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tl(;1JtJrmlt111l (.~f itf,qriculturalllc,m(mJj,~~' 
Ul1i'Vm~slt;v oj' !>~vdn(})1. NSlV.2()tJ6* 

;tbstt'flct 

'fh~ .qlu~.sth)Jl or ,'nil rJ~ciA.hipdcinA fur cmll :UJd whent: is dr~t'HS!)cd. h.l Ihl~ 

rmJHtr. A.sbufkgoods, wfnnH tlud i:ortl 1lrc Jl\twcd hI hl.'Ac 'ltHlllUthnihy 

bolhroudttnd rnH. !r"~mspot~t h)' l':dlfJ'~(llU.mtly sumrrs r.'om the tUrt14~uUy 

of .r~ClJt'ril1g dcfhtHs. The prietu).!. of r~dl set',;,jCl,!S ~J) n.s to cO\'N'tbus(! 

deficits is th~N'¥(Orc hntlot'ttlnt.. Ar~ ~Hh{J*:Q Sl1MlUl~qullihvi.u.m nmdt!l is 

ll.sed to detiy'c a set nf ~c:oJlr)ltlic~llly erri~ien{R~tm&e)~ l)riC\!'li tur 

JI10VenHHltnfhotb conmmdiUcs by run in Nc;\\' South "~nlc'R. R~lm~ey 

pri.~~~s rt!lH'cl)Cht ~l Sl.!'t ()f sccOlul"IH.lS.i 11riiJ'cs in. th(.1 pt(,\nttcc of ·ulmllm:ated 

(H'erheml c:ost'l, 'Hld U t{Histnrhll ru"cdodlng d·t,l'ftcH~. Th~ lccht)hJJtl~ US\HJ 

mJlY nhm ht: st.JitnbllJ fur Of)pJi(:ilU(lU ton wtd~Hi .. rifty lIt sHuatJlJUs ,\iHH~l\ 

Jnhlt ellst$l nHl\.t h{> attributed ~H!rn'S~u,,:ati.e(y of ou.tputs itl n slluUnl 

.tEurly wurk tllll.his PWlltCI begun as;l fnunh yenr rcsc~m:~h prujcct·of (he fuurth UUUHlf'(l\partof th~ 
rcqlltrcnll.~uL\ lht the. l3m:b¢1nrdt Agrictlhur::d Hcm.louth.:s dcgftC.ilt tIle t.~n.lIc(\lty nf S~:dl1ey nu~mllju.)t' JIIj 
nnw {ttn.ciHhcr of lhc~tan' oflhe:hldn!iff}' ("nmmi\slotl. C'mlbernt 



,l)t (N)(luati() 1.1 

t~cmmmists.hi\Ve hmg r()cus~ed thu.il' illlcnthtmon dIe ~huJlcngc fitcedhy ruUways·(tlnd()llle.~ 
dC~l'C:(lsitlStt\1S1indusld.cs 't;1rhtJw lt~ plit:c ,cfncienlly without blcUl;nngpC'rpelUrtl dellci~'i. A 
n Ulllber nr npprmlches have· hCCntHj(,ptedto ()Vel~C()me this '!li:'()hJcnl. . illclu:Hngntt(~mpts, to 

specify I!rnCil!lllpliccSi ns \vt~llas rutco[rcLm11 tt~pubuinn. 11lthccttse of Austrolbm 
l'i.tih\"l:YsuP tnlhis TH1int. pdcing pl,Uci,es;nt>p~ul'to have b~en hu'gely ndhoc and piecemeal 
ill nn.tw:'f".i. l"hcre hns l)(~··~nn tcndclt(!,Y to 'festmnd to iUllllfd int~nnnnclul.atldpnHti~'ll 

c()n~idcl1J.tions nllhcr tbm\ d\i.~ tmdl<~rlyiil8 ecouomil: ·coJlsidcl"tltinns. r)I.~VelOplllertts durin~ the 
1980s such n~ ct\mtn~l't'i((lh';lu,inl1{!)f gO\fernnlcn.t(;.~ntellirises: and lllicn~~ccnnmnic rch:mn 
ge:nel'un~l hnve underlined the lliadcquucy of this Rppmuch to tbe fH1Ci'tlg p,t'(lblem of suue~ 
t}\-vlledmUw~tl'S~ mldprc:cipita.te*:d rt;'!ne\~cd interest iIlccnllmnicanyen'icit~nt IWicing rult~N. lil 

this puper. sotlU! of the iSi\ues t'tdUlcd lopricing {If services fnc,edhyNcw S()uth\V ~de~ 

nlilwny~iJl the m(lVIZ'rncnt of gt'ufo and coal are t~x'amtnt.~d. 

ThcohJe~l'iv¢ fOl'this [\;lJ1~~r is ttl dt!rive u theoret.i<:ill SIJllltion to thl.~ prohlem nf optimal 
11ricing f()t· rail transport in the fact! of decrcasingcIJst~.The js~uc of inlt"'r~tnod.al 

compctitinQ wmbt.~ cnm.idt~redut a later stage .. Usc wm hc made 'Of the ~palial Ctluihbtillnl 

npp1~t)nch. hl the nrst ~ct.:linn. the empil'kal and theuretici}:l hack~round to the fJfUhlem 

pre~ented hy decreasing cust n,tilwl1YS is discu}sscd. l>articuluf empha;~is i& given to the 
\!om:ept.ufRumsey pricing. and the solut.it:m it uff(lrds 10 the pn,hlcrn prest;."nted h, i1 

dc.creasing·cust trunsport tndu~try .handlingrnuhiplc cummodhies. In tht.~ uc:(t s(;~clhml 41 

sr:l1iaJ equilihrium modt'l is dt~velfJPcd to ~olvc the l'rnhlf!m of setting oplit'nal prh:tJsin the 

',11' de,Cfe;lsinc. ,C()$ts, il rC'vcnUt~ ~o!lstnlint and tntCl'·mndlll cfn.npcl4tiun. AHhuugh 

Ram.s.ey optimal pricc!<\ have been deri'\tt'd t'15;ewh~rc ill th~ litCnlturCt dh.' nwthod th.~\dnr~ed 

in l.hi~ papct' applies the technoique to iln~~t\\;ork mndel.uld thert~hy tlffcl'\ a prucw:aI hMI fur 

tht· upplkmmo of Ran1M~Y {wicing. A pnlcll~>al ~~xamflk of th\'~ u,," HI Ranl\("~Y prkmg is tht~n 

pres('ntcJ. The paper i~ concluded hy (;\xul'tuning the situatiotl!i't in which the tl~~hniqut.\ in thi:-. 

rapt'll: rnny he u~cd along with \..~01llment\ t'.l arca~ f{)J' funher d~\:(~h!rHnt!m t\1 thl,,~ llppnH\I.;h. 

PrieiJlg O!TNl1uquJrf St~rllir.cs 

Analysb of the lmn"pul'l pricing prohlem C~Ul be tr'ie~d h~lCk to th\? (,'urly h\ mid IROn" 

(\VinstonI9H5. p. 78). Ahhuugh the initial intC'tt~st \\,as 111 apprl\lwii:Ut~ pndng rules ftlr 

llrhan r()nd~ in an attempt In nVl·rcnmt.~ t'mlg:estitm.cc4mUl1lht~ \\t~rc t:dti<.'4d Hfrab:.' setting in 

railrmtds. e.spcdaUy tht!'vaJuc-nf·>,scl'VtCc' l\(' 'charging whut dlt' tI'illlic win ht'd( tlrpl~oach 

i.ldupl~d during the huel' half of the nint~lecJHh l:ClHury (Jann")on 19S4. p. 252'1. Thi\ 

criticism CZU1 he tlttrihUledm concern over exploitation .111' the monopolislk plJ~ition oc:cllpicd 

hy railroad opcm.lUl's. Thc~e crHlccrHS have t!) MHllC C~'\lCIlt hecume mut0d with t!t\~ 

development of altcrnutivl!s to ntH lnlOspnrt, especially mad t.l~iln\plltt. IrmlicaBy~ h\)w~\crt 

the princIples cmhmJkld in thc'vnluc ... \'\(, .. servkc· appl'Ouch have hecome rC~ldny a~l,,'t'ptcd 



widri;u the ·ccont~rnics pt'On!SS'1tHl nS~llegithmtle and \Vt~lrQrc ~tllln.nci.tlgt!.pprmH:b ·(0 Ute 

fwnbtem pnscd by deCt7C~lsiugcost indllstlies suenus fttilwuys. 

the dift1eulty posed by <nli.hvu:ysJ and dC:('~l~~usi.ngcosl industries tllt'lfC g~l1~ndly .. htls h(Jt'tl 

e>itetlsively sctmu in the w~lnu:t~ lilcfulure. t In shOl't~ if welfnrc mu,x:ituislng; rnal'gltlul cost 
pt'ieing rules ar~ tf' he ~\d(lpt@d~ un hldustt'Y ChnrtlCb~riscd hydecl'C1tsing 1wl~rage cnstswUl 

F;'uffet,l dutldt Thisl~tUut~ bilS in thCJl1lSt heen relied on to .iu.$tifypuhHt~ sector tlclhdty in 
industrit?s !,!uch nSI'aihvuys. 'HO\~!'CVl·l\ puhli.c st:clm'blvnlvcment hllhe hldustry raises the 
~tdditilJnalqtl('~tion whether und 11(1\V tht: n;~venu.¢ dent'it Shfl>U.d ht~ mude up. A Hrst b~st 

solution wmlld 1'~\qUil~t;.1tht' impnsilion of ptdl (axes of Mllne fOl'nl. "fhe difficulty.(ot*cVt'll 

impossihility) t\f hl1{1,lsing ta:~,es in th~~ f in} fO(,~U5es uttentiml tm the Uf;ic of the appropriate 

pdcing rule. 

