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The gnestion of rail freipht pricing for coul and wheat is disenssed in his
paper. As bulk goods, wheat wnd goal are moved in large guantities by
both road and rail. Teansport by vail frequently suffers froni the difficolty
of recurring deficits.  The pricing of rail services so #s o cover these
deficits is therefore fmportant.  An adapted spatial equilibrium model ds
used to devive u set of economically efficient Ramsey prices for
mavement of both commodities by ral in New South Wales. Ramsey
prices represent a set of second-best prices in the presence nf unulocated
overhead costs, and # constraint precluding deficits. The technique used
may also he suitable for applieation o o wide virdety of situstions where
Joint costs must be atteibuted scross 2 variely of ouiputs in o sputial

context,
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‘ o ‘ : AIntroduction :

Eeonomisis hive long focussed their attention on the ahuﬁmgu faged hy vaﬂway% (and other
decreasing cost industries) ol low to price efficiently wi ithout incurring perpetual .dai:'ma. A
number of approaches have been adopied to avercome this problem, including auempts to
specity elficient prices, as well as rate of retum regulation. In the case of Australian
railways up {0 this point. pricing policies appear o have been largely ad hoe and piccemeal
in nature. There has been a tendency to respond to immediate financil and political
considerations rather than the undetlying economix considerations. Developments during the
19805 such as commercialisation of government enterprises and micro-ceopomic relorm
generally have underlined the madeguacy ol this approach to the pricing pmmm of states
owned railways, and precipitated rengwed interest in cconomically efficient pricing rules. In
this paper, some of the issues related 1o pricing of services faced by New South Wales
raitways in the movement of gran and coal are examined, ‘

The objective for this paper is to derive u theoretical solution to the problem of optimal
pricing for rail transport in the face of decreasing costs, The issue of iner-modal
‘competition will be considered at a later stage. Use will be made of the spatial equilibrium
approach. In the first section, the empirical and theoretical background to the problem
presented by decreasing cost railways is discussed. Particular emphasis is given to the
concept of Ramsey pricing, and the solution it atfords 1o the problem presented by a
decreasing cost transport industry handling muhiple commodities. In the nest section, a
spatial equilibium mudel is developed to solve the prablem of setting optimal prives in the
face of decreasing costs, a revenue consuaint and inwr-modal competition. Although
Ramsey optimal prices have been derived elsewhere in the liwrature, the methed developed
in this paper applies the wehnigue to a network model and thereby offers a pracucal wol for
the applicaton of Ramsey prictng. A practical example of the use of Ramsey pricing is then
presented. The paper is concluded by examining the situations in which the wehnique in this
paper may be used along with comments e areas for further development of the approach.

Pricing of Transpert Services
Analysis of the transport pricing problem can he traced back to the early to mid 1800s
(Winston 1985, p. 781 Although the initial interest was i appropriate pricing rules for
urhan roads in an atempt (o overcome congestion, economists were eritical of rate seting in
aitroads, especially the “value-of-service’ or “charging what the taftic will bear” approach
adopted during the later halt of the nineteenth century (Jannson 1984, p. 252). Thy
criticism ¢an be attributed to concern over exploitation of the monopolistic position oveupied
by railroad operators, These concerns have to some exient become muted with te
development of alternatives (o rail transport, especially road tansport. fronically, however,
the principles embaodied in the *value-of-service’ approach have become readily aceepted
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within the eeonomics profession as a legitimate and w@lf‘aw enhancing o ppmanh o the
;}mlﬁmn posed by fixsummng cost industries *su@h a8 mﬂwn S,

“The dif ficulty posed iw railways, and decreasing cost industries more generally, has been
extensively setout in the welfue literatye.t In short, i welfare maxinising marginal cost
pricing rules are to be adopted, an industry characterised by decreasing average costs will
sutfer a deficit. This feature has in the past been relied on to justify public sector misf:ity in
industries such as railways. However, public seetor involvement in the industry raises the
additional question of whether and how the prvenue deficit should be made up. A first best
solution would require the imposition of poll taxes of some form, The difficulty tor even
impossihility) of fimmm%n g taxes inthis f i focuses atiention on the vse of the appropriate
 pricing rule. '

It is elear that an infinite number of solutions exist w te problem of rgniring a finm in the
face of decreasing average costs to meet a profit constraint (Allen 1986, p. 3003 Twa part
tariffs and average cost pricing represent some of the better known rules. Ramsey priving, a
form of differential pricing, has been shown to represent g second-best solution 1o the
welfare maximisation problem in the face of decreasing average costs and a profit constraint
{Baumol and Bradford 1970, pp. 267-71; Lipsey and Lancaster 19563, However, Ramsey
pricing has not been immune from criticism from the point of view of its wellare
implications and its ;imcxiﬂamy as a pricing rule (Allen 1986, pp. 294-961.

