omission as
thelsubsidies on these other costs were'analytically either
comparable to subsidy on output price or factor price,
or alternatively e-subsidy on fixed costs which had no effect
on output. The model has been developed in two 'versions on
widely différent assumptions in.tespect of the geographical
distribution of-demand; the major results have been similar
‘for both of these assumptions. Finally, the model has been
calibrated over a range of values which has been established
as realisticaliy as possible.

The model is therefore reasonably robust as a means of
»examining‘subsidy payments and net social cost incurred:
to secure a specified increase in’e'firm's output, where this
increased output has to be transported‘to more‘distant markets. 
- The model is realistic, but it is not all-embracing. In
particular, the increased output has been taken as a regional
development desideratum and tne besic objectives of regionallb
~ development policy are not examined. There is novin—depth‘
discussion ofvincome reaistribution effects of subsidies or

analysis in respect of unemployment conditions where the
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shadow price of labour is far below tﬁe wage rate. The model
also preciUdes consideration of the achievement of regional
development objectives from subsidizing economic and social
.infrastructure investﬁent, and from using resources to improve
the quality of technology and labour productivity. It has
been argued that the interrelationships.between transport and
regional development ere so subtle and complex that large

~ scale systems simulation models are needed (88, p. 219).
However;'the developmeht of such models can prove to be very
-ointractable, the results have been far from conclusive*,‘and
the practical usefulness of suchvcomprehensive approaches has

generally fallen far short of the'theoretical expectations.

*Straszheim has enumerated the limitations to large-scale
systems simulation models (88). These include the vast number
of variables and functions which make only the simplest of
appllcatlons soluble; the unrealistic nature of the assumptlon
of "rational". benavlor in location decision; the problem in S
representing a region's comparatlve advantages and the sources =

-of regional differences in income, productivity and growth; the o

simulation of markets and the determination of prices and income
distribution; the problem of dynamic feedback effects; and
the treatment of linkages between a reglon and the "outside’
‘world". The Canadian Transport Commission has recently
spunsored an attempt to apply general equilibrium analysis ‘
to the problem of transport subsidies. The first publication
on this project (25) has dealt with subsidies on capital
and labour and reached the expected theoretical conclusion
.that labour in a depressed area will benefit more from a
direct subsidy on wages than from a subsidy on capital. o
. Work is currently underway to integrate transport sub81d1es .
into a general equilibrium model, although still at a very
theoretical level. A recent paper by Hartwick (44) has -
applied international trade theory to the problem of transport

Cont de...
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Chapters IV - VI have shown that,.if transportvchargeS»
incurred in reaching more distant markets are the main | |
hindrance to increasing a firm's output, the most economic
subsidy approach should be related directly to transport
charges rather than indirectly to product. or factor prices.
This conclusion may not accord with the expectations of

- micro-economics, where it is generally argued‘that subsidy
should be applied to output in total rather than to specific
inputs. Yet, a subsidy on tfénéport charges is cléarly thé‘
most direct means of dealing with a problem creétéd by trans-
port charges, so perhaps the effectiveness of this approéch .
is theoretically leSS»surpfisihg»than it may at fi:st

appear.*-

‘subsidies. The main conclusions confirm-that transport -
subsidies impose a cost on an economy and have income
redistribution effects, but the numerical illustrations
are somewhat misleading. . ,

*A rather interesting example of the advantages of the direct
approach in urban transport problems was given at the 1975
Joint Annual Meeting of the Canadian Transportation Research® -
Forum and the'(American)uTransportationtResearch Forum. In a . -,
session of urban transport demand, Gillen (40) argued that ..
parking fees were the most effective way to reduce parklng
congestion, while Dunbar (29) claimed that ‘'parking controls
were less effective than taxes on emissions or gasoline if.the.
objective were to reduce pollution. Although it was

suggested in the subsequent seminar discussion that these .

two findings were not reconcilable, each-author appears to

be correct in advocating the most-direct approach to the problem
in hand; the apparent confusion arose because the policy
objectives of reducing congestion and reducing pollution
are similar, but are not identical. o




CHAPTER VII: CONCLUSIONS

1. SUMMARY

The major objective of this dissertation is to
make a contribution towards resolution~of'the role of trans-
~ port subsidies in regional development. In contrast to nege
ative views frequently expressed by carriers and economists

on the relevance of transport subsidies to regional develop-

-ment, the present study shows that, under certain circumstances,

transport subsidies can be an efficient tool to promote
increased output in the slow growth regions of'Canade;

Chapter I starts with a descripﬁioﬁ of the transport
problem and the regional‘development.problemuas perceiVed in
the Atlantic Region and‘the Western Provinces ef Canada. It
is shown that,there is a tendency to synthesize these two
problems; freight rates cease te'be regarded merely as one '
of the factors causing regional disparities and become
symbollc of the entire regional dlsparlty problem.

Chapter II examines the extent to which allegatlons
of dlsparltles are factually justlfled._ From the stand-
bvp01nt of economic disparities, 1ncome per head in the
Atlantic‘Region is substantially below the Canadlan average,
unemployment is high and the growth in employment oppqrtuniﬁies
has been unimpressive. In Western.Canada, regional ecoﬁoﬁic"ﬁ
disparities are confined te Saskatchewan and Manitoba, where
the growth in employment opportuniries has been;extremely

slow. However, these two provincesvdo not suffer from high
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unempioyment and the income préblem, which is confined to
Saskatchewan, is}mainly instability as a result.of fluctua-
tions in agricultural prosperity.

‘In respect of freight rate disparities, specific
examples of high freight rates are documented for the
Prairie Provinces in respect’of finished goods versus raw
materials and the shdrt—haul'long—haul differential,
"Investigation of the existence of overall freight rate dis-‘
parities gives inconclusive‘results; Grain movements under
’the.gtatutdryArates do not cover the variable costs of ﬁove—
ment and this shortfallAahd the burden of railway fixed
costs ére borne mainly by traffic in the manufacturing and
miscellaneous group., In terms of geographical origin of
traffic, this means that railway.revenue pér ton-mile is
, highest on traffic originating in Quebec and Ontafio.

Regression analysis has long‘been applied to determin-
ing the allocation of costs on different rail traffic
movements, but the use ofAregression analysis to compare
revenue'pe: ton-mile on different movements is a new
| departure in the present study. Considefing oﬁly traffic
in the.manufadturing and miscellanéous grouP, it appears
from the regression apalysis that over'seventy per cent of
the variation in rail&ay revenue pervtonfmile between different
movements can be explained in terms of 'differences in carload
weights and differences in ﬁhe length of haul. 'Theré‘does

not seem to be evidence of overall higher .freight rates
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on traffic originating in thevaéirie Provinces, but
average re&enue per ton-mile does tend to be higher on
products destined for this region and this would be the
expected result of short-haul long-haul discrimination.
The evidence for specific freight rate disparities is
reasonably strong, but the evidence for general freight
rate disparities against the Prairie Provinces is much
' less.convincing. However, more definitive coﬁclusions for
thé Prairies and for the Atlantic Region require more detailed
traffic data to reduce the 'inevitable heterogeneity of
~groups as wide as manufacturing and miscellanebus. |

The last seétion.of Chapter II éxamines the difficult
conceptiof equity in freight rates; While there are cleariy
some instances where the correction of freight rate dis-
parities could.stimulate‘economic.activity in the‘slow growth
areas of Canada, across—the*board reductiéns in freight
rates towards closer conformity with variable costs WOuld'
not necessariiy benefit the Atlantic Region andvthe Western
Provinces more than Central Canada, If transport is to
be used to promote regional economic'development, there
would seem to be a need for seiective reductions in freight
rates on shipments of finishéd produéts from the slow growth
areas. Fortunately, the model developed in the later chapters 
of the aissertation only requires that transport'subsidiés
feduce the burden of freight>char§eskborne’by a manufacturer;

it is not necessary to make the more difficult determinatibnA
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of whether these transport subsidies are given to offset
freight rate inequities or to reduce freight rates below the
level required to meet transport eosts.

Chapter III examines the general economic basis for
transport subsidies. From a discussion of Pareto-=optimality
requirements, it is sho@n that the transport induStry does
not satisfy the conditions neeessary to ensure an efficient
alloeatioﬁ of resources. Where increasing returnS'to‘seale
prevail in the supply of transport Services, there is a
case for subSidy on the grounds that the additional benefits
would exceed the subsidy cosrs. Returns to scale are not
~ identical for all transport modes; subsidy payments should
.generally be seiective,of modes -showing the-greatest extent
of increasing returns to scaleland this'denies the argument
that all modes should hecessarily received equal subsidy

treatment.

The use of transport subsidies to offset the vestigial

monopoly powers of carriers is examined, firstly, on the

~assumption of no price discrimination and, secondly, on the

more realistic assumption of price discrimination. Additional

increments of transport infrastructure would not'generally
exercise a strategic roie'ih the deveiopment of»the non-
isolated parts of Canada today. However, a number of other
social benefits are claimed forrtranSport which must be |
COneidered on rheir individual merits.A'Finally, transport

subsidies'can be justified if transport is to be used as a.
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means of securing non-transport public policy goals such as
income  redistribution and regional economic development. |

Chapters IV-VI are concerned with the relative efficiency
df transport subsidies as a means of promoting increased
output in the slow growth areas of Canada. The regional-
development objective,ofvincreased 6utput is assumed exogen-
ously:and it is specified that this can be achieved bnly by
éxpanding the geographical area in which the firm sells.
Three alternative subsidy approaches are examined in detail --
subsidy on output price, subsidy»oh-the prices of factors
'employed by the firm; and subsidy on transpoft charges --
and it is argued that analytically these three alternative
subsidy approaches also providsd a basic framéwork for
~examination of subsidy on bthsr inputs such as raw material
costs. The most efficient subsidy system is specified as |
that whiCh minimizes net social cost, which is defined as
subsidy cost borne bysgovernment'minus the increased profit
of the firm. However, government does not raise taxes psin—
lessly‘and'it is also desirablé to minimize the actual subsidy
csst paid by government.

Chapter IV develops the framework of the model under
AassumptionS‘of perfect competition modified by the existence
of transport charges which incrsase- at an accelerating rate
'aS'output increases and has to be transported further distances.
Empirical'data are developed tobcalibrate the model in respect

of exteht of output increases that might be sought, the




~and the effects of the three forms of subsidy are examined.
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burden of transport charges in relation to product selling
price, the division of transport charges into terminal and

line haul components, and the form of production function

used by the firm.
The geographical distribution of the firm's shipments
are specified under two alternative assumptions. The first

assumptlon postulates that the demand for the firm's product

is unlformly distributed in an unbounded plane; as the firm
increases output, it has to tap more distant markets but
these are available in every direction from where the firm

is situated. The second assumption is that demand is uniformly

distributed in a band of constant width; ignoring exports

to the_south,'this assumption could be applied as a rough
approximation. for those parts of Canada where population is
distributed in a line along the U.S. boundary so.that increesed
shipments cannot be delivered in all directions, but roughly

only due east or due west. The real worild situation is, of

course, intermediate between these two alternatives.
In Chapters V and VI, the model is developed in two
versions, corresponding to these two demand patterns. Output

is established for equilibrium conditions without subsidy

The burden of transport charges is naturally higher in the
version of the model developed in Chapter VI, where new

markets are only avallable due east or due west rather than in

all dlrectlons. However, the conclus1ons from the two ver31ons
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of the model are basically similar and to some extent
surprising against a background‘of conventional wisdom whiéh
questions the use of transport as a tool to promote regional
economic development.

On the criterion of minimizing net social cost, subsidy
on transport charges and subsidy on out?ut price are equally
efficient, and less costly than subsidiziﬁg either the labour
br the capital used by the firm. Net social cost is
defined as subsidy cést borne by government minus the increased
profit of the firm. On thé further criterioﬁ that the
subsidy cost bofne by gbvernment should also be minimized,
the subsidy on transpért charges is the most efficient approach.

Each version of‘the'model is also developediin réspect;.
of marginal.subsidies, applied only to additional output or
additional utilization of a factof over and beyond what was
the equilibrium position before subsidy. The effect of
‘marginal subsidies’is ﬁo reduce, to.an equal extent, the.
subsidy cost borne by government and the increased profit
enjoyed by the firm, so that there is no effect on net
social cost. Neverﬁheless,bmarginal subsidy schemes are valuable
in that they reduce the subsidy payments to be made by
government out of general takatidn.- The savings iﬁ subsidy
costs from marginal schemes are very substantial in the

models and expenditure was again lowest for the subsidy on
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transport charges.. The practical feasibility of marginal
subsidies is examined; inevitably, it is easier to design a
marginal subsidy scheme applicable in terms of comparative
statics than to the real world of continuous dynamic change.
Finally, the models are constrained by specifying
maximum levels of subsidy payment per unit of output. These
constraints generally have their gréatest effect on subsidy
schemes related to factor prices. A further constrain£ that
subsidy payments on transport charges should not exceed the
tranéport charges actuélly incurred by the»firm shows, not
surprisingly, that transport,subéidies ére hoﬁ'very effective'
when transport charges are only a small propértion of product
price. |
| The conclusions of this dissertatibn as to the effiéiency“

- of transport subsidies in securing increased rééibnalnoutpuf
are somewhat at variance with accepted opinion. The assumptions
on which the model is built have:been fe-questioned‘but in
many respects the model stands up well to scrutiny.v The
Cobb-Douglas prdduction,functionfis coﬁmqnlykused,in micfo—_
economic analysis, but thé form of production function is not
crucial to the géneral conclusions. If subsidy on output
érice is applied uniformly to all units of oﬁtput while sub-
sidy on transport charges is applied,more ihtensively.to‘
incremental units of output, subsidY’cost must be ihéﬁrréd‘
- at a greater rate when output pfi¢e is éubsidized. The

. transport subsidy meets only the cQstsbnecessary'to overcome
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distance on each specific unit of output,vwhile thé output-
price subsidy dissipates resources by paying the same rate

of subsidy on product moving short distances as on product
moving long distances. Furthermore, if some substitutidh

is assumed between factors of production--regardless of the
precise relationship;-additibnai net social cost ié incurred
from subsidizing factor price, as compared to output price
or transport charges, because of heavy use of the subsidized
factqr'and:the resultant diseconomies from the sub—optimai‘lb
factor combinations in the production process.

