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ABSTRACT

The sophistication of lhe grain freight rate-setting cycle is defined by

the I,lestern Grain Transportation Act (I,IGTÀ), Uncertainty of fuLure eco-

nonic events gives rise !o the unknown financial obligations of the fed-

eral government and grain shippers. The general objective of this study

was to evaluate how the deternination of freight rates Legislated under

the I.lcTA influences the type and level of financial obligations of ship-

pers and government,

A Monte Carlo simulation model r+as developed, Several of the vari-

ables used in the rate-calculation were randonly generated fron assumed

probability distribuLions such that the range future payment responsi-

bilities of shippers and governnent could then be forecast. In addition

to the probability distributions generated for the financial comnitments

of the federal government and grain shippers, the study also determines

the range of freight rates and the probabilities of invoking the safety

net feature of the Àct, and the distribution for the taLly.

The model l¡as then utilized to determine the effecLs of various eco-

nomic event,s ånd structural change on these future financiaL obliga-

tions. Econornic evenls examined were a bench case reflecting the eco-

nonic status quo, an increase in railway cosLs, and a decrease in the

Canada - United States currency exchange rate. The ll.to rate structures

exanined were a bench case depicting the current method of payment of

the Crow subsidy and an alternate case involving a change in the rnethod

I1:



of payment to a rrpay lhe producer" approach based on net sales of eligi-
ble grains. Four scenarios resulted. The bench scenario was examined

in depLh in !erms of probability distributions and descriptive stalis-

lics relating to all aspects of the rate-seÈting process. The alternate

scenarios were analyzed and compared to the bench case.

For each scenario, t!renty crop years were simul.aled (f981-82 through

2000-01). Each ttienty year sequence, considered lo be one trial, rlas

replicaled two hundred times to achieve stable dislributions of possible

outcomes. For each of the scenarios, four crop years were reviewedt

1986-87 , 1990-91 , 1995-96 and 2000-01 .

Basically, the results indicated that under today's economic condi-

tions and current method of payment, the toÈal freight rates for grain

will rise to just over $49 per tonne by 2000-01. Throughout lhe simuLa-

tion period, the financiaL obLigations of both shippers and government

increase. Freight rates paid by shippers also increase to an average of

about 930.50 per tonne by 2000-01 (some 60% of the totai freight bill).
However, because forecast volumes of grain are increasíng and because

the government's absolute paynent r e spon s i b i I i t i e s are only increasing

slightly, lhe rate per lonne paid by the government. decrease over time.

By 2000-01, the average governmenl freight rate wiLl be around 919 per

!onne.

If raÍlway cost inflation doubles (scenario 2), grain freight rates

increase to âlnost $85 per tonne by 2000-01. Total financial commit-

nents and freight rates increase lhroughout the simuLation for both

shippers and governmen!. By 2000-01, shippers pay a mean rate of about
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$46 per tonne (55% of the total rale) and the government freight rate

averages 938 per tonne. Relative to lhe bench case, shippers rates have

risen as they are norl liable for the maximum 6% inflalionary cost in-

creases. Governnent rates have increased due to grealer contributions

lhrough the inflation protection measure and more frequent and larger

adjustments resulting from the safety net provision.

If Canadian grain prices drop (scenario 3), the total grain freight

rate if unaffected, but the shares paíd by

shippers and government change. The reduction in grain prices causes

shippers to receive greater financial assistance through lhe safety nel

fealure, thus reducing their share of the rate. Àlthough the payrnent

obligations of producers and lhe freight rates they pay increase

throughout the period under analysis, lhe average shipper rate will be

only $29 per tonne by 2000-0'1 (or alnost 60% of the total $49 per tonne

grain freight charge). Due to increased requirements of shipper share

Linitation adjusLments, the financial obligations of the federal govern-

ment are higher relalive to the bench case. Consequently, the nean

freight rates paid by the government increase throughout lhe simulation

time frame. By 2000-01, the mean government freight rate will be ap-

prox irnately 920.50 per tonne.

Should a change in the method of payment occur (scenario 4), shippers

pay the full freight rates. Despibe a refund payment to producers, the

net cost to shippers will be greater lhan what they would pay under the

present rate structure. The net costs to shippers íncrease lhroughout

tine and by 2000-01, their net cost is sorne 933 per tonne. Under the

fornula delermining the government's paymen! responsibilities, revisions



were ¡nade to the safety net percentages to try to give producers a meas-

ure of proteclion equivalent to that under the current method of pay-

nent. Government contributions to lhe GTR begin to drop toward the end

of lhe analytical period. On a per tonne basis, lhe subsidy amounts to

an âverage of some $18 per tonne. This reduction occurs because the

shipper share ]initalion adjustments which have been triggered lhrough-

out the simulation become lower and less Iikely as lime goes forward and

gra in pr i ces rise.

Under the economic status quo and the current rate structure, shipper

share limitation adjustments (safety net) wilI be !riggered around

1991-92, although the probability of an adjustment is small. By the end

of the simuLaLion period (2000-01), the probability of an adjustment has

risen lo some 30% with an average level of almost $42 milLion. when

railway costs increase and the shipper freight rate increases, the safe-

ty net feature occurs earlier and the f ina'ncial assistance shippers re-

ceive is greater than that under the base case. By 2000-01' the shipper

share limitation adjustment averages almost $365 nillion under scenario

2 lrith a Iikelihood just over 90%. When Canadian grain prices drop,

shippers again receive additional financial aid through more frequent

and larger adjustments from the safety ne! feature. By 2000-01, lhe

probability of a adjustment under scenario 3 is alnost 60%, with a nean

level of over 9110 million. Under lhe fourth scenario, the revised

safety net percentages Q0"/") result in frequen! shipper assistance in

early years as producers are paying the full rate up front' In later

years, the aid is reduced as grain prices rise and the full rate produc-

ers pay drops below 20% of the basket price of grain ín Canada.
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ltith respect to the taLly syslem and volune forecâst errors, bhe

analysis indicated that there is a tendency tolrard negative annual tally

adjustnents (monies owed by producers to the government). This is be-

cause negative tally adjustments are the result of underforecasting

grain shipments which is more probable than overforecasting.l Negative

annual lally adjustments can be subjec! to a loner Iinit if the forecast

error which caused it r¡as constrained. For example, all of a bumper

crop may not be âble to be shipped to port if the grain handling and

transportation system does not have the availabLe capacity to handle

tha! entire volune. Positive annual tally adjustmenls caused by over-

forecasting have no linit as lhere are no constraints on crop failures.

However, lhe results indicated that the range in negative and positive

annual tally adjustments is similar meaning the range of up-side and

down-side forecast errors is also similar.

The resuLt was that the long-run cumulative tally averaged about $17

miLlion by 2000-01. However, during the simulation period, the cunula-

tive tally often exceeded its legislated Iimirs. This reguired an ad-

jusLmenl to be made to the governmentrs share of costs in order to avoid

having to large a sum owed to either shippers or the governnent. It
should also be noted that the magnitudes of the annual tally adjustnent

(both positive and negative adjustnents) were such that the cunulative

tally could exceed its bounds in just one year.

1 The use of a least squares technique (which assumes a norrnally dis-
tributed error lerm) will produce mostly underestimates because grain
shipmenls are characterized by Beta distributions skewed to the lef!.
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ChapLer I

I NTRODUCTION

The Western Grain TransportaLion Act (1983) replaced !he previous statu-

tory regulalions with a set of new payment schedules for grain shipped

fron lhe prairie provinces. The Àct set out a procedure for deterniníng

freight rates whereby railways are compensated for their aggregate cosLs

of hauling grain from the region. The freighl rate paymen!s shared by

shippers and government are subject to economic conditions in the agri-

cultural sectorr as well as the rest of the economy. The complexity in

terns of sharing the freight rate when linked to the uncertainty associ-

ated liith future econonic events, results in unkown financial obliga-

tions on behalf of shippers and the federaL government. This thesis is

inlended to analyze a range of possible outcomes of future rail freight

rates and the cost shares borne by grain shippers and the federal gov-

ernmenb.

1.1 THE WESTERN GRÀ]N TRÀNSPORTÀTION ÀCT

I{estern Canadian grain, coal and potash exports grew substanlially from

the 1960's onwards. By the Iate 1970's, forecasts of continued growth

Ied to serious concerns about the capacity of Canadian railways to serve

the needs of the 1980's and 1990's, Rail renewal and expansion to im-

prove the system would require immense capital investmenti r+ithout it
the raiJ.ways argued that rail capacity rationing could be necessary, an

alarming prospect for the regionrs economy.
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'Crow' rates, fixed by federal statute in the Crow's Nest Pass Àgree-

ment of 1897, covered a decreasing portion of the costs of moving grain.

The lack of revenue from hauling grain came to be seen as an obstacle to

raising the necessary capital to inprove the rail sys¡en. By 1982, it
was eslimated that the freight râtes (Crow) paid by shippers covered

only about twenty percent of the actual costs of lransporting grain.2

Pressure buíIt for some new arrangement for sharing the costs of grain

movement. In early 1982 lhe federal government began a process which

would aLter lhe hisloric Crow rates.

In November of 1983, BilL C-155, an Àct to facilítate the transpor-

taion, shipping and handling of lrestern grain, becane law. The objec-

tives of lhe new bill, also cited as the Western Grain Transportation

Àct (I,rcTÀ), are:

"to improve lhe capacily and efficiency of the grain !rans-
porlation, shipping and handling system for the purpose of
maximizing re!urns to producers" 112,171 ,

"to ensure an adequate, reliable and efficient railway trans-
portation system that !liIl meet lhe future requirements for
the novenent of grain" [38(2)a,55(2)], and

"to ensure that the overalL revenues of the railway system are
adequaLe lo meet its long-term needs" and to ensure that grain
contributes fairJ.y to raiJ.way fixed costs 'rin relation to the
cont.ribution provided by other commodities". [38(5)]

Unlike the old stalute which fixed the dollar leveLs of grain rates,

the I,¡GTÀ incorporates a method of deternining rates that allo}Js the

raiJ.ways to recover their aggregate costs of shippÍng grain from the

Prairies. Every four years these costs will be established by an audit

2 Canadian Transport Institute, PubIic Hearing, "An Overview of the Re-
port of the Committee of inquiry on Crort Benefi! Payment", June 1985,
p. 3.
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performed by the Canadian Transpor! Commission. Betr+een these costing

reviews, railway costs rrill be estimated by the Commission.

Three categories of railway costs have been defined under WGTÀ: vol-

ume-related variable costs which refer to the cost of railway crews,

fuel, naterials and the costs of investing in and mainLaining capital

equipmenli line-related variable costs which refer to railway expendi-

tures to naintain grain dependent branch lines and rlhich are independent

of volume; and lhe contribuLion to constant or fixed costs which is a

phasing-in of railway overhead as a percentage of volume-related vari-

able costs. The sum of these cost categories represents the total pay-

ment to the railways and is referred to as the estimaLed eligible costs.

The payments are nade in the form of a freight rate shared by the feder-

al governnent and the shipper for qualifying grain moved by raÍ1 !o

points of export.

Under Bill C-155's rate structure, the federal government is commit-

ted to pay a fixed amount and to share in future annual raiLway cost in-

creases above specific limits. The fixed amount, known as the Crow Ben-

efit is unaffected by cost changes or shipnents and represents the

difference between the estimated system cost of shipping grain by rail
and what the shippers paid under statutory rates in 1981-82. Based on

the base year shipnents of 31.5 million tonnes, the Crow Benefit has

been set at 9570.1 mill.ion in 1983-84, 9599,6 million in 1984-85, 9629.1

million in 1985-86 and at 9558.6 million thereafter. If railr+ay costs

to move the base year volume increase, the cost increases wiIl be shared

by government and shippers, with linits on the increase borne by ship-

pers,
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In addition to the governnent commitment, the shipper share limiLa-

tion clause or safety ne! feâture of the Àct reguires the government to

contribute additional funds if the shippers' share of the freigh! rate

exceeds a fixed percentage of a weighted average price of the six major

grains. Percentages are 4%, 5%, 8%, and 9% for calendar years 1984

through 1987 respecfively and 10% !hereafter.

Shippers are responsíble for what they wou).d have paid under Crow

rates on the base voLume of 31.5 milLion tonnes plus a share of railway

cost increases on the base volume. Producers are required to pay lhe

first three percentage points (accumulating) of annual rail cost in-

creases on the base voLume in the crop years through 1985-86 and the

first six percentage points thereafter. In addition, shippers must pay

the full cos!, including alI cost increases, of transporting any volumes

of grain in excess of the base volume of 31.5 million tonnes.

ÀIl rate calculations are based on the Grain Transportation Àgency's

estímate of grain volumes to be moved by raiì. Specific distance-relat-

ed rates âre Iisted in the I,IGTÀ's Base Rate Scale (similar to lhe old

Crow rate) where shippers more distant fron port pay higher rates. To

deterrnine specific rates for each crop year, these base rates are multi-

plíed by a factor referred to as the Crow Multiplier. The Crow Multi-

plier is the railways' estimated eligible costs divided by the Crow rev-

enue, where the Crow reveDue is the revenue the railways would have

earned if the Crow rate had not been changed (i.e., $4.85 per tonne x

estimated volune to be moved by rail in that particular crop year). The

nultiplier is reset annually so tha! the railways will just recover

their es!imated eligible costs. The government and shippers pay the



railtlays the new rates in accordance with the shares established in the

Àct.

0n Àugust 1, 1985, BilI C-44, an amendment to the WGTÀ came into

force. Under the biLl, governnent financial responsibilities sere in-

creased. The 31.5 miLLio.n tonne volume cap as it reLates to federal

governnent obligations to sharíng in rail cost increases was renoved.

Secondly, federal government financial. obligalions increased by the

implementation of a tally system to replace BilI C-155's system of in-

terin and final rate adjustments. Both lhe adjuslment system and Lhe

tally system were devised to account for errors in grain shipnent fore-

casts. Às previously nentioned, all rate caLculations are based on an

estimate of grain volunes to be moved by raÍl. Under the previous sys-

tem of interin and final adjustmentsr three estimates or deterninations

of grain shipments were necessary. The first was made in February prior

to the beginning of the crop year and it was upon this estimate lhat the

freight rate for the upcoming crop yeär was based. The second or inter-

in volune estimate tias nade in April of the crop year in question, Any

cost change associated l.tith lhe difference bett{een the inital and inter-

im estimates was incorporated into the freight raEe lhe following year

in the forn of an int.erim adjustment. The third or final volume deter-

mination was nade in OcLober after the end of the crop year. The cost

effect of any difference betr+een interim and final estimates tvas incor-

porated into the freight rate tHo years follor{ing in the form of a final

adjustment.
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if earlier estimates r,lere too 1or', additional costs were incorporated

into the rate in later years; if they were too high, crediLs were gener-

ated which reduced lhe rate in subsequent years. Thus, the errors in

volume forecasts were picked up by this system in terms of the interim

and finaL ajustments which riere later incorporated into the rate. Under

lhis procedure i! took take three years before shippers' freiqht bills
associated wíth shipping any one year's crop sere settled. The problem

inherent in this procedure t{as that the Iarger the forecast errors, the

Iarger the adjustments. The fluctuations in freight rates resulting

from these adjuslments were leadlng to inst,ability and uncertainty in

the rate.

To stabilize freight rates and avoid ).arge swings from year to year,

Bill C-44 adopted a talty system rather than the system of interin and

final adjustments. This pror dure renoves lhe forecast errors fron the

internal rate setsting cycle and set up a tally t+ithin which cost dif-
ferences associated with errors in forecasting grain shipmenLs are kept.

Under !his system, only tr,ro volune estinates or determinatíons are nec-

essary - the initial volume estinate, made in February prior to lhe be-

ginning of the crop year and the final volume deterninationf made after

the end of the crop year.

À tâl]y is kept, year by year, of the total amount ot.led to or owed by

government which results from errors in forecasting volumes. The annual

tally adjustrnent is the government commitment plus the shipper share

limitalion adjustment less the government's acLual expendiLure. À posi-

tive value in the lally indicates an unspent government financial com-

nitment or an anount owing to producers by lhe government; a negative



value inalicates an overspent government commitment or an anount o".d b;

producers to the government. When the voLume forecast is belolr actual

shipments, the federal government commitment would be exceeded and lhe

amount owed to the government wiÌl increase. When lhe voLume forecast

is above actual shipments, the governnent commitment is not spent and

lhe amount owed by the governnen! will increase.

This procedure increases the federal government's cosls. Prior to

lhe amendment, if the actual grain movement was below the volume capl

the government did not spend its commitment. Under the nelr system¡ the

unspent governnent's comnitnent is put in the tally and used in future

years.

If the forecast errors are random and normally distributed, the num-

ber of years where actual exceeds projection should equal the number of

years where actual is below projection. As long as this statístical as-

sumption holds lhen the cumulative anount owed to or owed by shippers

wilL fluctuate around zero. The amounts registered in the tally would

not be factored into the freight rate.

To avoid having an excessive sum either orred to or owed by t.he gov-

ernment ¡ a linit of 9150 million is set on the cumulative tally. Àny

amount over this limit is facLored inlo the freight rate. For exampler

if the previous cumulative tally exceeds 9150 rniJ.lion, the government's

share of freight costs for the upcoming crop year increases by that

amounti if the previous cumulative tally exceeds minus 9150 million, the

government's share of freight costs for the upcorning crop year decreases

by that amoun t ,
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1.2 PROBLEM

In the l,lestern Graín Transportalion Act, freight rates for !ransporting

grain are reviewed annua).).y by the Canadian Transport Conmission. The

review takes into account changes in variable and overhead cosls by the

railways. These cost changes are affected by prices of operating in-

puts, productivity and !echnological advances in the grain transporta-

tion and handling sector, interest rates and forecasts of grain ship-

nents. whereas the rai).ways are compensated for their costs, who pays

the costs is defined in the Àct. The cost shares borne by shippers and

the federal governnent are dependent upon economic conditions in the ag-

ricultural sector as well as the economy as a whol.e. Because of the so-

phistication of the rate-setting cycle and the uncertainty as to future

economic circumstances, future paynent levels on lhe part of shippers

and government are unknown.

This uncertainty is cornpounded by the nethod of paynent. The inquiry

into Crow Benefit payments commíssioned by lhe Àctf lras presented in

March of 1985 and it recommended a procedure to pay the producers in-

stead of the method of subsidy payrìents to the railways. À crain Trans-

portation Refund, consisting of the Crow Benefit and government contri-

butions lhrough the inflalion protection and safety net provisions would

be paid directly to producers in the Canadian Wheat Board Designated

Area on the basis of net sales of eligible grains in each crop year.