In the Australian contest, government budgetary consiraints and a desise to commercialise
the eperations of government business enterprises have focussed attention on the priving
policies of a range of government mstrumentalives over the past decade®. From a broader
perspective, an efficient approach to pricing of freight pansport services is central w
ensuring the competitiveness of a range of Australian expert industries.® This is panicularly
refevant for agricultural and minerg) industries in which the place ol production s
determined by climatic and or geographic considerations, and is elten far wmoved from
regions where demand tor the product exists. In addition. analysis suggests that the cost of

1owilt be assumed for the purposes of tus paper that the rasbway s wder constderation exhabit economies of
seale, at least over the televant runge of output. 1 s el from the Htereatare, however, that this is pot
unsmbiguoasly accepred OWinsten 1985, pp. 61- 66; Freebaim and Timce 988, pp 42- 431

2 Nuroerous aslyses have been undertaken by ihe Federt and State gosernments on the opertiion of
govemment trading epterpises. Pricing policies adopled by these enjerprises b been revieaed in most of
the studies amd thess reviews have Tooned tie basis for snbseguent pricioyg policy reform. Vypueal of these
repornts is thatof die Steering Commitiee on Cevernment Trading Enterprises (1088)

 Yor example, the Royal Comnussion into Gram Storage, Handling and Transport ¢ 1988, estimated thit
stomge, haddling and transport eharges wepresested 20 pereent of the average free-un-bodrd prive for wheat. In
98R-89, the average freight mte o5 a percentage of the average freg-an-bogrd prive of voal, was 153 percent
for New Sautl Waim tudustey Compsisston, 1991,



inelTicient e setting Lo those industries affected direetly, and to the Australian econony
senerally, is immense (Freebaim 1988) ‘ ‘

Ramsey Pricing

~ Although usually associated with Frank Ramsey's (1927) ueaunent of the problem,
differentinl pricing on the basis of demand elasticities has a Jong tradition in the cconomics
Jiterature (Winston 1985, p. 80; Baumol and Bradford 1970, pp. 277-78). Moreover,
Ramsey's original solution dealt with the problem of t:a;“s.timl raxation suhject Lo i revenue
constraint (Ramsey 1927). This problem is analogous to that faced by a dmmmmg cost
industry required to avoid a deficit outcome by raising the charge for the good or service
above marginal cost. 1t is frrelevant il the sum raised (to cover a deficit or to rise the
required tax revenue} is obtained by way of a tax impost over and above marginal cost. or if
it is raised by setting prices aver and above marginal cost. Since Ramsey's analysis,
Ramsey pricing rules have been derived aceording tw a number of different formulations and
its ‘second best' character has been made explicit.

Although widely discussed in the thearetical literature on optimal pricing, Ramsey pricing

‘has generally been ignored for operational reasons because of the empirical demands in
deriving a set of Ramsey prices. Nevertheless, a number of aitempts have been made to
empirically determine Ramsey prices for rapid-rail and buses (Train 197 73, as well as the
prices for rail in the context of inter-modal rail and road competition (Levin 1981a and
1981h). In the Australian context, Ramsey prices have been derived for road and rail
teansport (Taplin and Waters 1985; Taplin 1980},

Ramsey pricing involves setting prices 50 as to cover Costs or meet d budget constraint such
that the distortions resulting from a deviation from marginal cost pricing are minimised. The
rule exploits the differences in elasticities of demand by charging a higher raie W consumers
with the most inefastic demand {Terry, Jones and Braddock, 1988). Described in this way,
it is clear that Ramsey pricing represents a form of differential pricing wh e charges are
determined according to the demand for the service, and raised to the point where the
aggregation of ull charges meets a net revenue constraint (Freebaim and Trace, 1988). In its
simplest form, where cross-price elasticaties for the goods are zero, the Ramsey pricing rule
collapses 1o the well recognised *inverse elasticity rule’ requiring prices be set according o
the inverse of the clasticity of demand for cach commodity (or consumer), service or
progduct.
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TIGURE T~Ramsey Pricing in Two Markets.

The rationale for Ramsey pricing is demonstrated in Figure 1. Suppose that firm, serving
two markets, faced a loss from fixed jrxim costs of production if the competitive solution
was adopted and price was set equal to short cun marginal or operating cost (Pe=MC). To
recover joint or unattributable costs over the system, it is necessary (o set price greater than
short run marginal cost. Suppose that an equal mark-up over mrginal cost of M in both
markets was sufficient to recover the joint costs. The total deadweight economic loss aeross
markets 1 and 2 is then given by the areas ABC umarket 1) and DFF (market 2). From the
dingram, it is clear that the loss in surplus in market 2 {the market with relatively elastic
demand) exceeds the loss in market 1 (the market with relatively inelastic de‘xniind}, Futher,
it is clear that the total Joss in welfare can be reduced if the mark-up in market 1 exceeds M,
and the mark-up in market 2 is reduced to less than M. Prices consistent with this approach
are shown in the diagram as Ppl and Pr?. These ‘Ramsey approximate prices” highlight the
need for the mark-up over marginal cost 1o be greater in the inelastic market (market 1), than
the elastic market (market 2). Hence, the mark-up over marginal cost should be inversely
related to the price elasticity of demand.