Although the model is not developed in respect of’
other production costs, such as raw materials, public utilities
and taxes, it is argued thét subsidies on these other costé
are analytically eithéf comparable to subsidy on output price
or subsidy on factor price, or élternétively theyvconstitﬁte
a subsidy on fixed costs which has no effect on output. - Hence,
the advantages of subsidizing transport chargeé still hold.
The model 1is deveioped,on-two Qidely different assumptipns'-
in respect of the gquraphicalidistribution of demand; yét
the major resultsvare veryvsimilar‘in both versions. Finally,
the model has been calibrated over a range of values
established'as:realistically as possible.’

The model is reasonabiy robust as a means of éxamining
subsidy payments.and_net social cost incurred to secure a

specified increase in a firm's output, where this increased
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output‘has to be transported to more distant markets. If
transport charges are the main hindrance to increasing a
firm's output, the most economic subsidy approach should be
related diréctly to trahsport charges rather than indirectly
to product or factor prices. Although this seems to go
1against convenﬁional wisdom, nevertheless a subsidy on transport
‘charges is clearly the most direct-means of dealinq with a
éroblem created by transport charges, so ?erhapsvthe.effect—
ivéness of this approach isfreally_iess surprising thaﬁ'it
.may aépear. However, aithough the ﬁodel is realistic, it .

- is not ali-embracing and the limitations will be éonsiderea

in the next section.

2. IMPLICATIONS, LFIMITATIONS, AND FURTHER RESEARCH

The implications to the‘présent Study are réasonably
self-evident. From Chapters IV4VL if the regional development
objective is to secure increased output from a firm located
in a slow growth érea‘ahd this involves an increésing‘burden of
transport charges, ﬁhen a subsidy on transport charges may
be the most efficient method of achieving the required‘
output increase. If the-subsidy scheme can be operated on
a marginal basis, applicable only to iﬁcremental output,
then the saving in the subéidy cost borne by éovernmenﬁ will:
be substantial. In terms of current transport issues, these
conclusions would seem to prévide,sdme»theoretica; justifica~-
tion for the additional selective sﬁbsidy}operative since
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1974'on westbound shipments’fromithe Select Terriﬁory,

The verdict is not proven in respect of the Chapter II
examination ovaestern Canadian complaints in respect of
overall freight rate discrimination, but transport subsidies
to reach more distant markets may have merit in some cases
Vln the llght of the later part of the dissertation.

The examination in Chapter III suggests that, ceteris
'paribus, transport subsidies should be concentrated on those
'modes’showing increasing returns to seale. It seems probable
that returns to scale are greatest in rail, especially in
those regions where traffic is less dense, namely the
Prairies and the Atlantic Pro?inces,.but this is an issue
Qhere much more research is needed. Superficially,'subsidy.
rates>in the Select Territory mayAseem to be similar for
rail and highway traffic. However, in fact the rate of subsidy
' iszhigher for rail; for example,.a-30%_westbqﬁnd subsidy on
highway transport is interpreted as 30% of what the shipper
pays on that part of the movement which occurs in the Select
Terrltory, while a 30% subsidy on rail transport is related
to the larger base of shipper payments plus subsidy payments,
making it effectively 43% of what the shipper pays. Again,

- the direetion'of this differential although not neeessarilyr
~its size might be justified in terms of differences in
economies of’SCale. The ChapterjIII analysis also suggests

that, under conditions of carrier monopoly, subsidy given
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as a flat rate per unit of output is less expensive than the

practice followed at present of paying subsidy on a percentage

basis. However, the percentage basis for .subsidy is administra-

tively more convenient in an economy subject to inflatiohary
pressures and may be justified on‘these grounds.

The conclusidns to any research study arebpartly a
function of the assumptions on which the research is developed.
- it has been argued that the model used in Chapters IV - VI
is reasonably robust, but it is subject to limitations. The
major qualifications are as follow:

(i) Increased oﬁtput is taken as s regiqnal develop-
ment desideratum and it is specified that this output must
be sold in more distant mérkets. It is assumed that an
exogenous policy decision has been made that this increased
output is desirable -- based upon analysis of such factors
as direct employment and income generating potential, and
backward and forward linkages in the regional economy.
There is no examination in the dissertation of the‘desirability
'of this objective or of the basic goals of regional'devélopment
policy. The model also precludes consideration of the
achievement.of regional development objectives from subsidizing
economic and social infrastructure inhvestment, and from usiné
resources to improve the quality of tedhnology and labour
productivity. | |

(ii) The micro-economic analysis of a firm in the
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present study cénnot necessarily be extended to apply to

" all economic activity in a regional economy. There are
theoretical reasons for arguiﬁg the superiority of the
~general equilibrium a?prdach With its claims to measure
complex interrelationships, to examine income redistribution

- effects, and to analyse iﬂ'respect of unemploymént conditions
where the opportunity COét,ofrlabour is below the wage rate.
However, it has already been arguedithat-general equilibrium
theory is also limited in its generality and that no systems
analysis is ever all-embracing.

(iii) The deel~has been developed in terms of
comparative statics and this cannot allow for the éffects of
dynamic change. For example, subsidies given to a firm at
time t may become less effective_at time t ¢ l,.if the firm
has become accustomed to subsidy and incorporated this
revenue in its cost structure either in the form of
inefficiencies or capitalized quasi—réhﬁé.

‘ . The main suggestions for fﬁfther.research which arise-
from this dissertation are:

(i) Extension of the model developed in Chapters IV-VI
to apply to a generalized production function and a generaliZed-
distribution of demand, perhapé in¢orporating such réfinements
as mdnopolistic competition and~objective functions for the
firmjother.than'prOfit maximization. 'However, the algebra
would be more difficdlt and fhe modei would be further_

removed from possibilities of calibration.
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(ii) In respect of the theoretical case for subsidizing
industries with increasing returns to scale, more needs to
be known of production functions and returns to scale in the
" transport modes. A study is currently undsrway in the-Canadisn
Transport Commission in respect of the air mode.

(iii) Further work is desirable in the measurement
of freight rate disparities but‘this requires more disaggregated
information than is presentlylauailable.

(iv) = Virtually no research studiesrhavevbeen made
. of the likely effects of a reduction in transport charges
-relative to manufacturing production costs on the amount of

industry located in the Atlantic Region and the Western

- Provinces.

(v)  Finally, in spite of skepticism on gensral
equilibrium theofy, pérhaps more work needs to be done on
the ripple effects of transport subsidies.

The final conclusion to this dissertation is to
~tecapitulate that, when the smallness of the regional market
is the major problem in securing increased output, transport
subsidies may be the most efficient incentive towards increased
production. However, transport ?olicies cannot provide universal
solutions to problems of regional developmentvand it is well
to be aware Qf the dangers of undue concentration on any .
one issue -- be it entrepreneurialAabilities, quality of .
lsbour; availability and‘cqst of capital, infrastructure,yqr

, transportation.
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APPENDIX A

This contains Appendix Tables to Chapter V relating to
simulations of alternative subsidy schemes in respect of

- Subsidy Cost, Increased Profit and Net Social Cost, all
expressed on a per unit of output basis. In the Cobb-
Douglas production function, (o) is the capital coefficient
and (B) the labour coefficient. Each table number relates

" to a different (o + B) combination. The letters attached

to each table relate to different burdens of transport costs
before operation of the subsidy scheme; as explained in
Chapter V, it is not possible tp simulate for low burdens

of transport costs where (o + B) » 1.1. The tables are as

follow:
Tables IA - IG (@ + B = 0.8)
Tables IIA - IIG (a« + B = 0.9)
Tables IIIA - IIIG (o + B = 1.0)
Tables IVE - IVG (o« + B = 1.1)
Tables VF -~ VG (o + B = 1.2)
B = 1.3) !

Table VIG (o +

* 281




SUBSIDY COST,

APPENDIX TABLE IA

INCREASED PROFIT AND NET SOCIAL

COST PER UNIT OF OUTPUT

a + B

=0.8,a0 =

0.3, B =

0.5

Transport costs befo

re subsidy (y) =

282

3% of original selling

All subsidy costs and increased profits are expressed as per-

selling price before subsidy (px)
after subsidy to output before subsidy.
(B) is labour coefficient.

centages of the orig
(h2) is ratio of out
(o) is capital coeff

(h2) value and
type of subsidy

h% = 1.05

Output price

Input price: a =
. B =

Line haul transpo

h% = 1.25

0.3
0.5
rt

Output price

Input price: a = 0
B =20

Line haul transpor

2 - .1.50

.3
05
t

h

Output price
Input price: a =
‘ . . B =
Line haul transpo

h2 = 2.00

3
5

H OO

£

Output price

Input price: a = 0
: B =0

Line haul transpor

12 = 4.00

.3
.5
t

Output price
Input price: a =

0.
0.

Line haul transport

3
5

price

inal
put

icient,
. Subsidy "Increased

cost profit
1.27 1.24
1.02 . 0.98
1.02 0.98
0.84 0.81
5.86 5.26
4,93 4.09
4.77 4.09
3.91 3.31
10.93 9.02
9.60 6.83
9.04 6.83
7.28 - 5.37
19.40 - 14.14
18.28 10.26

. 16.44 10.26
12.93 7.68
42.76 24.10
48.62 15.55
38.68 15.55
28.51 9.85

Net social
cost

0.03
0.04
0.04

0.03.

0.60
0.84
0.68
0.60

1.91
2.77
2.21
1.91

5.26
8.02
6.18
5.26

18.66
33.07
23.13
18.66




APPENDIX TABLE IB

SUBSIDY COST,

283

INCREASED PROFIT AND NET SOCIAL

COST PER UNIT OF OUTPUT

o+ B =0.8 o = 0.3,

g = 0.5

Transport costs before subsidy (y)

7% of original selling

price

All subsidy costs and increased profits are expressed as per-
centages of the original selling price before subsidy (px)s

(h2) is ratio of output after subsidy to output before subsidy.
(o) is capital coefficient,

(h2) value and
type of subsidy

h? = 1.05

Output price
Input price: o =

. B =
Line haul transpor

h2 = 1.25

0.3
0.5
t

Output price

Input price: a = 0.3

: B = 0.5

Line haul transport

n? = 1.50

Output price

Input price: a =" 0.3

: : B = 0.5

Line haul transport

h2 = 2,00

Output price :

Input price: o = 0.3
B = 0.5

Line haul transport

n? = 4.00

Output price

Input price: a = 0.3
- B =0.5

Line haul transport

- Subsidy
cost

1.30

1.05
1.05
0.87

6.03
5.09
4.92
4.02

11.26
9.98
9.34

7.51

20.05
19.24
17.11
13.36

44.55
53.26
41.00
29.70

‘"Increased
profit

1.27
1.01
1.01
0.84

5.41
4.20
4.20
3.40

9.29
7.04
7.04
5.54

14.63
10.62
10.62

7.94

25.19
16.28
16.28
10.34

(B) is labour coefficient.

Net social
cost

0.03
0.04
0.04
0.03

0.62
0.89"
0.72
0.62

1.97
2.94
2.30
1.97

5.42
8.62
6.49
5.42

19.36
36.98
24.72
19.36
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APPENDIX TABLE IC
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INCREASED PROFIT AND NET SOCIAL

COST PER UNIT OF OUTPUT

a + 8

=0.8 o = 0.3, B = 0.5

Transport costs before subsidy (y)

= 32% of original selling

centages of the orig

(h2) is ratio of output afte

- price
All subsidy costs and increased profits are expressed as per-

inal selling price before subsidy (px)

r subsidy to output before subsidy.

(o) is capital coefficient, (8) is labour coefficient.

(h2) value. and:
type-of subsidy -

n2 = 1.05

Output price

Input price: a = 0.3
B = 0.5

Line haul transport

h?-= 1.25 -

Output_price -

Input price:-o = 0.3.

B = 0.5

Line—haul--transport- -

h? = 1.50

Output price
Input price: o ='0.3

B = 0.5

Line haul transport

he = 2.00__

Output:price=c :
Input price: o = 0.3

B = 0.5
Line haul transport

2 - 4.00

'h

Output price
Input price: a = 0.3

B = 0.5 "

Line haul transport

- Subsidy
cost

1,34
1.09 -
1.08
0.89

6.23- .
5.31-"
5.10 -
4.16:-

11.67

10.4°9
9.73
7.78.

20:854%
T 20.5677
. 17.96

13.90

46.80
60.50
44.21
31.20

‘Increased .

profit

1.31..
. 1.04 -
1.04
0.86

5.59 .

4 .35
4.35-
3.52

9.63
7.30
7.30
5.74

15.235 "
11:06" -
11.06
8.28

26.56
17.20
17.20- -
10.96

Net social
cost-

0.03
0.05
0.04
0.03.

0.64

0.96.
0.75"
0.64. -

2.04
3.19
2.43
2.04

5.62._.
9.507"
6.90
5.62

20.24
43.30
27.01.
20.24
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APPENDIX TABLE ID

SUBSIDY COST, INCREASED PROFIT AND NET SOCIAL
COST PER UNIT OF OUTPUT

o« + 8 =0.8 o =0.3, B= 0.5

Transport costs before subsidy (y) = 20% of original selling

: price
All subsidy costs and increased profits are expressed as per-
centages of the original selling price before subsidy (px).
(h2) is ratio of output after subsidy to output before subsidy.
(a) is capital coefficient, (B) is labour coefficient. '

(h2) value and - Subsidy "Increased Net social
type of subsidy cost profit ‘ cost
h? = 1.05 | |
Output price , 1.41 ~1.38 0.03
Input price: o = 0.3 1.15 . 1.10 0.05
| . B = 0.5 1.14 1.10 0.04
Line haul transport 0.94 0.91 0.03
’hz = 1.25
Output price 6.56 5.89 . 0.67
Input price: a = 0.3 5.67 4.58 1.09
- g = 0.5 5.40 4.58 - 0.82
Line haul transport 4.38 ‘ 3.71 ' 0.67
n? = 1.50
Output price 12.33 "10.18 2.15
Input price: a ='0.3 11.40 7.72 3.68
: : B = 0.5 10.38 7.72 ' 2.66
Line haul tréansport =~ 8.22. , 6.07 2.15
h% = 2.00
Output price o 22.15 16.20- - - 5.95
Input price: o = 0.3 23.12 11.77 - 11.35
. g = 0.5  19.46 11.77 7.69
Line haul transport 14.77 8.82 : 5.95
n? = 4.00
Output price 50.38 28.74 21.64
Input price: a = 0.3 78.26 18.67 59.59
B =0.5 50.62 18.67 31.95

Line haul transport 33.59 " 11.95 ' 21.64




APPENDIX TABLE IE

SUBSIDY COST,

286

INCREASED PROFIT AND NET SOCIAL

COST PER UNIT OF OUTPUT

o+ B =0.8, o

B =10.5

Transport costs before subsidy (v)

25% of original selling

All subsidy costs and increased profits are expressed as per-
nal selling price before subsidy (px).
ut after subsidy to output before subsidy.

centages of the origi
(h2) is ratio of outp

(¢) is capital coefficient, (B) is labour coefficient.