It is e!ent'that an inflnite numb~r of f't'\lut.irnls. eX.is:t to the prohh:Htl of tc<luiring n Jlntl in the 

face (\1' decreasing uv~ra.gcC(lM$i th mCt;.·t ~i profit cotlstrainl(AUeu 1'9R6. p. ~nn), T\vn ptH'! 

tariffs ,and average cost pdf..~ingl't~preSt~nt some llf the better knowll rulel). Ramsey pli.cing;. u 
~\lt1n of differcn.titti .pricir~g~ has heen sho\\'n tf) l'cprcseIlt a set:nnd~lk~f.ltsnlulionw the 

\~elfare maximisation problem in the face ftf det,'ll:asing a\~mg~~ C(l\ts and a pf('lfit C'nn~trahu 
Cf3:aumnl nnd Hradfolu 1970. PI'. 267~II; Lips~!y and LnncaSb!f 1956).J:lnwClr'fr. RaillsC'y 
pricing hus not ht,l\en immune ffnln f.'riticistn from the point of vie\\" of its \Vt'Uare 
itnl,lications .nnd its practicality aS~l pricing l"ul('l( Allen 19R6.. pp, 2~4·q6 t 

1n the Australi~t.n cuntex.t. gOVl'l'fHlwnt hudgetary t'fH1Mtni1l1;-, ~lUd a dl.·\irt~ tu l't\mmct'ci~H'iic 

tntl Opcllltions uf go\,'crnm('Ul hu~im;,ss t~nterpri~cs have f{H.7U!,)scd ;llh:~ntiun nn tht"ic prk-ing 

policies of a r.ange nf government m.strumentaHtiC'fi. over tbe ra~t dCt:.adez. Frnm a hn~adl!l' 

perspective. anc:fncicnt apl'lffmch to pricin!! of t)~(,.;,ight tntnspnrt ~t!r\"ict~S is cl.~ntra! tH 

ensuring the competili\!Cnt~,~s of a l'tUlge Hf Australian cXpnt1 Jndusn;es.~ "nltS 1'\ partkularly 
relt~\ant fur ~lgrk'ulturuJ and mincrnJ industric\ ill which the place r:l procluc£itHlb 

determined hy climatic lUl.d or ycogmphic c·()n~idemtinns . .3udi, Unt~n r~lr t\'mtlVt~d frnnl 

regions \\"hen.~ dema.nd for the prnduclcxists. In addilinn. il.nalysi.~\ugl!I.!SlS that th~~t"'>;l uf 

I hwiU he ;bMmlt~U fur tbt· purpn;;;es uf l1u'iI (hIP!:! that the l:ul'\\a~ ... nudl.'r tnn""der;lunn C'xhd'lu (,'{Ilumnu,'\ ~»! 
scalc.:u tCHJi.t over Ole reJev:uu 111U,!!C Hf nutput It IS clt." .. U' Imm the J.ttt'n~nturc. h{~Wfvcr. that tIu!> ill tin: 
umunhi!:tunutly at'c,eplcd fWbl'Stno I~Jg", pp. 61· 60; Freehaim null Tlnc\.~ It}X~.prl 4~, 4~) 
2. Numcmu .. annl), ... !!, havcbecu imtk~tt~tkC'n· by l!ltt Fel,ie~d mu.1 Stm.e~()\:enuncnts uu the op.cr;ltlnn ot 
government tr~\tIin!! t:Hlcrpi'!\c,"" Plidng pohcie\ ndnpll.~d hy lllcM! cnh;~rpri't·'l-. hu\;'c becn.fC\jr..·wt'd lU rm~~t pf 
dIe Ntuuie~ multUcsc rC'Ilic!"v\ have fonucd theba.\l.s. for li\uh!'it.~llUCllt.pri\;:iug poHey relonn l~pt.~al tlflJ)t''<;C' 
f.!!pnrtll. is U1Hl nf thl! ~lcefing C*11tHniltl."c un (hwctfuncm'l'mdiu!,l Emcrrriiies(I()~HJ 
~ for c:xmnple. tbe Ro~:;:d Cmnnn'l\iull bUn (ipun St(lltll!,C. HomUblp and lr.mspmt (FU~M). t:'lttim1ucd that 
:itnrnpe.btlildling nud ttntl\I'liH1thurge)\ t'Cp,rewmtld 2011l:mrcut of the avemg!.:' frec,·ull·l\()\u'd pnt.~c tnt \"tll~~.t in 
1 Q88"gll. the uvenlg,e freight rmc us. ul)i;,!!'Ccnulcgc of the aWJttge f'rce·au·bom'd ptil:e ul \~(tll. \\'>1\ 15. )ptri.::t:'ul 
fnr New SnuUl Wtllcl) (tudu"i<try edlUml~",hm, }991hl, 



lu(!ITh::ientl'nlC setting, l<1 those Jndustdcs aflected· dln~cUy*tUldto the AUsltalbm econo.my 
genet\llly, :is iUltllCllSC rFrcehulm 19881. 

Ralti.\'CJt Pric/l1g 
Although 1.1sunHy usst)dnted\Yltht~tunkll~Ull$~i$ (l9l7) b'entmeml.Jf thept'oblcnl. 
difiert'utthdpt'iC'ing (H1 the hu~is of :ucm:mdeltlstieitieslnts a ltmg tradition in the cconnntics 
Utefulure (\Vinst.Pll 19~5. p. SO: Urrumolullu Btfuclfot~d 1970, pp. Z77·7S). :Nlqfclwer, 
RUOlscy·smiginal soluUondcalt with tbc:pruhlcll1 of op.timnl tnx<uiotl sul~icct tt) tJ n.wcnue 
constraint (Rnmst~y It)??). This lwnbJcm is ilnnlogous .to that l'uced by u dec.re;lsing~o.!d 
inuus.h-y n~quircd .to .uvold, 1l dc.tlch llutcome hyraisillg dle charge for \the good or St~l'vh.~·(! 
~lh(lVe marghlal cost. H is in'elevant if the sum raised uo c:()vcr a deficit or tnrRise the 
rcquh1!'tf til~ l\W~nuc} is. obtained bYWtlY ()f tl: tax impost ov(.~r ami UbOYCllltlt'ginalcosr. or if 
it isruised by sc'ttl.ng prices over and above nuu'ginnlcost. Since Rnmsei s umdysis, 
Rumsey pric.ing lules havchc:en derived accnl'{ling tu a number or difIcl'Cllt formulations .and 
its fse.cond best' chatactcf has been mnde c;xplicit. 

Although widely discussed in the thcoreticallil(:~rutUl'e on 0lltimil) pricingt Rumsey pri(.:·'ing 
bas gelll;,~rally been ignoreu t\1r f,,)pt!fndunal r(~asons because of the e'mpitical demands in 

deriving u set of Rumsl~Y pti.Ct!~. Nevertheless, auurnhcl' or uucmpts have heen made to 
cmpirh:uHy determine RUI11Rey prices for rnpid .. raH uud huses (Tmin 1977), tlS well as the 
prices fm'rail in lhecumcxl of inter-modal mil nnd l'ond competitiot1 (Levin 1981n ilnd 

198th), In the Australian context. Ramsey pricc~ htlvcbccn dcri vcd fot' road and ntH 

transport (Ta,plin nnd \Vaters 1985; Tnplin 1(80). 

Raruse), fwidnginvolves f-telting pdces so u.s to C(.lve!' costs or meet a hudget c()llstrainl :-.uch 

that the distortions rc~ulting from a deviation from margimll cust pricing ureminimised. The 
rule exploits the dinl~rcnces in elasticities of demand by charg.lng tl higher rate to con~Ul11ers 
with the most incluMic demand (Teny; Jones and Btaddock. 198.8). Described in this way. 
it isdcHf that Ra:lllscy prking repl'esents af'()fm of ditTcrentilll pl'icing \vt, .. ~ clUll'gCS are 

dcwfll1incd according lO the demand for the service, and ruised to the pnil1l where the 

aggregation of un charges ml!~ts n nel revenue cnnstnllm (Freehairn and "frncc:, J 988). In its 

simplest form. where cm~s·price elasticHies fm' the goods nrc zero, the Ramsey pricing rule 

coHapse~ to [he \\Iell tccngni\t!(j ~invcrsc elasticity rule ~ requiring pt'iCCR he set according II) 

the invcl'seot' the elU!l>licity or dl.;mHmd 1'\)1" euch commodity (or consuntcl'). service l)r 

product 
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FtfiURB.l,-vRnms(;1yPs-icing in l'wo Nhtrket.s. 