The rationale for Ramsey pricing is intwitively appealing. [f marginal cost pricing does not
cover costs, additional revenue should be obtained by higher charges to users whose
demand is the least sensitive (o prices. Such an approach will cause the least distortion from
the first-hest policy of marginal cost pricing by minimising the output-consumption
deviations from the first-best outcome. Although the Ramsey rule can be formulated in
various ways, if the assumption ol zero cross-price elasticities is discarded its application



s hmmrws sz;,mﬁmmlly more mmpm as gmwprm dnsnauy rms ;mter into L}u,. mle
 (Bayrmol and Bradford 1970, p. m ~

% Hmvm«ar, it m suggested Lhat as. 4 imm of pm.n diwnmmmmn, Ramsey ;mcmg'
create independence of mand by segmenting the mmmﬁ markets for goods or zmrwcm‘,,
“The conditions undw\yihw e fnverse elasticity nule can be applied are thereby enhanced

~{Jansson 1984, p. 252). Moreover, in the case of demand for transpurt services pr rovided hy
railways, c,m%»prm elamuuc:a are hkr:ly to be low anyway ('I’:zpi,m 39“3{] P2 200; Taplin

;md Waters 1935, p. 339).

Ramsey pricing reprmsmm a formalised version of the prme}pm of “val m,*ufw';czwmu
pricing. For transport services this involves char gmg 4 hmhm price for eommedities w:m 4
relatively inelastic demand for transport compared to those commodities with more price
 elastic demands. Price is charged according to the value placed on the service by the
consumer. For example, high value commodities will tend to be less sensitive to changesin
transport charges and shall thus be relatively more price inelastic in the demand for transport
" than lower valued commuodities. Similarly, the price elasticity of demand for the product

transported will influence the elasticity of demand for the transport of that good. Although
eriticised in the early part of railway history as an abuse of monopolistic pﬁw&r and

reflecting a lack of cost awareness, the ‘value of service” rule or ‘charging what the traffic

will bear' is now a well respected and widely practised pricing rule in various modes of
 ransport such as airlines (Tansson 1984, p. 252).

The conditions under which Ramsey pricing can be applied as a second-hest rule are as
follows {Kamerschan and Keenan, 1983, p. 198): |

¢ joint outputs with common inputs;

«  seale economics exist such that marginal eost pricing would result in a deficit

s costs must be covered by the firm using a uniform cost recovery pricing policy;
«  the regulated firm is a price taker for its inputs;

» the services do not exhibit consumption externalities;

»  therestof the economy is perfeetly competitive.

Al of these conditions are assumed 1o be adequately met in the circumstances considered in
the present paper, These conditians highlight the aim of Ramsey pricing, that is, deriving o
set of prices for a range of goods or services so that any deficit which would acerue from
cconomically efficient marginal cost pricing is met. The deficit which would acerue arises

4 Daumat and Bradford (1879, p 268) speeify and dmve four formulations with respect 1o prices, some of
which e mbre geoeral than mhm



 from the fact that the goods or ser ¢
~ cusls are thereby generted.
umdaqum to cover total w@mﬁ
comimon section aof track Tor w
virious services. IF price wen
revenue would be insufficie
~ cover the jointor unaurd
bf:s:& 3«%1% :

j 4 mnwr mmmnati v&ﬂ lm mt mwxw, lﬁkxl
ter cover total costs, Ramsey pricing provides a mechanism to
 cost and set prices which minimise the distortion from first

- Although Ramsey- prwm mrinates all other pricing rules on u strictwellare buasis, it has
been critieised for its dmmhutmm vonsequences {Allen 1986, p. 296; Janssen 1984, pp.
258.60). In addition, the practical considerations involved in deriving estimates of all the
relevant elasticities so as 1o be able o implement Ramsey priciug have in the past been
considered engrous, In the following section, a more generalised approach to the use of the
Ramsey pricing rule s set out, ‘