The recommendation f rorn the method of payment inquiry had been re-

ferred to the comprehensive review of i,¡cTÀ, which took place in the

1985-86 crop year. This comprehensive review provided an evaluation of

the Àcl and its impact on the lransportation, shipping and handling of
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grain in terms of the future apportionrnent of cost increases betHeen the

governnent and shippers, the reconmedations from the method of payment

review, the advisability of implernenting awards and sanctíons for system

participants for meeting or faiJ.ing to meet performance objectives, the

appropriateness of the netrr rates, their derivation, apportionment be-

tl¡een government and shippers, provision for lower rates, rate setting

mechanisms and other rate-related provisions, the operation and effect

of the shipper share linitation, and the need for future comprehensive

reviews.

in this context, the comprehensive

evenls occurring bet!reen lhe onset of

1984-85 crop year. Because this period

of possible outcomes, research on the

freight rates and the cost shares borne

al government) will be valuable for any

review could onJ.y evaluate the

the Àct {January 1984) and the

may not have been representative

range of outcomes (future rail
by grain shippers and lhe feder-

future reviews or anaJ.ysis.

'1 .3 OBJECTIVES

The principal objective of lhe study is to quantitatively evaluate ho$

the freight rates J.egisJ.aled in the I.¡estern Grain Transportation Act in-

fluence the type and level of payments from grain shippers and the fed-

eral government. To accomplish this, a simulaLion nodel must be devel-

oped to incorporate the nelr payment principles with lhe integral

components of the rate setting cycle.

Secondly, the research intends to exanine various slructural and eco-

nomic condiLions r,rhich may impact the freight rate, Structural condi-

tions analyzed will be lhe current freighl rate structure and nethod of
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paymenti and a change in t,he method of payment of the Cro!¡ subsidy to a

pay the producer approach based on net sales of elígibJ.e grains. Àt the

time this research was undertaken, the Revier¡ of the WGTÀ had not yet

commenced (¡he Review recomrnended that lhe Grain Transportation Refund

not be implernenled). Economic conditions !o be anaìyzed wil-L be pre-

vaiJ-ing trends in econonic variables; an increase in railway costs due

to inflation or a change ín the utlizaLion of inputs, and a decrease in

the Canada - United States currency exchange rale (and subsequent drop

in grain prices). To mee! this objeclive, several scenarios wiLl be

composed based on combinations of t.he above conditions. These scenarios

will be reviewed separately and comparatively as they infLuence the fi-
nancial obligations of grain shippers and lhe federal government.

1,4 OUTL]NE

The rernaining chapters of this thesis attempt to neet the specific ob-

jectives as stated. Chapter 2 includes a description the type of nethod

to be used in evaluating how rail tariffs defined in lhe Western Grain

Transportation Act affect both the type and level of paymenls made by

shippers and the federal governnent, an explanation of lhe conceptual

model., and a detailed examination of each component of lhe model. Chap-

ter 3 provides the experirnental design and a descripLion of each of the

four scenarios to be analyzed. Chapter 4 examines lhe resuLts of the

bench scenario in depth and provides a comparative anaJ.ysis of each aI-

ternate scenario in terns of the financial obligations of the government

and grain shippers. Chapter 5 provides a brief summary of the results

and exanines the policy implÍcations of the study. This last chapter

aLso discusses some of the linitations of the research and mentions some

suggest ions for further research.



Chapter iI
THE MODEL

Delerrnining the probability of expected future freight rates and hou the

rate will. be shared by shippers and government requires lhe specifica-

tion of a systematic franework to account for lhe rate struclure and the

economic setLing. To reflect the uncertainly of future freight rates' a

Monte Carlo experiment wiLl be utilized in the model.

2.1 MONTE CARLO METHODS

The definition of l'lonte Carlo methods appears to be a subject about

which there is a good deal of disagreenent. The original concept' de-

veloped by von Neumann and Ulam in the 1940's, seems to have been that

Monle Carlo specifically designated the use of random sampling proce-

dures for solving deterministic mathenatical problens. sone define

Monte carlo as the use of random sanp].ing to lreat both deterministic

and probabilistic problems. Others require that the sampling process be

sophisticated (involving the use of a variance reduction technique) in

order to qualify as Monte Carlo.3 For the purposes of this thesis, Monte

Carlo nelhods is defined as that branch of experimental mathematics

(whereby conclusions are inferred fron observations) which is concerned

with using random numbers as a technique for the solution of a probabi-

listic problem.

3 Meyer, H.À., editor, Svmposium on
John Witey and Sons, Inc., 1956). p.

Monfe
2.

11

Carlo Methods, (New York:
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One application of the Monte Carlo melhod is that of dístribution

sarnpling or nodel sampling. a The purpose is to determine the dislribu-

tion or some parameters of the distribution of a stochastic variable.

This particular stochastic or output variable is a known function of one

or more stochastic input variabJ.es which have known or assumed distribu-

tions. Repeated sampling fron the input variables' distributions and

the calculation of each resulLing value of the oulput variabLe yields an

estinate of that output variable's distribution.

Ànother area of tlonte Carlo is that of simuLation. s In the case of a

probabilistic problem, the simplest Monte Carlo approach is to observe

random numbers, chosen in such a t.¡ay that they direclly simulate the

physical processes of the original problen, and to infer the desired so-

lution from the behavior of these random numbers. Holrever, it should be

noted lhat sinulation does not necessarily imply the use of random num-

bers. Time-series regression techniques can be used as an example of

determinislic simulation in lhat once lhe parameters are estinated, the

disturbances are suppressed and the !imepath of the endogenous variable

is calculated from the exogenous variables and lagged endogenous vari-

ables, trithout using any random numbers. Therefore, it is only the area

of experimentation involving lhe sampling of stochastic variables using

random numbers lhat is denoted Monte Carlo simulation.

KIeijnen, J.P.C., Statistical Technioues in
York: MarceI Dekker, Inc., 1974). p. 9.

Ibid., p. 9.

Sirnulation, Þ4. 1, (Hew
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The nodel utilized in this thesis will combine the ideas behind dis-

tribution sampling with t.hose of simulation. The significance of this

work is both scholastic and has direct application with respect to re-

viewing the WGTA. À l'tonte Carlo experimental design has not been used

widely to analyze grain transportation issues, In addition, thÍs type

of procedure has many advanlages over deterministic modelling, in that

uncertainty reqardinq future economic events can be built in !o the mod-

eI by using stochastic input variab].es. Às weLL, Monte Carlo experi-

nents can be very effective in the area of comparâtive simulation, Be-

cause the same random numbers nay be used to simulate the tlro situations

and their corresponding resul.!s, the difference bettleen the tno unbiased

estimales is an unbiased estimate of the difference. Further, the pre-

cision of the estinated difference will be greater if the dependence is

such tha!, when a result in one simulation occurs due to the variance

being overestimated, then the result in !he other situation is affected

in the same manner.

2.2 THE CONCEPTUAL MODEL

The nodelling process Ínvolved in strucluring the rate setting cycle

be broken dor,rn into five rnajor components:

1. the estimation of eligible railway costs rrhich are based on the

forecast of grain volumes to be moved by rail, various input

price indices on both volume-related and line-related variable

costs, and adjustments for productiviLy and technological ad-

va nc emen t ,
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2. the deterrnination of the cos! shares borne by the federal govern-

ment ând gra in shippers,

3. the shipper share limilation adjustnent, dependent upon the value

of the computed freight rate !o grain price ratio relative lo

those limits defined in the Act (where the computed freight rate

to grain price ratio is based on the average freight cost to

shippers and a weighted average or basket price of grain),

the determination of aclual grain shipments by rail (shiprnents

are influenced by randomly generated crop yields, the use of

grain in lhe Prairie region, and lhe capacity of the grain han-

dling and transportation system), whereby lhese values are aLso

used in conputing grain shipment forecasts, the shipper share

limitation adjusLment and in the !alJ.y system, and

the determinaLion of various decision variables' probability dis-

tributions including government and shipper shares of total esti-

mated eligible railway costs, governnent and shipper freíght

rates, the shipper share limitation adjusLment, the cumula!ive

tally and surpasses of its Limits, as well as forecast and actual

grain shipmenls, the basket price of grain and Canada - Uniled

States currency exchange rates. .

To faciLitate comprehension of the rnodel, a schematic diagrarn is pre-

sented in Figure 2.1. The diagram is ilLustrated as a flow chart rrith

the various arrows indicating the relationships. For example, Estimated

EIigible Railway Costs are influenced by both the forecast of grain

shipments and railway cost inflation.

4.
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The prograrn logic of the Monte Carlo experimental design wilL simu-

late t.wenty crop years, from 1981-82 to 2000-01 !rith actual events over-

riding the random nature of the simuLation for crop years to 1985-86.

Each ltienly year sequence is considered one replication of outcomes or

one trial. The desired number of trials will depend on the observations

required to establísh a stable statistical. distribution of possible out-

comes, This will be deLermined using a chi-square lest on various san-

ple sizes. s

This Monte Carlo process of sampling fron severaL probability distri-
butions allows the model to sinulale a range of possible outcomes r+ithin

a given structure. Specifying a nodel in this manner aLlows the re-

searcher to undertake changes representing differen! slructuraL or eco-

nonic conditions in either Èhe agricultural sector or the economy as a

whole. If the results simulated after the structural or economic change

produce different distributions of outcomes, policy nakers and advisors

will have some a priori information on the expected effects.

2,3 MODEL COMPONENTS

This section discusses the major components of the model. Underlying

relationships and assumptions concerning each component are identified.

it should be noted thât the model presented refers lo the bench-run sim-

ulaLion in that it exhibits current trends in economic variables and re-

fLects the structure of the grain handling and transportation sector

which existed when the l¡cTA rgas established,

6 The expected number of observations in each frequency class is assumed
to be those which result when the twenty year sequence is replicated
one thousand times.
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2.3.1 Est.imatinq Eliqible Railwav Costs

In estinating total el-igible railway costs of transporting grain, there

are three cost categories nhich must be examinedl volume-related vari-

able costs, line-relaled variable costs and fixed costs. I{ith respect

to the estimation of volume-related variable costs for the upcoming crop

year, the first requirement is a forecast of grain volumes to be moved.

For lhe purposes of the nodel, forecast grain volumes are the predicted

values which result when the randomly generaled actuaL grain shipments

are regressed upon a trend variable (see equaLion 2.1). To generate

these predicted values, perfect knowlege of the future is assumed with

respect to actual grain shipments.

PREDSHIP = 31.519099 + (.515914't TREND)

t-stat i st ics: 178,485 31 .623

where PREDSHIP = forecast of grain volumes !o be moved

TREND = tine trend variabLe (trend = 1,2,3, ,.,18ì

(2.1)

where 1 is 1983-84, 2 is 1984-85, etc.)

This type of procedure is used because the tally systern is based on

the expectation tha! the cumulative anount owed to or owed by lhe feder-

aI governmen! fluctuates around zero. For lhis expectation to be borne

out, forecast errors associated with grairr shipments nust be zero. This

wiIl occur if the assumptions of the linear stochastic regression nodel

are satisfied, specifically that the mean value of the random error term

is zero. 0n average, the error associated with forecasting grain vol-

umes shipped should be zero, and thus, the expected value of the tally
should be zero because the tally is, in concept, lhe random error term.
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The resulting values of forecast shipments are used !o adjust the

previous year's volume-related variable cost,s. Other factors affecting

volume-related variabLe costs include an input price index ref).ecting

increases in the price of inpu!s (Iabour, fuel and materials), the cost

of capital, depreciation and tank car rentals, as well. as a productivity

adjustment which accounts for a greater use of government owned hopper

cars in place of railway owned box cars. The volume-related input price

index is assumed to be 1,04 per year and the productivity adjustment 920

million per year over the simulation period. The computation of volune-

related variable costs is shown in equation 2.2.

WC = (WC-, * VI PI * PREDSHI P/ÀCTSHI P ) PRODÀDJ (2.2\

where WC = volume-related variable costs (1981-82 or base year

volume-related variable costs are defined in the Àct

as $590 mitLion)

variable costs are defined in the Àct as 9590 million)

vIPI = volume-related input price index (base year index is 1.0)

PREDSHIP = forecast grain shipnents

ÀCTSHIP = actual grain shipments (base year shipments are 31.5

rní 1l i on tonnes )

PRoDADJ = productivÍty ad j ustmen t

tine-reLated variabLe cosLs are independent of grain voLumes shipped

but are affected by a line-related input price index reflecting increas-

es in input prices (labour and rnateriaJ.s), the cost of capitaL and

depreciation, as well as a productivity index accounting for changes in

the number of grain dependent branch lines due to lhe changing mix of
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traffic and abandonnents. Line-re1aÈed variable costs are also affected

by temporary spending adjustments regarding mainLenance costs rr'hich are

submilted by the railways. These are not included in the model. The

Iine-rel-ated inpu! price index is assumed to be 1.03 per year over the

simulation period and lhe productivity index .89 in 1986-87, .88 in

1987-88, .87 in 1988-89, and .86 thereafter indicafing a process of de-

Letions in the miLeage of grain dependent branch lines. The computation

of Line-related variable cosls is shorln in equation 2.3.

LVC = LVC_¡ 'r tiPI * PRoDINDX (2.31

where tVC = line-related variable costs (base year line-related

variable costs are defined in the Àct as 9104.7 rnillion)

LIPI = line-related input price index (base year index is 1.0)

PRODINDX = productivity index (base year index is 1.0)

Fixed costs, referred to Ín the Act as the con!ribution to constant

costs, are grain handling's share of railway overhead. The con!ribution

to constant costs is calculated as folloris in equation 2.4.

FC=a*WC Q.4)

where FC = phased-in contribution to constant costs (fixed costs)

a = the Àct defines constant costs to be phased in at a

rate of 5% of volume-related variable costs in 1983-84,

10% in 1984-85, 15% in 1985-86, and 20% thereafter

WC = volume-related variabLe costs

The sum of these three cost categories represents the total payment

to the railways ând is referred to as estinated eligibte costs (equation

¿.5ì.
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EEC=WC+LVC+FC

rlhere EEC = estimated eligible costs

(2.5)

The paynent takes the forn of the government share, lhe shipper share

and lhe CN adjustment. The CN adjustment is an anount paid by the I'lin-

ister of Transport directly to CN relating to noving grain over the high

cost lines to Churchill and Prince Rupert. The CN adjuslnent is assuned

to be $10 million per year over the simulation period.

2.3,2 Deterrnination of Shares borne þy Government and Shippers

The government share is determined by lhe sum of the government commit-

ment. the shipper share limitation adjustment and any faIly adjusLment

(r¡hich resulLs when lhe cumulative tally exceeds g150 million or Ís less

than -9150 nillion). The government commitment is the Crow Benefit plus

lhe cumulative government share of cost changes on all grain volunes

forecast to be shipped. The process by which the cumulative government

share of cost changes is calculated is complex and can best be expJ.ained

by the following procedure. Firstly, cost changes on a per tonne basis

are deternined as in equation2.5.

CCT=EECT-CTBÀSE sccr (2.6)

where CCT = cost change per tonne

EECT = eslimated eligible railway costs expressed on a per

tonne basis and based on the forecast grain shipments

CTBÀSE = average cost of moving one tonne of grain in the 1981-82

crop year. It is defined in the Àct lo be equal to the

following amounts, !aking into account the phased-in
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conbr ibu! ion to constant costsl

922,05 ín 1982-83,

922.99 in 1983-84,

923.93 in 1984-8s,

924.85 in 1985-85, and

925.80 therea f ter .

SCCT = sun of the previous cost changes on a per tonne basis

Secondly, the rate of cost change on a per tonne basis is calculated as

follows in equa t i on 2.7.

RCCT = CCT/(EECT - CCT) * 100 12.7 )

where RCCT = rate of cost change on a per tonne basis

The governmenÈ share of cost changes on a per tonne basís is shown in

equation 2.8.

GSCCT=(RCCT-MAXSS) * (EECT - CCT) (2.8)

where MÀXSS = maximum shipper share of the rate of cost change defined

in the Àcl as! 3% in 1983-84, 1984-85, 1985-86 and

6% thereafter

If the raÈe of cost change per lonne is negative, the government share

of cost changes is simply the current crop year's cost change per tonne.

If the rate of cost change per tonne is less than the maximum shipper

share, the government share of cost changes is zero (shippers pay all
inflationary cosLs). The government share of cost changes on a per

tonne basis is cumulative and applies to all volumes forecast to be

moved (see equati on 2.9)
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CGSCC = (CGSCCT + GSCCT) 'k PREDSHIP (2.9\

where CGSCCT = cumulative government share of cost change on a per lonne

basis for the previous years

GSCCT = governnnent share of cost changes on a per lonne basis for

the current crop yea r

PREDSHIP = forecast grain shiprnents

The determinalion of the government conmitment is shown in equation

2.10.

GCOM = CROW BENEFIT + CGSCC

nhere GCoM = governnent comnitment

(2.10)

CRoIi BENEFIT = government subsidy defined in the Àct to be:

9286 nillion for the period beginning January 1,

1984 and ending July 31, 1984,

$599.6 million for 1984-85,

9629.1 million for 1985-86, and

$658.6 million the rea f te r

CGSCC = cumulative government share of cost changes

The government's share of the estinated eligible railway costs in to-

lal dollar terms is computed as f oIlorls in equalion 2.11.

GSHÀRE = GCOM + SSLADJ + TALEXC - CNÀDJ (2.11)

where GSHÀRE = governmentr s share of estimated eligible costs

SSLÀDJ = shipper share linitâtion adjustmenÈ (detailed in

subsec t i on 2.3.3

TÀLEXC = lhe amount by which the cunulative tal]y exceeded
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its limits in the crop year trlo years preceeding

(deta iled in subsection 2.3.4)

CNADJ = CN adj ustrnent

The freight rate paid by the governnent is the government share divided

by the forecast of grain volunes to be shipped.

The shipper's share of estimated eJ.igible railway costs in total dol-

lar ierms is a residual amount (see equation 2.12).

SSHÀRE = EEC - CNÀDJ - GSHARE Q,12)

rrhere SSHÀRE = shippers' share of estimated eligible costs

The average freight rate paid by grain shippers is the shipper share di-
vided by the forecast of grain volumes lo be shipped.