The mti.ounlc for ,RamseYPt'idng is demonstrated in Figure 1. Suppose thnt a finn, serving 
twooltirkelSt fueed u loss from fixed ,ininteosts of production ,if the competitive s()lution 
was adopted ,and rnice W{t,), ~et equnllo shott run marginal or operating (';osl (Pc = MC). To 
rec:overjoint or uJlattrihuttthle costs over the system. i1 js neceSSU1JW set price greuler than 
shon run mnrginnl (!Qst. Suppose dun ane,quul murk .. up uverm:argimll cost or '&1 in both 
markets was sufficient to reCtW\!T the jOillt eO$t,<;. 'nle total dcad\ve.ight ecnu(lttdc loss across 

rnark'~ts :land 2 is then given by the areas ABClmarket 1 ) and DFF fmttrket 2). From the 
diagram. it is clear that the loss in surplus in market 2. (tbe market withrclativ,e.ly el.nstic 
denmnd) exceeds the loss in mmkc! 1 (the market with relatively inelastic demnnd,}.Fufthctt 
it is clear that the total loss in welfare "nn he reduced if the mark~up in market 1 e~cecdsM ~ 
and the mark-up in market 2 is reduc.ed to less than Nt Prices cunsisb.mtwtth lhisa.pprnach 
are shown in the diagram ns PR 1 and pj{2. These 'Rantscy approximate prices'" highlight the 
need for the murk--up ove.1' mnrginal cust to hl;.~ greater in the inelast.ic m~lrkct (tna.rket, 1), than 
the elastic market (market 2). Hcnc(!, the mark~up over marginal cost should he inversely 

related to the .price elasticity or demnnd. 

Tht~ rationale for Ramsey prking is hnu.itivdyappculing. 11' marginal cost pricing dOt'S not 

covel' COSL"~ additional revenue should he obHti.ncd by higher chal'ges to users w'host~ 
demand is the least sensitive lnpricc:-;. Such an approach will cause lhe le~tst distortion frmn 
the t1rst~bcst policy of IlHlrginnl cost pricing by minimising thl1 out.put: .. cunsmnption 
deviations. from the fil'st,.hest outcome. Although the Rnmsey rule Ciln he fot'l.nulatcd in 
vllriouswnys. if theussurnption of zcro crusS,.prh;l~ elasticities is discarded its application 



ht1c{)tl1CS sig.nificiunly 'motec:omple~ns ,cross"pdc~~41a$ti¢ity ter,msetttut lhb) the rule 
.(BautlJo14u\d13radford 197n,t)~ 270)it~ 

fhw.~~ver,.·it: .is suSgt~s(:Qd thtuns·u rornj(,r~pdee .dfs.cdmination*"R'nlns~y.prieh\g·t\lnd$ ·to 
creote inue;pentlufl(!(!ttfdurnnndhy segnmrltlng thev~ld"ouSljlttrkets :for goods ,or set'vloes. 
Thecollditions under \\iMch:tl~c lnvetseeblslicitYtlJJeCp.llbeappnedun:~ therehy enhnneed 
(J'tU1SSOll1984f'p. 2$2)~ M()ret)Ver~itl tbecase (>fdenmnd for trttnspurt s~rvlcesp.l'(rvidc.d hy 
t'tljlw.ays.~ cmss'"pri~;e elastichies ttt<$ likely tClbe low anyway rraplin1980~ p. 2()()~ 1)lpUn 
!1l1d VY'{Uers 1985, p.:'39). 

Rttmsey pdciilg rCf1reSetltsu f(1l'mnliseU version of tbe princIple of "vulue"'o!",su:rvlc.et 

prieing .. r()r transport services thisinv'l11v~t')cbnll~i.tlgn higher price for commodIties withn 
relativ.ely inelnstie demnnd fur tl'nnsportcompured to those ctllnmodltics with 11l{H7e: price 
ela&licdenlunds. Price is chnrged tlccotoing to the vahle l'>lnced on the service by the' 
consumer. Fbr example;. high valuecommodhies will tend to he less setl~idve tochanses in 
transportcharge.$ und shnUtllus be relatively more price tnel(4')tic in the demand for transport 
titan lower value.dcommodide:s. Si.milarly. the pricee.Iasticity of derntmd fot the pX'()duct 
transporte-d willinl1uence the elasticity ·ofdemand for the trnnsp()rt ott'hAt gomt Alth(,lU~h 
eritil!'isedin the eutly parlQr rnUw~\y .h (story ns an nbuse ~')fm()no:polist.ie pOwer ~tnd 
:ret1.e.elioga. Inckef COSt aW~lfencss. the ~v,~lue or serviceI' rule or Ichnrgingwhul the tfafI1c 
will bear~ is now a well respected and \videly pro:ctised pricing rule in various m{)des of 
tr·anspot:tsuchas aidines (Jansstm 1984~ p. 252J. 

11t.;cnnaitions under which Rilffisey pricing can be applied i;lS u second",hest rule nrc Of.: 

follows tKarnerschan and Keemm. 198j~ p. 1(8): 

;itlint outputs with common lnpuu;~ 

scale ccmlOmics exist such thut marginal cost pricing would result inn de.t1cit; 
6cnsts must be covet"Cd by the firm uS'ing a nninwm cost recovery pricing p<lHcy; 

the regula.ted film is n price taker rot its it1puts~ 
the services do not .exhibit consumptionexternul!ties; 
the rest of the ~conomyis perfectly competitive, 

AU n( the~t;~ c()nditions are t1.'-)smncd to be adt..~quat~ly m~t in thedrcumswnces considered in 

tho present pnper. These cunditions htghHght the :tim or I~mnscy priCiing4 lhnt is. deriving n 
set of prices for nmuge of g(lod~ or sC:t''lices so that nny delic:ltwhich would uccrUlJ fmm 
4!conumicllUy effl<;k~m margimll cost pfk'ing is mut.Thc dcficitwhich wouldac~:l!UC m'is~"l 

.. OUtlJ)'lt!l nntlllmdfocd (Vn9f p 2(8). \pccify tmd derive IOllrlbnutd:UitlUS Wilh t4foipecllo pdt'ejll,t \UfUi! of 
whi(;h arc more ~el)tml.1 :UUltt nlhcrs. 



frtlill th~:ttlCt thtU fhe:g(~t')d.~ tltS~tVi:ccs usc <UlOllnOlt, inputs so lhtx.t~Jllfu t- ·ol·~mltlt\.r1bn~nblc~ 
custsar~ th~r~h)t ·genelttucd~ lJl (he:poos~mceor tllnr~lunl'Cost'l)riclllg~. l()ud t~venu~i:is 

bl,ldeCltltl!e It)(:~':)iV!l\t 'toUtl :Ct15ts~tltt)r e~mnple~,'n rnUilbet()(rallwtty 'sel'V,icesftuty use ·t~ 

'colllmonsecdo1:1(lfll'nck for 'wll1ch thu nllllml.lulUhHell~m~;en.l.tl.s't 'be slnU'~d .nmougS1:dl~ 
cVxtdllllS ser\!ices. IfpJiee iwet~ 'StU nttho npllr~ldtlgor mntrgilnlllC"fel fm~ie.nelt servh.}c'., tom). 

't~yellUewt)uld bC'in5uftl(de,m locmrt:runnl·eost~. Itntlt~eytniciflgrH~o';ides,.l{lle¢hu,n:isrtlm 
~tlver lbQ jnintorumuuibutnh1~(;ostttml St,~tpd,ceswhi.cb :tuin,hl1iselhe dlsturUunllom fitst 
bust,lev,els, 

,AbhoughRull1seypricin's dntlltnnlc,!jaHnth~rpriaitlg :J'ules 011 (l stdc:t;w~lrurc bnsis~ ithns 
been critictjcd,f'tlf its distribuliolluJcon~~fnlcnees ,CAllen 198oll p, Junss(l1l J984~Pl). 
l5.R·(0).i'n nddithmtthe ;prn,t!tic~ll tt1t,lsidcrntions. Invoh~cdin deri~~htg esdlutu,CStlf aU trh: 
r:~~le\'ant(!tasti;;itie:s Slliistn h,~ ilble to implt!menll{uUl&ey .i~ricin81ul\~e inlhc !)a~t betm 
cmlsi.d!!red (}tlcrtlus.ln the ronowingse.cthm~ atllW't~ gt~mt:t,*.HSllid appmncbto t:he;u~·uf tile 

Ramsey prichtg nde is ~l out 

tire Spat I (I/' ,1!guf:lilJrfu lif IW lJif t11 

in~HetHedtdlOvefthetl:tm llf thls lUltdysis ism ,inc()rlmtnt(~ nRamsey pdcillg cml~lr:dllt 
into t.he framework ,()f ~ spali;d e'{luilihrium olodtZi.u.nd fht~n USti< t.luadnl1h:pl'Ogfinntming tu 

ft~r tbe uprbnnlrreigbt ratcsul1der sueb n pricing policy. The use of n spulbd 
c(juiUhriumtnudel i~ si~fdlltuJU bet~a'use itl thel)~lstt the spada I nature elf Ulluspnrl has llnt 

hee:n l\dly included in tll.t~ dtwl.lopm.t~ttt of pridng ndes.N.owc\'er. m,\Viusclmt (198$) nut.~s 

the tra:nspc.tttatioll servh'tt cnn he chnr.lctctised ~lS un output Ih~m ~l mtdliple pr'oduct fitm. 
\vithcnch dJffel'Cnt ~culnJnt}:dity t.rip· having n. difieretltorigill muldt!~~linatiHn, ~n1is ll~,quires 
tbe sinlubninn ·,)f eacb trip .1.& a ~e.pat'nte Utltput,. 