(h2) -value and: -
type of subsidy

h% = 1.05

Output price -

Input price: a = 0.3

- B = 0.5
Line haul transport
‘n% = 1.25

Output price. -

Input-prices a = 0.3.

B = 0.5
Line haul_transport—

2

- h® = 1.50

Output price

Input price: a =0.3

: : B =0.5
Line haul transpor
h? = 2.00 .

Output price =
Input price: a = 0.3
B =0.5
Line haul transport
‘h% = 4.00

Output price

Input price: a =0.3
- B =0.5

Line haul transport

- Subsidy
cost

1.45

1.18"°

1.17
0.97

12.75
12.05
10.82

8.50 -

22.96

25.15

.20.51

15.31

52.61
97.81
56.11
35.08

"Increased
Erofit

1.42
.1.13
1.13
0.94

6.08

4.73
4.73-
3.827

'10.53

7.98
7.98
6.28

16.80

12.21
12.21
9.15

30.10
19.58

19.58"

12.57

Net social
cost

0.03
0.05
0.04
0.03.

0.69
1.18

0.86-
0.69

2.22
4.07
2.84
2.22

6.16
12.94
8.30
6.16

22.51
78.23
36.53
22.51




287

APPENDIX TABLE IF

SUBSIDY COST, INCREASED PROFIT AND NET SOCIAL
COST PER UNIT OF OUTPUT

a + B =0.8 o =20.3, B=0.5

Transport costs before subsidy (y) = 35% of original selling

: ' rice
All subsidy costs and increased profits are expressed as per-
centages of the original-selling--price before subsidy (px)
(h2) is ratio of output after subsidy to output before subsidy.
(o) is capital coefficient, (B) is labour coefficient.

(h2) value and . Subsidy - Increased..  Net:-social
type of subsidy _cost __profit =~ =~ __cost
n? = 1.05 |
Output price 1.54 - 1.50 ©0.04
Input price: a = 0.3 1.26 - 1.19 0.07
: - B = 0.5 1.24 1.19 0.05
Line haul transport 1.03 0.99 0.04
n? =1.25 | |
Output_price_. 7.19. . 6.45 0.74 -
Ihput price: o = 0.3 6.47 5.02 1.45
: B = 0.5 6.00 _ 5.02 . 0.98
‘Line haul .transport-- - 4,797 4.05 0.74"
nZ = 1.50
Output price 13.57 S 11.21 2.36
Input price: a = 0.3 13.73 8.50 5.23
: - B = 0.5 "11.79 8.50 3.29
Line haul transport 9.05 6.69 2.36
h? = 2.00 .
Output price - . 24.58_- 18.01. 6.57_
Input price: o = 0.3 31.42 13.09 18.33
B = 0.5 23.13 13.09 10.04
Line haul transpor 16.39 9.82 6.57
'n% = 4.00
Output price 57.09 32.83 24.26
Input price: a = 0.3 233.50 21.41 212.09
: = 0.5 78.95 21.41 57.54
Line haul transport 38.0¢€ 13.80 24.26




APPENDIX TABLE IG

SUBSIDY COST,
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INCREASED PROFIT AND NET SOCIAL

COST PER UNIT OF OUTPUT

o + B =0.8 a

B = 0.5

Transport costs before subsidy (v)

= 42% of original selling

rice

All subsidy costs and increased proflts are expressed as per-

centages of the original selling price before subsidy (px)
(h2) is ratio of output after sub51dy to output before subsidy.
(o) is capital ¢oeff1c1ent,

(h2) value and
type of subsidy

n? = 1.05

Output price
Input price' o= 0.3
= 0.5

B =

Llne haul transport
Output price -
Input-price: o = 0.3
o B = 0.5
Line haul transport -
n?® = 1.50

Output price

Input price: o = 0.3

: : B = 0.5
Line haul transport
h? = 2.00

Output=price==

Input price: a = 0.3
B = 0.5

Line haul transport

n? = 4.00

Output price

Input price: o = 0.3
B = 0.5

Line haul transport

- Subsidy
cost

1.60

"1.32
1.29
1.07

7.48

6.98 ...
6.32 -

4.98

14.15
15.52
+12.64

25571 -

40.45
. 25.94
17.14

60.22
5738
1243

40.15

9.43.

(B) is labour coefficient.

"Increased

Erofit»

1.56
1.24
1.24
1.03

6.72
5.22
5.22
4.22

~11.70

8.86
8.86
6.98

18:86 -

13.71
13.71
10.29

34.74
22
22
14.67

Net social
cost

0.04

0.08
0.05 . |

0.04 |

0.76

1.76 ..
1.10°--
0.76 -

2.45
6.66
3.78
2.45

6.85=_
26.74
12.23

6.85

25.48

5716
221

25.48
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INCREASED PROFIT AND NET SOCIAL

COST PER UNIT OF OUTPUT

a + B

=0.9, oo = 0.3,

B =

0 0A6

- Transport costs befo

re subsidy (y)

3% of original selling

price

All subsidy costs and increased profits are expressed as per-

centage

(h2) is ratio of output a

fter subsidy

s of the original selling price before subsidy (px )
to output before subsidy.

(a) is capital coefficient, (8) is labour coefficient.

(h2) value and _
type of subsidy

2

h® = 1.05

Output price

Input price: a
; . B =

Line haul transpo

.h2

= 0.3
= 0.6
rt
= 1.25

- Qutput price
Input price: a
A B
Line haul transpo

2

h®-= 1.50

=0
=0
r

Output price
Input price: a ="
. . B =

Line haul transpo
2

h™ = 2.00__

0.3
= 0.6
rt

Output:price
Input price: a

B

Line haul transpo

2 - 4.00

0.3
0.6
rt
‘42 =

Output price
Input price: o 0.3
' B =10.6

Line haul transport

.3
.6.
t.,.,

- Subsidy ‘Increased Net social
cost profit - cost -
0.60 0.59 0.01
0.55 .0.53 0.02
0.54 0.53 0.01
0.40 0.39 0.01
2.76 2.48 0.28
2.56 2.20 0.36
2.50 2.20. 0.30
1.84 1.56 0.28
5.10 4.20 0.90
4.84 3.69 1.15
4.65 " 3.69 0.96
3.40 - 2.50 0.90
8.92 .. 6.48 2.44
8.81 5.59 3.22 7
8.22 5.59 2.63
5.95 3.51 2.44
18.99 10.55 8.44
20.81 8.65 12.16
17.93 8.65 9.28
12.66 4,22 8.44
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APPENDIX TABLE IIB

SUBSIDY COST, INCREASED PROFIT AND NET SOCIAL
COST PER UNIT OF OUTPUT

o+ B =0.9 o =0.3, B=0.6

Transport costs before subsidy (y) = 7% of original selling

: rice
All subsidy costs and increased profits are expressed as per-
centages of the original selling price before subsidy (px).
(h?) is ratio of output after subsidy to output before subsidy.
(o) is capital coefficient, (B) is labour coefficient.

(h2) value and - Subsidy ‘Increased = Net social
type of subsidy cost ‘ profit ‘ cost
h® = 1.05 |
Output price ' 0.68 . . 0.66 - 0.02
Input price: o = 0.3 0.61 . 0.59 0.02
. B = 0.6 0.61 ‘ 0.59 0.02
Line haul transport 0.45 0.43 0.02.
n? =1.25
Output.price - 3.10. 2.78 | 0.32
Input price: a = 0.3 2.89 - 2.47 0.42
: B = 0.6 2.82 - 2.47 0.35
Liné haul transport 2.07 ' 1.75 _ '0.32
2 - 1.50 |
Output price 5.76 _ " 4.75 : 1.01
Input price: a =0.3 5.52 4,17 : 1.35
o : B = 0.6 5.26 4.17 ' : 1.09
Line haul transport =~ 3.84. _ 2.83 1.01
n? = 2.00..
Output price = . 10.15 7.39 . 2.76
Input price: a = 0.3 10.24 6.37 3.87
g = 0.6  9.40 6.37 3.03
Line haul transport 6.77 ' 4.01 : 2.76
n? = 4.00
Output price 22.10 _ 12.39 9.71
Input price: a = 0.3 25.60 10.18 15.42
g =0.6 21.15 10.18 10.97

Line haul transport 14.73 ) 5.02 9.71
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APPENDIX TABLE IIC

SUBSIDY COST, INCREASED PROFIT AND NET SOCIAL
COST PER UNIT OF OUTPUT

o + B =0.9 a=0.3, B=0.6 | i

Transport costs before subsidy (y) = 12% of original selling

: price '
All subsidy costs and increased profits are expressed as per-
centages of the original selling price before subsidy (pxk).
(h?) is ratio of output after subsidy to output before subsidy.
(a) is capital coefficient, (B8) is labour coefficient.

(h2) value and - Subsidy ‘Increased Net social
type of subsidy cost profit cost
n? = 1.05 |
Output price = 0.76  0.74 0.02
Input price: a = 0.3 0.69 . . 0.67 7 0.02
- B = 0.6 0.69 0.67 0.02
Line haul transport 0.51 0.49 0.02
n? = 1.25-
Output price 3.52 3.16 . 0.36
Input price: a = 0.3  3.31 2.81 0.50
: "B =0.6 - 3.21 . 2.81- 0.40-
Line haul transport - 2.35° '1.99° _ 0.36"
n? = 1.50
Output pricg 6.57 ~ 5.42 1.15
Input price: o ='0.3 6.41 4.77 : 1.64
' : B =0.6 " 6.04: 4.77 1.27
Line haul transport .° 4.38- 3.23 1.15
n? = 2.00..
Output _price—- . 11:69 - 8.53 3.16°
Input price: a = 0.3 12.15 7.35 4.80
B =0.6 .10.90 7.35 3.55
Line haul transport 7.79 4.63 3.16
‘h? = 4.00
Output price 25.99 14.70 11.29
Input price: a = 0.3 32.85 12.10 ' 20.75
- B =10.6 25.39 . 12.10 ‘ 13.29

Line haul transport 17.33 : 6.04 11.29
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SUBSIDY COST, INCREASED. PROFIT.:AND-NET:SOCIAL:L
COST PER UNIT OF OUTPUT .z

o + B =0.9 a=0.3,B=0.6.

Transport costs before subsidy - {y):= 20%6f driginal-sellindnc
‘ price -

All subsidy costs and increased:profitstare:expressed:ds:per=:-~

centages of the original selling.price before:subsidy. {psy);:-

(h2) is ratio of output after subsidy-to-output:before subsidy<; .

(o) is capital coefficient, -(B) is-labour.coefficientsr~ '

(h2) -valuerandnd . Subsidydy Increasedec Netcsocialai
type .of subsidy - cost profitiz cost==

h? = 1.05 -

Output price=s = 0.90°7 0.88:% 0.024%
Input pricesr~o =-+0.3.2 0.82%% . 0.797y 0.03us
. B = <0.6.7 0.8lil 0.7979 0.0202

Line haul transport¥:t 0.60:0 0.58:5x 0.020%

2‘;—;;—-; 1.25%=5

- OQutput pricezs 4.20.:0 3.27:: 0.43:=
Input pricesza = =0.3.3 4.010C1 3.353% 0.665%
o B £ 0.6.% 3.84:%4 3.3535% 0.494%
Line-hatl-transpertrt 2.8080 ‘ 2.3737 0.4343

h®.= 1.50.

F
(o B4 A I |

i

Output price = - 7.88%¢ © 6.5151 1.3737
Input price: a ="-0.3 - 7.94%¢ 5.72%%= 2.22:%

: - B = 0.6 -~ 7.29° 5.72 " : 1.577
Line haul _transport. . 5.25.. 3.88.: 1.37:.

h%e2 2.0050

Output:priceécs 1431535 1023535 3.80%¢

Input pricé:-o = =0.3.7 1517077 8.93%°° 6.7777

' g = 0.6 7 13:40:" 8.93°° 4,477

Line haul transport. . 9.43: . 5.63 3.80..
n% = 4.00:

Output price _ 32:21:: 18.38 : 13.83:"

Input price: o = 0.3.2 50.03:. 15.17°° 34.86°*

- B =0.6.%2 3350102 1501717 17.847%%

Line haul transportrz 21.48-: 7.65%7% 13:8333

dh i
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SUBSIDY COST, INCREASED PROFIT AND NET SOCIAL

COST PER UNIT OF OUTPUT

o +B =0.9 o=20.3, B=20.6

Transport costs before subsidy (y)

25% of original selling

price

All subsidy costs and increased profits are expressed as per-
centages of the original selling price before subsidy (px)

(h2) is ratio of output after subsidy to output before subsidy.
(o) is capital coefficient, (8) is labour coefficient.

(h2) value and - - Subsidy .
type of subsidy-- cost--
h? = 1.05
Output price -~ 0.99
Input pricé:r-a = 0.3 0.91"
- B = 0.6 0.90
Line haul transport 0.66
h® = 1.25°
Output--price..- 4.62-..
Input-prices=oa = 0.3.. 4.47.:
: B-= 0.6 - 4.247-
Liné-haul:transport=t 3.08%%
" h® = 1.50
Output price 8.70
Input price: a ='0.3 9.00
: : B = 0.6 - 8.10
Line haul transport - 5.80-
h® = 2.00-°
Output.price-= . 15.68-—
Input pricé: o = 0.3 = 18.41
B = 0.6 . 15.06
Line haul transport 10.45
‘h%.= 4.00---
Output price 36.10
Input price: a = 0.3 = 68.77
. B =°0.6 . 38.75.
rt._. 24.07

Line haul transpo

‘"Increased
profit

0.97

0.87

0.87
0.64

4.15__

3.69 .

3.69=C
2,61

7.19 -
6.32
6.32
4.29

11.48=-
9.91-
9.91
6.25

20.69

17.08

17.08

8.66

Net social
cost

0.02
0.04-.-
0.03
0.02

0.47_ .
0.78 ...
0.55-%
0.47=:

1.51
2.68
1.78
1.51

4,20
8.50° "
5.15
4,20

15.41
51.69
21.67
15.41
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SUBSIDY COST, INCREASED PROFIT AND NET SOCIAL
COST PER UNIT OF OUTPUT

a + B =0.9, a=10.3, 8=0.6

Transport costs before subsidy (y) =35% of original selling

: price
All subsidy costs and increased profits are expressed as per-
centages of the original selling price before subsidy (px).
(h2) is ratio of output after subsidy to output before subsidy.
(o) is capital coefficient, (B) is labour coefficient.