2,3.3 The Shipoer Share Limitation Àdiustment

This cornponent of the model determines whether the safety net feature of

the WcTÀ r+ill be triggered. Under this fea!ure, shippers are protected

against relatively high freight rates rr'hen grain prices are Low. The

government is required to contribute additional funds in the form of a

shipper share Iinitation adjusLrnent if the average freight cost lo ship-

pers exceeds a fixed percentage of a weighted average price or basket

price of the six major grains (wheat, barley, oats, rle, rapeseed and

flaxseed). The computation of this adjustnent is defined in equation

2,36, The average price is based on the price of each graÍn at ils pre-

dorninant point of export and weighted according to the voLume of each

grain moved by rait (see equation 2.34).
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This feature o! the rate setting cycle differs in that it is based on

the calendar yeâr rather than the crop year The average freight cost to

shippers and the basket price of graín for calendar year i must be de-

termined by March 31 of the following year and if a shipper share limi-

tation adjustment is required, it is incorporated into the next crop

year's f re igh! rate.

2,3.3.1 The Àverage Freight Cost lo Shippers

The average freight cost !o shippers in calendar year i (say 1985) is

calculated by weighting the average shipper freight rates for !he previ-

ous crop year (1984-85) and for the current crop year (1985-86) by an

estimate of grain shipments which occurred during the second half of the

previous crop year (January 1, 1985 to July 31, 1985) and during the

first half of the current crop year (August 1, 1985 to December 31,

1985). For the purposes of the model, it is assumed fhat 56% of grain

shipments occur January 1 lhrough July 31 and 44% of grain shipments oc-

cur Àugust 1 through December 31.7

Kraft, D.F. and Fie1ds, v.J., "Aggregate ÀgricuItural Crops Model" in
conjunction with "The Drought Sensitivity ÀnaIysis", (Universíty of
ManiLoba, Department of Àgricultural Economics: June 1985).



For exampLe, the average freight cost

is deternined as follorls:
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to shippers in calendar year 1985

ÀC6 5 = 155¡¡tr¡as* .44*PREDSHIPo¡es) + (SST¿ s s e * .56*PREDSHIPas¿s)

\¿, t3)

(.44 * pnnpsgIPe¡gs) + (.55 * PREDSHIPssso)

where ÀC = average freight cost !o shippers on a per tonne basis

SSHT = shipper freight rate (per tonne basis)

PREDSHIP = forecast grain shipments

2.3,3,2 The Basket Price of Grain

The deLermination of the basket price of grain in Canada is based on

randomly generated UniLed StaLes export wheat prices, randornly generated

Canada - United States exchange rates and a r,leighting procedure involv-

ing randomly generated grain shipments, Grain prices in Canada are

linked closely to those established in the United States marke!. Thus,

this nanner of generating the basket price can enable lhe researcher to

examine different pricing policies in the United States, as well as var-

iations in exchange rates.

Wheat prices are randomly generated because of the uncerLainty which

exists in this area. A rectangular probability dis¡ribution from r{'hich

sampling occurs t,las chosen due to the significant annual variation rlhich

is present in grain prices. s The rectangular distribulion has variable

8 Sni tynsky, Raymond E.,
(uivers i ty of Manitoba,
1983). pp. 33-38.

Risk Ànalysis of Farmland investment, thesis,
Department of AgricuLtural Economics: 0ctober
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bounds which are Linked to the previous year's price, as wel.l as overaLl

bounds. The purpose of this is to create a bounded price distribution.

The variable with-in year bounds determine the price distribution and

the overall bounds confine these variable bounds.

The 1985 United StaLes Farm Bill sets the framework for agricultural

policy for five years (1986 through 1990). Under the new legislation,

minimum loan prices for rlhea! are no longer indexed with inflation. In-

stead loan raLes for wheat in 1986 are set at levels below those in 1985

and can decrease duríng the period from 1987 through 1990 if wheat pric-

es average less than 110 percent of lhe loan rate. This means that lhe

lower overall bound can decrease throughout this period, The procedure

for establishing lower overall bounds on the price distribution is out-

lined in equations 2.14 throuqh 2.17.

1985-86r LB' = $120honne (U.S. $)

1986-87: ¡3'= ç88,/tonne (u.s. $)

1987-88 through 1990-91: if USFP-|< (1.10 * LB:r )

then LB' = .95 x LB'-r

1991-92 through 2000-01: tB' = LBlr

(2,14].

(2.1s)

(2,15)

Q.17\

where LB'= Lower overall bound for U.S. wheat price distribution

USFP = randomly generated U.S. farm price of wheat (U.S. dollars)

For 1985-86 and 1986-87 the lower overal] bound is the mininun loan

price for wheat {9120/tonne in 1985-86 and g88,/tonne in 1986-87 ex-

pressed in U.S. dollars). For the next four years, if lhe previous

year's farm price averages less than 110 percent of the loan rate, the

new loan ¡ate (lower overall bound) drops by fíve percent. For the re-



nainder of the simulation period,

1990-91 vaIue.

2',|

the ]ower overall bound takes on the

The overaLl upper bound is assumed to be $160 per tonne. This bound

can increase with inflalion. Grain price inflaLion is assumed lo be

four percent per year. The variable bounds for lhe price distribution

are based on a price change of plus or minus lwenty-five percent of the

previous year's price. This range is expected to account for the major-

ity of variatÍon. The followíng equations illustrate the procedure

which determines the price distribution¡

LB=.75xUSFP-r

UB=1.25*USFP-I

If LB < LB'

then LB = LB'

and UB = UB' .,k (1 + INFL)**i /l.ZS * .lS

If uB > uB' * (1 + INFt)**i

then UB = UB' rr (1 + I¡lf,¡)**i

and LB = LB' /,75 * 1,25

(2.18)

(2.19],

(2.201

(2.21)

where LB = lower variable bound for U.S. r¡hea! price distribution

UB = upper variable bound for U.s. t{heat pricL distribution

tB' = lower overall bound for U.S, lrheat price distribution

UB' = upper overall bound for U.S. wheat price distribution

i¡¡'¡ = grain price inflaLion

i = time (0, 1,2, ,,,15i where 0 = 1985)

Note that the distribution is reset if the resulting variabLe bounds are

greater than or less than the overall bounds such that lhe dislribulion



range íS plus or minus

loan rale price. The

ing the product of the

value and adding it to

USFP = tB + [(UB -
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twenty-five percent of lhe previous year or the

farm price of nheat is randomly generated by tak-

range of the distribution bounds and the rando¡r

the lower distribution bound (see equation 2.22).

LB ) 't RNDI (2,22')

where USFP = randonly generated U.S. farm price of wheat

LB = Iower bound of the price dÍstribution

UB = upper bound of the price distribution

RND = random value between 0 and 1

The export price of r+heat in the United States is the farm price plus

markefing costs (equati on 2,23). Marketing cosls are assumed to be g27

per lonne in 1985 and increase at a rate of four percent per year.

USEP = USFP + [I'Tg * (1 + INFL)**i] (2.23l

Q.23\where USEP = U.S. export price of wheat

USFP = randomly generaLed U.S. farm price of wheat

MC = U.S. marketing cost of wheat

INFt = infLation

i = time

Export wheat prices in lhe United States are randomly generated from

1985 throughou! the simulation period.

Exchange rates between Canada and the United Slales are generated

fron a trianguLar probability distribution reflecting a nature of cen-

tral tendency, For lhe benchrun simulation, the initial naximum value
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or upper bound for the distribution is assumed to be .85i the initial
nininum value or lower bound .59. The initial modaL value is .73.

Specifying the distribution in this manner means that the probability of

the Canadian dollar appreciating relative to the U.S. dollar is much

greater than the probability of it deprecíating. However, there is no

time-related upward trend t,tith respect to the value of the Canadian dol-

1ar. The following equations (2.24 through 2.27) iLlustrate the deriva-

tion of the trianguLar distribution: e

probabi J. i ty density functions:

f (x) = 2 * (x - urN)/(MÀx - MiN) * (uoDE - MrN); Q.24)

MIN<X<MODE

fß) = 2* (MAx -X)/(MAX - MrN)'r (MAx -MoDE)ì Q.25],

I'!oDE<X<MÀX

l,|here x = lhe United States - Canada exchange rate

MÀX = maxinum value of lhe United States - Canada exchange rate

MIN = mininum value of the United Stales - Canada exchange rate

MoDE = modal value of the United StaLes - Canada exchange rate

The tno probability density funclions above are integrated resulting in

the following cumula!ive probability density funclionsl

F(x) = (x - MrN)**2/(uÀx - MrN) * (MoDE - MIN); Q.26],

I'IIN < X < MODE

F(x) = 1- t(x-MAX)**2/(MÀX-ì'rrN) * (MÀx - MoDE)l i Q.27)

MODE<X<MÀX

s Snitynsky, Raymond 8,, Op.cit., p. 39.
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Hhere F(X) = a random value bett,leen 0 and 1 used to derive the

s!ochastic variable X (U.S. - Canada exchange rate)

The United Slates - Canada exchange rate is deternined by lhe following

equations (2.28 through 2.32):

MIN =.72 * (1 + Àpp)'k*i Q,28)

MÀX = .85 * (1 + Àpp)*'ri 12,29]|

MoDE = .75 * (1 + ApP)'kr.i (2.30)

if 0 < RND < (MoDE - MrN)/(MÀx - MIN)

thenx=MIN+ IRND * (MÀx - MIN) * (MoDE - r'{rN)]**.5 (2.31)

if (MoDE - MiN)/(MÀx - MIN) < RND < 1

thenx=MAx- [(1 - RND) * (MÀx - MIN) * (MÀx - MoDE)]'r*.5 (2,32)

where ÀPP = rale at which the exchange rate probability distribtion

shiftst for the bench case APP = 0 indicating no apparen!

trend of appreciation or depreciation of lhe Canadian

dollar relative to the U.S. dollar

RND = rändomLy generated value between 0 and '1

X = United States - Canada exchange rate

The variation of the randomly generated exchange rate is dependent upon

ils range of maximum and minimum values. The range represents lhe de-

gree of uncertainty associated with exchange rates, The vaLues of the

Canada - United Slates exchange rate (reciprocal of the randonly gener-

ated United States - Canada exchange rate) are muLtiplíed by the random-

ly generated United States wheat price to yield a Canadian price for

riheat.
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In deternining the basket price of grain in the modeJ., prices of the

five major grains (whea!, barley, oats, rapeseed and flaxseed) are uti-
Iized. Since only Canadian wheat prices are generat.ed through randomly

selecting U.S. wheat prices and an exchange rate, prices for the remain-

ing grains are determined by examining the hisloric relationships of

these remaining grains relative to wheat, 10 These prices are then

weighted according to the actual volune of each grain shipped. For ex-

anple, t.he calculation of the weighted averâ9e price for the 1985 caLen-

dar year is ilLustrated in equation 2.33.

lrTPss = (USPRICEs5 * CANUSa¡ ) * {(.¿¿*SHIpWs¿ss *.56* SHiPWsses)

+ [PB,/PW (.44*SHIPB¡¿e¡ + .56*SHIpBss¿s)]

+ IPO/PW (.44*SHIPOe¡¿s + .56*SHIpBeses)l

+ [pR/pw ( .44*SHi pRs ¿ s s +.56*sHIpRos¡o)]

+ lpîL/pw (.44*SHIpFLa¿¡u + . 56*SHI pFt ¡ s s o ) I ],/

(,A *SHIP¿¡gs + .56*SHIPesse) (2.33)

where WTP = proxy for the weighted average or basket price for the six

major gra i ns in Canada

CÀNUS = Canada - United Slales exchange rate

SHIPI.¡ = randomly generated actual $heat shipments

SHfPB = randomly generated actual barley shipments

SHIP0 = randonly generated actual oats shipments

SHIPR = randomly generated actual rapeseed shÍpments

SHIPFT = randomly generated actual flaxseed shipments

data source : Canadian Wheat Board Ànnua1 Reports (totat CWB payment
for #1 CWRS, #'1 feed barley and #1 feed oaLs), and Statistics Canada
22-00'1 , "Grains and 0ilseeds Review" (Winnipeg Comnodity Exchange av-
erage cash prices for #1 Canada rapeseed basis Vancouver and f1 Cana-
da flaxseed basis Thunderbay), 1962-84.

10
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SHIP = randomly generated actual shipnents of all grain

notei aLl individuaJ. grain shipments are adjusted for capacity

constraints (e9. the relationship betr+een randomly generated

potential wheat shipments and randomly generated potential

total grain shipmenls is applied to randomly generated actual

grain shipnents - see subsection 2.3.4 with respect to

capac i ty constra ints )

PB/Pw = historic relationship between barLey and wheat prices = .55

PO/Plt = historic relationship bett{een oats and wheat prices = .37

PRr/ew = historíc relationship between rapeseed and lrhea! prices = 1.46

Pît/ew = historic relaLionshíp between flaxseed and lrheat prices = 1.79

The freight rate to grain price ratio for 1985 is then:

FPs5=¡¿ruTOtTPs5*1¡g Q.341

where FP = freight rate to grain price ratio

AC = average cost to grain shippers on a per tonne basis

If the freight rate to grain price ralio exceeds the safety net percent-

ages as Legislated in the WGTA, a shipper share limitation adjustment is

triggered and incorporated into the government freight rate the follow-

ing crop year (1986-87 in this exanrple). The conputation of this ad-

jusÈment is shown in equation 2.35.

ssLÀDJs667= (FPr u - SAFENETs5 )*WTPe s*(.44* SHIPs 4 85 + . 56*SHIpo ss s )/100

(2.35)

where SSLADJ = shipper share linitation adjustrnent

SÀFENET = percentage by which shippers are protected against
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high freight rate when grain prices are Low. The

safety nel is defined in the Àct ast

4% in 1984,

5% in 1985,

8% in 1986,

9% in 1987, and

'1 0% therea f ter,

2.3.4 Actual Grain Shipments

Àclual volumes of grain shipped are determined through a process of ran-

doml.y generating prairie yields, computing grain production and poten-

tial tonnage movements, and adjusting !hese potential shipments utiLiz-
in9 a capacity function accounting for limitations in the grain

transportation and handling sector. ÀctuaI grain shipnents are randomly

generated fronr 1983-84 throughout the sinrulation period.

Crop yields exhibit a random nature ín that they are largely affected

by weather. Random yields are generated for each of lhe five rnajor

crops (wheat, oats, barley, rapeseed and flaxseed) on stubble seedbeds

and on fallow seedbeds. The yields are jointly deternined in that all
are tied to the random yield of wheat on stubble.

Wheat yields were found to be bes! depicted by a Beta dístribution.ll
À distribution such as this (skewed to the Ieft) indicates a greater

probabílity of below average crop yields than bumper crops. The yield

Kraft, Ð,F. and Fields, V.J., "Comparison of BeLa and TrianguJ.ar Dis-
tribuLions to Àpproximate Crop yield probabiiity Distributións" (Uni-
y9!gity of Maniloba, Department of AgriculLural Economics: February
198s).

t1
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for wheat on stubbl.e in t{estern canada is generated from a Beta dis¡ri-
bution of the first kind, where a continous variate, x, is dislributed

with a probabílity density function:12

f(x) = x**(t - 1) 'r (1 - x)**(m -'1 )/a(t,m) (2,36)

through the range of values zero to one

rr'ith mean value of x = l,/(1 + m) (2.37)

and variance = (f ,t m)/(i + ¡¡)**2 * (l + ¡ + 1) (2.39)

The parameters I and n are derived from the normalized mean and variance

for each yield such thatl

m = [l¡Me¡N * (1 _ NMEÀN)**2 + (NMEAN * Nv¡,R) _ NyAR]/NVAR e.39lt

1 = (NMEAN * n)/(1 - NMEÀN) (2.40)

where NMEAN = normalized nean

NVAR = norma I i zed variance

and NMEÀN = 1 -[(ws¡r¡x - wSMEAN)/wsMÀx - ![sMrN)]

NvÀR = {|I,¡SMEAN - (wsun¡n - I.lssD)1,/(I,lsMAx - 9lsMrN)J**2

lrhere I{SMEAN = mean value of yield of wheat on stubble

= 21 ,0'177 * (1 + GROWTH)**i

WSMAX = maximu¡n value of yield of wheat on sLubble

of the distribution)

= 29,4221 * (1 + cRoI,|TH)'t*i

WSMIN = mininum vaLue of yield of wheat on stubble

Q.41],

(2.42)

(2 .43\

(upper bound

(2. 44',

(lower bound

of the di str ibut ion )

12 Weatherburn, C.8.,
br idge: University

A Firs! Course in Mathematical Statistics, (Cam-
pieilîge z).-p. l5g.
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= 14.'7606 * (1 + cROwTH)**i (2.45\

WSSD = standard deviation of yield of wheat on stubble

= 3.908 (2,46].

Initial parameters of the distribut,ion were determined by a stalistical
anaLysis of prairie wheat yields on stubble seedbeds for lhe period 1962

through 1984. The growth factor on yieLd (GROWTH) is assumed to be 1.5%

per year, and i represents a lime factor.

The Stat i st ical Analysis

the model, has an internal

cumulat i ve beta distribution

trated in equa t i on 2.47.

P = BETÀI NV(RUP, ],N)

System package (SÀS), used in programming of

function which computes the inverse of the

and returns the P-th quantilel3 as illus-

(2 .47 )

P-th quan I i le multi-

Iower bound (equation

Q,48].

whereP=P-thquantile

BETÀINV = SAS function

RND = random value between 0 and 1

L and m = parameters of the distribut.ion

The yield of wheat on stubble is computed as the

plied by the distribution range and added to the

2,48], :

YWS = WSMIN + P * (WSMAX - WSMIN)

13 SAS User's Guide¡ Basics 1982. p, 162.
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À slubbLe-fallon relationship utilizing lhe randonrly generated va).ue

for yield of wheat on stubble determines a preliminary value for the

yield of wheat on fallow in western Canada (equation 2.49). The equa-

tion indicates that the relaLionship beLween falÌow and stubble yields

Ís not one of fixed proportion (eg. under drought conditions fallow

yíelds will not be suppressed as far relative to stubble yields).