The matl1emnth.',d l,rog.1'amming futtn of the ~pntialcquilibritnnmodl"l {lrigimltcdwlth 
Silmt.tehon (1'9:S2J~ ;.md 'vo~ more fldly developed by rakuyuma and Judge ( 1964, u'$ing 
qUUdl'utic progrumming, The fnunc\\10rk dcvck~ped hy ~r~tknyamu uno JUdg4Z! 1(71) widen~d 

the r~angenf prohlems to which spntiul(lquilihdurn models c(luid he applied tUlQ pmcticaUy 
so}vtJd,wlm'tin( 1981 }, provided u sim[Jlifi,ed explnmniml of thl~ modelling li!chnjqm~s 
develuped hy'Tttkayama nnd Judge (gl(4). 

"l'hcrnoucl prosetltmlin this paper rt!l)resCUls n short .. term. single .. pcriod quudmtkspntiul 

equilihrium mndt~J with cmphnsJs plm:cd un the pricing policy rnt' run services and it ctwtnin 
degtee ofcnst recovery. A singlc~pcl'iocl repl'CsenllltionWns(;hoscll to keel) t.heprobh!nl 
from hecoming ltmcornplcx itlthnuyJl in pl'inciple tht~rc would be fm dW1culty inl!xtending 
the tlltl(lcl to tllU1t.iplc time pel'inds. 11 hus not hl!en uucmp:u.:nl w shuw tl detnHedanrl 
cmnpt'chcnsivc nmdysis or n tl.'i.lU5pnrt syslctn.HuwCVC1'. ill thccxulnplc l:)l\!SetllCd hltcI\ 



esdmtllCS tlf tht~reqI,Jir~ddumn,mJ and sUpplytlUl'VOS tU.-esim,plyb4sedoJl~lt4V{ti.tdtles frnm 
vntious Sllurces. lth~se m'Cconslderod: nptJropriJue fOflhetnH'posoS orthismmlysis, 

"rho spntlnlcquUibrimn Jwoblem is,gtHl(!t~ully dcscl'lbc.dlUld sot (JUI ns l)~~l()\y LMnrtln.H'Sl). 
"rWt) OJ" Illm'e regious with known supply und, derrmnd functinlls.proQucttand Cl10SI,1l1le n 
hOluoge.oous. product. The Ngi<'llsnre scpm'm~d hut not isn./tued bykn(lWl11t:tUlsfe.rcosls, 
'1'hc'prphlem is to detel~ltdlle lheequiUbJ'ium Itwels()f productIon •. consU1l1,pt.iofl, trndcuml 
ptices in each rc~kmUvhwtin HJ8L p. 2'2l. Ills usslrJ11edUuHlhctc nrenpl'oduclng~H1d 
eOilstH.l.l.hlg regions (i= Ii 4t ••. n). withktHWltl suppl)! nnd demund functions ,tlr the 
fol1owi.ng form.: 

11)', 'V. - ,0,,, + "'I,' ,pi i' -'1 t' ''''''. w"tl - ~~l '0'" .... ,t· •• , l 

Wht!l"e Pi und pi are deulUtld (uld supply p.iccs respectively. }Ii nnd Xi nrCdcm.ll11d and supply 
tlunntities.Cf.i nndOj ate the intercepts nf the dt.mumd and supply functions such tlUltCli >0, 

and~h 1'1 ~ll'e the sIOl}t~ cocfficiellJ q of the demnt~dand Stlpply ftUlctimu~ sllc,h thal~h ~Ii > O. 

For n set of nrcg,iorlst t.he demand and supply functions can be expressed in matrix fnrmns: 

{j) y ;: ,Ct. ~ B p y 

=Cf. '" J3(Py .. \\') 

(4) h ;: e 4+ rpx 
::: e + r(Px + v) 

where fl, and e arc Co xl) vectors of dem3.nd and supply intel'ccpts t'cspectively~ B is an 

en x n) m~urix of the demnnd slope coefficients ~iand r is un to x n) matrix or the supply 
sl()pecoefllcients Yi (both may ht.~ asymmetric us shown by Takaynmn and Judge ( 1971) nnd 
Tuknyarnu. flnd U Ii. (1983})~ Pl' uno p~ are(n x. 1) vectors of unrestdcteu denHUld nnd supply 
prices for n rcglons~ Y ilnd x UfC en xl) vecwrs of dtHlland and supply qmultities; and v nnd 
\~l (u·c floo"llegru.ive vt!'ctot's used to handle the irregular cases tL~ outlined by Tukayamu and 

Judge (197 L p. (56). \\tithin the context or the mUlilcmmicnl pn')grnmming pl'ohlenl the 

quuntltit~s 'lund x arc rC~lrictcd to be nmHlt~gtltivc. 

Defining t.be tnulsfHJtlcoSl between em;h pail' of rcgi.ons as tiJ {[hnt is. the cost of 
tnmsfcrting the g(wd ftom region i 10 1>. and th~ trade now hill ween the regions as :qjt the 
tomltrUllsport costs c.un he exprescScd us; 



:It U 

( 5 ) '2: !,. tlj !(,ij:: 'r~x; 
i~l 1=1 

wher:c T;:: flll~ t12. b, 11m t,~J.ta2 .... "AJl~ ... ;lnttnZ ... , .tun] 
and X )'; [~ll~ XI'!t"X·ltl;X2l. X~2. ".X2m." ;XJll. Xnl .... ,xnn] · 

Tbe staruJatd price fonn of the spathtl equUlbrium problem cnn t.hen be expressed us u 
qundmti¥;ptngranmlit1g problem using n .net st:u;Hnl JlmUCUlrY gain objective functiml ns 
heklw(Tnkuynma nud ludgeW7 L p. 256). The nctsochll Ul(meltlry g~tin ubJeetive fUJ1c.timl 
consists oftbe socinl tn()net-.1fY gnlnpyY: less the: toull soeialpr:oduction cost .p);~ lesSlbe ((lUll 

tttH1SpOltcostr~X, 11lis 11lilY hectmveu.ienUy rel~en'Cd to os n nct rt!v~muc objectIve ftwction. 
Thus: 

For the price fortn or the spatial equflihr.ium modt!l the supply nnd dt~rtHnHjqua.ntities in 
t2:quntJon<.6) ute l'Cpluced hy t.he \Vnh'usinn Imtrket supply and demand fUrlcuoncquations (3) 
and (4)while for the quuntity forrn of the model the prices nrc rcp.luced hy the tvlnTsilaHinn 
mttrkct supply nod demand funcl'ionsrthe inv(~rted form or equations (I) and (2)). 

*rbt~ set of consu'uints to the: spatial equHihrium problem need to emmr'c thal the 
characteristics of a t·ompetitiv ... ~ spatialcquiUhrium are dcfhwd such that the suppJy nnd 
clcnlund ihnetion*i mbst huld. that the supply und dCllltlnd cfuuntJtics and I.h~qmmtides u'ndt!:d 

hnlancc~ tmd (but the s('Hltially cnmpc.titivc pJicearhitruge cunditions hold CTakftyatnn Ilnd 

Judge 1911 ; Mftrtin 198)). The prima.I··1Junl form or lhe model in the rH'ict~ dom'u:in can. he 
detiu,ld as follows: 

suojcct to 
(8) CJ. " f3{p) ~ w) .. ClyX ! 0 



(12) 

'rile nutLl'lces [j mldI'" nte (n x n) nm~ric~~sor denmnd coerricicnts .~ij, nntf supply slupe 
ctlefflcienl.'), rHt 1IbesemuLl'icc.') tll(lY include ntll1 .. zero urr~d.hlgonnl clcmenlsnndluuy he 

nml .. sym/mcLdc.O~ (tudGy ore tn x n2) mutrieesdesigl1cd tue.ll.8Ure thut. the sum ufpt·nthlCt 
shlpmc,nl~ittlt) ot out of ft tcg'ion can bceq\latt~d [(1 th~~ supplY(1nd demond qunntltlcs llnd moe 
{)f thefol)owing Rmn: 

1 

on Oy = 

(ox n2) 

·1 ~1." .. 1 

In the· cOllSti'uillts (8) to (12)~ the ~col1d set of conditions ~U'C Icomplcm,-ntnry slackness' 

conditions tmsuring Lhut if the vnriuhle C()Jlccrtlcd is not zero. then the margiml1 condhion 
cOl1tuined in the hl'uckcts is equnl to zero U .. e.c\ Moort> and Taylm' 1 <J81. p. l:iO and pp, 696" 
698~ Takayama and Judge 1(71). These conditions arc automatically incurpnrnt~d into the 
1{oJutiun lllgnrithm uf qundmtic prngmmJtlin!!, prohlems. 