The Spatial Equilibrium Model

As imdicated above, the aim of this analysis is to incorporate a Ramsey priving constraint
inito the framework of a spatial equilibrium model, and then use quadratic programming 1o
solve for the oprimal freight rates under such a pricing policy. The use of a spatiul
“equilibrium model is signilicant because in the past, the spatial natuse of transport has not
“been Tully included in the devilopment of pricing rules. However, as Winston (19831 notes
the transporiation service can be characterised as an output from a multiple preduet firm,
with each differemt ‘commodity wip’ having a different origin and destination. This requires
the simulation of each trip as a separate oulput,

The mathematical programming form of the spatial equilibrium model originated with
Samuelson (19352, and was more fully developed by Takayama and Judge (1964) using
quagratic programming. The framewnrk developed by Takayama and Judge (1971) widened
the runge of problems to which spatial equilibrium models could be applied and practically
solved, Martin (1981), provided a simplified explanation of the modelling rechniques
developed by Takayama and Judge (1964),

The model presented in this paper represents a short-term, single-period quadratic spatial
equilibrium model with emphasis placed on the pricing policy for rail services and a certain
degree of cost recovery. A single-period representation was chosen to keep the problem
from becoming too complex although in principle there would be no difficulty in extending
the model to multiple time periods. It has not been sttempied 1o show a detailed and
comprehensive analysis of a transport system. However, in the example presen ted later,
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mummm of the reg qu uirod ¢ iummd ‘md supply TUEVES T :mr) 1L mcmm rmm
xrmcms sourees. 'I’huse are wns;damd applopx jate t‘m the ;mmnstgs uI’ this analysis.

 The spatial t.qmﬁbrmt“‘l problens is m-,mm'alzy deseribed mzd setoutas bl}ll)w (Mamn. 9313 ;

Two or more regions with known supply and demand functions pmduw and mn*:mnu a
“homogenous produet. The regions are separated but not isolated by known mxmfu msts, .
The problem is 1o determine the equilibrium levels of pr oduction, mnsummmn, tade and
prives in each region {Martin 1981, p. 22). It is assumed that there are n pmr;luwag and
~consuming regions (i = 1, 2, .., with known supply and demand &uwumm of the

following form: '

h vi= o - Bip, il
&) Y =0+ yp, E=l.on

where pi and p! are demand and supply prices respectively, yi and x; are demand and supply
quantities, o and 8; are the intercepts of the demand and supply functions such that o4 >0,
and B, ¥ are the slope coefficients of the demand and supply functions such that fii, v > 0.

For a set of n regions, the demand and supply functions can be expressed in matrix form as:

=0 - Blpy - w)

4y x=8+Tpy
=8+ ' (py + V)

where @ and 8 are (n x 1) vectors of demand and supply intercepts respectively, B is an
(n x n) matrix of the demand slope coefficients Bjand " is an (n x n) matrix ol the supply
stope coefficients ¥ (both may be asymmetric as shown by Takayama and Judge (1971) and
Takayama and Uri (1983)); py and py are (n x 1) vectors of unrestricted demand and supply
prices for n regions; y and x are (n x 1) vectors of demand and supply quantities; and v and
w are nop-negative vectors used to handle the irregular cases as outlined by Takayama and
Judge (1971, p. 156). Within the context of the mathematical programming problem the
quantities y and x are rostricted to he non-pegative.

Delining the transport cost hetween each pair of regions as j (that is, the cost of
transferring the good from region i 1o ), and the trade flow between the regions as xjj, the
total transport costs can be expressed as;



>, tjxij= TX.

®

Cwhere T=[uy, 2, . b 21 22, .. 12m . dad, 2, ..‘umd
and X = [0, %12, . %0 K20, %22, . K20 . ;Xal, Xn2, . Xun] -

“The standard price form of the spatial equilibrium problem can then be expressed s o
quadrati¢ programming pmb[um ysing a net social monetary g,;l n objective function ay
 helow (Takayama and Judge 1971, p. 256 ). The mwot:ml monetary gain mbiwwa function
consists of the social monetary gain. Pyy less the tolal social production cost pex less the total
~transport cost T'X. This: may he conveniently referred Lo as 1 net revenue aabjm tive function.
‘I’lxus

(6)  Netrevenue = py'y - p'x -T'X .
For the price form of the spatial equilibrivm madel the supply and demand quantities in
equation {6) are replaced by the Walrasian market supply and demand function equations (3)
and (4) while for the quantity form of the model the prices are replaced by the Marshallian
market supply and demand functions (the inverted form of equations (1) and (2)).
The set of constrainis o the spatial equilibriom problem need to ensure that the
~ characteristics of a competitive spatial equilibrium are defined such that the supply and
demand functions must hold, that the supply and demand quantities and the quantities traded
balance, and that the spatially competitive price arbitrage conditions hold (Takayama amd
Judge 1971; Martin 1981). The primal-dual form of the model in the price domain can be
defined as follows:
(73 Maximise G(py, px, X, v. W) = (00 - Blpy - wi¥(py - Wi - (8 + Tipyx + V)V {py + 3
#X{T- @ {F’-’f} j