YWFI=20+(.5*yl¡S) (2.49)

generated to account for

and the yield of wheat on

random variate (see equa-

A net,l randon value between zero and one is

variability between stubble and fallow yields,

fallow is dependent upon lhe value of this new

tion 2.50 and 2,51).

where YWF =

YWF 1

RND =

If RND <=.7 then YWF = YtiFf - 14 + (lQ * ¡¡p¡

If RND > .7 then yI,¡F = ywFl + 2.33 - (3"33,r RND)

(2.50)

(2.51)

"Field Crop Report i ng Series:
YieIds of Specific Crops",

randomly generated yield wheal on fallow

= preìiminary vaLue for yieLd wheat on fallow resulLing from

the stubble-fa11ow rela!ionship

new random value betlreen 0 and 1

The determination of the rernaining crop yields seeded on stubbLe

(fallow) on the prairies are based in the historic relationships wilh

the yield of Ì,rhea! on stubble (faIIow) as estinated by ordinary least

squares. The resulting linear regression modelsl¿ are depicted in equa-

tions 2.52 through 2.53,

ta data source: Statistics Canada 22-002,
Summerfallow and Stubble, Àrea and
1962-84.
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Stubble Seedbeds ¡

yBs = 4.2955 + (1.5196 * yl,rs) R-SQUÀRE = .87 (2.52\

t-sta ti st ics: 1.587 12.028

\0s = 20,4242 + (1.2274 * vl,¡s) R-sQUÀRE = .82 (2.53)

t-stat i st ics: 7.488 9.639

yRS = 1.0536 + (.6740 r. yl,¡s) R-sguÀRE =.66 Q.54\

t-slat i stics: ,469 6.421

YFLS = -.2943 + (.5800 * yl,¡s) R-SQUÀRE = .68 (2.55)

t-stati st ics: -.157 5.609

FalLow Seedbeds:

yBF = 9.9253 + (1.350 * y!¡F) R-SQUÀRE = .89 (2.56)

t-statistics ¡ 3.522 12,918

yoF = 22.1153 + (1.335 * yt.¡F) R-sQUÀRE = .79 Q,57)

t-stali st ics r 5.368 8.78

yRî = 't,4202 + (.4287 * yI^lF) R-SQUARE = .50 (2.58)

t-stat i st ics: 2.58'1 4.4548

yFLF = -1 .6746 + (.6417 'r yWF) R-SoUÀRE = .?1 (2.59)

t-s!at i st ics ! -.697 7,238

nhere YwS, YI,¡F = yÍeld wheat on stubble, fallow

YBS, YBF = yield barley on stubble, f allor{

YOS¡ YoF = yield oats on stubble, fallow

YRS, YI,¡F = yieJ.d rapeseed on stubble, fallofJ

YFLS, YFLF = yield flaxseed on stubble, falloÍ
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In order to generâte the remaining crop yields a point prediction ap-

proach is applied, where values of the explanatory variable in any peri-

od are the randornly generated yield of wheat on stubble and on fallow.

It is assumed that the structural relationships witl continue, that is,

the parameters do not change throughout the forecast period. The re-

sulting predicled values (crop yields) possess normal disLributions as-

sociated rrith certaín variances due to sampling errors of the parameter

estimates and lo the variance of the random error terms.

The remaining crop yields are then randomly generated from within

their resulting distributions. Triangular distributions are used to ap-

proxinate the nornal distributions. The modal value for each trianguJ.ar

distribution is assumed to be the value of the point prediction from the

econometric function (equation 2.60). The upper and lower bounds of

each distribution (see equations 2.51 and 2,63l. are the modal va).ue pJ.us

or ninus Lrlo standard errors associa!ed with lhat point prediction. Us-

ing the yield of barley on stubble as an example, paranelers of the dis-

tr ibut i on are:

MoDE = YBSP = 4,2955 + (1.5196 * yl.¡s) (2,60)

sE = (Rss/(n - 2ll * 11 + 11¡n¡ + (yl¡s - wsMEAN)**2,/wscssl**.s Q.61\

r'{rN = MoDE - (2 ,, SE) (2.62)

MAX = MoDE + (2 * SE) (2,63)

where MODE = modal value of yie).d barley on slubble

YBSP = resulLing point prediction given the randomly generated

yield wheat on stubble (ylqs)

SE = standard error of the point prediction

(nss/(n - 2)l = eslinale of the variance of the random error tern,
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where RSS is the residual sum of squares fron the

regression of yield barley on stubble on yield

nheat on s lubbl e

n = number of observations

WSMEÀN = mean value of yield wheat on stubble (see equation 2.43)

WSCSS = corrected sum of squares for wheat on stubble

MIN = mininum value of yield barley on stubble (lorler bound of

distribution )

MÀX = maximum value of yield barley on stubble (upper bound of

di str i but ion )

The yield of barley on stubble is then randomly generated fron this tri-
angular distribution. À1I other crop yields are determined using this

same procedure.

Grain production in Western Canada is computed by muJ.tiplying lhe

random yields for the five major crops by seedbed by the share of each

crop seeded and by the total available landbase. The shares of each

crop seeded on fall.ow and on stubble are the five-year averages (1980

through 1984). No Èrend is incorporated to account for a reduction in

land summerfallowed. The totaL availabLe landbase used is fixed at the

1984 level. It is assumed that no new Land enters into producLion. Às

an exanple, wheat production is conputed as folLows in equation 2.64.

PRoDNW=[(yws*sris) + (yt,lF * SI{F)] * TOT Q,64)

where PRoDNI¡ = production of wheat

YWS, YWF = randomly generated

SI,IS, SWF = five-year average

in Western Canada

yield wheal on stubbJ.e, fallow

share of wheat seeded on stubble

to lhe tolâl seeded area(f allori ) relative
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T0T = total avaiLable landbase for seeding in 1984

Production is determined for aIl crops in the same manner and then

summed together to give totaJ. prairie production. ÀJ.though other crops

are not included in this portion of the analysis, it is assumed tha! ac-

tual tonnäges will be reflected since lhe tolal available landbase is

used.

Domestic use on lhe prairies is subtracled from production to give

potential grain shipments if no capacity constraints existed. Domestic

use invoLves prairie seed and feed requirements, as well as grain pro-

cessed in l,Jestern Canada. À11 of these factors are assumed constant

lhroughout the simulation period. Seed requiremenls are a fixed per-

cenlage of graín production in 1984, rlith wheat being .015% of wheat

production, barley .0275% of barley production, oaLs .0275%, rapeseed

.0011%t and flaxseed .0075%. Total seed requirements are calculated to

be l.84 million tonnes. Feed use is deternined using a theoretical ap-

proach involving the share of milkcow equivalenLs for each prairie prov-

ince (based on livestock populations and lheir ration requirenents) and

Itestern Canadian feed, lraste and dockage data.15 Total. feed use for the

prairies is estimated to be 8,22 million lonnes. TolaL grain processed

on Èhe prairies is assumed to be 3.783 million tonnes.r6

1s Reynolds, T.L., "Prairie Grain Producer Response !o Exporl Con-
strainLs, 1970-80", M.Sc. Thesis, University of Manitoba, May 1987.

16 Kraft, 0.F., "Dilution and the Melhod of payment", research reportr
University of Manitoba, Departnent of Àgricultural Economics, Seþtem-
ber 1 985.
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Production minus domestic use results in po!ential grain shipnents.

These annuaL differences are generated throughout the simulaLion period.

A shipping and handlíng capacity function is then applied to potential

shipments to account for constraints in lhe grain transpor!ation and

handling sector. The capacity function used is based on a simple forn

of the acceleration principle which posi!s a certain fixed relationship

between capital and output.rT Because the grain transportation and han-

dling seclor cannot know the level of output {grain shipments) in any

given year, they will also base this year's capital requirements (re-

flected by the system's capacity) on some weighted average of previous

output l{hich extends over many years. Using a Koyk transformation, the

system capacity can be stated as a function of grain shipments and the

previous year's capacity (equation 2.65). Equation 2.56 prevents a re-

duction in capital (syslem capaciLy) which might result from previous

capacily exceeding grain shipmenbs for several consecutive years.

cAP = SHIP*rr.0535 * CÀP_r**.95

If CAP < CÀP-t then CÀP = CÀP-r

where cAP = tonnage movement capacity

handl ing sy stem

SHIP = randonly generated acLuaI

(2.b5)

Q,66],

in the grain transportation and

grain shipments

The system's capacity for tonnage novement acls as a constraint on po-

tential grain shipments. Grain not shipped due to capacity IimitaLions

is carried into the next crop year. Thus, actual grain shipment are ei-

r? Evans, Michael K,, Macroeconomic ðS.!-il¿.i$.: Theory, Forecastinq and
ControL - Àn Econometric ADDroach, (NeH york: Harper & Row, publish-
ers, 1969). pp. 80-83.



ther less than or equal

1i on tonnes in 1983-84

1985-85 as a resull of

tional. 1s

Hhere TÀLÀDJ =

RGCOM =

SSTADJ =

GOVTEXP
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capacity. Capacity is initialized at 36 miI-

an additional 2.5 million tonnes are added in

Prince Rupert terminal beconing fuIly opera-

to

and

the

Randomly generaled actual grain shipnents are used lhroughou! the

model - in the estimation of grain shipments forecasts (subsection

2.3,11 , the determination of lhe shipper share limitation adjustment

(subsection 2.3.31 , and in the taIly system.

The cumulative tally accounts for the total amount owed to or owed by

the Government of Canada. Il results from errors in forecasting vol-

umes. The annual talLy adjustment (eguation 2.67) is the government

commitment (based on forecast grain volunes) plus the shipper share lim-

Ítation adjustrnent minus the actual expenditure by the government (con-

puted by multiplying the government freight rate by aclual grain ship-

ments).

TÀLÀDJ = (RGCOM + SSLADJ) - GOVTEXP t¿.bt 1

annual adjusLment to the tally
government commitment revised to account for actual

tonnages moved and limited by the difference between

eligible cosls and base revenues

shipper share l imitat ion adjustnent

= totaL government payments to the railways (based on lhe

âverage government freight rate plus the CN adjustment)

t8 Kraft, D.F. and Karman, J., "Ànalysis of procedures Used to Forecast
Grain and 0ilseed Shipmenls", November 1986. p. 86
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The cumulative talJ.y is the sum of all past taLly adjustments plus the

current adjustment to the tally. If the previous cumulative tally ex-

ceeds a surplus or deficit of $150 mill.ion, the government's share of

railway costs for the next crop year increases or decreases by that

anount (referred to as TALEXC in equations 2.68 and 2.69).

If CTÀLLY > 150 then TÀLEXC = CTÀtLy - 150

If CTALLY < -150 then TÀLEXC = CTÀLtY - (-150)

(2,68')

(2.69\

where CTÀLLY = cumulative tally

TALEXC = amount by which the cumulative la).ly exceeds its limii

2.3,5 Probabi I i tv Distributions

In order to evaluate the type and level of payments from grain shippers

and the federal government, the nodel estimates probability distribu-
tions for each crop year of the simulation period forl

1. the government's share of estimated eIigibIe railway costs (in

total dollar terms) with individual distribulions for the cumula-

tive government share of cost changes, the shipper share limita-

!ion adjustment and any adjustmenls due !o the cunulative ta).ly

exceeding its l imi ts,

the grain shippers' share of estimated eligible railway cosls (in

toLal doLlar terms ) ,

the governnent f reight rate,

the average shipper freight rate,

the annual tal1y adjustnent., and

2.

?

Á.

E
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6, the cumulat ive tally.

Às weIl, the model produces probability distributions for each sto-

chastic eLement of the rate determining process. These incLudet

1.

2,

2

the weighted averaqe or basket

donly generated United States

States exchange rate,

the forecast of grain volumes

the actual grain shipmenls.

price of grain including the ran-

wheat price and the Canada - United

to be shipped, and

Probabi I i ty 4¡! Statistics,
Press, 1979). pp. 372-375.

Each probability distribution is broken into ranges and a certain

frequency is associated with each range.

To obtain stable probability distributions, a specific number of rep-

lications are required to ascerLain whether !he resulting distrÍbutions

are not staListicalLy different from what is expected. To accornplish

this, a chi-square test for uniformity is employed.ls Each probability

distríbution. is divided into frequency class ranges and a certain number

of observations are associated with each particular cIass. The tolal
number of observât.ions in each class is then conpared with the uniform

expected number of observatíons. It is assumed that lhe expected nunber

of observations are those tlhich result r¡hen the twenty-year simulation

is replicated one thousand times.

MendenhalL, William, I ntroduqt ion to
f i f th edÍ tÍon, (t'tassachuGãfEil--õuxbury



Chapter III
EXPERIMENTÀL DESIGN

This chapter sets out the experinentaL design to be utilized in anaJ.yz-

ing and comparing various scenarios of the nodel . In order to conceptu-

alize these, a description of each particular scenario is included.

3.1 EXPERIMENTAL DESI GN

The design of the experinent lakes on a frarnework whereby the structural

and economic conditions proposed in Chapter 1 are combined to produce

different scenarios. A benchmark or base scenario is generated, as well

as three alternate scenarios. Each of these alternate scenarios exhib-

its one par!icular economic or structural change from the bench case.

EXPERI},IENTS

SCENÀRIO 1 SCENÀRIO 2 SCENARIO 3 SCENARIO 4
(bench)

-current rate -curren! rate -current rate -change method
structure and structure and structure and of pâyment to
method of method of meLhod of 'pay Èhepayment payment paynent producer'

-economic -increasing -apprec iat ion -economíc
status quo rail costs of Canadian g status quo

Figure 3.1: Experirnental Design

- 45 -
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Figure 3.1 presents the experimenlaJ. design in a concise nanner.

Probability distributions and relevant descriptive statistics used in

evaluating t.he type and level. of payments from shippers and government

wiÌl be generated for each of the scenarios. Rather than the cornpara-

!ive analysis enconpassing each crop yeâr of the simulation period, only

four specific crop years will be reviewed - 1986-87, 1990-91, 1995-96,

and 2000-01, Th bench scenario will be examined in depth in terms of

probability distributions and descriptive statistics relating to all
aspects of the nodel (see Chapter 2, section 2.3.5). The alternaLe sce-

narios wiLl be anaì.yzed and conpared specificalJ.y rlith the bench case.

3,2 DESCRIPTION OF SCENÀRI OS

3.2.1 Scenario I (Benchmark exoeriment)

Scenario 1, the bench case, is íntended to reflect the current status of

the grain handling and transportation sector which existed when the WGTA

!ras inplemenled, Freight rates are sLructured under !he current method

of paymenl of the Crorl subsidy. It is also intended to reflect current

trends in economic variables. volume-related railway costs increase at

a rate of four percent per yeari line-related costs increase by lhree

percent per year. The value of the Canadian dollar relative to the U.S.

dollar exhibits no trend of appreciation or depreciation over the simu-

lation period. The model described in Chapter 2 illustrates lhe bench-

mark experiment.



47

3.2,2 ScenarÍo !
Scenario 2 also reflects lhe status of the grain handling and lranspor-

tation sector which existed upon inplementation of the WGTA. However,

the experinent involves an increase in railway costs. VoLume-related

raiJ.way costs increase at a râte of eight percent per year (volume-re-

laled input index equal to 1.08 per year). Line-related railway costs

increase by six percent per year (Iine-related input price index equal

to 1,06 per year). These input price indices are composite indices.

Individual cos! componenLs are rieighted according !o their share of vol-

ume-related or line-related variable costs and factored up by a specific

índex refiecting any cost change. Thus, these composite input price in-

dices can increase for two reasons:

t. increased inflation; an increase in input prices (where inputs

include labour, fuel, nateriaJ.s, depreciation and the cost of

capi taI ), or

a change in lhe weighting of individual cost components, whereby

higher cost inputs account for a greater share of volume-related

or line-related va r i able costs.

À change in the weighting of inputs could arise from a change in

grain shipping patterns. An increase of grain sales through rlestern

Canadian ports would require a greater share of grain volumes to be

shipped to Vancouver and Prínce Rupert. This would alter input weighls

such lha! rail costs would increase substantially although input prices

remained constânt. Under the WGTÀ, rail cos! increases are shared by

the federal government and grain shippers. Producers are required to

pay the first three percentage points (accumulating) of annual raiL cosÈ
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increases on aLl grain volumes shipped in the crop years 1985-86, and

the first six percentage points !hereâtter. Àlthough !his feature of

the Act is referred to as the inflation protectÍon provision, rail cos!

increases need not result from inflation for this cost sharing lo occur.

3.2.3 Scenar io 3

The current status of the WGTÀ is also the stuctural basis for scenario

3. However, the economic status quo is allered with the introduction of

an appreciation of lhe Canada - United Stales currency exchange rate.

The triangular distribution f rorn r+hich exchanges rates are randomly gen-

erated shifts a! a rate of 1.5 percent per year, resulting in an upward

trend of the Canadian dollar relative to its Àmerican counterpart. In
the determination of exchange rates (equations 2.28 lhrough 2.32), the

variable ÀPP tâkes on a vaLue of .015.

3,2.4 Scenar io !
Scenario 4 assumes a change in the structure of the WGTÀ under current

economic trends. The alternate structural condition revolves around a

change in lhe method of paymen! of the Crow Benefil to a "pay the pro-

ducer" approach. Producers pay the full cost. of shipping prairie grain

by rail lo ports of export. A Grain Transportation Refund (cTR) would

be established consisting of lhe Crolr Benefit and government contribu-

tions through the inflation protection and safety net features of the

WGTÀ. The cTR is then allocated to individual producers in the CWB des-

ignated area on the basis of net sal-es of eligible grains in each crop

year.
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The freight rate producers pay is based on a volume forecas! and es-

timated railway costs for lhe upcominng crop year. The gross cost to

producers for hauling grain is dependent upon actual volumes of grain

moved by rail. Its cor¡putation ís shown in equatíon 3.1.

GRSCOST=SSHT*SHIP (3.1)

nhere GRSCoST = Çross cost !o graÍn producers

SSHT = shipper freight rate (fulL freight rate)

SHIP = actua] grain volumes shípped (randomly generated)

The net cost to producers is computed as their gross costs less payments

recieved from the GTR. Because payrnents from the GTR are based on net

sales of e).igible grains, a greater tonnage is covered by the subsidy

resulting in a dilution of lhat subsidy. The exact magnitude of that

dilution would depend on how much of the grain currently fed on lhe

prairies would be eJ.igibLe for the cTR, For the purposes of this the-

sis, a diluLion faclor of 15 percent is assumed. Thus, payments to pro-

ducers from the GTR are assumed to be 85 percent of the government

freight rate under the current nethod of payment multiplied by âcLual

volumes of grain shipped (equation 3.2).

NSCOST = GRSCOST - (.85 * GSHT X SHIP) ß.2t

where NSCoST = net cost to grain producers

GRSCoST = gross cost !o grain producers

GSHT = governnent freight rate under the current method of payment

0n a per tonne basis, the net freight rate shippers have paid is their

net shipping costs divided by actual grain shipments (equation 3.3).



NSCOSTT = NSCOST / SH]P (3.3)

where NSCoSTT = net shipping cost to producers on a per tonne basis

(net shipper freight rate )

The financial obligations of the federal government (paid inlo the

GTR) foLLori lhose of the bench case although lhe shipper share limita-
lion provision requires a revisíon. The safety net ratios bet$een the

freighl rate and the rieighted price of grain in export position must be

adjusted upwards !o reflect the higher transportation costs being paid

by producers before receiving compensation from the GTR. The Reporl of

the Committee of Inquiry on CroH Benefit payment estimated tha! a

freight rate--price ratio equivalent to twenty percent woutd be required

to give producers the sane amount of protection.20 The process of revis-

ing the safety net percentages requires an analysis and comparison of

lr+o relationships:

t. the freight rate--grain price ratio conputed under the bench

strucLure (Crow Benefil paid directly to the railrlays), and

the freight rate--grain price ratio computed under the alternate

structure (Crow Benefi! paid to the producer), where grain ship-

pers pay the f ul-l rail freight rate.