The SUUldul'd problem. cun he rc,prcl-)cnlcd in matrix form as f\l\lOWS: 

Find ( Py ~ Px lX' VI or ) #! 0' lhut mmdmist;s 

0- S n Oy ·13 () py py 
-9 0 r Ox 0 r~ 

Px px 
( 1:1) .:1' - a I C I () () n "J, .. ·Jx X X 

~('I. ~n 0 () 13 n w w 
.,H () r {} {} f'\ V V 



lO 

sullier;t to 
(), a 0 Gy .. 0 f) py 

.. e 0 r Q:>\ 0 r p~ 
(14) "T ... c· .,Ox· 0 () () x. ~, 0 "Jy 

.. a .. rl 0 () 13 0 w 

.. 0 () r n () r v 

nnd 
(5) (PlyP'" >' Wi Vi) 2! Of 

where 
Pi pI 

P2 1'2 

py = ~n nnd Px = ~ () 

PH pO 

nre non .. nc,gotive dermmd and supply price vectors (!uch (n xl), 

The nrbitrago condition (12) in this Conn of the model is the stundnrd competitiv(;\ arhitrage 
constraint that the demand pl'icc less the supply price must be less than orl~,quallo the cost 
of trnnspol't between the f\vo regions: 

'1'0 incorporate Ramsey pricing fot' tnmSpUl'l services this condition must he modified. It wUI 
he l1CCCSSlll'Y to pdcc the tnmspOl't services so that the cost J'ccnvcty turget is tnet. mkinginw 
account the deriv(~u clnsti(;ily nf demand for trunsp0l1 services. 

Tlw R(UUStIJ Arbitrage Constraint 
In tho ensc of independent d(.~mand functions. the RiH1HiCY pricing ndc can b(!l~Xpn~ssed us 
follows ('Ten'),. Jon~s and Bmddnck 19HH. 1'.265; Baumnl nl1d ll .. utlfurd 1970. p. 270): 

whcrel')i arc the PJ'iCCs.N1C1 urc the IlHu'ginal coslS nud MRi m'l,~ the mnl'git'Htl rcvcnul.~~ and 11. 

is n negalive cnt1SlatH dt.Hcrmincd hylh(! size or the co~t recovery tnrget. \Vhtm k = 0\ priCt1 
iscqunlto mnrginnl cost und the t{unlsl;.~y J1lle COfl'.CSpuntis 10 thL' t;omrctilh~c OU1CUJl1(!. This 



l\)rnl,~;)f tbc;·ll:utllSeYl'ulG -tst!~lUh~~dell.tto.{he<ptl¢int tuJ~:sp~(,!iJ1ed b?,J3tn~uu~mJtt()r his 
:pm:ti~l11y 'l~e~tthned .·$~.eomJ :t'lesl.stl1tl Hblt :(lllJtuJ\lJIgnul 1919~p. 4~l; ,llautlllllcujditltnclrottJ 

19'1(h1l .?7{)}. 

T~~ npply lhe;I<amsey p.dC'ingrule'*'lI,is 'ne~ess(\l, lodt!dvQ"Qxpressions Itll'.lhctl1:nrginuI 
l~veUUt~ uno ltlnrsilU(l,~PSll)f Ib~ ttntlSJll1rt services. An :o"p.r.CSSlt111 'l'nJ~ totaltQVQllU~. and 
h~ne.e m.r,lfginnl:ro:\rem lej~lum tr~uJe;(,"~ulhe del'l.\lcd in tOJ'n1.s 111' the s:pat.hU pdccs for ;lhQ ,gonds 
hCln~ shi.ppud.C(ltlSidet<11rstnt\Vo,,<lt1Jliuncn.seitJwhlchthe only ttnde toute ,cnnsh:1et'.c~ll:r~ 
this wgc:bt:1lic'l'eprescnlRtimlls X2.h f£!llmSenUtlg the.:wnd¢na'~l rt(lt111jroducdun.~gi.(U12 ttl 

. lc(mSUmpllOU ltc~ion 1. tbeUX:CllSS 5Up,Illr (;~<)ll 'bt thcj1fotlm:htg. re:»iun istb\it dltTerence 
betweull tbatregiolt"s d.omestic supply nndtlemmn:l 'rot' the: :Clllnttlodi:ty. mld is rep:t'Qsetlted 
b'y del\itmU is sbllplydle di:rfere:ncebetw~c.n: the domesdc dCtl~Md 1ft 
tegiottl ~tt\d. bssupply. 

Theexeessdemnnd £lml S\IPllly functions fur te.g:ttl11S une n.rtdhvo may hel'eprest:.Hlted £is 
illU~)\VS: 

where •. ttl tmda.i are Iheirnc:.t:t!cpts ulld~f}i .and i;'i tu-e lb,~ ~bsnlute fllupe coefficients filt'the 

t"V(' t'egions. 1t1 the ·tWf) regjoncnse~)'2 X2 = ~t2nnd l\:l Yl t: xi2. ~nms the ·e~~ess 
'l)tlpply:tnd dt~ttl~lnd functions c~m lx~~xpre~scd in :tCl'lUh t\r tbe ttade I1rn,Y ('Xl~}a~ foUo\i·.,cs; 

In C(lUUibtium the SLlpply und dcnumd priCf!S fm'ench re!?ion ~wlU tHlrrna:Hy hec4uul toeHt.~h 
other so it 1.s then possihle [owritf! the t\VO etltlatiolls with their own reginnnl prit:~~. The 
excess supply flm~ticmcall thl!ll he intclrm!ted n,; cuut;~itting il supplYr>ric\:~ and t.ht:'excc~s. 

demand function interpreted us contilining a delnand price. 'rhc twof!.qualions may then he 
rewritten tlS; 



'rhes(~~(rutttioll,s,tntt~f: 'bo sohfcd 1 ndlvldunny:f(l~'pl,ntldp,2,Ulld thutl\UScxt to dlltcm~lflo the 
tlweUUe '(lhtnlncd :from the 111\.l\sle;r .{)f IhcgnodSbytl'.e; rcg\tlntutltJ:p.t;tt\)tOt (dithe lrtlUSJ)t11'l 

nctw(wk. S:ol~lt)g ill; lhis'wuy: 

and (he relatiollsflip,s (23) und fi4} substitlltedt() ,ohtain: 

As a mattetof ttulVenienc,c uno ennsistt~nt with thecl1lpidcallnodt~l PJ~csented lutt!t'in the 
paper tbe mUl'ginalc()st of transp{)l't may he' written as n C(m~tilllt 

By rcnrran.ging the RUlUbey condition (cqtmtion (16») and combining ltwith the Mandard 
ut'bilt'dgC t:ondition (equation (ISH, Ulen.rhitragcefJt1dItion mny he te"exprc~sed uS:~ 

Substitution foJ' the mnq~intll revenue nnd 1l1urginnl cost provides a ne\V pri.c~ betting 

cor Htinn. thus: 

>h\ simpHfy this cxpres:siun it mny hI! written ns 



k .[.. .'1 ,,1 ] ..... ,.' 
WJ1Q1X! m=~7~'·:. '-.....•. "",'" -,-,."+ "", ',".' , .. '.'.,." '. J.uil.d"'~ (,I Fkl Bl i-'~l 'PZ + A:l1: . 

Frm1l the inc(ltluHUes (,2,9)tlU:d(;()) itlscle{lrthnltln~i ptI~e(Htfer¢nee 11ctwe;etllh'~twt) 

t,f;udin,g l\e~jt~ns wUl h~'thetl1nrsiu'id.emit ot'trl,lrlstu.1ttJdll,.Sntemldcpentlenl ()11tbe~nJucuf 
;k,. thcs{(,)fll;1S tlf the teluvnnt. supplrnnd detn~lJl(l t;ullClimt~{no.te lhftbk ~\.ftlS ndginnUydeJlne:d 
as uneguthtQ 'oml1be.tlnl1d the' \1\)hUllU tlf the :tloodtl'uclcd :rr()ml~g,jtJll I. t(),tegim12" 

£:(,)1" 'lllcmort:tgcnCtld ¢t:4Seof l\:tul:lst!Y pd~;hlg: for aach possiblo (rade t1owth~ll the inClltlnUt)t 

{S.l )mny he eXJ)ressed inrn(tUix rovm {~S; 

mll 

Ratnslf>' Prh~i"g iii Ihe Spatifll llquUtbrtUf11 Al()(/(f/ 
Tbe standard ~patial equHihtiurll model and th~cnrl'esponding price equlUhrium. is illustrated 
in :Figurc :2 \\!ilh (ht~,exce~~ supply and dtmnutd ftHlctionl) ES 1 und ED::!. Tmn1';pnrt emUs urc 
given as ttl. ThccquiHhrium prices. aft,u' trade takes pblCC arc Indk-.alednspl £uld P2 lUld 

since trade flow& from regio.fl 1 to region 2 nrhitnlgc wiH enstH't~ tha.t the ptiCC1 P;!fx(;ccds 
the pticc Pi hy the transport cost ll'2. The tr.ade ft'(Hll region 1 to regitJn lis iudicm.f*d as .~ 12 

ilnd is equal to th~ difference (x 1 '" )'1) f>r(Y2 * x2t where XjlS thcquantilysuppHed and y} 

is thCqtHUitity denmmJed fol' rcgirm i. 