Px
subject to ‘
(8)  o-Blpy-w) -GyX €0 (o Bipy - wi-GyXypy =0 Demand function
(91 B+ Tlpx + v -GX S0 (B + T(py + v - GeX¥py = 0 Supply funetion

(am oo Blpy - wi s (0 - Bipy - wh'w =4 Nope-negative demand price

(b 48+ Tpy + vy 510 A8+ Dpy + vy =0 Non-negative supply price



U Tee {'?y]aa s c,x{"ﬁ’] YX=0 . Atbitnge condidon
, Py | oot - ‘ ,
| U3 tpypy XV wiz0 : | &mwmgmivity

The mauices [ and I are (n x n) matrices of demand coefficients , Bij, and supply slope
coelTicients, . These matrices may inelude non-zero off-diagonal elements and may be
non-symmetric. G and Gy are (0 x n?) matrices designed to ensure that the sum of produet
shipmam it or out of a reglon can be equated to the supply and demand quantities and are
of the Jﬁ‘unmmg form: :

1 | ]
' ] 1 |

(li) C}yr’ “| ' ‘ﬂ LI ) ‘*; "

1 1 1

(n x n?)

S B ]

3 IS D
12 (}w
S 0T SO B
b el

(nx nl)

In the constraints (8) o (12), the second set of conditions are *complementary slackness’
conditions ensuring that if’ the variable concerned is not zero, then the marginal condition
~ contained in the brackets is equal to zero (Lee, Moore and Taylor 1981, p. 130 and pp. 696-
© 098: Takayama and Judge 1971), These conditions are automatically incorporated into the
solution algorithm of quadralic programming problems.

The standard problem can be represented in matrix form as follows:

Find (fy" px' X' &' )20 that maximises

| B 0 Gy-BO

) 0 I Gy o0}
171 -Gy -Gy 0 00}
B0 0B O

-0 " 0 0TI

(13)




subjectto S
0 I Gx 0T || ps |

18
() T =gy 0 00l x| 0
| - 30 0B ool
L.gd 0 I 0 0ordL
o and
(15 tplypy W )l
where R o
P | pl
P2 p?
pym B and Px =0 ";‘30
vanw upﬂm

are non-negative demand and supply price vectors each (n x 1),

The arbitrage condition (12) in this form of the model is the standard competitive arbitrage
constraint that the demand price less the supply price must be less than or equal (o the cost
of transport between the two regions:

(16)  pj-pist,

To incorporate Ramsey pricing for transport services this condition must be modified. It will
he necessary to price the transport services so that the cost recovery target is met taking into
account the derived elasticity of demand lor transport services,

The Ramsey Arbitrage Constraint
In the case of independent demand functions, the Ramsey pricing rule can be expressed as
follows (Terry, Jones and Braddock 1988, p.265; Baumol and Bradford 1970, p. 2701

(16) (P - MCPAMR) - MCy) = (P2 - MCOAMR2 - MC2) =k
where P are the prices, MC are the marginal costs and MR; are the marginal revenues and k

is 4 negative eonstant determined by the size of the cost recovery targel. When k = 0, price
is equal to marginal cost and the Ramsey rule corresponds Lo the competitive ouleome, This



lerive expiessions for the marginal
‘x@;‘n,v*ew;%ﬂim“rfrfﬂr mm;I: xfwenm zma &

- mnwmptmu mginm ‘i “I‘ he excess w ly. f;lﬁSd i dhe wm‘im.m;,, mz@,mn is 111» il’fm‘ww

 between that region’s dx:mmm, supply and dzﬁm{md for the commadity, and is mpmsmumi ;

o %{ay ESy. The excess derand im:}, his simply {he dxmmnw between the domestie demand in
region i and its supply. ‘

‘ Tht: exvess demand and supply functions for regions one and two may be mpm%uwﬂ as
follows:

{17)  EDz=ya-x2=02- Bap2- B2+ Aap*

(18) ESy=xp-yi=08+kpl-tou-Pipp)

where, oy and 8 are the intercepts and, [ and &; are the absolute slope coefficients for the
two regions. In the two region case, y2 - xa = x12 and xp ~ v = x32. Thus the excess
supply and demand functions can be expressed in terms of the tade flow (x12) as Tollows:
(19)  xpp=0g- Bapz- B2+ Aap?) (EDp

(2m xpr=8p+Ap! - - Bipp (ESy) .

Tn equilibrium the supply and demand prices for each region will normally be equal to each
other so it is then possible to write the avo equations with their own regional prices. The
excess supply function can then be inteepreted as containing a supply price, and the excess
demand function interpreted as contadning a demand price. The two equations may then be
Tewritien as:

Qb xp2=02- fop2 - B2+ Az2p)

22)  xpa=0y+2p!-tog - Paph .