TabLe 3.1 compares the mean values of the freight rale--grain price

ratios generated under both methods of payment. The basket price of

grain utilized in determining these relaLionships is randomly generated

yet produces a slable distribution. Under the current nethod of pay-

2,

2o Hall-, Justice G.c., et a1., The
Cror+ Benef i t Paynent, (Winnipegl
tre, March 1985), p. 28;

Report of the Comrnittee of Inquiry on
Canadian Governnent Publishing Cen -



51

TABLE 3.1

Freight Rate--Grain Price Ratios Under Tl{o I'lethods of Payment

Current I'tethod of Paynent "Pay the Producer" option

Legislated Safety Mean Freight Rate Mean Freight Rale
Year Net Percentage Grain Price Ratio Grain Price Ralio

1985
1986
1987
1988
1989
1990
'1 991
1992
1993
1994
1995
'1 996
199'l
1998
1999

5%

8%

10%
10%
10%
10%

10%
10%
10%
10%
10%
10y.

3.9%
È 1e/

6.3%
t (to/

8.0%
8.5%
o oo/

o 10.t

o .to/

9.2%
9.2%
o 10/

o Ecl

9,1%

15.3%
1 0 no./

lo oo/

20.1y,
20.3%
20.5%
20.0%
19.9%
10 Ea/

19.0%
18,3%
17 .6%

16.9%
1Ê CO/

n)

nent, the average freight rale--grain price ratios grow quickly in early

years and then tend to slabilize at approximately 9 percent. The corre-

sponding safety net percenlages were defined by lat(, to f ollori this pat-

tern. Under a structure whereby the subsidy is paid to grain shippers,

the nean freight rate--grain price ratios fluctuate between 15 and 20

percenl and generally average just over 18 percent. No patlern of in-

crease and subsequent stabilization exists, Thus, a fixed safety net

percentage egual to 20 percent throughout the entire period of simula-

tion should give producers an equivalent measure of protection under a

"pay the producer" method of payment.
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The railways bear aLl risk in that revenues fron grain shipping tar-

iffs may or may not cover their costs of hauling grain. Thus, no lally
system is requi red.

I! shouLd also be noted that a change ín the method of payment r+ill

generate responses in the shipments of grain out of the prairies. First
of all, the distortions of farn gate prices wiLL be removed. Ì,lestern

feed grain prices will be reduced rel-ative to export prices resulting in

an expansion of the livestock industry in western Canada. Àgriculture

Canada has estinated toLal livestock outpu! on the prairies to increase

by approxirnateLy 18 percent by 1995-96.21 This increase will require

greater feed use rlhich wil.l result in a diversion of feed grains, par-

ticularly barley, fron the export market to local prairie use. Assuming

curren! feed use is about I milLion tonnes (see Chapter 2, section

2,3,61 , an additional 1.4 million lonnes (.18 x 8) will be required by

1995-95 !o sustain the expanding riestern livestock industry. This witl
serve lo reduce export voLumes and potential grain shipments. However,

incorporating such a reduction in potential shipments into the modeL

tlill not significantly affect ac!ual grain shipnents. This is because

polential shipnents are subject to capacity contraints. Volumes over

the capacity Iimit are carried forth inLo the next crop year. Because

the average carryover for lhe entire simulation is just over 7 rnillion

tonnes, grain inventories will be reduced but actual grain shipments

will not change.

2r Agr iculture Canada ,
Methods of Paymen I ' ,
bIe 12.

'Production and Marketing Response to ÀIternative
(working paper 7/8s), Nóvembèr 1984, p. 41, Ta-



À reduction in grain inventories

ers. These savings r+i11 serve to

producers will pay under a change in

53

wiLl reduce storage costs to produc-

offset a portion of lhe rail cost,s

the nethod of payment.



Chapter Iv

EMPIRICÀL RESUTTS

This chapter anâlyzes the empirical resul!s of each scenario under r{hich

th financial obligalions of government and producers are evaluated. In

order to conceptualize the results of any particul.ar scenario, an indi-

vidual simulaLion trial of lhe bench case will be examined in depth. It
is lhe summation of these trials which forms the basis for the derived

probability distributions. Probability distributions and statistics re-

Iôling to all aspects of the bench scenario wiLl be analyzed. The com-

parative analysis utilizing the alternate scenarios will fotlow the ex-

perinenEal design outlined in the previous chapter.

4.1 ÀN INDIVIDUAL SiMULÀT]ON TRIÀL OF THE BENCH SCENARIO

Table 4.'1 presents the detailed output of a twenty-year simulation triaL

representing one observation in determining the various probability dis-

!ributions. The first column (CROPYR) indicates the crop year in ques-

tion. EarIy years are included ín lhe analysis because the rate-setting

cycle of the WGTA is based on the 1981-82 crop year. Crop years 1983-84

through 1985-86 utilize the systen of interim and final adjustments for

determining the freight rate. These interim and finaL adjustments are

not included in the tabte. The tally system is implemented ín the

1985-85 crop year and continues lhroughout the simuLation period.

-54
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Colunn 2 (PREDSHIP) represents the forecast of grain shipments (mi1-

Lion tonnes) made prior to the beginning of the crop year in question.

It is upon these forecasts that the freight rates are based. These

forecasLs are the predicted vaLues resulting from regressing the random-

Iy generaled actual grain shipments on a trend variable. Knowledge of

future grain shipments is assumed and implicit in this is the theoreti-

cal success of the tally systen.

Column 3 (SHIP) represents the randomly generated actua). grain ship-

nents (million tonnes) determined after the end of the crop year in

question. Shipments increase through time as graín production increases

(crop yietds increase at a rate of 1.5 percent per year), yet are sub-

ject to system capacity constraints.

Columns 4 through 7 represent estimaLed railway costs where column 4

(WC) is volune-related variable costs based on an input price index of

1.04 percent per year and a fixed produclivily adjustment (accounLing

for a greater use of government hopper cars in place of railway owned

box cars) of $20 rnillion per year. Column 5 (tvC) is Line-related vari-

able costs which are based on an input price Índex of 1.03 percent per

year and a decreasing productivity index (accounting for the changing

nix of rail traffic and rail Iine abandonments). Line-relaLed variable

costs decrease lhrough time due to the decreasing productiviLy index.

Column 6 (PHFC) is the phased-in fixed cos! component. Column 7 (EEC)

is the sun of these individual costs and represents lotal estimated rail
costs in mill.ions of doIlars.
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Column I (CGSCC) is the cumulative government share of cost changes

in millions of doLlars, Prior to the 1986-87 crop yearf lhe governmenl

is only responsible for cost changes up to lhe 3'1 .5 million tonne volume

cap. Àfter 1985-86, the government is responsible for cost changes on

al1 volumes of grain forecast to be shipped. The cunulative government

share of cost changes tends to stabilize as the maxinum shipper share of

cost changes increases above the actual rate of cosl changes. This re-

sults in producers picking up all inflationary costs.

Column 9 (ccoM) is the government commitment in millions of dollars,

and is the sum of lhe Crot,| Benefit and the cumul.ative government share

of cost changes.

Columns 10 through 15 are reLated to rhe shipper share limitation ad-

justnent and are based on the calendar year. Column 10 (USPRIcE) repre-

sents the randomly generaled United States wheat price. the value in

crop year 1985-85 refers to the average U.S. wheat price in the 1985

ca).endar year. CoIumn 11 (CÀNUS) is the randomly generated canada-Uni!-

ed Stales exchange rate. The value in crop year 1985-86 refers to the

average exchange rate in the 1985 calendar year. Column 12 (wre) repre-

sents the weighted average or basket price of grain in Canada. The val-

ue in crop year 1986-87 refers to the basket price in the 1985 calendar

year. Column f3 (SÀFENET) represents the legislated safety net percent-

ages by ilhich the freight rate cannot exceed the weighted average price

of grain. The value in the 1983-84 crop yeâr refers to lhe 1984 calen-

dar year, the value in 1984-85 refers to the safety net percentage for

1985, etc. Column 14 (FPRATI0) is the conputed freight rate to grain

price ratio. The value in crop year 1986-87 refers to the freight rate
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to grain price ratio for the 1985 calendar year. Column 15 (SSLADJ) is

the shipper share linitation adjustment in millions of dollars. The

value in crop year 1986-87 is incorporated inlo the 1986-87 freight rate

and refers to that adjustment tríggered from the 1985 cal.endar year. It
Ís assumed lhat no shipper share Iimitation adjustrnent resulted r+ith re-

spect to the 1984 calendar year. The difficulty in determining shipper

share Limitation adjustments arises from these calendar year--based com-

putations and it is because of this that the observations are staggered

throughout several crop years.

CoLumn 16 (GSH) is the government's share of estimated eligible rail
costs in millions of dollars. CoLumn 17 (SSH) is the grain shippers'

share of estinated eligible rail costs in millions of dollars,

Column 18 (GSHT) is the average government freight rate and Column 19

(SSHT) is the average freight rate for shippers. Column 20 (RÀTE) is

the average overall freight rate which railways colIect.22 Specific dis-

tance-related raLes paid by individuaL shippers and the corresponding

government freight rates are paid in proportion to the average freight

rates and thus, sum !o the overall freight rate.

Column 21 (GOVTEXP) is the government's actuaL expenditure in miL-

lions of dollars, determined after the end of the crop year in question

and based on actual grain shipnents which occurred. Column 22 (RGCOM)

is lhe revised government comnitment (revised to account for acLuaI vol-

umes of grain shipped as opposed to the forecast),

22 Lower rates may be allowed as of the 1986-87 crop year where agreed
upon by a shipper and a railway [Bi]I C-155 sec. 451 but thesè are
excluded from lhe analysis.
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Column 23 (t¡r¡pJ) is the annuaL tally adjusLment in millions of dol-

lars. Bill C-44 specifies that !he annual tally adjustment for the

1985-86 crop year shalL be adjusted by adding !o it the amoun! of g20

rniIIion. This amount accounts for lost inlerim and final adjuslments in

the lransition of the rate adjustment system to the tally systern. CoI-

umn 24 (CTÀLLY) is the cumulative talLy. when the previous cumulatíve

laLly exceeds its limits of plus or minus 9150 rnillion, the governmen!

share for lhe upcoming crop year is increased or decreased by that

amount exceeding the linit. Column 24 (TALEXC) represents !his amount.

4.2 RESULTS OF THE BENCH SCENÀRIO

The probability distributions to be analyzed are those in 1985-87¡

1990-91, 1995-96 and 2000-01. For the bench scenario, alI generated

probability dislribuLions (as outlined in section 2.3.5) wiIl be exam-

ined for these four years. Graphical representations of the distribu-

tions wiLl be presented for crop years 1990-91 and 2000-01. The process

of examining the dislributions is intended !o Lead up to the deternina-

tion of the freight rate and the type and level of paynents from grain

shippers and the federal government.

4,2.1 ShiÞnents of crain

Because grain shipmenLs forecasts are the predicted values resul!ing

f rorn the regression of aJ-l randomly generated grain shipments upon a

trend variable, their values for any particular crop year are identical

in each simulation lrial. Thus, no probability distributions are neces-

sary. In crop year 1986-87, the !orecast of grain shipments is 33.6

million tonnes. In 1990-91, lhe forecast is 35.6 million tonnes. In
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in1995-96, shipments are forecast to be 38.7 nillion tonnes and

2000-01, the forecast is 40.8 nillion tonnes (see Table 4.1).

To iLlusLrate the characteristics of randomly generated actual grain

shipmenLs, Figure 4.1 presents the probability distributions for 1990-91

and 2000-01. In general, it is expected that the distributions depict-

ing potential grain shipments would approxinate a Beta distribution

skewed to the Left. AJ.l crop yields are related !o the yield of lrheat

on stubble which is randomly selected from a Beta distribution of this

kind. Hotrlever, when potentiaJ- shipments exceed system capacity, the ca-

pacity function truncates lhe upper end of these distributions. This

occurs in early crop years when the potential for grain shipmenls is

greater than capacity. Às line increases and the grain handling and

transportation systern's capacity gror's to allof{ potential tonnages, a

J.esser portion of tbe Beta distribution is truncated. Thus, the prob-

ability disLributions in later crop years resembLe negatively skewed

Beta dislributions.

In crop year '1 985-87, actual grain shiprnents range from 18.1 to 40,4

million tonnes, v¡ith a nean of 33.9 million lonnes and variance 32,79.

There is a probabili.ty of. ,295 that grain shipnents will occur between

39 and 41 million tonnes, where the likelihood associated with the range

of 39 to 40 miLlion tonnes is .17, and for the range of 40 to 41 miLLion

tonnes is .125. In crop year '1990-91, grain volumes range from 21 ,4 to

43.2 million tonnes, with mean 35.7 million tonnes and variance 28.38.

The highest probabilities occur in the range of 40 to 41 million tonnes

(probability equal to ,18) and in the range of 41 Lo 42 nillion tonnes

(probability equal to 12). In 1995-96, grain shipments rânqe from 24.3
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to 44.4 miLlion tonnes, Hith nean 37.9 rnillion tonnes and variance

24,20, The greatest probabil.ity (.195) occurs in the range between 42

and 43 miLlion tonnes and lhe second highest probability ('12) occurs

within the 41 lo 42 million tonne range. In lhe final period of analy-

sis, 2000-01, actual grain shipments cover a range of. 28.6 to 46.8 mil-

lion tonnes, with mean 41.0 million tonnes and variance 17.73. There is

a 17% probability lhat shipments wilt be between 43 and 44 million

tonnes and a 15% probability that volumes will be between 44 and 45 mil-

lion tonnes.

Table 4.2 presents the probabillties that actual grain shipments ex-

ceed forecast shipmenls for each year of the simulation period. When

shipmenLs exceed the forecast, the government's actual expenditure ex-

ceeds its financial. obligations and a negative annual tally adjustment

results. when overforecasting occurs, the government's actual expendi-

ture falts short of its financial obligations and a posiLive annual tal-

ly adjuslment results. In a1I years of analysis, the probabiliLy that

the forecast witl underestimate shipments {sHIP > PREDSHIP) exceeds the

probability that it will overestimate (SHIP < PREDSHIP). Table 4.2 also

illustrates that the Iikelihood of a perfect forecast (s¡lIp = PREDSHIP)

is nil.

Therefore, negalive annual tally adjustnents wiLl be more Iikely to

occur. However, this does not necessarily nean that the cumulative taL-

ly will tend to be in a deficit position. It ís the magnitude of lhe

forecast errors which determines the magnitude of the negative or posi-

tive annual tally adjustments. These, in turn, determine whether the

long-run cumulative tally wiII result in nonies ovted to or by the feder-

al governnenl.
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TÀBLE 4.2

Probabilities of Àclual Grain Shipments Exceeding Forecast Shipments

Probabilily
SHIP SHIP SHIP(=

Crop Year PREDSHIP PREDSHIP PREDSHIp

1986-87
1987-88.1988-89

1989-90
1 990-91
1991-92
1992-93
1993-94
1994-95
1995-96
1996-97
1997-98
1998-99
1999-00
2000-01

0.440
0.415
0. 450
0,4'15
0.435
0.440
0.450
0.445
i ¿.)q

0 ,425
0.385
0.395
0.455
0. 360
0. 380

0.550
0.585
0.550
.ì E,)E

0.555
0.560
0.550
0.555
0.575
a\ ÊrE

0.615
0.605
0.545
0.640
0.620

0
0

0

0

0
0

0
0

0
0
0

0
0

0
0

lrhere SHIP = randomly generated actual grain shipments
PREDSHIP = forecast grain shipments

4,2.2 Grain Prices and the Shipper Share Limitation Àdiustnent

The four crop years examined are 1986-87, 1990-91, '1995-95 and 2000-01.

The shipper share Limitation adjustments which may result in these years

are due to freight rate--grain price relalionships which exist in calen-

dar years '1985, 1989, 1994 and 1999. Therefore, the probability distri-
butions depicting lhe U.S. export price of wheat, the Canada - United

States exchange rate and the basket price of grain in Canada will be an-

alyzed on the basis of lhese four calendar years.
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Export t{heat prices in the United SLates are randornly generated from

a rectangular distribution. Two of the resulting probability distribu-

tions (1989 and 1999) are graphically depicted in nigure 4,2. In 1985,

U.S. export wheat prices are assumed to be fixed at 9137 per tonne (U.S,

dollars). In 1989, prices range from $107 to $165 per tonne, with mean

9129 per tonne and variance 97.78. The ninimum value is below that. in

1985 because the structure of the U.S. Farm BiLl alLows the minimum loan

price for wheat (lower bound) to decrease when farm prices average less

than 110 percent of the Loan rate. For this year, the highest probabil-

ities occur over the ranges of 9120 to 9130 per tonne (probability equal

to,33) and $130 to 9140 per tonne (probability equal to .305). In

1994, U.S. wheat prices range from $115 to $264 per lonne, with an aver-

age price of 9171 per tonne and variance 1158.24. The highest probabil-

íty (.20) is tinked to a price range of 9160 to 9170 per tonne, white

lhe second highest probability (.16) is associated with a price range of

9130 to 9140 per tonne. In calendar year 1999, prices range belween

9133 and 9323 per tonne, wit.h mean 9252 per tonne and variance 2022.08.

The highest probability (,395) is relaled to the range of over g270 per

tonne, The increasing variance of these probability distributions is

due nainly to the upper bound of the distribution which increases with

inflation at a rate of four percent per year.

Figure 4,3 presents the probability distributions (for 1989 and 1999)

associated with the Canada - United States exchange rate which is ran-

domly sampled from a fixed triangular distribution. In alL crop years,

the range of the disLribution is 1.18 to l.44, r{ith mean 1.32 and vari-

ance .003. These values correspond to lhe bounds and modal vaLue of the
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United States - Canada exchange rate distribution as detaiLed in seclion

2.3,3.2. In calendar year 1985, the highest probabitity (,275ìr is

Iinked to the range 1.35 to 1.40. In 1989, a .315 Likelihood is associ-

ated l{ith the 1.35 to 1,40 range and a .265 probability with the range

abou! lhe mean. In 1994t there is a probability of .28 that the ex-

change rate will be between 1.30 and 1.35 and a ,255 probability that it
will fall within 1.25 and 1.30. in 1999, rhe highesr probabiJ.ity (.29)

is reLated to the range 1.35 to 1.40,

The probability distributions of the weighted average or basket price

of grain, based on U.S. export wheat prices and the Canada - United

States exchange rate for calendar years 1989 and I999), are illustrated

in Figure 4.4. In 1985, the rleighted price ranges f rorn 9153 to 9195 per

lonne (Canadian dollars) with nean 9173 per tonne and variance 80.79.