The vertical difference h'-~twcen the ex:ce~s ~up:t)ly and denullld functiuns l"Cpr~'f.;,~~lls thll! 

uClllund for It'ilUS.pHrt ~tiH'vices shown in the r)cconu i)~m~ I1f rd:igure 2. 1,'h(J' dClnl.md ftw 
tt7unsput't sCl'vh;es is a dt~rivi!d dCtmH1d~ Althuugh it is notnec~ssary lOUbSUlUc dmt the 

murgintd up(;~rntinucnst or U'Uflsport is cnnstnullhis is tnud.eciunsiisi,\~nt wIth thcC',mph'icul 



rn.od.:l it!P~lt:tCd lutUlt bi lho' p'll)el'llmJ lssbowu JtS d·ll. Rlul1sey ptie,,ltlg .uddsn :tlt~u~kiOtlPl() 

this .lll{l~glllnJcnst~\~hichlsn,fuo(ltioJ) 't1f (b~ VOlUJ11~shi,j)p~dX:12*.\l1~ shjllcltfw.hich is 
. d~ttwtnined :by tbe'll):.tut;!Clf k find thueoelJleiemsl<;lP fh~~tlUmlodl.ty SttlJI)ly ntlddcmnnd 
rtUl~tions 0),$ t'Ctieeted. ill.Oqu.\tIiOll (30» •. l~or'¢n(!ctdUtereJll levols {If'C:()Sl tcc:ovcrY1 the 
u~allSl)Ol'tch~u'gc:is intUcUlod nt two ,l~velsbl fh(! secutld'11Ilnelnr ~~g:Ul'e:a :(ut·k. ;rmlk~). 'rhe 
t'\\.)llU or in:t(;~J,'~eednllor tb'CseJiof,),$'wltb (he damJll1d 'em' tr~ulSptH~tse.r'Vices \)J' th~ nvcmge 
1.'C·Vllnae f1'tnu ttUnspnl'Ultitlll:providcs thecquJJlhriuOl Je~tCl t,r ll'ad¢~rnJJlr.tlnSP(H'tchntgcs 
r~pl-e;~ented hy {'UJiIUS' ~l, ~lnd b\ufitbe\~ertle:nl nxifi. 1t lsclenr thnt tIS lhe:l.evcl·nr fccnv,{!tles 
itlct!fl,ttses the, volume llt~ tJ~d~ will doc,t'Cnse. 

In the thitd :pancl l~isure l the sohltkHtS()bt;lined fot ilcfunpedtive ttlUl7keti:lJld tor n 
mOllOpl)tist {rudcture indie,{neu us 'c'~tnd '~nl'~\S!itlmitlg tllnt f\i}f lhe.e(lm[)~titively tt'nded. 
Cl1flUllt)dities. tbnt 'the U1tnspoit'COSl would b~ set at, the mntginalcost. It is ,tlsonssumed lh~{l 
tben1fll1()tJtlHst trader f:~lCes a large tr~l.nsports~~tot andLh~~rcfore (t giV(H), lfUI1SpoltCOSt 

\Vitharogulnled ttt1l1S:tll'>rt se,ctllr ehut'gjjlg Rntl1.seypdces as the \,tulue tlfk. Is rnnde .u ltu'ger 

ncg.ati've numher fr(Jl1l zero to negative infInity so \vill the net n.wenUt~eX,lr:lcled fhHn tht~ 

COJlltlltldity tt'aders to ll~ty n,n' lhlt tUlnllncatedensts ·of the trun~port. sector im::re~l;s;e Alti 

very btrge negntivek 'v{\lue thereguhltc:duanspo.rt netw()rkwmlld 'receive the 5aml. !let 
revenue us n tnonnpoHst trnd~r. It it; quhe npparent. h()wt~vcr. tlm1 the eXl)Joit.r.ttilHl t1f such 
revenue \vilI he limiledby the possihility of the uSe o.f alternative lll(ldes df u'Unspoft 

The modined sputiulcquUihdunl f()nmilutinll fnl' the inclusion of R~tm~'~y pricrngcan hl": 
{)otahlcd hy 5ubstiu.uingtnereladonship (32) into tilt! competitive fomntJ;'ltion hy l'(;j.pbl~tn~ 

the appropriute l1I'oilr4g,ecnuditions Ml thntthe ne\v prohlem beCl')nl~~s: 

[
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HIZ 

./rran$p.Qftcost 
atlha marglnal.cost 

Netnwenue at 
marginal CO.$t 

HIZ 

prGIJ(~li 3·-Rcprct<iumntiont)f tht~ IJcl'iN~!d l')cmund lhr 'l'rullsfer ScrV1Ct!S nnd l{am.s:t~Y 
P'ricing. 



l:t.'., r Jllost::t'm~Uc{*ltit()delsi.t.is 110Ss.Ib.Ju,.lO.··· re,dm:~ '1nes17~of lhi)nbovero •. ~n.,\ldnt1.otl h.Y 
, . 

otlllttbj.g lhcvndtl'bles :\V und"l .f}rn\1idcd;llHn~HJ:~)ltthu 't"¢gl(uml 'jldllCS,"fUl.l'enUtlnnOn .. 
negntive n,1t nlltlf lht~ m(ld~l SOltlti()llS:. 

t1}~liUCaa(UI .()/ rite l\lailcl 
the' ntud(!lderi\~~d{rbu\ie has :tlecn ~lPf)Hed ltllhc ·N~),l'th .. \V~st·ml.il; line,. sn-etehing fl'(;u!l 
~'lo1t.te tt)thep('lJlot~ Nt~\\fensdet n,ph)\sJcal dls.tn.t:lceortllmust ;511Okn~1t11etres.'fl~fHs :I:uUwny 
linew{tselms~n O,:~blJ{h,s'h¢~lt and c,t),dc(m1[lC:.tc fUI~ t:t~n ~J~uceultmg it. !\\#,hentlf'ilt1Srmrtatinn 
ond<:n~tl 'tl~~nsflm1nlltltl bchlg lhc'L'\;«) ITU,;i\;lt~ sC!l"viccs snplllifld l'y tht~r~til~u.:lth~)dly.Zern 
CllJss"11riceelastieiticsof·dctmtnd fur itheservices\\'e(:eass\JtTled'. l~bnt ;Js.~ the'd~~mtltld for 
wbent:ttnnspm~l is ~t~sumcd.ttl ntltbn tlftec:ted'by (b~ fitlceafctlu:lttijuspnrt sal~~ices 
unci:vicC' versa. It, was Jll~m Qssumed.thct'C were nncul'ml'i:tyconstJ~(linLt; ,mlthe I'-aHlinJit. 

h h~l:S be.cn u.sStUlled dUll the Stlppl~~ ofconlnt l.hc mlne level und \vhcntntthe fanllievel is 
exogenous. {ttu111cr. it is aL~tlnSsumedthat tbe,re is 1m demtlnd foreither.corm'ulldltyiJllhe 
'producdonn!;gion.Hcnco~ the SllPpl)f curve ftlftt.ach region is an excess supply. Three 
reghnlsm'e ettgug:ed in titeptod.uctiml aud u'aoe (lfwheo:t. namely;l\'lt)rcer~Ou.nu(;,\{ln.hal1d 
\VerdsCteck,Hllutwo l~g;ions pmdUCC!.l'tlUl\t nnJnelythellUlll~r and N\twcp.sllc~ 

Sitllilurly" the dt.';111ttnd fotenchcnfrtmodlty ~tt lh{~pm'f(}r NC'wCusllc is asslltPed ttl be 

e.~ogenous.DelUUll(lln the port (,f Ncwcustlcis rC'p~:S(.'inte.dbythc ex,port. dl~mt\ttd l'breacb 
commodity, As thcn~ is no produ.e::titm of coal. or wheat ill Ncv,7(ustle, the eXp()l'l demnnd 
CU1"rc wHll'epresetuthe eXcCeg,5 dcmnnd f(lJ' tlultregit)tt *Phc direr;tion of the trade f:lQ\V j1\1' 

hoth c.(.~m.tllOdi1ie~ is thus onewuj\frmn the producing l"eSl()US to'UU! Ci:lilsuming l'cgiml ,(the 
port of Newcastle). 

'ThcCtUlstraillt.t" implied hy i.nt~quuHties f&) nnd (9) ahove emmrc that the quanliti~~s supplied 
must equal or exceod the gi ven demnnd ·qualllit)·~ Imd. that the qumtthies shi~)pt'dcunnnl 
uKcc,ed the available supply. 

II' eM,inltltc~ of per tonne upcnuing costs fo!' the rail transpmt of whe,at nod coal; 
the (wemgc t(~~h. price for-wheat {md COulllllhe r)Oft of NC'\VCilSt!C: 

elasticity estunmcs {tH'the supply UUdCX.pOJ1 dcnHlndthrwh~m nnd coal; 

qunntides GuppHcd fromcm:h of th~1 prmlucing t'C1):iuns ctmf,idclt~d for each Cdtnnhldlty. 