- “These equations may be solved individually for p! and pz and then used to determine the
revenue obtained from the tansfer of the § ads by the regulated operator of the ranspart
network, Solving in this way: O ~ .

@ et
| ‘ ‘34’3; pl= e “Bre Py ey,

"Thu revenue from transport ﬁetxv@e i ﬁm m%’, | r;’:gmm i Mmt%mﬁ .
: ,‘1535? | R ={p2-pHsgp |
and the relationships (23) aﬁd (24 .s'zubmimmﬂ’ {0 obtain:
mg; R = [{og - 02~ 51/ (Ba+A2) - {0y - By + ?“Tzw‘ﬁ] . m} xm;
The marginal revenue, MR, may then be derived as
(27 MRyz=pa-pl- {1+ 2 + B+ o

As a matter of convenience and consistent with the empirical model presented later in the
paper the margingl cost of wansport may be veritten as a constant -

{28) MCn=a12.

By rearranging the Ramsey condition (equation (16)) and combining it with the standard
arbitrage condition (eyuation (153}, the arbitrage condition may be re-expressed as;

299 p2-p! SKIMRz-MCp2) + MCya |

Substitution for the marginal revenue and marginal cost provides a new price setling
cor fition, thus:

" ‘k i ’ *
{ Y - lf‘g B I I IR
(30) m-plsop2 {1““){‘{31 +h " Ba + %g] HE

To simplify this expression it may be written as

31 pr-plgogr-mxn



- wherem=; k<0,

I*mm the mwmmm m; 'mr,i i“%m it is clmr th the price difference hetween the Loy
" teuding regions will be the mar tinal m:xsmﬁ transport plus aterm dependent un the value of
-k the slopes of the relovant supp}y and demand functions (note that k was originally mi” m’:d
as a negative number) and the mlmn@ of the gmzd tr:xflf;d from tegion | 1o wgmn 2 ‘

%

For the more general a%» of Rmm.y pricing for each ;mwbk (md l“mw then the nm;uamy
(31) may be expressed i in mateix form as:

(B2 Gy G 3{?} +MXES

- where
B =611, e Gnl’

M

i

and typically oy = and my = 0.

Ramsey Pricing in the Spatial Equilibrivm Model

The standard spatial equilibrium model and the corresponding price equilibrium is illustrated
in Figure 2 with the excess supply and demand functions ES1 and ED2. Transport costs are
given as tya. The equilibrium prices after trade takes place are indicated as py and pp and
sitice trade flows from region | to region 2 arbitrage will ensure that the price, p2 exceeds
the priee py by the mansport cost 142, The trade from region 1 to region 2 is indicated as xya
and is cqual (o the difference (X~ yp3 or (ya - Xa) where xj is the Guantity supplied and y,
is the quantity demanded for region i,

The vertical difference between the excess supply and demand functions represents the
demand for transport services shown in the second pane of Figure 2. The demand for
transport services is a derived demand.  Although it is not pecessary to assume that the

marginal operating cost of transport is constant this is made consisient wath the empirical
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represented by points a and b on the verteal asis. Tt is clear that as the level of recoveries
inereases the mmmxz of trade will decrease.

In :tlim third panel of Iﬁi@um 2 the solutions obtained for a competitive market and for a
monopolist trader are indicated 15 ‘¢’ and ‘nt’ assuming that for the compettively traded
commuadities that the transport cost would be set ag the marginal cost. It is also-assumed that
the monopolist trader faces a large ransport sector and therefore @ given Lransport Cost.
With a regulated transport sector charging Ransey prices as the value of k is made a larger
m,gaim number from zero to negutive infinity so will the net revenue extracted Gom the
commodity traders to pay for the unallocated costs of the transport secor increase  Ala

very large negative k value the regulated transport network would receive the same net
revenue as a monopolist trader. It is quite apparent, however, that the exploitation of such
revenue will be limited by the possibility of the use of alternative modes of wansport.