The highest probability (.355) is associated with the range encompassing

the mean, $170 to 9180 per lonne. In caLendar year 1989, the basket

price ranges fronr 9133 to 9211 per tonne, riith nean g163 per tonne and

variance 232.95, Note that the mininum and mean values are below the

1985 levels reflecting a decrease in Loan rates for wheat in the United

States. À likeLihood of. .265 is associated the basket price falling be-

tween 9160 and 9170 per tonne. In 1994, the Heighted average grain

price ranges from gf36 to 9339 per tonne, with mean g212 per tonne and

variance 1763.51. The highest probability (,14) exists over the price

range of $190 to 9200 per tonne. In calendar year 1999, the weighted

average price of grain ranges fron 9166 to 9427 per tonne, with mean

$312 per tonne and variance 3495.00. The vast increase in variance of

these probability distributions can be attributed to the grorrth in vari-

ance of the U.S. export rrheaÈ price distribuÈions.



1 
.0

0

0.
90

0.
80

0 
.7

0

0 
.6

0

0.
50

0.
40

0 
.3

0

0.
20

0.
10

0 
.0

0

F
IG

U
R

E
 4

.4
: 

P
ro

bo
bi

lit
y 

D
is

tr
ib

ut
io

ns
 o

f 
th

e
W

ei
gh

te
d 

A
ve

ro
ge

 P
ric

e 
of

 G
ro

in

¡ o -o o

r3
0

r9
89

17
0

r 
90

 
2t

D
 

23
0 

25
0 

21
0

W
e¡

gh
te

d 
A

ve
ro

qe
 P

ric
e 

of
 G

ro
in

(c
dn

 $
)

29
0

3r
0



69

The shipper share limitation adjustment resuLts $hen the basket price

of grain falls below a fixed percentage of the average freight cost to

shippers. Figure 4.5 illustrates the probability distributions related

to the frequency and doLlar values of the shipper share lirnilation ad-

justmenls for crop years f995-96 and 2000-01. In crop years 1986-87

through 1990-91, no shipper share linitation adjustmenLs occur. In crop

year 1995-96, the likelihood of the requirenent of a shipper share limi-
tation adjustment is ,31 with the maximum adjustment in dollar terns of

$204 miIlion. The average adjustment is g2'1 .7 million {including the

years where no adjustment l,'as triggered). The highest probability (.69)

is associated with no required adjustment and the second highest prob-

ability (.105) is relaled lo an adjustment range of g50 to g75 miIIion.

These adjustments resul! from an ac!ivation of the safety net feature of

the WGTA in the 1994 calendar year (i,e. in 1994, the average freighf

cost to shippers exceeded 10% of the basket price of grain). In crop

year 2000-01, the probability of a shipper share linitaLion adjustment

ls .29, with the adjustment reaching a maximum of g323 million. The

mean adjustment is 941.6 niLlion. The greatest probabilíty (,71) is re-

lated to no adjustmen! t4ith 29% of the adjustments spread consisLently

over the remainder of the range.
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4.2,3 Financial Obliqations of the Federal covernment and Grain
Shippers

The federal government's share of eslimated railway costs, expressed in

total dollar terns, is relatively predictable in early crop years. This

is because the majority of governnent funds are conlributed in the form

of the Crorl Benefit and Èhe cumuLative governnent share of cost changes.

There is no within-year variation associated with the government's cunu-

lative share of cost changes given that costs are based on fixed input

price indices and the voLume forecast is identical in each year (see Ta-

ble 4.1 for values of lhe cumuLative governnent share of cost changes).

In laler yearsf variablity in the government's share increases as the

cunulative tally builds up and lhe Likelihood that this tally may exceed

its limits increases. Thus, the government may be reguired to contrib-

ule additional funds due to unspent commitmenls accumulating !o over

$150 miLlion, or lhe government may receive refunds due to overspent

commitments accumulating lo more than 9150 rnillion. Further varialion

in the government's share arises after the 1990-91 crop year, when the

computed freight rate--grain price ratios begin to exceed the safety net

percentages and shipper share Iimita!ion adjustmenLs are necessary (see

section 4,2,2). Figure 4.6 presenLs the probability distributions of

the government's share of rail costs for crop years 1990-91 and 2000-01.

The probabiJ.ities relaLed to the cumuLative talIy exceeding ils bounds

are outlined in Table 4.3. Figure 4.7 presents the probabilities of the

Ievels of adjustments to the government's share caused by the cumulative

taLly surpassing its legislated limits. The distributÍons of the ad-

justmenLs are illuslraLed for 1988-89 and 1998-99 rlhich wil-L irnpact the

governmen!'s share in 1990-9'l and 2000-01, respectively.
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TÀBLE 4.3

Probabilities of the Cumulative Tally Exceeding ibs Limits

Crop Yea r

Probabi 1i tes
Cunula t i ve Cumulative Cumulative

TaLl.y Exceeds Tally Lies Tally Exceeds
-9150 million I.lithin Limits +9150 million

1984-8s 0.000 1 . 000 0. 000

1988-89

1993-94

1998-99

0.170

0.210

0.645

0.650

ar I oE

0. '1 65

0.140

Note: Crop Year is the year in which the cumulatíve lalIy exceeded
legislated Limits, The resulting adjustments are incorporated
inLo the government's share in two years time (eg. the 1998-99
adjustment ís factored ínto !he government's shaie in 2000-01).

0. 170 0.665

In crop year 1986-87, the government's share is fixed at g716.5 mil-

lion. The Crow Benefit subsÍdy is g658.6 miJ.lion and contributions

through the infLation protection feature are g68.3 million based on a

forecas! of 33.6 nillion tonnes. Because no shipper share Iimitation

adjustments or adjustrnents related to the tally system are required for

this crop year, there is no variation in the governnent,s share of rait
costs. In crop year 1990-91, the government's sharÈ ranges from g597.0

nillion to 9903.8 rnilIion, with a nean of g725.6 million and variance

2905.9. The highest probability (,775) is associated with a range of

$700 to 9800 million. The Crow Benefit is 9658.5 mitlion and the cumu-

lative government share of cost changes is g72.5 miIlion, Because no

shipper share limitation adjustments are necessary for this crop year,
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the variation in the governnent's share is attributable to the 1988-89

cumulative tally and the possibiJ.ity that it may have exceeded its

bounds. The likelihood that the value in the cumulative tally from the

1988-89 crop year riilL lie within its defined limits is .645. À prob-

ability of .17 exists with respect to this talÌy declining below -9150

million and a probability of .185 exists regarding the tally surpassing

g'1 50 mi 11i on .

I n crop year 1995-96, the government' s share ranges from g618.6 to

9980.4 mi).lion, with an average of 9751.6 million and variance 2931 .4.

The highest probability (.615) is relâted to a range of 9600 to 9700

million. The Crol,, Benefi! is 9658.6 and government contributions

through the inflation protection measure are 977.8 million. Thus, the

variance in ¿his year's distribution arises from a combination of finan-

cial adjustments due to the cumulative tally and to the shipper share

IimiLation. The Iikelihood that the 1993-94 cunulative tally will lie
within its limits is.665, while the probability lhat it rtill fall below

-9150 is ,17 and the probability that it will rise above 9150 is.165.

In crop year 2000-01, the government's share ranges from 9627.4 to

$1077.1 million, with rnean 9769.6 million and variance 8047.2, The

highest probability (.615) is linked to a range of $700 to 9800 mill-ion.

Given lhat the Crow Benefit is still 9658.6 nillion and the cumulative

government share of cost changes is 983.0 milLion, the remaining varia-

tion again results from a combination of the possibility of adjustmenls

due to the tally sysLem and the safety net features of the Àct. The

Iikelihood tha! the 1998-99 cumulative tally will fa11 wihin plus or mi-

nus 9150 million is ,65. A ,21 probability exists lhat it witl fall
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-9150 million (resulting in a refund to the government), and a.14 prob-

abiLity exists that it rrill accumulate to greater than g150 million (re-

sulfíng in an addilional contribution by the governnent).

The grain shippers' share of estimated rail costs in rotat dollar

terns is calculated as a residual. Therefore, lhe variance associated

tliLh the probability distributions depicting the shippers, share for any

particular crop year is identical to lhe variance associated with the

governnent's share in that same year, Figure 4.8 iLl-ustrates the prob-

ability distributions of the shippers' share of eslimated railway costs

for crop years 1990-91 and 2000-01.

In 1986-87, the shippers' share is consLant at g306.5 miLlion. In

1990-91, the shippers' share ranges from g319,6 milLion to g640.8 rnil-

lion, with an average of g497.8 million. The highest probability (.755)

is lÍnked to the range around the nean (ç400 to 9500 million). tn

1995-96, Èhe shippers' share ranges from g581.5 million to 9943.3 mil-
lion, r+ith mean 9810.3 milLion. The highest probability (,63S) is asso-

ciated rlith a range of $800 to $900 niLlion, and the second highest

probabiJ.íty (.29) is associated with the next Iotiest range (9700 to gg00

miLlion). This is the firsÈ year of the analysis where the average

grain shippers' share of rail costs exceeds the average government's

share. In the final year of the simulation, 2000-01, the shippers'

share ranges from 9937.5 miLlion to 91387.1 miLLion, with a mean of

$1245.0 rnillion. The highest probability (.615) is reLaLed to a range

of 91200 to $1300 million.
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In summary, the probability dislributions of the governmen!'s share

are heavily skewed to the Left, while the distributions of the shippers'

share are heavily skewed to the right. Às well, the distributions re-

flecting both the government's share and shipper's share are character-

ized by increasing variance as time progresses. This increased varia-

tion is due to additionaL rate-determining components coming into play

in later years.

4,2.4 Freiqht Ra tes

The actual freight rates which lhe federal government or grain shipper

pays on each tonne of grain hauled is their respective share of rail
costs divided by the forecast of grain voJ.umes to be shipped. Because

there is no wíthin-year variation regarding predicted shipments, no ad-

ditional variation is incorporated into either of lhese per tonne chârg-

es relative to their shares of railway costs. The distributions re-

flecfing the government freight rate and the shipper freight rate also

possess the sane variances (as did the dislributions for the govern-

ment's share and the shippers' share), In addition, the patlerns of

skewness of these rate distributions follow the skewness tendencies of

lheir respective share distributions.

Figure 4.9 presents the probability distributions depicting the gov-

ernnent freight rate and Figure 4.10 illustrates the distributions re-

lated to the shipper freight for 1990-91 and 2000-01. In 1986-8?, the

government freight rate and shipper freight rate are fixed at g21.34 and

$9.13 per tonne respectively based on forecast shipments of 33.6 miLlion

tonnes.
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In 1990-91, the minimum government freight rate is $16.34 per tonne

and the maximum rale is $25.35 per tonne. The mean of the distribution

is 920.36 per tonne with variance 2.69. The highest probabiLity (,74)

is Linked to a range of $19 to 920 per tonne. The range of the freight

rate charged to grain shippers is $7.83 per tonne to $15.63 per tonne,

with mean $'1 3.89 per tonne. The highest probability (.81) is associated

with a range exLending f rorn 914 to 915 per tonne.

In 1995-96, the rate paid by government ranges from 916.18 per tonne

to $25.65 per tonne, with an average rate of $193.66 per tonne and vari-

ance 2,01. The highest probability (.57) is related to a range of 919

to $20 per tonne. The shipper freight rate ranges from 915.21 per tonne

to $24.68 per tonne t.lith mean 921 ,20, The highest probability (.59) is

associated with a rate ranging between $21 anð 922 per tonne. This is

the first year of the simulation in which the mean vaLue for the rate

paid by shippers exceeds the nean value for the governnent freight rate.

In lhe last year of the analysis, the governnent freight rate ranges

from 915.38 per tonne to 929.40 per tonne, wit.h an average rate of

918.86 per tonne and variance 4.83. The highest probability (.50) is

related to a range of $17 to $18 per tonne, The shipper rate ranges

f rorn 922.97 per tonne to 933.99 per tonne trith mean 930.51 per tonne.

The highest probabiLity (.495) is Iinked to the range of 931 to 932 per

tonne.

The overal.l. freight rate whÍch railways collect on every tonne of

grain shipped is calculaled as estimated eligible rail costs divided by

the forecast of grain voLumes to be shipped. Because no within-year
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variation exis!s in either estimaled rail costs (based on fixed inpu!

price indices) or predicted shipments, there is no within-year variation

regarding the overall freigh! rate. Table 4,1 lists the overall freight

râtes for each year of the anaLysis. For each simuLaLion triaI, the

particular government freighl rate and shipper freight rate sum to Èhis

overâll freight rate. Às rieLL, for any specific crop year, the mean of

the government freight rate dístribution and the mean of the shipper

freight rate dístribution sum !o approximately the overaLl freight rate.

4,2.5 Annual Tallv Adiustments and the Cumulative Tally

Figure 4,11 illustrates the probability distributions for the annual

lally adjustments for trlo of the crop years under analysis, In 1986-87,

the annual tally adjustment ranges fron -9135 million to 913'1 million,

with a mean of -914.0 rnitlion and variance 9697.0. The Iikelihood of a

negative adjustment (government expenditure exceeds lhe combined govern-

nent commitnent and shipper share limitation adjustment) is.56, and the

likelihood of a positive adjustment (unspent government commitment plus

shipper share Iimitation adjustment) is ,44, The highest probability

(.325) is related to the range of -g150 million to -9100 million.

In 1990-91, the annual tally adjustment ranges fon -9264 million to

$236 niLlion, with an average adjustment of -g5.0 nillion and variance

1154'1 .2. The probability of a negative adjustment is .55, and lhe prob-

ability of a positive adjustment is.285. The highest probabiJ.ity

(.455) is associated with the range of -g50 million to -$50.

In 1995-96, lhe range of the annual !aJ.ly adjustment extends from

-9351 nillion to 9249 nrillion rrith nean g3 rniltion and variance 9035.2.
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The probability of the adjuslment taking on a negative value is .55, and

of a positive value is.45. The greatest probabiliy (.295) is Iinked to

the range -$100 to -950 million.

In the final period of the simulation, the annual tally ranges from

-9224 miJ-lion Eo 9242 milLion, with a mean of -90.8 million and variance

673'1 ,8. The likeLihood of a negative lally adjustment is.55, and of a

posilive adjustnent is .45. The highest probability (.255) is associat-

ed with the range of -950 to g0 million and the next highest (.25) with

the range of -9100 to -950 million.

Às expected, these distributions indica!e

justment has a slightly greater probability of

ue because the probabilily of underforecâstin9

casting.

It should be noted that because the annual

million and above 9150 rnillion, the cumulative

islated limits in jus! one crop year.

that the annuaJ. tally ad-

taking on a negative val-

exceeds that of overfore-

!ally extends below -91 50

taLly can exceed ils J.eg-

Figure 4.12 presents the probability distributions for the 1990-9'1

and 2000-01 cumulative taLlies. In 1986-87, the cumulative tally ranges

fron -970 nillion to 9195 nilIion, with nean 950.0 million and variance

9097.0 (the 1985-86 tally was fixed ar 954.0 milJ.ion). The híghesr

probabilities are associated with the ranges -950 to -g100 (,24t and

$150 to 9200 (,225). In 1990-91, the range of the taÌly extends from

-$306 to 9340 million with mean -917.1 and variance 22358,8, The great-

est probabilities exist on the range between g0 and 950 million (.135),

g50 to g100 million (.11) and -$100 to -g150 milLion. In 1995-96, rhe
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cumulaLive taLly reaches a minimum ot -$262 nilLion and a naxirnum of

$352 nillion, with an average of -97 million and variance 20028.9. The

most likely range is that from g0 to -950 million, with a probability

eguaì to.18. In lhe final year of analysis, the cumulative tally rang-

es be reen -9259 and 9308 million, with mean -g16.6 million and variance
'1 6555.3. The most probable ranges run from -950 million to g0, g0 to

950 nillion, and 950 to 9100 million, with probabilities of .155, ,145

and .125 respectively.

4.3 COMPARÀTIVE ÀNALYSI S

This section performs the comparative analysis on each of the remaining

scenaríos in terms of lhe financial obligations of the federal govern-

ment and grain shippers. Specifically, scenarios 2, 3 and 4 are ana-

lyzed and compared tiith the bench case.

4.3. 1 Scenar io 2

îhis scenario doubles the voLune-reLated and Line-related input price

indices to 1.08 and 1.05, respectively, during the period from 1986-87

onward. Estimated eligible rail costs do no! double, but they do in-
crease substantially. As well, the rate of. cost change on a per tonne

basis increases from betÌieen three percen! and four percent (under the

bench scenario) !o over six percent. The maximum shipper share of cost

changes during this period is six percent. This means that shíppers

pick up their naximum share of inflation and because the federal govern-

ment is responsible for the remainder, government contributions through

the inflatÍon protectíon increase, Thus, costs to both grain shippers

and lhe federal governnent increase, as do their respective freight
rates.



87

Because the average freight costs to shippers increases significant-

1y, the safety net feature of the Àcl is invoked earlier, more frequent-

ly, and the anount of the adjusLrnents is much greater under this scenar-

io rel.a!ive !o the bench run. Sinee there is no change in the forecast

volumes or actual- shipments generated by the model under lhis scenario,

no significant changes occur to the taì.1y system. HoHever, !he govern-

ment's cumulative share of cost changes on a per tonne basis increases

(due to higher inflation). Àlthough the forecast error has not changed,

lhe size of the tally adjustment inscreases because there is a greater

dicrepancy between wbat the total government inflationary conlribuLions

were and what lhey should have been.

4.3.1,1 Financial Obligations of the Federal Government and Grain
Shippers

Table 4.4 is a comparison of the type and level of government payments

under scenario 2 with those generated from the bench case. In crop year

1986-87, the mean governmen!'s share of rail costs under lhis scenario

is the same as that under the bench.

In crop year 1990-91, the government's share averages g52.4 miltion

over that under the bench case. This increase is due to a substantial

increase in the government's cumulative share of cost changes and to the

existence of âdjustmenls from the safety net feature (which did not oc-

cur under !he bench sirnulation).