~rh~; dc-numu fnr tnmspottin this mudel is llivl!nhYlhe dU'f\:!renc:c h~1twl·cn the .t;X,poft 
demand fur the commoditynnd its rcg;ilHlal suppl)t 



.. 'l1tttrClM1S~Th¢i\;)stjlllndtlllOr :p!~l;(OUne !J1~llenst,~' wtls,btlscd \()1l:1:ostt\~dlt~Me:SPI'(lvidcd in 
lllYU1 .. i!l·at~(,.H)'S7)~· ~rtlle; leohlljC!ll.ln:rot:lnnd(lfl,·J"equir~d,Jo tlet¢l~rntttethetnml¢ost .If;tvelswere 
(lbtahled rtlt~1)ltb~!attlkl7~i9htseQd(lh' t)rtll(} .. :Stu'l~l~ttU 'Aud){)dtY'CJJUfSt111Ul ,cllillmunl.cnli(l"~ 
j'(~hn :Dnwestnulk '.~telgbt). ~r\Vl', 'Ju¢()I)1,ollvfS haullns; Ihlrly,.nine·· wu@onsf . e~t~h.· with'· 0. 

e(\pacityofltft)~ .. n:v~}: tm.nl~swns ·the stnJtdn:rdU'ftlJl ,etlnllgnrnti(lUttSed fOt t;ntin,hatdnge. 
thi.~v~lded· rot.,eo~rllr{ln$p()rt. wllel~'the ltuitlSb"c w«s.uigbt~"fourwngons. \with.nh:md 
,ot1lltleityo.f sev.en.t;t1·",fautt~'lnl.es pa\'wngllll. ,A ~¢t~\V shift dll.le; ()ret,ghlhouJ'S,wa~,USStU11ed in 
determittin2; lbcnumber!)f cfew$hUls ,pe.r JUU111ay.P(1r Ctlu,1,'1btr.avcip(1;ge:tUS411l(;C; 'Or~bu five 
larsesl: :ltll:oes,Jne~l¢bregioll :l,OWe\v<tilstl~w~s used ttl dedvethe<.listai1~e{O.PQt1. andhertc~ 
tlt(~. t'(lUnQ tdpdnlU ('p,w$(lnnl:¢nnHljUlltcntlpn~:limnl!taodd{trdt r::feighl RuU·). It was 

n$SUljl~~d ·that there were two It'itln drivcI'soneneh jt)u.rney. 

L.,tlCt)Ul0li.'Vcsa.nd \Vllg()U.S ute nlirty w,ellllSSt)¢lntt~dwitb the tntnsJ;mtt nf it slJe-eiuc 
cotnt:n()dit71 and so theSeCtlSiscnll be d.ireetlyuUocnted loa specit1c tftdne l1ow. T:rnc.kcosts 
~rea j(lin:Leost whlchetlJUlot bl,:~ nllm:atcdexnctJyto n specific lftlf(lc now ~ Ne¥e,dheless~ an 
csthtUlteof10centsDer lhtmlitUldgrm~s kllmnetres for lrackll1a.i:ntctlnnCC\v3;S taken luft) 
aeco,unt (RoytllCnmmis.sion into Qroin Stotugu~ Hruldling. and 1.rrnnsJl0rt 1(88). t)ue ttl the 
lack .ofavallnhle cost inf()r111ntion fot'rtdl trnnsrmFt ~)fconll< the c()st~for\\!hent transport" us 
estlnnltedby 'l31ylhet (11.( 198.7,) und the RoyalCommissiot1 (1988 )Wt~re ctJIlsidcred \n he 
.applic.ahle. Thistts.~umptiun is hase(} (lll the fact lhnl.em.lJlcommodily has similnr volumes of 
,pel'eubicm.elre. Thel'uilco5t ~stitllat,es: we 11: used tt) de{etttlint~ liH'M and ulineil!¥(.'l 'Prices 
f(~r whent tlndL"oul" tmd illso ttl derive the margi.nulcos.t: curves for ·ndl trunspnrt. 

Nlorce; 

Ounneonh: 
\Venis Cre,o.k: 

Flunter regiml~ 
Newctl:sdcre.gion: 

TCw3 =: 769}.1 + 6.$85.2 Xij 

TCw2 :;: ,5457 . .5 + 4.2692 :Xj,j 

TCWI = 3577j~ + 3.1908 Xij 

TCe2 :.; 2239.9 + ] .4742 Xij 

Teel ;: 1371 + 0.81863 xij 

Theavcrttge tr.mspnrtcnsls pel' t(;n)ne fur {~rllUY ludentmin between lhe (~)l'OduCtiull region 
and NewC;~t~tle \vere dedved from the almve usfuHo\vs: 

tw·ll =: $ HlIR5 
t\.v21 :;:: $6.8~3 

twll =: $ 4J-t64 

4:2.1 1.839 
lell \'.:': $' lJ14.l . 



'P'11t'(,,~,-,:nxC:pdCc. per it(,n\I1~\\lrwh~(tt·(lUd,eo,Ul':utL:~oeh snpply 'tCl~lone~ns '{lssntnJ~tt·.t~t b~:tb~ 
r~o.'b~r~dce . :iU'ss ~WbIU;1f:ttge .'~ IHu~S~s· .ntld,:(ts,t:bn,uled;:.{rtJf1sptirt~ust8.· ~rbe ~pdceswere 

,uss\.U'n~d 16' 11e $,1'15 ~~11d~S21;S4:rI.!80e¢11v~lY'·iCotwh~~ntJltld ~;p:()nl;~r.4~l~~Ult~y~ Jlnuedmrlluud 
r:tsb"r l~,a£l:jt)lnt .Cmll {Ilmu~d . HJ9l; }.i'lu.~s¢;nre'.nvcrnge :ptu' (onntt[ldces ~Jnd· d(). 'ntU 

disd.nguis"b b~tweendU~fetent typeso,fenul()f :grades,of 'wh~frtf 'ir\he.·:pd~C's.ttfr~'nchsupp11 
'tcgUm\\i'e~ detemdlle(.Jhy subt.f,netingeslitll~f@du~Ul$pmttrtlSl~tmd,\Vltit*trilgech~u"ge'sfrom 
d:Hl.r.(l:J~.pri¢te .tlfN'e\vensde ~ 

·~a,tlfl1ltit,}~,,,;,~/rbe t\.ustt'~lhul\Vbentnnnrd :P,ft)v.ideo.illlnl't)ltUionnn Ihereee.ivf(ls ~u ;tIll sites 
sur"plyingtbe, iJ:'m:et;oltN~~WCltS'tlti\t inn,· ~tepn!Sel'l"lt,i:v~ 1!1:c.m·.'r~lO ,ptn41ucI;ion from Sllltdlc:f 

lo\vns stlrrounding Ntl).Nc~Guntl~dnh,and '\\teh;isCme~~.'\\~nl n~y~:gatt~dttl 'rcpt~f)eJlt )()il~ 
})tnduadon n~u.lt~ {n'r .eachreSi.ml. ~nJasep.tmlueti(ltl dut'l·\~fereusedlo ;rcp,reSe'f'ft 
(llttmd.tit}s for·lhc purpn.se eslinmtion uf Ihtt~ur· d~mnnd ~nd stlpply fUtlCtlOns,,'trhe 
:Ne\vctlsdefigure :r:eflre$l~ntS(lut It)~*dlngs (;exports)~mther than rccelvuls* ~n the port !of 

:Omnesfie 4~tlnS'lU11pt:i(:UI wnsnssumed,u,rep.resent 1 Spewent or tOful pI'odu¢tiun, bencethis 
tlUantJtywa.~ SUbll"aC((.td,;and tUn :tlsed iJllllf~ uHJdel (p~rfj{mnl cnmltttmication, Ausuf:uliun 
\Vhe,at [ltlard). lsl1ored~tniled inform:atioll te~Ju~d.ing stocks held and mUl deuland.s \vas not. 
available due to its cotnrnercull ;gcnsidvity. Although the dat:a trUlY not be pat'ticulurly 
nccut~re~ it does serve rhepurpose Orel1{lbUIl;~anexp:ort demand nnd re~jnn:£dsuPllly curves 
tn be npproximatcd . 

. enfll~ the rec~,ivat6 n,~curded at the pm't or Newc,aslle represent lhec'£pot't qunntit~'. 
Producdml :frnOl mines within the }{'unter at~d Ne;wcnsde regions Wt~re aggregated ttl ohtrdll 
u t{~tal pl't>ducUtlt1 ngure rm' ench region. 

·/:'''ltUill.cilies,*,,··11\c eln'sticily ui'the supp.ly of whent ~lt the: port of Nc;\vCt!sdl~ wns htken from 
nn n\~emgt~ orli!sth"atesdtHermincd in four curlier stlJ(UCS (\Vicks andrJiUnn 1981.; Puwell 
andOrucn 19(i6; Myers 1982; l'lall and Nteul 1985)~ nlt~ uta.stichy fntcoal used was 0.4 
ff3eek4 Jolly and Lmlcur 1991).The demnnd elasticity fm' whent ttL Nc\vcasu:c is ft'om aJl 
estim.nw used hy M~tpAulay .• H~Uh.~rlmm nnd r~ishcr .(19S9j,PimdlYt the dertnmdclnsticity 1'01' 

con) w~L~assurncd ttl he .. 5.0, hased nn nncstimnto rrom the fndustry Cnmmissitltl (1991h.t 

The dntu used in the dcdvatinn ut the supply and demund curves is set nut in Tahlel. 



T&Qtr~t 
}l(.~sit> Damrl\;tl(lloJi th~ l}SttllWtfatrotSupply 

..am~1(jeiw1ntlilJmatfal1.t . '" ..... ... ., 
Con' Illodity "'Sjl~: 'R;eGelYlijrt>l~ie.eb IElnsnci~Y; 

(O(XJlmlJlCS) ($ltt)J)t1el. 