(h?) value and . - Subsidy ‘Increased- = Net social
type of subsidy cost - profit ' cost
n? = 1.05 |
Output price 1.17 S 1.14 0.03
Input price: o = 0.3 - 1.07: - o 1.02- - 0.05- -
. g = 0.6 1.06 1.02 0.04
Line haul transport 0.78 0.75 0.03
B%=1.25
Output .price= - 5.47 _. 4,91 _ 0.56
Inputf_iprice;,qa = 0.3 5.49 - 4.36 - 1.13. 0
, B =-0.6:- 5.05: _ 4.3,6_'_7_‘ 0.69:"
Line haul €ransport— 3.65="~ ' 3.09 0.56==
h? = 1.50
Output price . 10.33 - 8.54 . 1.79
Input price: o =- 0.3 11.58 7.51 . 4.07
: . g = 0.6 - 9.81 7.51 : 2.30
Line haul transport 6.89. , 5.10 1.79
n? = 2.00
Output-.price - o 18.76 — 13.76 -- 5.00 ..
Input price: o = 0.3 26.35 - 11.88 -~ 14.47 -
g = 0.6 18.78 11.88 6.90
Line haul transport 12.50 7.50 5.00
‘hZ.= 4.00--.
Output price 43.88 25.30 18.58
Input price: o = 0.3 209.43 20,927 188:51
B =0.6 " 57.77 $20.92- 36.85-

Line haul transport 29.26 ) 10.68 18.58
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SUBSIDY COST, INCREASED PROFIT AND NET SOCIAL
COST PER UNIT OF OUTPUT

o + B =0.9 a =0.3, B=20.6

Transport costs before subsidy (y) = 42% of original selling

: price
All subsidy costs and increased profits are expressed as per-
centages of the original selling price before subsidy (px).
(h2) is ratio of output after subsidy to output before subsidy.
(a) is capital coefficient, (B) is labour coefficient.

(h2) value-and - Subsidy . ‘Increased = Net social-
type of subsidy cost profit - cost -
h? = 1.05 |
Output p;ice ' 1.29 | 1.26 » - 0.03
Input price: ¢ = 0.3 1.20 -1.13° 7 0.07
- B = 0.6 1.17 1.13 0.04
Line haul transport 0.86 0.83 0.03-
h? = 1.25"
Output:price.- 6.06 - 5.44 0.62
Input:=prices-a = 0.3 6.34 - 4.83. 1.51
: B"= 0.6 - 5.66:~ _ 4.83-" 0.83-i-
Lifne haul-transport=: 4.047° 3.424 0.62<"
n? = 1.50
Output price 11.48 - 9.49 1.99
Input price: o ='0.3 14.14 8.34 o 5.80
: : B =10.6 11.15 ‘ 8.34 . 2.81
Line haul transport =~ 7.65- : 5.66 : 1.99
h% = 2.00
Output:iprice-= . 20:91:_ 15.34 - 5.57~
Input price: o = 0.3 37.47 13.25 ° 24 .22
B =10.6 .22.13 13.25 8.88
Line haul transport 13.94 8.37 : - 5.57
‘h% = 4.00.-
Output p?ice ' 49.33 28.53 ‘ 20.80
Input price: o = 0.3 10,128 24 10,104
- B =0.6 155" | 24 ) 131

Line haul transport . 32,89 : 12.09 20.80
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APPENDIX TABLE IIIA

SUBSIDY COST, INCREASED PROFIT AND NET SOCIAL
COST PER UNIT OF OUTPUT

a + B =1.0,00=0.3, B =0.7

Transport costs before subsidy (y) = 3% of original selling

: price o
All subsidy costs and increased profits are expressed as per-
centages of the original selling price before subsidy (px).
(h2) is ratio of output after subsidy to output before subsidy.
(a) is capital coefficient, () is labour coefficient.

(h2) value and - Subsidy. ‘Increased = Net social
type of subsidy cost - profit-- cost
n? = 1.05 |
Output price 0.075 0.073  0.002
Input price: o = 0.3 =~ 0.075 0.073 0.002 -
- B = 0.7 0.075 0.073 0.002
Line haul transpor 0.050 0.048 0.002.
h2 = 1.25
Output price. - 0.354.- 0.318.... 0.036_..
Input price: a = 0.3 0.356 - 0.318".. 0.038 -
: -8B =0.7 0.354 -~ - 0.318. 0.036-"
Line -haul transport-- 0.236:~ 0.200+= 0.036.:-
" h? = 1.50
Output price 0.675 '0.559 : 0.116
Input price: a =0.3 0.681 0.559 : 0.122
: : B =0.7 0.676 0.559 ' 0.117
Line haul transport ~ 0.450 - . 0.334 0.116
hZ = 2.00 -
Output- price== 1.24-= 0.91:: 0.33..
Input price: a = 0.3 1.26 0.91" 0.35
B =0.7 .1.24 0.91 0.33
Line haul transport 0.83 0.50 : 0.33
‘h? = 4.00
Output price 3.00 1.75 1.25
Input price: a =0.3 3.11 1.75 1.36
B =0.7 3.02 . 1.75 , 1.27

Line haul transport 2.00 . 0.75 1.25




SUBSIDY COST,

APPENDIX TABLE IIIB

INCREASED PROFIT AND NET SOCIAL

CO

ST PER UNIT OF OUTPUT

o + B =1.06 o = 0.3, B = 0.7

Transport costs befo

re subsidy (y) = 7% of original selling
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All subsidy costs an

price

d increased profits are expressed as per-

centages of the original selling price before subsidy (px).

(h2) is ratio of output after subsidy to output before subsidy.

(a) is capital coefficient, (B) is labour coefficient.

(h2) value.and
type of subsidy

h? = 1.05

Output price

Input price: o = 0.3

: - B =0.7
Line haul transport
‘n% = 1.25

Output price
Input price: o = 0.3
B =0.7

Line haul-transport--

2

- h" = 1.50

Output price
Input price: a ='0.3

B =
Line haul transport
h? = 2.00

Output: price ==
Input price: a .
B =0.7
Line haul transport

i
o .
w

'h? = 4.00

Output price

Input price: a =0.3
- B =0.7
Line haul transport

- Subsidy ...  Increased
0.175 0.171
0.175 0.171
0.175 0.171
0.116 . 0.112
0.826 0.742
0.835 - 0.742
"0.828 0.742.
0.551 0.467- -
1.57 1.30
1.61 1.30
1.58 1.30
"1.05 : 0.78
2.90- 2.13.
3.01 2.13
2.92 2.13
1.93 _ 1.16
7.00 . 4.08
7.71 4.08
7.12 i 4.08

4.67 - 1.75

cost

Net social

0.004
0.004
0.004
0.004

0.084
0.093

0.086
0.084--

0.27
0.31
0.28
0.27

0.77
0.88
0.79
0.77

2.92
3.63
3.04

2.92
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INCREASED PROFIT AND NET SOCIAL

COST PER UNIT OF OUTPUT

a + B

=1oO’ o = 0‘3' B = On 7
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Transport costs before subsidy (y) = 12% of original selling

price

All subsidy costs and increased profits are expressed as per-
centages of the original selling price before subsidy (px).

(h2) is ratio of output after sub

(o) is capital coefficient, (B) is labour coefficient.

(h2) value and
type of subsidy

h = 1.05

Output price
3

Input price: a = 0.

- B =0.7
Line haul transport
h% = 1.25

Output price
Input price:-a = 0.3
g =0.7

Line haul--transport -

2 - 1.50

Output price

Input price: o ='0.3
: : B =0.7
Line haul transport
h2 = 2.00
Output price- -
Input price: o =0.3
B =0.7

Line haul transport

2 _ 4.00

'h

Output price

Input price: a =0.3
' . B =0.7

Line haul transport

- Subsidy ‘Increased
cost profit
0.300 0.293
0.301 0.293
0.300 0.293
0.200 0.193
1.41 1.27
1.44. . 1.27.
1.42 1.27
0.94 '0.80-
2.70 2.23
2.80 2.23
2.72 2.23
1.80 - 1.33
4.97 3.66:
5.34 3.66

. 5.03 3.66
3.31 2.00
12.00 7.00
14.51 7.00
12.42 7.00
©8.00 . 3.00

cost

sidy to output before subsidy.

Net social

- 0.007

0.008
0.007
0.007

0.14
0.17
0.15
0.14_

0.47
0.57
0.49
0.47

1.31
1.68
1.37
1.31

5.00
7.51
5.42
5.00
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APPENDIX TABLE IIID

SUBSIDY COST, INCREASED PROFIT AND NET SOCIAL
COST PER UNIT OF OUTPUT

o + 8 =1.0, a = 0.3, B =10.7

Transport costs before subsidy (y) = 2¢® of original selling

- price
All subsidy costs and increased profits are expressed as per-
centages of the original selling price before subsidy (px).
" (h2) is ratio of output after subsidy to output before subsidy.
(o) is capital coefficient, (8) is labour coefficient.

- h

(h2) value and . - Subsidy ‘Increased Net social
type of subsidy cost profit ‘ cost
2 - 1.05 | |
Output price . 0.500 0.488 0.012 |
Input price: a = 0.3 0.504 0.488 0.016 i
: . B = 0.7 0.501 0.488 . 0.013 §
Line haul transpor 0.333 0.321 0.012 |
h? = 1.25-
Output price 2.36 2.12 0.24
Input price: o = 0.3 2.45 2.12 0.33
: B = 0.7 2.38 - 2.12 0.26
Line haul transport - 1.57 1.33 _ 0.24
h% = 1.50
Output price 4.50 3.72 < 0.78
Input price: o ='0.3 4,85 3.72 , 1.13
o B =0.7 4.56 o 3.72 0.84
Line haul transport ~ 3.00 - . 2.22 0.78
n? = 2.00
Output price - . 8.28 6.09 | 2.19
Input price: o = 0.3 9.58 6.09 3.49
B =0.7 .8.50 6.09 2.41
Line haul transpor 5.52 3.33 : 2.19
‘h? = 4.00
Output price - 20.00 11.67 8.33
Input price: a =0.3 30.25 11.67 18.58
. B =0.7 21.51 _11.67 ) 9.84
Line haul transport 13.33 . 5.00 8.33
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APPENDIX TABLE IIIE

SUBSIDY COST, INCREASED PROFIT AND NET SOCIAL
COST PER UNIT OF OUTPUT

a + 8 =1.0, 00 =0.3, B=20.7

Transport costs before subsidy (y) = 25% of original selling

» price
All subsidy costs and increased profits are expressed as per-
centages of the original selling price before subsidy (px)
(h2) is ratio of output after subsidy to output before subsidy.
(o) is capital coefficient, (B) is labour coefficient.

(h2) value and - Subsidy ‘Increased Net social o
type of subsidy cost profit - cost R
n? = 1.05 |
Output price 0.625 0.610 0.015
Input price: a = 0.3 0.632 0.610 0.022
- B =10.7 0.626 0.610 0.016
Line haul transport 0.417 0.402 0.015
h% = 1.25
Output price 2.95 2.65 0.30
Input price: o = 0.3 3.11 2.65 0.46
B =0.7 2.98 2.65 0.33
Line haul: transpor 1.97 1.67 , 0.30
h% = 1.50
Output price 5.62 4.65 0.97
Input price: o =0.3 6.25 4.65 1.60
: B =0.7 5.73 4.65 1.08
Line haul transport 3.75 2.78 0.97
n? = 2.00
Output price 10.35 7.61 2.74
Input price: o = 0.3 12.75 7.61 5.14
B =0.7 10.74 7.61 3.13
Line haul transport 6.90 4.16 2.74
n? = 4.00
Output price 25.00 14.58 10.42
Input price: o =0.3 47.38 14.58 32.80
B =0.7 27.91 14.58 , 13.33

Line haul transport 16.67 . 6.25 10.42
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APPENDIX TABLE IIIF

SUBSIDY COST, INCREASED PROFIT AND NET SOCIAL
COST PER UNIT OF OUTPUT

a+B=l.0,a=0.3, B = 0.7

Transport costs before subsidy (y) = 35% of original selling

: . price
All subsidy costs and increased profits are expressed as per-
centages of the original selling price before subsidy (px).
(h2) is ratio of output after subsidy to output before subsidy.
(a) is capital coefficient, (B) 1is labour coefficient.

(h2) value and - Subsidy ‘Increased  Net social
type of subsidy cost profit - cost
n® = 1.05 | |
Output price 0.875 0.854 0.021
Input price: o = 0.3 0.892 0.854 0.038
. - B =0.7 0.878 0.854 . 0.024
Line haul transport 0.583 0.562 0.021
n? = 1.25
Output price 4.13 3.71 0.42
Input price: a =0.3. 4.55 3.71 0.84
. B =0.7 4.20 3.71 . | 0.49 .
Line haul transport - 2.75 2.33 - 0.42-. :
‘n? = 1.50 -
Output price 7.88 6.52 : 1.36
Input price: a =0.3 9.59 6.52 3.07
: : ‘ B =0.7 8.16 6.52 1.64
Line haul transport = 5.25 - .3.89 1.36
h? = 2.00
Output.price . 14.49 10.66 3.83
Input price: a =0.3 21.87 10.66 11.21
=0.7 15.58 10.66 4,92
Line haul transport 9.66 5.83 : 3.83
‘h? = 4.00
Output price 35.00 20.41 14.59
Input price: a =0.3 187.78 20.41 167.37
. B =0.7 46.17 20.41 . 25.76
Line haul transport 23.34 . 8.75 14.59
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APPENDIX TABLE IIIG

SUBSIDY COST, INCREASED PROFIT AND NET SOCIAL
COST PER UNIT OF OUTPUT

o« + B =1.0b 0 = 0.3, B = 0.7

Transport costs before subsidy (y) = 42% of original selling

: rice
All subsidy costs and increased profits are expressed as per-
centages of the original selling price before subsidy (px).
(h?) is ratio of output after subsidy to output before subsidy.
(a) is capital coefficient, (8) is labour coefficient.