In 1995-96, the average government's share of railway costs exceeds

that under the bench by 9333,7 million, This increase is primarily the

resuLt of addiLional. contributions lhrough the inflation protection and



TABLE 4.4

Comparison of Type and Level of Government payments Under Scenario
I.¡ith Those Under lhe Bench Scenario

Crop
Year

Mean
Governnent's Share

(million g)

Bench Scenario 2 Change

Cum. Govt. Share
Crow BenefiÈ of Cost Changes(miIlion g) (mi 11i on g)

All scenarios Bench Scenario 2

1985-87 116.5 716.5 0
1990-91 725.6 7't8.0 52.4
1995-95 751 .6 1085.3 333.7
2000-01 759.6 1549,7 780.1

658.6
658.5
658.6
658.6

68.3 68.3
72,5 119.9
11 .8 266.9
83.0 s40.0

Shipper Shâre Limitation Àdj ustmen!

Bench Scenario 2
Mean Level Mean Level

Crop Probability of Àdjustment probability of Àdjuslment
Year of Adjustment (nilLion g) of Adjustment (million $)

1986-87 0.000
1990-91 0.000
1 995-96 0. 31 0
2000-01 0 . 290

0

0

21 ,7
41 .6

0.000
0.145
0. 875
0.915

0

3.8
167 .D
364.2
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safety net features of the Àct. The cumulative governnent's share of

cost changes in this scenarío exceeds that under the bench by almost

9190 miLlion, and the likeLihood of a shipper share Limitation adjust-

ment is.875, with a mean adjustnent level of g167.0 million.

In 2000-01, the mean government's share under this scenario is grea!-

er than that under the bench case by 9780.1 million. Àgain this is the

result of increased government paynents through the inflation protection

measure and through the safety neÈ mechanism. Shipper share limitation
adjuslnents from the 1999 calendar year occur rlith a probability of

.915, while under the bench run a probabi).ity of .29 existed.

Table 4.5 compares the mean values of lhe shippers' share of rail

TÀBIE 4.5

Comparison of the Financial Obligations of Grain Shippers Under Scenario
2 With Those Under the Bench Scenarlô

Crop
Year

Mean Shippers' Share
(milIion g)

Bench Scenario 2 Change

1986-87
f990-91
1995-96
2000-01

306. 5
497.3
810.3

1245,0

306. s
647 .9

1118.7
1887.5

0

150.1
308.4
642,5

costs under scenario 2 Hith those under the

grain shippers' mean share of rail cosls is
narios. In 1990-91 , 1995-96 and 2000-0'1 ,

bench case. In 1985-87, the

the same under the tl{o sce-

shippers continue to be re-
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sponsible for the maximum 5 percent of the resulting rail cos! increas-

es. Under the bench scenario, shipper contribut.ions to cost increases

are welL belos the maximum share (around 3 percent), Therefore, the av-

erage shippers' share under this scenario exceeds that under the bench

by 9150.1 million in 1990-91, $308.4 nÍlIion in 1995-95, and by g642.5

million in 2000-01

4,3,1.2 Freighl Ra tes

Table 4.6 compares the mean government freight rate, mean shipper

freight rate and overall freíght rate under scenario 2 with those gener-

ated under the bench scenario. For any particular year, the sum of the

changes in the mean governÍìent freigh! rale and mean shipper freight
rate equals the change in the overall freight rate railways collect
(rounding errors can alter this slighlty). In 1986-87, the federaL gov-

ernment's freighl rate is the same as that under the bench scenario. In

1990-91, shippers pick up a greater portion of the freight rate in-
crease. The mean rate shippers pay increases by 94,22 per tonne rela-

tíve to lhe nean shipper rate under the bench, while the mean governnent

freight rate under this scenarío exceeds that under lhe bench by g1.47

per tonne. in 1995-96 and 2000-01, the federal government is responsi-

b1e for a grealer share of the overall freight rate increase. The mean

government freight rate in 1995-95 is g8.?3 per !onne higher than !he

bench and lhe mean shipper rate is 98,06 per tonne higher. In the final
forecast year, lhe average rate government pays on each tonne of grain

shipped exceeds that under the bench case by g19,12 per tonne, and the

mean shipper rate exceeds that under the bench by g15.75 per tonne.



Comparison of Freight

TABLE 4.6

Rates Under Scenario 2 With Those Under
Scenario

91

the Benc h

Crop
Year

I'lea n Governnent
Freight Rate

( $,/t onne )

Bench Scenar ío 2 Change

Mean Shipper
Freight Rate

(g/tonne )

Bench Scenario 2 Cha nge

1986-87 21 .34
'f 990-91 20.3s
1 995-96 1 9. 66
2000-01 18.85

9.13 0
18.18 4.22
29,26 8.05
45.26 15.75

21 .34
21 ,82
28.39
37.98

0
1 .47
8.73

19.12

9.13
13.96
21 .20
30. s1

Crop
Yea r

Overall Fre igh! Ra te
( $/ronne )

Bench Scenar io 2 Chanqe

1986-87 30.46
1990-91 34.32
1995-96 40.86
2000-0'1 49 .37

30.46 0
40,00 5.58
5'1 .66 16.80
84,23 34.86

4.3,2 Scenar io f
If the probability distributions of lhe Canada - United States exchange

rates take on a pattern of decline, the Canadian dollar increases in

value relative to its irnerican counterpart. Since the model continues

to establish wheat prices in U.S. markets, Canadian wheat prices wíIl

decrease sith the appreciaLion of the Canadian dollar. Because other

Canadian grain prices are tied to the price of wheat in terms of histor-

ic relalionships, the baskel price of grain in Canada declines. Thus,

shipper share limilalion adjustrnents witl be triggered earlier, more
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thefrequently and of a sJ-ightly greater amount than tihat occurred under

bench scenario.

Government contributions through the infLation prolection feature are

identical to those under the bench because estimated railway cosls do

not change. As rlell, the tally systern wiIl behave in the nanner as un-

der the bench case as the forecasting and shipment deterninaLion proce-

dures have not changed. Thus, the only conponent of the government's

share which is altered under a scenario of an appreciating Canadian doJ.-

lar is the shipper share LimitaLion adjustnent.

In early crop years, the probability distributions of the apportion-

ment of costs betrreen governnent and producers and their respective

freight rates follot+ those under t,he bench scenario because shipper

share limiLation adjustments do not occur. Honever, in Later years, the

government's share of râil costs is sJ.ightly higher reLative to the

bench run, while the shippers' share is slightly lower. Because it is

simply the sharing of the estimated eligibJ.e rail costs which is affect-

ed, the changes in the government's and shippers' shares are equal.

It should be acknowJ.edged that the variance associated with both the

government's share of rail costs and the shippers' share of rail cosLs

will be greater under this scenario than under lhe bench case, This is

because of the greater frequency of shipper share LinitaLion.

4,3.2.1 Financial Obligations of the Federal covernment and Grain
Shippers

Table 4.7 ilLustrates the comparison of shipper share limitaLion adjust-

ments and the apportionnent of railway cosÈs betneen government and
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TABLE 4.7

Comparison of the Financial Obligations of
Grain Shippers Under Scenario 3 With those

Shipper Share timi ta! ion Àdjuslrnent

Bench
Mean Leve l

Probability of Àd j us tmen t
of Àdjustment (mi 11. i on g)

lhe Federal Government and
Under the Bench Scenario

Scenar io 3

Mean Level
Probabi I i ly of Adjustment

of Àdjustrnent (ni 1l i on g)
Crop
Yea r

1986-87 0.000
1990-91 0.000
1995-97 0.310
2000-01 0.290

0
0

21 .1
t1 Ê,

0,000
0.01s
0.585
0.575

0

51.6
111.8

Crop
Year

Mean
Governmen!'s Share

(milLion g)

Bench Scenar io 3 Change

Mean
Shippers'Share

(mil1ion g)

Bench Scenario 3 Change

1986-87
1990-91
1995-96
2000-01

0

0.1
29,7
70,2

716.5 715.5
725.6 725.7
751 .6 781.3
769.6 839.8

306.5 305.5 0
491 ,8 487.6 -0.2810.3 780.5 -29.7

1245.0 1174.8 -70,2

grain shippers under scenario 3 with lhose under the bench case. Uncler

this scenario, no shipper share limitaion adjustments result in 19g6-g7

as is the case under the bench scenario. However, in'l 990-91, a srnall

probabiJ.ity (.015) exists regarding the activation of the safety ne!

feature. The mean value of the adjustrnent is 9.1 mitlion. In 1995-96,

the likelihood of an adjustrnent increases substantialLy to greater than

twice that under the bench case. The probability under this scenario of

an adjustment is .585, with a mean adjustrnent level of $S1.6 million.
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In 2000-01, the probability of an adjustment is almost twice lhat under

the bench. À probability of .575 exists that an adjustnent will occur,

with a mean adjuslment level of g1'1 1.8 million.

The apportionment of rail costs between government and producers ín

1986-87 is the sane under scenario 3 as it is under the bench scenario.

In 1990-91, !he existence of shipper share limitation adjustments under

scenario 3 increases the mean governmenl financial obligation by $.1

million, while shipper obligations decline by this amount. In 1995-96,

the mean government's share increases by 929.7 million from the bench

run, while the shippers' share decreases by this anount. In the final
year of simulatíon, the cost sharing changes by 970.2 million; lhe mean

governnent's share increases by fhis amount and lhe mean shipper's share

dec rea ses .

4.3,2,2 Frei ght Rates

Table 4.8 outlines the nean freight rates paid by government and ship-

pers under scenario 3 and the bench scenario. The overall freight raLe

railways collect is not included in the table because it does not change

from that under the bench case. Under this scenario of a strenghtening

CanadÍan dollar, the mean freight rates for both governnent and produc-

ers in 1986-87 exhibit no change from the bench scenario. In 1990-91,

the mean government freight rate shows a g.i per tonne increase over the

bench case due to the possibility of a shipper share LinitaÈion adjust-

nent, although the mean shipper rate shor¡s no change. In 1995-96, the

âpporlionment of costs differs by about 9.78 per tonne from the bench

case. In 2000-01, the mean freight rate government pâys exceeds that
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TABLE 4.8

Rates Under Scenar i o
Scenario

AR

3 With Those Under the Bench

Mean Shi pper
Freight Rate

($/ronne )

Bench Scenar io 3 Change
Crop
Year

Mean Gove r nnen t
Freioht Rate

($,/[onne )

Bench Scenario 3 Change

1986-87 21 .34
1990-91 20.35
199s-96 19.66
2000-01 18.86

9.13 0.00
13.96 0.00
20.42 -0.78
28.79 -1 .72

¿t,5+
20.36
20 .44
20. s8

0.00
0.01
0.78
1.72

9.13
13.96
21 .20
30.51

under the bench run by 91.72 per tonne, whil.e the mean shipper freight

rate is $1 .72 per tonne Less than that under the bench.

4.3.3 Scenario !
This scenario involves changing the method of paynent to a "pay the pro-

ducer" approach lhrough the eslablishment of the GTR. The economic sta-

tus quo is maintained and it is assumed that estimaLed rail costs and

grain shipment projections will be identical to those under the bench

case. Thus, the freight rate producers pay under lhis structure is

equaL to the overalL freight rale of the bench scenario. No t{'ithin-year

variability is associated with this raLe. However, variation does arise

HiLh respect to the determination of ihe overall financíal responsibilty

of grain shippers as lheir total costs are dependent upon actual volumes

of grain shipped (which are randomly generated by the modet).
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I,lithin-year variation also arises in computing the IeveL of funds the

federal governnent will contribute to the GTR. No talLy system exists

and the cro',, Benefit and contributions through the inflalion protection

component are constant and identical to lhose under the bench case.

Therefore, the dÍfferential variation in the 1evel of payments by the

government to the GTR is due solely to the safety net feature of the

Àcl. Funds in the cTR are paid directly to individuat producers on the

basis of net sales of eJ.igible grains. Thus, the net cost to grain

shippers (as a group) after the refund possesses a combination of the

variance associated r,lith actual. graín shipments and of the variance re-

Lated to government contributions to lhe GTR. The net freighl cost to
shippers on a per tonne basis will also be subject to these within-year

variations.

Under this scenario, lhe financial obligations of the federal govern-

nent and grain shippers wiIl be evaluated in terms of government contri-
butions to the GTR (type and level), the gross cost to shippers of haut-

ing grain by rail and the ne! cost to shippers after the refund.

Freight rates r¡il1 be evaluated in terns of the futl rate shippers pay,

and the net freight rate shippers have actuaLly paid afler the refund.

4.3,3. f Financial 0bJ.igations of the Federal Government and Grain
Shíppers

Probability distributions depictíng the government contribution !o the

cTR in 1990-91 and 2000-01 are presented in Figure 4.13. Figure 4.14

ÍILustrates the probability distributíons for 1990-91 and 2000-01 of ad-

juslrnents due to the safety net feature under the changed method of pay-

nent. in 1986-87, the federal government contributes $216.S million to
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the cTR. No shipper share limitation âdjustnents occur and therefore,

lhere is no variablity associated with the governnent's comnitment.

In 1990-91, governnent payments range f rorn 9692.9 million to 9959.7

million, with mean 9768.8 mi).1ion and variance 4045.8. The highest

probability (.715) is associated with a range of g?00 to g800 million.

The probability of a shipper share limitation adjustrnent is .525. Ad-

justmenls range from g0 to 9239 million, with a mean of g47.? million

and variance 4045.8. If an adjustment occurs, lhe most likely level is
that from g0 to 925 nillion (probability equal to .10).

In 1995-96, government contributions range from g726.3 million to

$1208.1mi11ion, with an average contribution of g?81.3 milLion and var-

iance 8343,3. The highest probabitity (.72) is related !o a range of

$700 to 9800 million. Àdjustments due to the safety ne! feature occur

with a likelihood of .39 and reach a maxinum of 9482 niLlion. The mean

adjusLnent leve1 is $55.0 nilJ.ion and the variance associated l{ith these

adjustments is 8343.3, The probabilities of any particuJ-ar range of ad-

justments are relatively evenly dislributed.

In the final. year of the sinulation, the government's financial obli-
gâtion to the cTR ranges f rorn g731.6 míllion to $1183.i million, rlith

mean 9747.0 million and variance 3941.3. The highest probabi).ity (,93)

is ]inked to a range of 9700 to 9800 miLlion. the likelihood of a shÍp-

per share linitation adjustment is .10. The maximum adjustment leveL is

$492 million, the mean is 915.4 million, and the variance is 3941.3.

À11 levels of adjustmen! up to the maximum have a relatively equal and

very small probability of occurring.
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It should be noted that the general appearance of the probabíi.íty

distributions depicting the financial obligations of the federal govern-

nent are simiLar to those generated under the bench scenario with re-

spect to skewness tendencies. Under both scenarios, these disLributions

are heavily skewed to lhe Left. Howeverr the lrends related !o the var-

íance of these distributions differ substantially betneen the two sce-

narios. Under the bench scenario, the variance associated with the dis-

trÍbutions reflecLing the governrnent's share of costs increases with

time as additional rat.e-determining factors come into play. Under this

scenario, the variance rel-aled to government payments to the GTR is de-

penoent onJ.y on shipper share limitation adjustments and exhibits a pat-

tern of increase in early crop years and decrease in later years.

Table 4.9 compares the probabilities and mean adjustrnent levels of

shipper share Iinitation adjustments under this scenario with those un-

der the bench case. Also included in the table is a comparison of the

mean vaLues of the government's financial obligatÍons under this method

of payment with those resulting under !he bench. In 1986-87, the safety

net feature is not activated under either scenario. In 1990-91, there

is a substantial probabitity of an adjusErnent in the scenario involving

a "pay the producer" nethod of payment, whil.e there is no likelihood of

an adjustment under the bench case. In 1995-95, both the chance of and

level of an adjuslnent under the "pay the producer" scheme is greater

relative !o the bench scenario. In 2000-01, the likelihood of and ad-

justment under this scenario is small and much less than that under the

bench run. Às well, the mean adjustment level is snaller reLative to

the bench ca se.
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TÀBLE 4.9

Comparison of Type and Level of Governnent payments Under Scenario 4
With Those Under the Bench Scenario

Shipper Share Limi tat ion Adjustment

Bench Scenar io 4
Mean tevel Mean LevelCrop Probability of Àdjustnent probability of ÀdjustmentYear of Àdjustment (nillion g) of Àdjusrmeñt (mil-iion $)

1986-87 0.000 0 0.000 01990-91 0.000 0 0.525 47,71995-96 0.310 21 ,7 0.390 55.02000-01 0.290 41 ,6 0.100 15.4

Mean Gover nmen t
Financ iaI 0bligation

(miLlion g)
Crop
Year Bench Scenario 4 Change

1986-87 716.5 716,5 0.0
1990-91 725.6 768.8 43,2
1995-96 751 .6 781.3 29,7
2000-01 769.6 74'7.0 -22.6

In 1986-87, !he government financial obligation under lhis rnethod of

payment is fixed and equal to lhe mean value of the governnent's share

of rail costs under the bench scenario. in 1990-91 and 1995-96, the

mean government payment to the GTR exceeds the mean government's share

of rail costs under the bench case by g43.2 million and g29.7 million

respectively, In the final forecast period, the average financiaL obli-
gation of the federal governmen! under this scenario is g22.6 rnillion

less than that under lhe bench.
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Figure 4.15 presents the probability distributions reflecting the

gross cost to producers of hauling grain by rail for crop years 1990-91

and 2000-01, These costs are determined by multiplying lhe shipper

freight rate by actual (randonly generaLed) grain shipnents. Figure

4.16 presenls the probability distributions depicting the net cost to

shippers after receiving payments fron the GTR diluted by a factor of 15

percent (graphed for these same crop years). In l986-8?, the gross cost

lo shippers ranges from 9551 .0 million to g1233.4 million, with a mean

of 91031.3 rniLlion and variance 30425.3, The most probable cost range

is 91100 to 91200 rnillion (probability equal Lo .24). The net cost to

shippers ranges fron 9203.7 million to 9455.9 miltion with mean g381.2

million and variance 4157.5. The highest probability (.465) is Iinked

to the cost range 9400 to 9500 rnilIion, and the second highest probabil-

ity (egua1 t0.43) is associated riith the range about the mean.

In 1990-91, the gross cost to producers ranges from g?33.5 million to
$1480.9 million, with mean $1224,8 million and variance 33432.1. The

most likeLy cost range ís that from 91300 to $1400 million, Ìrith a prob-

ability equaL to .265. Àfter payments from the cTR, the net cost to

shippers ranges from 9306.4 mitlion to g673.3 mi).J.ion, with an âverage

net cost of 9530.6 million and variance 8378.5. The highest probability
(.39) is associated with the range aboul the mean,

In'1 995-96, gross shipping costs to producers ranges from g992.5 mil-
lion to $1816.0 million, with mean $1547.2 mílIion and variance 40413,4.