. ¥ihe,U, 

.. Cotll 
M¢;\vcUsde 1.5Rl···· ti3.22 
N~wCUSile 36604 .Sl.()6 

&,r(ll~e .. . ..... "3'29 

Ounnerlah 366 
\VerrlsCk SSG 
HU11tel' 23657 
N~wcnsUe 13041 

"167t03 
166.4() 
168.36 
49.22c 
SO.02c 

nR~l;r~!i,;utifut:;l1'~XpUtl~ fr();l~ib~ t~)l1~rNew.tai\le, 

-48.9 
.. s~o 

b F.'ob.llticc af w,he~'l Md .c(lal·at the p:<:ltt ()f NuwctI./iUe. wns. n.$$u'1l.~d ll) bll Sl15nlld 
S$l.J14,.res~.cth'~}y, The wbatfil~e cllllrltef()t wheat is ns.sumcd it) b~ $.178. 
C A'S wbu:rf+lg~ t1l(i!$ (,(If Cl.lld wbi.:r~ not ~\l(tnt\blc. tbu wb{lrfl.g~ cburttc f(Yf wheat bfJi~ b~~n 
up!)h~d, 

Theesdmuted Hneal~excesssuppl"l functions for whetu. and cmli derived fQl'euch pl'oducin,g 
ccgiOll luke the form X,12 :;: eta " ~2P2 nod nrc shown below: 

Mota1! 

Ounncdnh; 
\Vel'ds Creek: 
Huntcl'Regiol1: 
N~wcusl1e R~gion: 

Qw3 :: 6.5.8 + 1.61. pw3 

Qw';l = 73.2. + 1.76pw2 
QWl =:! 230.8 + 5.48pwl 
Qc2=14134,2 +1 l) 1 A4pc2 

Qd := 782K2 + l04.34pcl 

where the superscdpts l'efct tnwheat (W) undcotl) tel. Fort~nch commodity~ the sUJ>ply 

re,gh:ms rilC~ lh~1 same demand funct.imh numely the export demn.nd for tht~ commmiity at the 
pOtt of Newcastle: 

WhCtlt 
Coal: 

Qw ::: 7&392.2 44JA9pwl 

Qc := 219624 '"'" :\5R4A 1 Pt: 1 . 

/?as.ul.(:s 

As noted Pl'CViUU51Yi when the Rumsey (}umher fk') is set equal to/ero tilt! Ramsey prh.:jng 

mle ise.quivuh.mt tn m4u'yinul cost pri.cing.. Furiowfl' values ot k~ tnta} revenue I'nun the 
tl'tln~port M!.f'vict's offctr;!d inCf\!UScS. MOI.'cnVCI\ totall'cvcouC g.enct'HI,es a surplus over dw 

shol'vtun murginul 01' operating cost.s. This surplus cun be used to cover th~syst"mwidc 
,joint ot ulluul'ibumhlt! l;.~nslslH·lhc sCf'vic~s. olTered. 



TAllUYt2 
So/miona/Sp.mh,ll!qllilibrlllmlYltuhtl \tJllhRmllSi?)' PI'ir:il1g and the 

VCllue rifk :;; "O.()()~ltt 

'{(cnt Wh~1t Ct'%ll 
N~(nce ' ", .. (ilinnt~~'IIl Wenig' :Jllll~tcf .1'4~\Y:~istJd, 

It;.lnscy 'q\tin}dt~t ~S3JS :'6~).j4 SRO;llJ ;t~S!tt63 :J3U3(t1S 
IlOlllUtS) 

l~mn.&e.y !Ur.}rIYJ1rtG~e .l6!P)t) 16S.30 169.37 49,2,(} ~lt),2() 

(SnOllUc) 
Rmnscydcmlluij,pdcc nt 111ln In,20 1111.20 ~L07 stU? 
port ($it(Hme 1 

1.21 4.9t1 ~t83 1.86 Ramsey Irnnspott Chtlrge: 1,20 
(Slt()JulC) 

Mnr,ginnlqOlil, lSftt1tUlCJ ()S852 4.~(i(}2 3,1908 1.4142 0.8186;3 
Opcmli1l8 cust (5) tHnmJ5 1$16161 280SS();i 3472,1164 106(,'13(10 
T{ludrcvcnu~ ($) 2405.150 ISOQ68S 3310424 43853;;1.35 15616553 
Net npemling sorplnsl'S) 201155 232911 56HHS 9130471 ~(X)9163 

~l~nl.ospnrt demund stupe rU1T~·Ol ~,n6I~"nl 2J8R~()1 ~MJ4H·03 f}.~nr~·()~ 

HlnsticUy of trnnspnrt ;l,5m~·Ol 2.34H,,02 1.83H·02 1.(jt)E.,02 9.9.Zn,,03 
dCJ11~md 

Percenttrmtk,up onMe fJ.42 14,11 2tl"Ol 26.30 ~I!j.,t)6 

llnlltlOf prlc(t to ,M C 1,09; 1.1471 1.2.00 1.262 1.466 

"l'cJfiH 

5 1JJ7342 I 
61115041 
15141626 

Hetlee~ for k .t: "o.r){)3. 11 surplus or $15.141miHion oVI.~fund ~lhove sclmrH:un opcl'uling, 
<:{~sc.<jisgencrnte.d. The vllluc of k eLm bendJus.ted ~o llS to covet' vnri()tlsk~vclf1 of the J~lint or 

fixed costs of opetathlp thu systern. In Figure 3 tbe rehl.t1unsbip hctwe,tm loullrevcmle IL'5s 

"pemting costs ns t.he \0 nlue of k dHlngcs i~ shown. The Join.l(.;mHs ttl' npenning, th~ system 
mny include provision for maintenance und depreciation oj' jointly used ussels mnongst the 
st;wvices. NoH(;t~ too, UHll in nccOrdtU1Ce \viLh the HUl11sey prillciplt~~ lhl! 1l1lJrk .. up OVt;~r 
tllnrginnl cost for the U'Ul1Spoft service is inV~J'SciJy pnlfHlltimHll .tu th~~ pt'iceclnsticit.y of 
dcmnnd fur tmnspnn. 

It should be stressed tlhlt it is mH ,s.uggcsted thu.t the net Upt~rnti.ng ~uJ'plus nVdilnhlcto the 
tullwny could beine.'cased indcnnilcly simplyhyincl.'I!Hsing thl\ vulUt~ of k. «ather, the 
nlnxhnum profit wmIlti occur at the mOI'HlpnHst s{}lutiHnwh~l'e ftHll'gillnJ~;ma i~ nt~t t.·qunJ 10 

murginal revenue for each service. 'tvlot'cov~r~ the price which (;,~ould he set for an~' otW 

service would hecunsuuincd by tht:~ clmrgc$ set hy cum pCling mmk-s, Suhj\.:"t tu 
ilvnUahiUty, roud freight (,:JlUrgc~ would pl'uvklc ancfJcl:livc C'ar} In tht~ prh:~'''1 \'vh.ich coull.! h~ 
ciHU'gcd for mil services.. 
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P'tG£JRH 3· .. ""Nel Operating Surplus Resulting em:n Rumsey Pricing. 

Conclusions (wd Purlhl'r Rc.rrtu¥:tch 
Ana,ppUenti.(m ·of Rumsey pricing to the setting of prIces for tuil services over a network 
chtU'nclerised hy joint costs hus he,cn developed in this .pop(,~r. The priccsgcncrnted nrc 
consistent with the invet'se elasticity fule t)f Rar1t'~(~y pdcing .. Rumsey prict~shave been 

dedved em previous occasions (TiJpHn and \Vaters 19R5)\ hut not within thte context of n 

spatial equilibrium system which t~lkesinto accmmt ~t network of trade flows. 

The lll'eaS for further nnalysis of the present appnnu;hare nUlncrnus. In pnt'ticuhU',t it is 
(lppuJ'ent. that better estimates of the supply and dcrmmd cla!iticitics are necessary. and hcn(;~{,l 
improved estimates uf the supply and demtU1d equations in the spOLial model. Further work 
is requir~~d on the specification of the costs fur the rnllwny sl,;~rviccs. \Vnrk in this rt'sr~ct 

tntty include the usc nf quadnulc hUl)ply, demand mldcost relationshIps, and ndilptinn of the 
Sp~lUnt system LU accornmodatc them (lvluc:Aulny.I3tHtcrham undFishcr, H)89). 

rrhc signU1cunt udvnm;tgc of the IlPPI.'oach oUllim!d in this puper uver prcviClUSatlCmplS to 
specify Ramsey prices is its l1exihility. Tllt.~ nrhit:l'ugc condition in the spatial modt~l can he 
tlltercd l'clntivcly cusUy to inc(wpnnnc othcr pricing r'ulcs such as H c(mstnnt or pmpol'tional 
murk-up on marginal Gost. 'l"'hc effects or thcs~ polIcies on ench of tIll.! mnrkltts em) tbtm he 
d¢lcrrnint'.d. In udditi()n~ the sI1lHinl t~quHihrium model can hI.! I'cmlily applied lH uthet' 
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complicate the npplh::nUllIl of Rnmscypricing JldncipJcs, hut ShQUld leml m n tnol~C tculistie 
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