(h2) value and - Subsidy ‘Increased = Net social
type of subsidy cost profit cost
n? = 1.05 |
Output price ~ 1.05 1.02 , 0.03
Input price: a = 0.3 1.08 . 1.02 0.06
- B = 0.7 1.05 1.02 0.03
Line haul transport 0.70 0.67 0.03
h2 = 1,25
Output price 4.96 4.45 0.51
Input price: o = 0.3 5.73 4.45 1.28
: B-=0.7 5.09 4.45 | 0.64 : !
Line haul transport— 3,31 2.80 , 0.51 -
n? = 1.50
Output price 9.45 7.82 ' 1.63
Input price: o =0.3 12.84 7.82 5.02
: : =0.7 9.98 7.82 2.16
Line haul transport ~ 6.30 - 4.67 1.63
h? = 2.00 |
Output price - 17.39 - 12.79 4.60
Input price: a =0.3 34.68 12.79 21.89
B =0.7 19.58 12.79 6.79
Line haul transport 11.60 7.00 4.60
n? = 4.00
Output price 42.00 24.50 17,50
Input price: a =0.3 17,874 24.50 17,850
- B =0.7 114 24 .50 : 90

Line haul transport 28.00 10.50 17.50



SUBSIDY COST,

APPENDIX TABLE IVE

INCREASED PROFIT AND NET SOCIAL

o

+

COST PER UNIT OF OUTPUT

B

= 1.1,

0.3, B =10.8

Transport costs before sub51dy (y) =25 % of original selling

and o

0.4, B =0.7
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Erlce

All subsidy costs and increased proflts are expressed as

percentages of the original selling price before subsidy (px).
(h ) is ratio of output after sub51dy to output before subsidy.
(a) is labour coefficient. }

(o) is capital coefficient,

(hz)value and
type of subsidy
h’ = 1.05
Output price .
Input price:

o
B
o
Line haul: transpo

n? = 1.25
Output price
Input price: o

™R W

'U o I | P

Line_ haul-transpo.

h% = 1.50
Output price
Input price: a =
B:
a:
B:
Line haul transpo
h? = 2.00
Output price ..
Input_price:: a =
B =
a:

B_

h? = 4.00

Output price
Input price: o =
B =
a:

B8
Line haul transpo:

i

0
0
0
0
r

‘H OO OO

(‘f ¢ ¢ o &

t

|\|J>mb)

~ b 00 W

!

Subsidy Increased Net social
cost profit. cost
0.326 0.318 . 0.008°
0.361 0.010 -
0.359 R 0.008
0.360 0.351 0.009
0.359 _ 0.008
0.218- - 0.210 0.008 "
1.61 1.45 0.16
S 1.83 _ 0.22.
1.78 0.17
1.81 1.6l 0.20
1.78"° 0.17 -
1.07: 0.91: . 0.161¢
3.21 2.67 0.54
3.79 0.80
3.56 0.57
3.70 2.99 0.71
3.58 - 0.59
2.14 1.60 ~0.54
6.28 4.69 . 1.59__
_8.00 - 2.68:
7.05 . 1.7377 2
7.60 >.32 2.28
7.13 1.81
4.19 2.60 1.59
17.10 10.37 6.73
31.62 19.54
20.16 8.08
26.25 12.08 14.17
20.91 8.83
.11.40 4.67 6.73
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APPENDIX TABLE IVF

SUBSIDY COST, INCREASED PROFIT AND NET SOCiAL
COST PER UNIT OF OUTPUT

o +f8=1.1, a = 0.3, B =10.8

and oo = 0.4, B = 0.7

Transport costs before subsidy (y) = 35% of original selling

' rice
All subsidy costs and increased profits are expressed as
percentages of the original selling price before subsidy (py).-
(h?) is ratio of output after subsidy to output before subsidy.
(a) is capital coefficient, (o) is labour coefficient.

(hz)value and Subsidy Increased Net social
type of subsidy cost profit. cost
h? = 1.05 |
. Output price 0.636 0.621 : 0.015
Input price: a = 0.3 0.711 0.027
B =10.8 0.701 0.684 0.017
a = 0.4 0.707 Yo 0.023
. B =0.7 0.702 _ 0.018
Line haul transport 0.424 0.409 0.015
n? = 1.25
Output price _ 3.06 2.75 0.31
fnput price: o = 0.3 3.66 0.60
B = 0.8 3.40 3.06 0.34
a = 0.4 3.55 0.49
' B = 0.7 3.43 0.37
‘Ijiine haul transport- 2.04 1.73 ' 0.31 .
h? = 1.50
Output price 5.94 4.93 1.01
Input price: a = 0.3 7.76 2.24
B = 0.8 6.69 5.52 1.17
a = 0.4 7.31 1.79
B = 0.7 6.78 ’ 1.26
Line haul transport 3.96 2.95 1,01
n? = 2.00 o
Output price ’ 11.23 8.32 2.91
Input price:. .o = 0.3  17.92 . 8.48.
g =0.8 12.99 9.44 3.55
o= 0.4 15.70 . %- 6.26
B = 0.7 13.34 3.90
Line haul transport. 7.49 %.58 2.91
n? = 4.00 ' |
Output price 28.69 17.05 11.64
Input price: o = 0.3 168.31 ' 148.40
= 0.8 38.88 19.91 18.97-
o = 0.4 90.41 . 70.50
B = 0.7 43.54 23.63
Line haul transpor 19.12 7.48 11.64



SUBSIDY COST,

APPENDIX TABLE IVG

INCREASED PROFIT AND NET SOCIAL

COST PER UNIT OF OUTPUT

a + B

=1,1, o = 0.3, B =10.8

Transport costs before subsi

and o = 0.4,

B = 0.7

305

dy (y) = 42% of original selling

price

All subsidy costs and increased profits are expressed as

percentages of the original selling price before subsidy (py).
(h?) is ratio of output after subsidy to output before subsidy.

(a) is capital coefficient, (a) is labour coefficient.

(h2)value and
type of subsidy
n? = 1.05
Output price
Input price: o
B
o

- B
Line haul transpo
n? = 1.25
Output price
Input price: o
B
o

B

e 00 W

0
0
0
0
r

t

(ol oo e
~ 0O W

Line haul transport -

h% = 1.50

Output-price--

Input price: a
B
o

B

Line haul transpo
n? = 2.00
Output price
Input pricersr:a
B

o

B -
Line haul transport.
n? = 4.00
Output price
Input price: o

B

a

8
Line-haul transpo

~) > 00 W

0
0.
0.
0.
rt

(1 T [

(o N e N )

nhun
N oW

0
0
0
0
r

£

Nk 00 W

Subsidy Increased Net social
cost profit. “cost
0.853 0.832 0.021°
0.963 3 _ 0.046
0.942 0.917 0.025 -
0.954 0.037
0.943 o 0.026

0.569 .0.548 -. 0.021
4.07 3.66 0.41
5.14 1.07-
4.57 4.07 0.50
4.90 0.83
4.61 0.54
2.71 2.30 0.41
7.86 - - 6.51 1.35
11.61 4.31
9.00 7.30 1.70
10.46 3.16
9.19 1.89
5.24" 3.89 1.35
14,707 10.86 3.84
. 32.06.2 19.73
17.69 - 12.33 5.36
25.03 12.70
18.55 6.22
9.80 5.96 3.84
36.79 21.72 15.07
31,544 31,519
93 25.40 67
2,777 2,752
146 -121
24,53 9.46 15.07




APPENDIX TABLE VF

SUBSIDY COST, INCREASED PROFIT AND NET SOCIAL

COST PER UNIT OF OUTPUT

a + B

=1.2,a = 0.4, B

= 0.8

Transport costs befo

re subsidy (y) =

35% of original selling

306

All subsidy costs and increased profits are expressed as per-

centages of the orig

(h2) is ratio of output after su

price

inal selling price before subsidy (px)

(o) is capital coefficient, (B) is labour coefficient.

(h2) value and
type of subsidy

n? = 1.05

Output price

Input price: a = 0.

- g = 0.
Line haul transport
‘n? = 1.25

Output price..
Input price: a = 0.4

A B = 0.8
Line- haul transport ~
" h? = 1.50

Output price
Input price: a =0.4

g =0.8
Line haul transport
h2 = 2.00

Output price -
Input price: o = 0.4
=0.8

B =0.
Line haul transpor
‘h? = 4.00

Output price

Input price: a = 0.4
. g =0.8

Line haul transport

4
g

- Subsidy ‘Increased
cost profit
0,438 0.427
0.530 0.515
0.526 0.515
0.292 0.281
2.18 1.96
2.74 2.40
2.65 2.40:.
1.46- 1.24
4.39 "3.66
5.79 4.53
5.39 4,53
"2.92 2.19
8.67 6.49
12.91 8.23
10.97 8.23
5.78 3.60
24.00 14.62
82.93 19.41
36.79 19.41
16.00 6.62

cost

bsidy to output before subsidy.

Net social

0.011
0.015
0.011
0.011

0.22
0.34
0.25
0.22

0.73
1.26
0.86
0.73

2.18._-
4.68
2.74
2.18

9.38
63.52
17.38

9.38




SUBSIDY COST,

APPENDIX TABLE VG

INCREASED PROFIT AND NET SOCIAL

COST PER UNIT OF OUTPUT

a + B =1.20=20.4, B = 0.8

307

Transport costs before subsidy (y) = 42% of original selling

rice

All subsidy costs and increased profits are expressed as per-
centages of the original selling price before subsidy (px)

(h2) is ratio of output after subsidy to output before subsidy.

(a) is capital coefficient, (B) is labour coefficient.

(h2) value and. .
type of subsidy

h2 = 1.05

Output price

Input price: a = 0
B_—_O

Line haul transpor

'h2 = 1.25

.4
8

t

Output price

Input price: o = 0
- _ B =20
Line haul transpor

.4
.8
t
1.50

~Output price
Input price: a
. . g =
Line haul transpor

n? = 2.00

0.4
0.8

Output price-=

Input price: o = 0.4
B =0.8

Line haul transpor

‘n? = 4.00

Output price

Input price: a = 0.4
- B =0.8

Line haul transport

- Subsidy "Increased
cost = profit
0.689 0.673
0.840 0.810
0.830 0.810
0.459 0.443
3.35 3.01
4,37 3.68
4,10. 3.68--
2.23 1.89
6.57 '5.46
9.48 6.77
8.25 6.77
4,38 3.27
12.59 9.35
23.38 11.87
16.77 11.87
8.40 5.16
32.92 19.71
4,253 26.30
115.1 ; 26.30
21.95 8.74

cost

Net social

0.016
0.030
0.020
0.016

0.34
0.69
0.42
0.34

1.11
2.71
1.48
1.11

3.24.
11.51

4.90

3.24

13.21
4,227
88.81
13.21
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APPENDIX TABLE VIG

SUBSIDY COST, INCREASED PROFIT AND NET SOCIAL
COST PER UNIT OF OUTPUT

o+ 8 =1.3 o = 0.4, B = 0.9

Transport costs before subsidy (y) = 42% of original selling

‘ price
All subsidy costs and increased profits are expressed as per-
centages of the original selling price before subsidy (px)
(h2) is ratio of output after subsidy to output before subsidy.
(a) is capital coefficient, (B8) is labour coefficient.

(h2) value and. - Subsidy "Increased Net social
type of subsidy cost profit ' cost
n? = 1.05 |
Output price ©0.551 - 0.538 0.013
Input price: a = 0.4 0.727 - 0.703 - 0.024.
- B =0.9 0.719 0.703 0.016
Line haul transport 0.367 0.354 0.013
'h2 = 1,25
Output price 2.75 2.47 0.28
Input price: a = 0.4 3.86 : 3.30 0.56 .
B = 0.9 3.63. 3.30.. 0.33.
Line haul-transport—— 1.83 =~ - 1.55- _ 0.28
n® = 1.50
Output price 5.52 "4.60 : 0.92
Input price: a ='0.4 8.54 6.25 2.29
: : B =0.9 7.42 , 6.25 ‘ - 1.17
Line haul transport ~3.68 : . 2.76 S 0.92
h% = 2.00
Output price .  10.89 8.15 2.74
Input price: o = 0.4 21.80 11.41 10.39
B = 0.9 15.35 11.41 3.94
Line haul transport 7.26 4.52 : 2.74
‘'h? = 4.00
Output price 29.95 18.21 11.74
Input price: a = 0.4 6,512 27.20 6,485
. B =0.9 96.72 27.20 ' 69.52

Line haul transport 19.97 " 8.23 11.74




APPENDIX B

This contains Appendix Tables to Chapter VI relating to
simulations of alternative subsidy schemes in respect of
Subsidy Cost, Increased Profit and Net Social Cost, all
expressed on a per unit of output basis. In the Cobb-

. Douglas production function, (a) is the capital coefficient
and (B) the labour coefficient. FEach table number relates
to a different (o + B) combination. The letters attached

to each table relate to different burdens of transport costs
before operation of the subsidy scheme; as explained in
Chapter VI, it is not possible to simulate for low burdens

of transport costs where (o + B) » 1.1. The tables are as

follow:
Tables IA - IF (o + B = 0.8)
Tables_IIA - IIF (¢ + B = 0.9)
Tables IIIA - IIIF (o + B =1.0)
Tables IVC - IVF (o + B =1.1)
Tables VD - VF (o + B = 1.2)
Table VIF (o + B = 1.3)
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SUBSIDY COST,

APPENDIX TABLE IA

INCREASED PROFIT AND NET SOCIAL

COST PER UNIT OF OUTPUT

o + 8

=0.8 o = 0.3, B = 0.5

Transport costs befo

310

re subsidy (y) = 3 % of original selling

price

'All subsidy costs and increased profits are expressed as per-
centages of the original selling price before subsidy (px)

(hz) is ratio of out

put after subsidy to output before subsidy.

(a) is capital coefficient, (B) is labour coefficient.

(h2) value and
type of subsidy

2

h® = 1.05

Output price

Input price: a = 0.3
- B = 0.5

Line haul transport

'hz = 1,25

Output price

Input price: o = 0.3

: B = 0.5

Line haul. transport.

2 - 1.50

Output price

Input price: a ='0.3
.o . B:O.S

Line haul transport

h2 = 2.00

Output price -

Input price: o = 0.3
B = 0.5

Line haul transpor

‘h? = 4.00

Output price

Input price: a = 0.3
B =0.5

Line haul transport

- Subsidy "Increased
cost profit
1.38 1.35
1.12 1.07
1.11 1:07.
0.69 0.66
6.45 5.79
5.46 4.50
5.26 4.50
. 3.22 2.56
12.15 10.04
10.81 7.61
10.09 7.61
"6.07 3.96
21.96 - 16.09
21.29 11.70
18.81 11.70
10.98 5.11
51.35 29.62
65.04 19.35
48.18 19.35
25.67 3.94

Net social
cost

0.03
0.05
0.04
0.03

0.66
0.96
0.76
0.66

2.11
3.20
2.48
2.11

5.87
9.59
7.11
5.87

21.73
45.69
28.83
21.73




APPENDIX TABLE IB

SUBSIDY COST, INCREASED PROFIT AND NET SOCIAL

COST PER UNIT OF OUTPUT

o+ B =0.8% 0o

B = 0.5

Transport costs before subsidy (y)

311

7% of original selling

All subsidy costs and increased profits are expressed as per-
centages of the original selling price before subsidy (pxh

(h2) is ratio of output after subsidy to o

(a) is capital coefficient, (B) is labour coefficient.