The modified spatial equilibrium formulation [or the inclusion of Ramsey pricing can be
gbtained by substituting the relationship (323 into the competitive formulation by replacing
the appropriate arbitrage conditions so that the new problem hecomes:
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App lwauoﬂ af r}m Mmfei

, 'ﬁu, model darmﬂ abuve has been applicd 1o the Nnmw West rail ling, szlmmmun from
S \?Imm, 1o the portof Ne “wwm 2 physical distance of almost 500 Kilometres, This railway
* Tine was chosen as bothw heat angd coal compete For mil :sxmw along it Wheat lmmprm:xtmn
and codl ransporation humg the two mujor services supplied by the rail authority. Zere
cross-price elasticities of demand for the services were assumed. That is, the ﬂmmt
-~ wheat transpoit sevices is assumed to not be affected by the price of mﬂ ramsport sprvices |
md vice versa, It was iﬂw &wmed there were no capaeity constraints on the rail line,

1t has been xmnmd that the 5upp1y of mﬂl at the mine level and wheat at: um farm Jovel is
~exogenous, B “usther, it is also assumed that there is o demand for either commaodity in the
production region. Hence, the w;‘api}f curve Tor each region is an excess supply. Throe
regions are engaged in the pmrlm:ﬁmz and irade of wheat, namely Marce, Gunnedaly and
‘Wenris Creek, and two regions produce conl, namely the Hunter and Neweastle.

Similarly, the demand for cach commodity at the port of Neweastle is assumed to be
exogenous, Demand at the port of Neweastle is represented by the export demand for cach
commodity. As there is no production of coal or wheat in Newcastle, the export demand
enrve will represent the excess demand for that region. The direetion of the trade fow for
hoth commodities is thus one way, from the producing regions to the consuming m;,maz ithe
port of Newcastle),

~ The constraints implied by inequalities (8) and (93 above ensure that the guantities supplied
must equal or exceed the given demand quantity, wnd that the quantities shipped cannot
exceed the available supply.

In order to undertake the analysis several basic items of data were required. These included:

+ estimates of per fonne operating costs for the rail transport of wheat and coal;

« the average L.o.b. price (or wheat and coal at the part of Neweastle:

o plasticity estimates for the supply and export demand tor wheat and coal:

+ quantities supplied from eachof the producing regions considered for cach commudity.

The demand for transport in this model is given by the difference between the export
demand for the cammodity and its regional supply.



 determining the number of crew &him: per journey. For coal, x}m nm%a. dist
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This varied for coal
m:panxlmt‘%wemy«fum mnnf:s pm* ﬂg,,m :

! 7{.; was mghw‘mr waguns with a lmm

e of the five
lmgast wines in each m;,imn  Neweastle was used to derive the distance 1o portand hence
the vound trip dme (mxmm communication, Emma Gnﬁﬁm& Frﬁigm Rail). 11, w*m’
 assumed that there were o train drivers on each journey. ‘

Locomotives and wagons are fairly well assoeiated with the transport af a speeific
mmmmmy and s these costs can he directly allocated to a specific waffic Tlow. Track costs
are a joint cost which cannot he allocated exactly to a speeilic traffie flow. Nevertheless, an
 estimate of 70 cents per thousand gross kilometres for track maintenance was taken into
aceount (Rayal Commission into Grain Storage, Handling and T ranspart 1988). Due to the
lack of avail able cost information for rail transport of coal, the costs for wheat transport, as
estimated by Blyth er al. (1987) and the Royal Commission (1988) were considered to be
applicable. This assumption is based on the fact that gach commodity has similar volumes of
per cubie metre. The rail cost estimates were used to determine farm and mine level prices
for wheat and coal, and also to derive the marginal cost curves for rail transport.

The estimated total rail transport cost equations forgach region per trip ave as Tollows:

Moree: TCy3 = 76911 + 6.5852 xij
Gunngdah: TCy3 = 5457.5 + 4.2692 x4
Werris Creek: TCryi = 3577.8 + 3.1908 x5
Hunter region: TCep = 2239.9 + 14742 x5
Newcastle region: TCe = 1371 + 0.81863 xijj

The average transport costs per tonne for a Tully laden train between the production region
and Newcastle were derived from the above as follows:

Ly =5 1LI85
tw21 = 5 6.823
byl = $ 4864
23 =8 1.839
tetp =5 1AM2,

: v,stam ime of eight hours was assumed in
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& Qmﬁriwm The ﬁmxmﬁm‘;’?“imt‘fmml provided fnmmzitm on the receivals at all sites
wppivm; the port of Neweastle ina “represe ‘ymx: le production fmm amﬂ:i m"\
towns surrounding Morce, G unmé&h and Werris Creek, were ag&m}ﬁamﬁ 13} m:mmm ong
produetion figure for each respective region. These production duta were used to represent
quansities for the purpose of estimation of Tingar demand and supply Tunctions. The
Neweastie figure w;’zm&nm out Joadings (exports), rather than receivals, at the port of
‘Neweastle. | o :

Domestic consumption was assumed to represent 15 percent of tofal produgtion, henee this
quantity was subtracted and not used in the model (persenal communication, Australian
Wheat i?ﬁard?i. More detailed information regarding stocks held and mill demands was not
available due 1o its commercial sensitivity. Although the duta may not be particularly
- accurate, it does serve the purpose of enabling an export demand and regional supply curves