(h2) value and .
type of subsidy

2 - 1.05

h

Output price

Input price: o = 0.3

- B = 0.5
Line haul transport
n? = 1.25

Output price ..
Input price:.a = 0.3

-B = 0.5
Line haul transport-. 3,70
~n% = 1.50

~Output price
Input price: a =0.3
: : 0.5

B =
Line haul transport
h% = 2.00

Output price - :

Input price: a =0.3
B =0.5

Line haul transport

2

"h® = 4.00

Output price

Input price: o =0.3107.95

B =0.5
Line haul transport

- Subsidy
cost

1.57
1.27
1.26-

0.78

7.40
6.35

6.07-

14.10
12.93
11.84

'7.05

26.03
26.95
22.80
13.01

64.59

66.49
32.29

‘"Increased

Erofit‘f

1.53
1.22
1.22.
0.74

6.65

5.16 -
5.16 .+
2.957.

11.67
8.85
8.85
4.62

19.17

13.96

13.96
6.15

38.07
25.15
25.15

5.77

utput before subsidy.

Net social
cost

0.04
0.05
0.04
0.04

0.75
1.19

0.91-
0.75

2.43
4.08
2.99
2.43

6.86 -

12.99
8.84
6.86

26.52
82.80
41.34
26.52




SUBSIDY COST,

APPENDIX TABLE IC

312

INCREASED PROFIT AND NET SOCIAL

COST PER UNIT OF OUTPUT

o + 8

=0.8

a = 0.3,

g = 0.5

Transport costs before subsidy (y)

12% of original selling

All subsidy costs and increased profits are expressed as per-

centages of the original selling price before subsidy (px).

(h2) is ratio of output after subsidy to output before subsidy.

(o) is capital coefficient, (B) is labour coefficient.

(h2) value .and
type of subsidy

2 - 1.05

h

Output price

Input price: o 0
- B=20

Line haul transport

h2 = 1.25

3
5

Output price
Input price: o = 0.3
: 5

g OO

Line- haul-transport

" h% = 1.50

Output price

Input price: o ='0.3

: : : B = 0.5
Line haul transport
h2 = 2.00

Output price -

Input price: a = 0.3

B = 0.5
Line haul transport
n? = 4.00

Output price

Input price: a = 0.3
, - B =10.5
Line haul transpor

. Subsidy
cost

1.80
1.47
1.45
0.90

8.59
7.53

7.10.
4.29

16.55
15.91
14.13
"8.27

31.12 -

36.03
28.32
15.56

81.13

269
104
40.56

"Increased
Erofit

1.76
1.40

1.40.

0.86

7.72
6.00

6.00

3.42

13.72
10.41
10.41

5.44

23.02 .

16.79
16.79
7.46

48.63
32.40
32.40

8.06

Net social

- cost

0.04
0.07
0.05
0.04

0.87
1.53
1.10.

0.87

2.83
5.50
3.72
2.83

8.10
19.24
11.53

8.10

32.50

237
72
32.50
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APPENDIX TABLE ID

SUBSIDY COST, INCREASED PROFIT AND NET SOCIAL
COST PER UNIT OF OUTPUT

a +B8=0.8 a=20.3, B=20.5

Transport costs before subsidy (y) = 20% of original selling

: price
All subsidy costs and increased profits are expressed as per-
centages of the original selling price before subsidy (px)
(h2) is ratio of output after subsidy to output before subsidy.
(a) is capital coefficient, (B) is labour coefficient.

(h2) value and - Subsidy "Increased  Net social
type of subsidy cost profit ’ cost
h? = 1.05 |
Output price 2.18 2.13 0.05
Input price: o = 0.3 1.79 1.69 0.10
- B =0.5 1.76 1.69. , 0.07
Line haul transport 1.09 1.04 0.05
‘n? =1.25 |
Output price 10.49 9.43 1.06
Input price: o = 0.3 9.66" 7.33 2.33
: B = 0.5 8.82 - 7.33 . 1.49-~
Line- haul_ transport. 5.247 . 4.18. , 1.06. .
n? = 1.50
Output price - 20.47 17.00 3.47
Input price: a ='0.3  22.04 12.90 9.14
: : B =0.5 18.17 12.90 ' 5.27
Line haul transport =~ 10.23 - . 6.67 3.47
h2 = 2.00
output price - . - 39.26 - 29.18 ~ 10.08
Input price: o = (0.3 62.30 21.32 40.98
) B =0.5 .39.72 21.32 18.40
Line haul transport 19.63 9.55 : 10.08
‘h? = 4.00
Output price 107.61 65.53 42.08
Input price: a =0.3 * * *
B:o's * . * ‘ *
Line haul transport 53.80 C11.72 42.08

*Signifies this rate of increase in output not achievable
from subsidy on factor price, because of requirement that
factor price less subsidy must be positive.




APPENDIX TABLE TE

' SUBSIDY COST, INCREASED PROFIT AND NET SOCIAL

COST PER UNIT OF OUTPUT

o + 8

=0.8, a

= 0.5

Transport costs befo

re subsi

dy (y) = 25% of original selling

All subsidy costs and increased profits are expressed as per-
centages of the original selling price before subsidy (px).

(h2) is ratio of output after subsidy to output before subsidy.

(a) is capital coefficient, (8) is labour coefficient.

(h2) .value and
type of subsidy

2

h™ = 1.05

Output price

Input price: a = 0.3
- B =0.5
Line haul transport
n? = 1.25
Output price
Input price: o = 0.3
: B =0.5
Line haul transpor
“n? = 1.50 |
Output price
Input price: o =0.3
: : B =0.5
Line haul transport
n? = 2.00

Output price .

‘Input price: a =0.3
B =05

Line haul transport

"h? = 4.00

Output price

Input price: o =0.3
- B =0.5

Line haul transport

. Subsidy
cost

2.41
2.00
1.95
1.21

11.67
11.25

9.97

5.83

22.91
27.72

21.17 -
11.46 -

44 .34
106.32
.51.43

22.17

62.08

‘Increased Net social
Erofit' cost
2.35 0.06

1.87 0.13
1.87. 0.08
1.15 0.06
10.50 C1.17
8.17 3.08
8.17 A 1.80
4.66 , 1.17
19.04 : 3.87
14.46 : 13.26
14.46 ' 6.71
7.59 - 3.87
33.03 11.31
24.16 82.16
24.16 27.27
10.86 : 11.31
© 76.09 48.07
* *
* ) *
14.01 48.07

*Signifies this rate of increase in output not achievable from
subsidy on factor price, because of requirement that factor

price less subsidy must be positive.
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APPENDIX TABLE IF

SUBSIDY COST, INCREASED PROFIT AND NET SOCIAL

COST PER UNIT OF OUTPUT

a + B =0.8 a

= O.S

Transport costs before subsidy (y)

35% of original selling

All subsidy costs and increased profits are expressed as per-
centages of the original sellin

(h2) is ratio of output afte
(a) is capital coefficient,

(h2) value and
type of subsidy

2

h® = 1.05

Output price
Input price: a = 0.3

g = 0.5
Line haul transport
‘% =1.25
Output price
Input price: a = 0.3
< - B = 0.5
Line haul transport
“h?% = 1.50

Output price

Input price: a ='0.3

: : B = 0.5

. Line haul transport
h? = 2.00

Output price

Input price: a = 0.3

B = 0.5

Line haul transport
‘n% = 4.00

Output price

Input price: a = 0.3
. B = 0.5

Line haul transport

- Subsidy
cost

2.88
2.44
2.35
1.44

14.05
16.06
12.73

7.03

27.81
59.02
30.98

13.90 -

157.25
*
*
78.63

*Signifie§ this rate of increase in output not achievable
from subs%dy on factor price, because of requirement that
- factor price less subsidy must be positive. '

‘Increased

Erofit

2.81
2.23

2.23
1.37

12.64
9.83
9.83
5.62

23.14
17.57
17.57

9.23

40.72
*

*
13.47

97.20
K

*
18.58

g price before subsidy (px).
ubsidy to output before subsidy.
(B) is labour coefficient.

Net social

cost

-0.07
0.21
0.12
0.07

.41
.23
.90
.41

N o e

41.45
13.41
1.67

13.79
*

* .
13.79

60.05
*
*
60.05

+




SUBSIDY COST,

APPENDIX TABLE IIA

INCREASED PROFIT AND NET SOCIAL

Cco

ST PER UNIT OF OUTPUT

a + B

=of9, o= 0.3,

B =0.6

Transport costs befo

re subsidy (y) = 3 % of original selling

316

All subsidy costs and increased proflts are expressed as per-

Erlce

centages of the original selling price before subsidy (px)

(h2) is ratio of output after sub51dy to output before sub51dy.
(B) is labour coefficient.

(a) is capital coeff

(h2) value and
type of subsidy

2

h® = 1.05

Output price

Input price: o = 0.
B:O

Line haul transpor

‘h? = 1.25

t

Output-price

Input price: a =
B =

Line haul transpo

h2 = 1.50

0.3
0.6
rt

Output price

Input price: o
. . B =

Line haul transpo

n2 = 2.00

II

R OO

.3
.6
t

Output price- -

Input price: o =
B_

Line haul transpo

‘h = 4.00

0.3
0.6
r

Output price

Input price: o = 0.3
- B =0.6

Line haul transpor

3
6

icient,
- Subsidy "Increased
cost profit
0.73 0.71
0.66 0.64
0.66 "0.64
- 0.36 0.34
3.38 3.03
3.16 2.70
3.07 270
1.69 1.34
6.39 '5.28
6.15 4.64
5.84 4.64
3.19 - 2.08
11.60 8.51
11.83 7.35
210.77 7.35
5.80 2.71
27.82 16.21
34.37 13.43
27.03 13.43
13.91 2.30

cost

Net social

0.02
0.02
0.02
0.02

0.35
0.46
0.37
0.35

1.11
1.51
1.20
1.11

3.09-

4.48
3.42
3.09

11.61
20.94
13.60
11.61




SUBSIDY COST,

APPENDIX TABLE IIB

INCREASED PROFIT AND NET SOCIAL

COST PER UNIT OF OUTPUT

o + B

=0.9, & = 0.3, B = 0.6

Transport costs before subsidy (y) =

317

7% of original selling

All subsidy costs and incre

price

ased profits are expressed as per-

centages of the original selling price before subsidy (pxh

(h2) is ratio of output after subsidy to output before subsidy.
(a) is capital coefficient,

(h2) value and
type of subsidy

2 - 1.05

h

Output price

Input price: o = 0
- B =0

Line haul transpor

‘h? = 1.25

.3
.6
t

" Output. price
Input price: o = 0.3
B.=0.6

r

Line haul tranépo t

2 - 1.50

h

Output price

Input price: a =0.3
: : B =10.6

Line haul transport

h2 = 2.00 .

Output-price.

Input price: o = 0.3

B = 0.6
Line haul transport
n? = 4.00

Output price
Input price: o =

Line haul transport

- Subsidy
cost

0.96
0.87
0.86 -
0.48

4.55
4.31
4.15
2.27

8.75
8.72

- 8.07
4.37 -

16.40--

18.03
.15.50
8.20

42.71
72.07
44.60
21.35

"Increased
Erofit

10.94
0.84

0.84.

0.46

4.09
3.63
3.63
1.81

'7.25
6.37
6.37
2.87

12.12
10.48
10.48

3.92

25.60
21.33

21.33°

4.24

(8) is labour coefficient.

cost

Net social

0.02
0.03
0.02
0.02

0.46
0.68

0.52

0.46

1.50
2.35
1.70
1.50

4.28. .

7.55
5.02
4.28

17.11
50.74
23.27
17.11




SUBSIDY COST,

APPENDIX TABLE IIC

INCREASED PROFIT AND NET SOCIAL

CO

ST PER UNIT OF OUTPUT

o+ B8

=0,9 o = 0.3,

B =0.6

318

Transport costs before subsidy (y) =12 % of original selling

All subsidy costs and increased profits are expressed as per-

price

centages of the original selling price before subsidy (px)h

(h2) is ratio of output after subsidy to output before subsidy.

(o) is capital goefficient, (8) is labour coefficient.

(hz) value and
type of subsidy

nZ = 1.05

Output price -

Input price: a =
. B =

Line haul transpo

n? = 1.25

H oo

t

- Output price

- Input price: a = 0
o B =0
Line haul transpor

h? = 1.50

3
6

Output price

Input price: a =
. . B -

Line haul transpo

n% = 2.00

3
6

=N

t

Output price

Input price: a = 0
B =20

Line haul transport

‘n% = 4.00

.3
.6

Output price

Input price: a = 0.3
- B =70.6

Line haul transport

£t

- Subsidy "Increased
cost profit
1.25 1.22
2 1.14 1.09
1.13 1.009
0.62 0.59
6.01 5.40
5.84 4.80
5.51 4.80
3.00: 2.39
11.70 '9.71
12.33 8.54
10.95 8.54
5.85 - 3.86
22.39 - - 16.63...
28.02 14.39

. 21.82 14.39
11.20 5.44
61.32 37.33
228 31.20
76.42 31.20
30.66 6.67

cost -

Net social

0.03
0.05
0.04
0.03

0.61
1.04

0.71

0.61-

1.99
3.79
2.41
1.99

5.76..

13.63
7.43
5.76

23.99
197

45.22

23.99




" APPENDIX- TABLE IID

SUBSIDY COST, INCREASED PROFIT AND NET SOCIAL
COST PER UNIT OF OUTPUT

a4+ B8=09 a =03, 8=0.6

Transport costs before subsidy (y) =20% of original selling

: rice
All subsidy costs and increased profits are expressed as per-
centages of the original selling price before subsidy (px)
(h2) is ratio of output after subsidy to output before subsidy.
() is capital coeffiqient, (R) is labour coefficient.