~1obe appwmmmd

For coal, the receivals recorded at the port of Newcastle represent the export quantity.
Production from mines within the Hunter and Neweastle regions were aggregated Lo oblain
a total production figure for each region,

*Elasticities~The elasticity of the supply of wheat at the port of Neweastle was taken from
an average of estimates determined in four earlier studies (Wicks and Dillon 1987; Powell
and Gruen 1966; Myers 1982; Hall and Menz 1985). The elasticity for coal used was 0.4
(Beck, Jolly and Lonear 1991), The demand elasticity for wheat at Newcasde is from an
estimate used by MacAulay, Bauerham and Fisher (19893, Finally, the demand elasticity for
cnal was assumed o he -5.0, based on an estimate from the Industry Commission (1991b).
The data used in the derivation of the supply and demand curves s set out in Table 1,
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b Fob. price of wheat and coal at the port of wamun, wis agsurned m be :&l?ﬁ and
$5284, respectively. The wharfage ohnege for wheat i5 assunied to be $1.75.
€ As wharfage rates for coul where ot availabile the wharfage charge Tor wheat bus been

Applied,

 The estimated linear excess supply functions for wheat and coal derived for each producing
region take the form 312 = tz - Bapz and e shown helow:

Moree:
Gunnedah:

Werris Creek:
Hunter Region:
Newgcastle Region:

Qw3 = 65.8 + 1.61pw3
Qwa =732 + 1,76p»2
Q= 230.8 + 5.48pwl
Qur =14134.2 +191 4dpe?
Qet = 7828.2 + 104.34pc]

where the superseripts refer to wheat (w) and coal (c). For cach commodity, the supply
regions face the same demand function, namely the export demand for the commudity at the

port of Newceastle:

Wheat:
Coal;

Qw =78392.2 - 443,494
Q¢ = 219624 - 3584.41p¢; .

Resules

As noted previously, when the Ramsey number (k) is set equal 1o zero the Ramsey pricing
rule is equivalent 1 marginal cost pricing. For lower values of k, total revenue from the
uansport services offered increases. Moteover, total revenue generates a surplus over the
short-run marginal or operating costs, This surplus can be used to cover the system wide
joint or unattribwtable costs of the services offered.
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AThe quadratic pmgmmmmg tatileny used to obtain tese solytions is given in Appmmi\ A

Hence, for k = -D.003, a surplus of $15.141 million over and above short-run operating
COsLs 15 wnem:m The value of k can be adjusted so as W cover various Jevels of the joint or
fixed costs of operating the system, In Figure 3 the relationship between total revenue foss
operating costs as the value of k changes is shown, The joint costs of operating the system
may include provision for maintenanee and depreciation of jointly used assets amongst the
services. Notiee oo, that in accordance with the Ramsey prineiple, the mark-up over
marginal cost for the transport service is inversely propordonal 1o the price ulmtxmty of
demand for transport.

It should be stressed that it is not suggested that the net uperating surplus available o the
railway could be increased indefinitely simply by increasing the value of k. Rather, the

maximum profit would acenr at the monopolist solution where marginal cost is set equal to
marginal revenue for cach service. Moreover, the price which could be set for any one
service would be constrained by the charges set by competing modes. Subject o
availability, rond (reight chiarges would provide an effective cap to the prices which could be
charged for il services,
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FIGURE 3--Net Operating Surplus Resulting from Ramsey Pricing.

Conclusions and Further Research
An application of Ramsey pricing to the setting of prices for rail services over a network
characterised by joint costs has been developed in this paper. The prices generated are
consistent with the inverse elasticity rule of Ramsey pricing. Ramsey prices have been
derived on previous oceasions (Taplin and Waters 1985), but not within the context of a
spatial equilibrium system which takes into account a network of trade flows.

The areas for further analysis of the present approach are numerous. In particular, it is
apparent that better estimates of the supply and demand elasticities are necessary, and hence
improved estimates of the supply and demand equations in the spatial model. Further work
is required on the specification of the costs for the railway services, Work in this respect
may include the use of quadratic supply, demand and cost relationships, and adaption of the
spatial system to accommadate them (MacAulay, Batterham and Fisher, 1989, |

The significant advantage of the approach outlined in this paper over previous atiempts o
specify Ramsey prices is its flexibility. The arbitrage condition in the spatial madel ean be
altered relatively easily to incorporate other pricing rules such as a constant or proportional
mark-up on marginal cost. The effects of these policies on eaeh of the markets cun then be
determined. In addition, the spatial equilibrium model can be readily applied 1o other
situations in which joint or unatibutable costs must be recovered over a network. Farther
work is reguired to adequately refleet inter-modal competition in the model which hecause of
the assumptions made, was effectively ignored in the present paper. Work in this area
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