(h2) value and - Subsidy "Increased Net social
type of subsidy cost profit ’ cost
h2 = 1.05 ' |
Output price 1.72 - 1.68 0.04
Input price: o = 0.3 1.58 1.50 0.08
: - B = 0.6 1.55 1.50 0.05
" Line haul transport 0.86 0.82 . 0.04
‘h? = 1.25
Output price 8.34 ' 7.50 | 0.84
Input price: a = 0.3 8.59 6.66 1.93
| B = 0.6 7.76 . 6.66 1.10
Line haul transport 4.17 ‘ 3.33 - | 0.84
n? = 1.50 .
Output price 16.42 13.65 - 2.77
Input price: o ='0.3 19.80 12.01 : - 7.79
. . g = 0.6 15.87 12.01 ' 3.86
Line haul transport -’ 8.21- . 5.44 - 2.77
h2 = 2.00
Output price . 31.98 - 23.85 8.13
Input price: o = 0.3 57.92 20.66 37.26
B = 0.6  33.94 20.66 13.28
Line haul transport - 15.99 7.86 - ‘ 8.13
‘h? = 4.00 o
Output price 91.10 56.11 - 34.99
Input price: o =0.3 * * *
. B =0.6 * ) * ) *
Line haul transport 45.55 . 10.56 34.99

*Sign@fies this rate of increase in output not achievable ffom
sups;dy on factor price because of requirement that factor
price less subsidy must be positive.

14




APPENDIX TABLE IIE

SUBSIDY COST, INCREASED PROFIT AND NET SOCIAL

- COST PER UNIT OF OUTPUT

o + B

= 0.9 o

= 0.6

Transport costs before subéidy (v)

25% of original selling

320

All subsidy costs and increased profits are expressed as per-

centages of the original selling price before subsidy (px).

(h2) is ratio of output after subsidy to output before subsidy.

(a) is capital coefficient, (B) is labour coefficient.

(h?2) value and
type of subsidy

2 - 1.05

h

Output price
Input price: o = 0,3

B =10.6
Line haul transport
n? = 1.25

Output price

Input price: o = 0
B:O

Line haul transport

h% = 1.50

3
6

Output price

Input price: a =
. . B =

Line haul transpo

h? = 2.00

.3
6

KOO

t

Output price
Input price: a = 0.3
0.6

B:
Line haul transport
‘h% = 4.00

Output price

Input price: o = 0.3
B =0.6

Line haul transport

- Subsidy
cost

2.01
1.87
1.82
1.00

.79
10.65
9.23
4.90

19.38
26.81

19.33
9.69 -

37.98
112.30
. 44.97

18.99

109.71
*
*
54,85

*Signifies this rate of Tncrease in output not achievable from
subsidy on factor price, because of requirement that factor

Increased

Brofit

1.96
1.76
1.76
0.95,

8.81
7.83
7.83
3.92

16.12
14.18
14.18

6.43

28.37
24.57
24.57

9.38

67.85
*
*
12.99

price less subsidy must be positive.

cost

Net social

0.05
0.11
0.06
0.05

0.98
2.82
1.40
0.98

3.26
12.63
5.15
3.26

9.61
87.73
20.40

9.61

1 41.86
*

*
41.86



N
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APPENDIX TABLE IIF

SUBSIDY COST, INCREASED PROFIT AND NET SOCIAL
COST PER UNIT OF OUTPUT

o + B8 =0.9 a =0.3, B=20.6

Transport costs before subsidy (y) = 35% of .original selling

: rice
All subsidy costs and increased profits are expressed as per-
centages of the original selling price before subsidy (px)s
(h2) is ratio of output after subsidy to output before subsidy.
(o) is capital coefficient, (B) is labour coefficient.

(h2) valué and . Subsidy ‘Increased Net social
type of subsidy cost profit ' cost
n? = 1.05 ' |
Output price ' 2.59 . 2.53 - 0.06
Input price: a = 0.3 2.49 2.27 ' 0.22
- B = 0.6 2.37 2.27. 0.10
Line haul transport 1.30 1.24 _ 0.06
h? = 1.25
Output price 12,71 11.44 o 1.27 B
Input price: a = 0.3 16.96 10.17 6.79 |
' ~B = 0.6 12.57 10.17 _ 2.40
Line haul transport 6.3 -~ 5.08 . 1.27
n? = 1,50
Output price ' 25.28 21.05 : 4.23
Input price: o ='0.3 68.63 18.52 50.11
' : B = 0.6 129.37 18.52 10.85
Line haul transport =~ 12.64 - . 8.41 4.23
h2 = 2.00
Output price * . 49.97 37.40 12.57
Input price: a = 0.3 * , * *
B = 0.6 . * * *
Line haul transport 24.99 12.42 : 12.57
‘h? = 4.00
Output price 146.93 91.32 55.61
Input price: a = 0.3 * * *
. B =10.6 * C* . *
Line haul transport 73.47 T 17.86 55.61

*Signifies this rate of increase in output not achievable from
subsidy on factor price, because of requirement that factor
price less subsidy must be positive. .




APPENDIX TABLE IIIA

SUBSIDY COST,

322

INCREASED PROFIT AND NET SOCIAL

COST PER UNIT OF OUTPUT

o + B8 =1,0,%°%

0.3, B =0.7

Transport costs before subsidy (y)

= 3 $ of original selling

: price
All subsidy costs and increased profits are expressed as per-

centages of the original selling price before subsidy (pk). -

(h2) is ratio of output after subsidy to output before subsidy.

(a) is capital coefficient, (B) is labour coefficient.

(h2) value and
type of subsidy

2

h® = 1.05

Output price

Input price: a = 0
B_—_-O

Line haul transpor

n? = 1.25

.3
.7
t

Output price.
Input price: a = 0
Line haul transpor

h? = 1.50

to-

Output price
Input price: a =0
Line haul transpor

h2 = 2.00. .

.3
7
t

Output-price -

Input price: o = 0
B =20

Line haul transpor

'h = 4.00

Output price
Input price: a = 0
Line haul transpor

- Subsidy
cost

0.202
0.203
0.202

0.101 .

1.00
1.01

1.00 .

0.50

2.00
2.05
2.01
1.00-

4.00 -

4.21
4.03
2.00

"Increased
grofit

65.198

0.097

60.90

0.40"

3.00

1.00

7.50

+1.50

Net social
cost

0.004
0.005
0.004
0.004.

0.10
0.11
0.10
0.10

0.33
0.38
0.34
0.33

1.00
1.21
1.03
1.00

4.50
6.65
4.86
4.50




APPENDIX TABLE IIIB

SUBSIDY COST, INCREASED PROFIT AND NET SOCIAL

COST PER UNIT OF OUTPUT

@+ B =1.0,a=0.3, B=0.7

323

Transport costs before subsidy (y) = 7% of original selling

All subsidy costs and increased profits are expressed as per-
ling price before subsidy (px).

centages of the original sel
r subsidy to output before subsidy.

(h2) is ratio of output afte

price

(a) is capital ¢oefficient, (B) is labour coefficient.

(h2) value and
type of subsidy

2

h® = 1.05

Output price-

Input price: a = 0.3

- B =0.7
Line haul transpor
h2 = 1.25

Output price
Input price: a = 0.3
B =0.7

Line haul transport
2

h® = 1.50

Output price

Input price: a =0.3
: : B =0.7

Line haul transport

n? = 2.00

Output price. :
Input price: o =0.3

B =0.7
Line haul transport

2 - 4.00

h

Output price

Input price: a =0.3
B =0.7

Line haul transport

- Subsidy "Increased

cost Erofit
0.472 :
0.475 0.461
0.472 ' 4
0.236 0.225
2.33 E
2.41 2.10
2.35

1.16 ©0.93
4.67

4,98 63.89
4.73

2.34 - . 1.56
9.33

10.68 7.00
9.56

4.66 2.33

28.00

46.40 17.50

30.57 ‘

14.00 : 3.50

cost

Net social

0.011
0.014

0.011 .
0.011 -

0.23
0.31
0.25.

0.23~

0.78
1.09
0.84
0.78

2.33
3.68
2.56
2.33

10.50
28.90
13.07
10.50




SUBSIDY COST,

APPENDIX TABLE IIIC

INCREASED PROFIT AND NET SOCIAL

COST PER UNIT OF OUTPUT

a + B

=l-0"av= 0.3' 8 = 0.7

324

Transport costs before subsidy (y) =12% of original selling

All subsidy costs and increased profits are expressed as per-
ling price before subsidy (px).

centages of the original sel _
y to output before subsidy.

(h2) is ratio of output after subsid

price

(a) is capital coefficient, (8) is labour coefficient.

(h2) value and
type of subsidy

h? = 1.05

Output price

Input price: a = 0,3
_ - B =0.7

Line haul transport

he = 1.25

Output price
Input price: a = 0.3
B =‘O-7

Line haul transport._ -

h2 = 1.50

Output price
Input price: o =0.3

g =0.7
Line haul transport
h? = 2.00

Output price~= :
Input price: a =0.3

Line haul transport
‘h = 4.00

Output price
Input price: o =0.3
. B =0.7

Line haul transport

- Subsidy "Increased
cost profit
0.81
0.82 " 0.79
0.81
0.40 0.38
4.00 é
4,25 3.60
4.04
2.00 - 1.60
8.00 é'
9.10 6.67
- 8.20
4.00 2.67
15.99
21.18 612.00
16.81
7.99 4.00
48.00
193.95 géo.oo
60.53
24.00 -

cost

Net social

0.02
0.03
0.02
0.02

0.40
0.65

0.44 -
0.40

1.33
2.43
1.53
1.33

3.99.
9.18 .

4.81
3.99

18.00

163.95
30.53

18.00
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APPENDIX TABLE IIID

SUBSIDY COST, :INCREASED PROFIT AND‘NET SOCIAL
COST PER UNIT OF OUTPUT

o + B =1.0, a = 0.3, B=0.7

Transport costs before sub51dy (y) = 20% of original selling
price

All subsidy costs and increased proflts are expressed as per-

centages of the original selling price before subsidy (px )

(h2) is ratio of output after sub51dy to output before subsidy.

(o) is capital coeff1c1ent, (B) is labour coefficient.

(h2) value and -Sub51dy ‘Increased Net social
type of subsidy cost profit cost
h® = 1.05 '- . P
Output price 1.35 ’ - 0.03
Input price- o = 0.3 1.38 ' 1.32 ' 0.06
B = 0.7 1.35 , 0.03°
Line haul transport 0.67 0.64 0.03
h? = 1.25
Output price . 6.66 V 0.66
Input price: a = 0.3 7.57 6.00 1.57
B = 0.7 6.82 0.82
Line haul transport 3.33 - 2.67 A 0.66
~h? = 1.50
Output price 13.34 o o 2.22
Input prlce. a ="0.3 17.69 11.12 : 6.57
B =0.7 14.03 . 2,91
Line haul transport = 6.67. . 4.45 2.22
h? = 2.00
Output price . . 26.65 6.66
Input price: a = 0.3 53.79 19.99 33.80
g = 0.7 30.06 10.07
Line haul transport 13.32 6.66 : 6.66
'h? = 4.00
Output price 80.00 50.00 30.00
Input price: o = 0.3 * * * .
. B =0.7 * * *
Line haul transport 40.00 " 10.00 30.00

*Slgnlfles this rate of increase in output not achlevable from
subs1dy on factor price, because of requirement that factor
price less subsidy must be positive.
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APPENDIX TABLE IIIE

SUBSIDY COST, INCREASED PROFIT AND NET SOCIAL
' COST PER UNIT OF OUTPUT

o+ B =1.0, o :

B = 0.7

Transport costs before subsidy (y)

= 25% of original selling

centages of the origin

: price
All subsidy costs and increased profits are expressed as per-

al selling price before subsidy (px).

(h2) is ratio of output afte
(a) is capital coefficient,

(h2) value and
type of subsidy

2

h® = 1.05

Output price

Input price: o = 0
» - B =0

Line haul transpor

h2 = 1.25

.3
.7

t

“Output price
Input price: o = 0
: -8B =0
Line haul transport

" h% = 1.50

.3
.7

Output price

Input price: a =
‘ , B =

Line haul transpo

n% = 2.00

0.
0.
rt

Output price -

Input price: a = 0
B =0

Line haul transpor

‘h? = 4.00

&

Output price

Input price: a = 0.3
- B =10.7

Line haul transport

3 .
5

3.
7

*Signifies this rate of increase in output not achievable from

. Subsidy
cost

1.69
1.75
1.70
0.84

8.33
10.07
8.62
4.16

16.68
25.91
18.02

8.34 -

33.31
118.59

. 41.17

16.65

100.00
*
*
50.00

r subsidy to output before subsidy.
(B) is labour coefficient.

"Increased Net social
Erofit ’ cost
: . 0.04
1.65 0.10
. 0.05
0.89 _ 0.04
~ 'p.83
7.50 2.57
1.12
3.33 . 0.83
' : 2.78
13.90 : 12.01
. T 4,12
5.56 : 2.78
8.32
24 .99 R $3.60
‘ 16.18
8.33 : 8.32
62.50 37.50
% *
’ *® *
12.50 37.50

supsidy_on facter price, because of requirement that factor
price less subsidy must be positive. ' '
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_ APPENDIX TABLE IIIF

SUBSIDY COST,‘INCREASED PROFIT AND NET SOCIAL
COST PER UNIT OF OUTPUT

@« +8=1.0,a = 0.3, 8 =0.7

Transport costs before subsidy . (v) = 35% of eriginal selling
_ rice
- All subsidy costs and increased proflts are expressed as per--
"centages of the original selling price before subsidy (pg)
(h2) is ratio of output after sub51dy to output before subsidy.
(o) is capital coefficient, (B) is labour coefficient.

(h?) value and - Subsidy ‘Increased  Net social
type of subsidy cost profit cost
h? = 1.05 |
Output price 2.36 o : - 0.05
Input price: a = 0.3 2.53 2.31 0.22
B = 0.7 2.39 _ 0.08
‘Line haul transport 1.18 1.13. . 0.05
h® = 1.25 |
Output price 7 11.66 | ' 1.16
Input price: a = 0.3 17.89 10.50 7.39
: g = 0.7 12.57 _— 2.07
Line haul transport 5.83 4,67 . 1.16
| h® = 1.50
i Output price 23.36 : 5 3.89
Input price: a ='0.3 79.67 19.47 : 60.20
S g = 0.7 28.68" . 9.21
Line haul transport =~ 11.68. . 7.79 3.89
h? = 2.00
Output price = . 46.63 34.98 11.65
Input price: a = 0.3 * * *
g =0.7  * * *
Line haul transpor 23.32 11.67 , 11.65
n? = 4.00 :
Output price 139.99 87.50 52.49
Input price- a = 0.3 * * . ¥
B=07 * % *
Line haul transport 70.00 . 17.51 ' 52.49

*Signifies this rate of increase in output not achlevable from

'sub51dy on factor price, be
’ cause of requirement that
price less subsidy must be positive. ractor




APPENDIX TABLE IVC

SUBSIDY COST,

328

INCREASED PROFIT AND NET SOCIAL

COST PER UNIT OF OUTPUT

o + B

1.1, a = 0.3, 8 = 0.8

Transport costs before sub51dy (y)

and o

B = 0.7

= 12% of original selling

grlce

All subsidy costs and increased proflts are expressed as

percentages of the original selling price before subsidy (px)f
(h?) is ratio of output after sub51dy to output before subsidy.

(o) is capital coefficient,

(hz)value and
type of subsidy
n = 1.05
Output price
Input price: o
‘ B
o
- B
Lhine haul transpo
n? = 1.25
Output price
Enput price:

o

SNk oW

0
0
0
0
r

t

QOO0

o
B8
o .
B .
Llne haul transport
n? = 1.50
- Output price
Input price: a
B
o.

B
Line haul transpo
n? = 2.00
Output price
Input price:

~ B 00 W

o
~N oW

0
0
0
0
r

t

oo

[eNeNeNal

a
R
o

~N b 00 W

- B .
Line haul transport
n? = 4.00
Output price
Input price:

o
B
o

B
Line haul transpo

3
8
4
7

0
0
0
0
r

&

Subsidy
cost

0.450
0.499
0.496
0.498
0.496
0.225

2.39
2.74
2.65
2.70
2.65
1.19

5.11
6.18
5.70
5.98
5.74
2.56

11.10
15.32
12.60
14.15
12.81
5.55

38.53
165
50.28
99.65
55.14

19.26

Increased

profit.

0.441

0.486

0.216

(a) is labour coefficient.

Net social

cost

0.009
0.013
0.010
0.012
0.010
0.009

. 0.23
0.34
0.25
0.30
0.25
0.23.

0.82
1.37
0.89
1.17
0.93
0.82

2.62
5.73 .
3.01
4.56
3.22
2.62

13.58
136
21.48
70.85
26.34

13.58




SUBSIDY COST,

APPENDIX TABLE IVD

329

INCREASED PROFIT AND NET SOCIAL

COST PER UNIT OF OUTPUT

a+ 8 =1.1, a = 0.3, B =
and @ = 0.4, 8 = 0.7
Transport costs before sub51dy (y) = 20% of original selling

Erlce

All sub51dy costs and increased proflts are expressed as

percentages of the original selling price before subsidy (px).
(h?) is ratio of output after sub51dy to output before subsidy.
(0) is capital coefficient, ,

(hz)value and
type of subsidy
n? = 1.05
Output price
Input price: o
B

o

B

Line haul transpo
h2 = 1.25
Output price
Input price: o
B

o

B .
Line haul_transport
h’ = 1.50. -
Output price
Input price: .a
- B

o

8

Line haul transpo

Output price

Input price: o
B

o

B

Line haul transport
n? = 4.00
Output price
Input price: a
B

o
8

Line haul transpo

an

\u:-oow

0.
0.
0.
0.
rt

OO0O0OO0o

\l.boow

0.
0
0
0
r

t

IR |
FOO000
~ab 00 W

\1.::-oou

0.
0.
0
0
r

&

~J > 00 W

(o) is labour coefficient.

Subsidy Increased Net social
cost profit. cost
1.05 1.03 0.02
1.18 0.05
1.16 0.03
1.17 1.13 - 0.04
1.16 . 0.03
0.52 0.50 0.02
5.32 4.80 0.52
6.58 ' 1.25. .
5.95 5.33- 0.62
6.32 0.99
6.00 0.67
2.66 2,14 0.52
10.93 9.14 1.79
15.70 - 5.47
12.47 2.24
14.29 10.23 ~ 4.06
12.71 : - 2.48
5.47 ' 3.68 1.79
22.58 - 17.07 5.51
49.91 30.59
27:.21" 19.32 7.89
38.77 . _ 19.45
28.56 9.24
11.29 : '5.78 5.51
72.10 45.79 26.31
* * *
36.05 - 9.74 26.31

*See footnote to Table IIIF




SUBSIDY COST,

APPENDIX TABLE IVE

INCREASED PROFIT AND NET SOCIAL

COST PER UNIT OF OUTPUT

o + B

= 1.1, a

0.3, B =0.8

Transport costs before subsi

and o

B = 0.7

dy (y) = 25% of original selling

330

All subsidy costs and increased profits are expressed as
percentages of the original selling price before subsidy (pg).-
(h2) is ratio of output after subsidy to output before subsidy.
(o) is capital coefficient, .

(h%)value and
type of subsidy
n? = 1.05
Output price
Input price: o
B

o

. B
Line haul transpo
n? = 1.25
Output price
‘Enput price: o
B
o
- B
Line -haul-transport
n = 1.50
Output price
Input price: a
B

o

B
Line haul transpo

n? = 2.00
Output price
Input price:..o

B:

~1 o 0 W

0
0
0.
0.
rt

QOO0

W
~ > 00 W

It

0
0.
0.
0.
rt
.3
.8

o
7

OO0 O

B -
Line haul transport.
n? = 4.00
Output price
Input price: o

B

o

B
Line haul transport-

'~ o 00 W

0
0
0
0
r

~1 & 00 W

Subsidy
cost

1.42
1.62
1.57

1.60

1.58
0.71

7.16
9.50

8.89
8.19

3.58"

14.57
25.04
17.01
21.36
17.56

7.28

2975
125.21

38.76
76.29
42.47
14.87

93.09

*

46.54

*See footnote to Table IIIF

8.08

(a) is labour coefficient.

Increased Net social
Erofit. cost
1.39 0.03

0.09

1.53 0.04
0.07

. 0.05
0.68 0.03
6.45 0.71
©2.33

0.91

7.17 1.72
1.02°

2.87 0.71.
12.17 2.40
11.41

3.38

13.63 7.73
3.93

4,88 2.40
22.43 7.32
99.81

25.40 13.36°
50.89

17.07

7.55 7.32
58.82 34.27

* *

12.27 34 .27



SUBSIDY COST,

APPENDIX TABLE IVF

INCREASED PROFIT AND NET SOCIAL

COST PER UNIT OF OUTPUT

a + B

~-:-. l.l’

o = 0.3,

B =

and a

B =0.7

Transport costs before subsi

35% of original selling

331

All subsidy costs and increased profits are expressed as

percentages of the original selling price before subsidy (px).
(h?) is ratio of output after subsidy to output before subsidy.
(o) is labour coefficient.

(a) is capital coefficient,

(h%)value and
type of subsidy
n? = 1.05
Output price
Input price: o
B

o

B
Line haul transpo
n? = 1.25
Output price
Enput pricer o

8

o

' B

‘Line haul transport-

h2 = 1,50

Output_price

Input price: a =
B:
a:

8

Line haul transport

h? = 2.00

Output-price
Input price: a =
B:
o =
B8

Line haul transpo

nZ = 4.00

Output price
Input price: o

i

~N oW

0.
0.
0.
0.
rt

[ O I 1

[o N o o N«

~1 b 00 W

0
0
0
0
r

.
.

0
0
0.
0.

rt.
0
0
0
0
r

a
B8

Line haul transpo

t

~ 0w

N oW

N 0w

Subsidy Increased Net social
cost profit. cost
2.17 2.12 0.05
2.57 0.23
2.41 2.34 0.07
2.51 0.17
2.43 | 0.09
1.09 1.04 0.05
10.82 9.75 1.07
18.85 8.02-
= 12.66- 10.83 1.83.
15.99 5.16
13.08 2.25
5.41 4.34 1.07
21.85 18.23 3.62
92.36 . 71.95
28.48 20.41 8.07
56.18 35.77
31.22 10.81
10.92 7.30 3.62
44.09 33.16 10.93

) * * *
22.04 11.11 10.93
135.06 84.87 '50.19
* - * *
67.53 17.34 50.19

*See footnote to Table IIIF




APPENDIX TABLE VD

SUBSIDY COST, INCREASED PROFIT AND NET SOCIAL

COST PER UNIT OF OUTPUT

o +8 =1.2, o =0.4, B = 0.8

Transport costs before subsidy (y) =

332

20% of original selling

Erice

All subsidy costs and increased profits are expresse

d as per-

centages of the original selling price before subsidy (px)

(h2) is ratio of output after subsidy to output before subsidy.

() is capital coefficient, (B) is labour coefficient.

(h2) value and Subsidy Increased
type of subsidy cost profit
n? = 1.05
Output price 0.80 0.78
Input price: o = 0.4 0.97 . 0.94
- B = 0.8 0.96 0.94.
Line haul transport 0.40 0.38
h2 = 1.25
Output price 4,23 3.82
Input price: a = 0.4 5.44 4.67
B = 0.8 5.16 4.67
Line haul transport 2.11 1,70
n? = 1.50
Output price 8.99.. 7.55.
Input price:-a =" 0.4~ 12.70 9.34
- : B = 0.8 11.23 9.34
Line haul transport—~ 4.49 3.05. .
h2 = 2.00
Output price 19.38 14.78
Input price: o = 0.4 36.33 18.66
B = 0.8  25.87 18.66
Line haul transport 9.69 5.09.
n? = 4.00
Output price 66.24 42.75
Input price: o = 0.4 * *
- B ="0.8 * *
Line haul transport 33.12 9.63

Net social
cost

0.02
0.03
0.02
0.02

0.41
0.77
0.49
0.41

1.44
3.36
1.89
1.44

4.60
17.67
7.21
4.60

23.49

23.49

*Signified this rate of increase in output not. achievable from

subsidy on factor price, because of requirement that factor

price less subsidy must be positive.




APPENDIX TABLE VE

SUBSIDY COST, INCREASED PROFIT AND NET SOCIAL

COST PER UNIT OF OUTPUT

o +B =1,2, a

B = 0.8

Transport costs before subsidy (y)

25% of original selling

All subsidy costs and incre

price

ased profits are expressed as per- .
centages of the original selling price before subsidy (px).

(h2) is ratio of output after subsidy to output before subsidy.

(a) is capital coefficient, (B) is labour coefficient.

(h2) value and
type of subsidy

n? = 1.05

Output price

Input price: o = 0.4
- B =20.8

Line haul transport

h2 = 1.25

Output price
Input price: a = 0.4
0.8

: . B =
Line haul transpor
" h% = 1.50

Output price
Input price: a =90.4

B =0.8
Line haul transport
n? = 2.00
Output price :
Input price: a =0.4

B =0.8
Line haul transport
‘'h% = 4.00

Output price

Input price: a =0.4
B =0.8

Line haul transport

- Subsidy
_cost

1.21
1.48
1.45
0.60

6.20
8.40
7.66
3.10

12.87
20.71

16.58
-~ 6.43 -

26.95
79.67

.39.90

13.47

. 87.96
*

*
43.98

*See footnote to Table VD

"Increased

Erofit

1.18
1.42

1.42.

0.57

5.59
6.83
6.83
2.49

10.78
13.35
13.35

4.34

20.43 -

25.82
25.82
6.95

56.16

12.18

Net social

cost

0.03
0.06
0.03

- 0.03

0.61
1.57

0.83 -
0.61

- 2.09

7.36
3.23
2.09

6.52
53.85
14.08

6.52

31.80
*

31.80




APPENDIX TABLE VF

- 334

SUBSIDY COST, INCREASED PROFIT AND NET SOCIAL

COST PER UNIT OF OUTPUT

a + 8 =1.2 o= 0.4,

B =20.8

Transport costs before subsidy (y) =35 % of original selling

rice

All subsidy costs and increased profits are expressed as per-

centages of the original selling price before subsidy (px).

(h2) is ratio of output after subsidy to output before subsidy.

(o) is capital coefficient, (B8) is labour coefficient.

*See footnote to Table VD

(h2) value and - Subsidy 'Increased
type of subsidy cost profit
n? = 1.05 |
Output price 2.01 1.97
Input price: o = 0.4 2.55 2.38 -
- B =0.8 2.45 2.38
Line haul transport 1.01 0.97
h2 = 1,25
Output _price . 10.14 9.14
Input. price: o = 0.4 16.74 - 11.16
: ‘B =0.8.. 13.14 11.16
Line-haul transport-— 5.07- 4.07
~n® = 1.50
Output price 20.63 17.23
Input price: a =0.4  63.15 21.36
: : B =0.8 30.79 21.36
Line haul transport =~ 10.32 - 6.92
n? = 2.00
Output price . . 4209 31.73 -
Input price: o =0.4 * *
R =0.8 * *
Line haul transport 21.04 10.68
‘h% = 4.00 |
Output price 131.40 82.97
Input price: o =0.4  * *
B =0.8 * *
Line haul transport 65.70 17.27

Net social

cost

0.04
0.17
0.07
0.04

1.00
5.58.
1.98
1.00

3.40
41.79
9.43
3.40

10.36 ==

% .

10.36

48.43

48.43




SUBSIDY COST,

APPENDIX TABLE VIF

335

INCREASED PROFIT AND NET SOCIAL

COST PER UNIT OF OUTPUT

—~

a + 8 =13 a=0.4, B=0.9
Transport costs before subsidy (y) = 35% of original selling
price '

All subsidy costs and increased profits are expressed as per-

centages of the original selling price before subsidy (px).

(h2) is ratio of output after subsidy to output before subsidy.
(o) is capital coefficient,

(h2) value and
type of subsidy

2

h® = 1.05

Output price

Input price: a = .4
. - B =0.9
Line haul transpor
n? = 1.25

Output price .

Input price: a = 0.4
B =0.9

Line haul transport

2 - 1.50

h

Output price

Input price: a =10.
: : B =0

Line haul transpor

h% = 2.00

Output price

Input price: o =0.
B =0.

Line haul transpo

nZ = 4.00

4
9
t

Output price

Input price: a =0.4

B =0.9
Line haul transport

4
-9
t

- Subsidy

_cost

1.89
2.59
2.48
0.94

9.57
17.51
13.27

4.78 "

19.63
70.88
30.73
- 9.82

40.48

120.24

128.58
*

*
64.29

*See - footnote to Table VD

‘Increased

Erofit

1.85

2.41
2.41
0.90

8.63
11.50
11.50
3.84

' 16.41
22.30
22.30

- 6.60

30.58
*

10.34

81.55
*

17.26

(B) is labour coefficient.

Net social
cost

0.04
0.18
0.07
0.04

0.94.
6.01
1.77
0.94

-3:22
48.58
8.43
3.22