The maxinum IikeLihood of net shipping costs is associaled with the

range of $1700 to 91800 million (probability equaJ. to .30). Net ship-

ping costs range from 9428.0 nrillion to g105539 miIl.ion, with an average
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net cost of $850.7 mil.lion and variance 19174.2. The most probable cos!

range is 9800 to 9900 million, with a probability of .285.

In the final year of anal.ysis, the minimum gross cost is g'1411.9 mil-

1ion, lhe maximum is 92311.2 million, the nean value is $2026.3 millíon

and lhe variance related to this cost distribuLion is 43221 .8, The

highest probability (,515) is associated with lhe cost range about the

mean. Net shipping costs range from 9940.5 milLion to g1555.8 million,

with mean $1349.6 and variance 21527.6. The most likely cost range is

91400 to g1500, with a probability of .40.

The generaJ. skewness patterns of the probability distributions re-

flecting the financial responsibilities of shippers correspond to the

distributions reflecting the shippers share of rail costs under the

bench scenario. Bolh sets of distributions are subsÈanLiatly skewed to

the right. However, the variances of the distributions under the tlio

scenarios differ significantly. Under the bench case, the variance as-

sociated !¡ith the shippers' share of costs increases !hrough tine and is

tied to all raLe-determining components. Under scenario 4, the variance

associated vlith the gross cost to shippers decreases through tine and is

related only !o the variance associated with actual grain shipments.

The variance associated with the net cost to shippers fluctuates

throughout the sinulation as it is dependent upon the variablity of both

shipper share lirnitation adjustments and randomly generated actual grain

shi pmen ls

TabIe 4.10 ill.ustrates a comparison of the financial obligations of

grain shippers under the two rnethods of paymen! based on the economic
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TÀBLE 4. 10

Conparison of the Financial Obligations of Grain Shippers Under Scenario
4 With Those Under lhe Bench Scenario

Bench Scenario
Mean Mean

Shippers' Share cross Cos t
Crop of Rail Costs to Shippers
Year (million $) (million S)

Scenario 4

Mean Mean
Shipper Refund Net Cost
(di Iut i on=10%) to Shippers

(mi l l ion g) (million g)

1986-87
1990-91
199s-96
2000-01

306.5
497 .8
810.3

1245.0

1031 .3
1224.8
1547 .2
2026,3

6s0. 1

694.2
696. 5
67 6.7

381 .2
530. 6
850.7

1 349. 6

status quo. In general, grain shippers will pay more to ship their
grain by rail under a nethod of paynent whereby the Crow subsidy is paid

directly to producers througb the establishment of a GTR. Under this

melhod of paymenl, a dilution of the rebate results in a higher net

shipping cost to producers relative to !¡hat occurs under the present

nethod of payment.

Holrever, because of the expansion of the prairie livestock industry

under the GTR approach, additional grain is fed on the prairies. Inter-
polating Àgriculture Canada's 1984 forecast of the increase in prairie

livesLock output and applying curren! feed use (see seclion 3.2.41 , the

additional grain consumed in Western Canada as livestock feed can be es-

tinated. Thus, additional grain to be fed on the prairies is .36 miI-

lion tonnes in 1986-87, .84 million tonnes in 1990-91, and 1.4 million
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tonnes in 1995-96 and 2000-01. In consequence, on-farm grain invento-

ries are reduced, which in turn reduces the costs to producers of stor-

ing grain. The interests costs on the value of grain no Longer stored

reflect the savings in storage costs. Usíng the weighted average grain

prices generated in the sinulation, and assuning a real interest rale of

I percent, the reduction in inventory costs is g4.4 million (.36 million

tonnes x 5154/t x .08) in 1986-8i, g11.3 rnitlion in 1990-91, g26.0 rnil-

lion in 1995-96 and 935.0 ni11Íon in 2000-01,

ÀIthough these savings help lo offsel shipping costs, producers pay

more !o ship grain under a payment structure whereby the subsidy is paid

direclJ.y through the cTR. In crop year 1986-87, producers, costs in-

crease by 970.3 as a direct result of a change in the method of payment

(after accounting for savings in storage costs). In 19g0-g1, shipping

cost.s increase by 921 .5 nitlion. In 1995-96, costs under this scenario

exceed those under the bench by 914.4 million and in the final forecast

period, shippers' financial obligatíons increase by g69.6 million.

4,3.3,2 Fre ight Rates

The probability distributions of the "freight rates" paid by lhe govern-

ment in the forn of contributÍons to the GTR on a per tonne basis for

the years 1986-87 and 2000-01 are shown in Figure 4.17. In 1986-87, the

government has paid 921.34 per tonne into the cTR. in 1990-91, the gov-

ernment contributions per tonne to the GTR ranges from g20.23 Eo 926,92

per tonne, t{ith nean 921.57 and variance 3.2. The most probable range

is $20 to 921 per lonne (probability equal to,575). rn 1995-96, the

government "freight rate" covers a range of 919.00 per tonne to g30.81
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per tonne, fJiLh an averâge of $20.43 per lonne and variance S.7. The

highest probabilíty (.57) is reLated to the range just before the mean,

$19 to 920 per tonne. In 2000-01, the freight rate the governnent has

paid into the GTR extends over the range of g'17.93 per tonne to g29.99

per tonne, with mean 918.31 per lonne and variance 2.4. The rnost tikely
rate range is 917 to 918 per tonne rlith a probability equal !0.90.

Table 4.12 illus!rates a comparison of the governmen! contribu!ions

on a per tonne basis lo the GTR under this scenario Hith the government

TÀBLE 4. 1 1

Conparison of Government "Freight Rates', Under Scenario 4 Wifh Those
Under lhe Bench Scenar io

Bench Scenar io Scenario 4
Mean Governnent Freight Mean Governnent

Crop Rate "Freight Rate"
Yeâr (g/tonne ) ($/ronne ) Change

1985-87
1990-91
1995-96
2000-01

21 .34
20. 35
19.66
18.86

)1 ?L

21 .57
20.43
18.31

0.00
t.¿¿
0.'17

-0.55

freight rate generated under the bench run. Under this cTR form of the

"pay the producer" approach, the government's contributions to the Fund

on a per tonne basis are higher than the freighl rates they pay under

the current rate structure except under the final years of analysis (in

1999-2000 and 2000-01). This is the result of different safety ne! per-

centages under the two methods of paynen!.
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The fuLI freight ra!e which producers pay under lhis scenario is

identical. to the overall freíght rat.e generated under the bench scenario

(see Table 4.1, coLumn 20). No within-year variation exists rlith re-

spect lo this rale. However, after receiving compensatory payments from

lhe cTR, the net freight rate shippers have paid does possess within-

year variation. Figure 4.18 graphicaJ.ly iLlustrates the probability

distributions depiciting the net shipper freight rate for crop years

1990-91 and 2000-01. In 1986-87, the net freight rate shippers have

paid is 911.24 per tonne. No variability is incorporated into this fig-
ure because government contríbutions to the GTR are fixed for this par-

ticular crop year (no shipper share tínitation adjustments). In

1990-91, the net shipper freight rale ranges from g10,09 per tonne to

916.11 per tonne, with mean 914.91 and variance 2.6. The most probable

range is $16 to $17 per tonne (probability equal to.495). In 1995-96,

the net shipper freight rate covers a range of. 912,42 per tonne to

$23.76 per tonne, with an average oL g22,46 per lonne and variance 4.6.

The highesl probability (.655) is relaLed to the range about the meân,

$23 to 924 per tonne. In 2000-01, the net freight rate shippers have

paid extends over the range of 922.38 per tonne to 933.23 per tonne,

with mean 932.90 per tonne and variance 1.9. The most likely rate range

is 933 to 934 per tonne with a probability equal to.905.

The variance associated r+ith the net shipper freighl rate fluctuates

throughout the simulation period in a nanner corresponding to the vari-

ance of the net freight cost to grain shippers (in total dolLars).

Table 4.11 ÍlLustrates a comparison of the net shipper freight rates

under this scenario r¡ith the shipper freight rate generated under the
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TÀBLE 4. 12

Conparison of Shipper Freight Rates Under Scenario 4 With Those Under
the Bench Scenario

C rop
Yea r

Bench Scenario
Mean Shipper Freíght

Ra te
($/tonne )

Scenario 4
Mean Net Shipper
FreÍ qht Rate

( $r/i on ne ) change

1986-87
1990-91
1995-96
2000-01

9.13
13.96
21 ,20
30.51

11.26
1¿ al
22.46
32.90

2.16
0. 95
1.26
2.39

bench run. Under a "pay the producer" approach, grain shippers pay the

full freight rate to ship their grain !o ports of export. Even after
compensalion, their net shipping costs on a per tonne basis exceed lhe

shared rate lhey pây under a "pay lhe railways" method of payment. The

actuaJ. shipper freight rate under this scenario increases by g2.16 per

tonne in 1986-87, 90.95 per tonne in 1990-91, $1.46 per tonne in
1995-96, and by 92.39 per tonne in 2000-01 relative t.o lhe bench case.

4,4 STÀBILiTY OF DI STRI BUTI ONS

To obtain stable probability distributions, a specific number of trials
must be performed such that the resulting distributions are not statis-
tically different from r.lhat is expected. The probability distributions
of the three stochàstic input variables (U.S. export T¡heat price, Canada

- United States exchange rate and potential grain shipments) proved to

be statistical.ly stable r¡hen each twenty-year simulation (one triaL) was

repl icated tl{o hundred times. A chi-sqiuare test for uniformity was
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used to lest if lhe cell frequencies generated under the observed two

hundred repetitions differed fron the expected frequencies generated un-

der one thousand repetions. It rlas assumed that one thousand replica-

tions would represent lhe uniform expected results.

However, a test for uniformity couLd not be applied to the results of

the study (in terms of tesLing for the stability of the dislributions
depicting the paymenl responsibilities of shippers and government). To

acconplish this, the entire model would reguire one thousand repetions

for each year of the analytical períod, ÀIthough this was altenpted,

the simulation-run using one thousand replications was constrained by

input/ouput counts and memory capacities of the university's mai.nf rame

computer system. The expected cell frequencies associated !,ith the fi-
nancial obligations of government and shippers which would result fron

one tbousand replicatíons of the model could not be delerrnined. There-

fore, because the randomly generated input variables l,|ere stable at lwo

hundred replications, it was assuned that the distributions of the ou!-

put variabJ.es were al.so stable.



Chapter V

SI,JMMÀRY AND CONCLUSI ONS

The sophistication of the râte-setting cycle as defined in the [{estern

Grain Transportation Àct and the uncertainty of future economic events

give rise to the uncerlainty of the financial obligations of both the

federal governnent and graín shippers with respect to the costs of ship-
ping grain by rail. Uncertainty is compounded further by speculation

that a "pay lhe producer" scheme may replace the current method of di-
rect payments to lhe railways.

The general objective of this study llas to evaluat.e how the freight
rates legisJ.ated in the WGTÀ influence the type and level of paynents

f rorn shippers and government. This objective was accomplished by first
developing a model !o simulate the range of future payment responsibili-

ties of shippers and governmen! in terms of hypothetical probabiJ.ity

distributions. The model l.tas then used to determine the effects of var-

ious economic events and structural cbange on these future financial ob-

ligations. Economic evenLs examined were a bench case reflecting the

economic status quo, an increase in railway costs, and a decrease in the

Canada - UniLed States currency exchange rale (which results in a drop

in Canadian grain prices). The trro rate structures examined tiere a

bench case depicting the current met.hod of payment of the Crow subsidy

and an alternâte case invoLving a change in the method of payment to a

"pay the producer" approach based on net sales of ej.igible grains.

- 114



1.f5

The model sirnulated twenty crop reporting years¡ fron 1981-82 to

2000-01 (with actual events overriding the random nature of the sinula-

tion for crop years to 1986-87), Each tllenty year sequence, considered

to be one trial, was replícated two hundred tines lo achieve a slable

distribution of possible outcomes. In order to satisfy the general ob-

jective, the nodel produces probability distributions for the financial

obligations of the federal government including contributions through

the inflation protection and safety net features and adjustnents result-
ing from the tally systemi the financial obligalions of grain shippers¡

the government freÍ9ht rate; the shipper freight rate; and the annual

taily adjustment. As well, the model produces distributions for each

stochastically based element of the rate-determining process: the

weighted average grain price in Canada based on a randomly generated

U.S. wheat price and Canada - U.S. exchange rate; actual grain ship-

ments of statutory grains by rail; and the forecast of grain volunes to

be shipped. This Monte Carlo process of sampling from several probabil-

ity distributions al.lowed the model to simulate a range of possible out-

comes within a given structure.

Four scenarios based on the economic and structural conditions men-

tioned previously were analyzed. The fírst scenario depicted the bench

case (the current nelhod of payment under the current econonic situ-
ation). Scenario 2 increased rai).way costs under the current rate

structure. Scenario 3 differed from t,he bench case by introducing an

appreciating Canadian dollar relative to U.S. currency. Scenario 4 al.-

tered the method of payment to a ,'pay the producer" optÍon and utilized
the economic status quo. The resulls of these scenarios in terms of the
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payment responsibilities of the federal government and graÍn shippers

l{ere analyzed and compared using four specific crop years - 1986-g7,

1990-91 , 1995-96, and 2000-0'1 .

5.1 ST'MMÀRY OF RESULTS

The results indicate that under lhe economic and structurat condit'ions

assuned in the bench scenario, the tolal freight rates for grain will
rise to an expecled level of 949.37 per tonne by 2000-01. Throughout

the simulation period, the financial obligations of both shippers and

government increase. The expected freight rates paid by shippers also

increase to an average of g30.51 per tonne by 2000-01 (62% of. the total
freight bill). HoHever, because forecast volumes of grain are increas-

ing and because the government's absolute payment responsibilities are

only increasing slightty, the average freight rales paid by the govern-

nent decrease over time. By 2000-01, the average government freight
rate is expected to be $18.86 per tonne.

If projected railway cost infLation doubles to 8 percent per year

(scenario 2), grain freight rates are projected to increase to g84.24

per tonne by 2000-01. TotaL financial commitments and freight rates in-
crease throughoul the simulation for boLh shippers and governmen!. By

2000-01, shippers pay an expected rate of g46.26 per tonne (55% of the

totaL rate) and the government freight rate averages g37.99 per tonne.

Relative to the bench case, shippers rates have risen as they are no!¡

liabre for !he maximum 6% infl.ationary cost increases, Government rates

have increased due to greater contributions through the inflation pro-

tection rneasure and more frequent and larger adjustmenLs resulLing from

the safety net feature.
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if the Canada - United States exchange rates become comparable (scen-

ario 3), Canadian grain prices drop. This does no! impact lhe total
graín freight rate, but affects the respective shares of shippers and

government. The reduction in grain prices in Canada causes shippers !o

receive greater financial assistance through the safety net feature,

thus reducing their share of the rate. ¡.Ithou9h the payment obJ.igations

of producers and the freight rates they pay increase lhroughout the

period under analysis, the average shipper rate is onJ.y g2g.79 per tonne

by 2000-01 (or 58% of the total g49.37 per tonne grain freight charge).

Due to increased requírements of shipper share limitâtion adjustnrenLs,

the financial obligations of the federal government are higher relative
to the bench case. ConsequentLy, the average freight rates paid by the

government increase throughout the simuLation time frame. By 2000-01,

the expected governnent freight raLe wiLl be aprroximately g20.5g per

tonne.

Shou]d a change in the method of payment occur (scenario 4 analyzed

the Grain Transportation Refund based on net sales of eligible grains),

shippers pay the ful1 freight rate ($49.37 per tonne) by 2000-01. De-

spite a refund payment, the nel cost to shippers will be greater than

t{hat they t{ould pay under the present rate structure because the tolat
subsidy is spread over a larger voLume of grain. The net costs to ship-

pers increase throughout time and by 2000-01, their net cost (after the

refund payment) is expected to be g32.90 per tonne. Under the fornula

deternining the government's payment responsibilities, revisions were

made to the safety net percentages to try !o give producers a measure of

protection equivalent to that under the current method of paynent. cov-
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ernrnent contributions to the cTR begin to drop loward the end of the

analytical period. 0n a per tonne basis, the subsidy amounts to an av-

erage of 918.31 per tonne. This reduction occurs because the shipper

share limitation adjustments which have been triggered lhroughout the

sinulation become Lower and less frequent in later years. This occurs

because the freight rate--grain price ratíos decrease (freight rates in-

crease at a lesser rate than do grain prices).

In order to summarize the results, Table 5.1 illustrates the average

government and shipper freight rates (and their respective shares of lhe

toLal grain freight rate) for each of the four years exarnined and for

TABLE 5.1

Summary of Freight Rates

Àverage Government Freight Rate and percent of TotaL Rate

Crop Bench Scenario 2 Scenario 3 Scenarío 4
Year g,/tonne '/" g/tonne % g/tonne % g/tonne %

1986-87 21 .34
1990-91 20.35
'f 995-96 19.66
2000-01 18.86

21 .34 70% 21 .34
21 ,82 55% 20.36
28.39 49% 20,44
37 . 98 45% 20. 58

70%
6s%
4goÁ

36%

70%
E qol

s0%
42%

70%
59%
48%
38%

30%
41"Á
Êaot

640/"

30%
45%
51%
550Á

21 .34
21 .57
20.43
18.3'1

Àverage Shipper Freight Rate and percent of Total Rate

Crop Bench Scenario 2 Scenario 3 Scenario 4
vear g/tonne % g/tonne % g/Eonne % g/tonne %

1986-87 9. 13 30%
1990-91 13.96 41%
1995-96 21 .20 62%
2000-01 30.5'1 62%

9.13
18.18
29.26
46,26

9.13 30% 11.26
13.96 41% 14.91
20.42 50iÁ 22.46
28.79 58% 32,90
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each of the four scenarios analyzed. Because the volume forecast used

in any particular year is the same for each of the scenarios, the com-

parison of rates is just as valid as lhat of absolule financial obliga-

tions.

Aside from the freight rates themselves, teo other conponenls of the

rate-determining process should be summarized. The first is the safety

net feature of the Àct. Under the economic status quo and the current

rate sLructure, shipper share linitation adjustments could be triggered

around 1991-92, By the end of the simulation period (2000-01), the

probability of an adjustment has risen to some 30% with an average leveJ.

of 941.6 nillion. When railway costs increase (scenario 2) and the

shipper freight rate increases, lhe safety net feature is activated ear-

lier and the financial assistance shippers receive is greater than that

under the base case. By 2000-01, the shipper share linitation adjust-

ment averages 9364.2 million under scenario 2 with a likelihood of.

91 .5%, Ì,lhen Canadian grain prices drop, shippers again receive addi-

tional financiaL aid through more frequent and larger adjustments from

the safety net feature, By 2000-01, the probability of an adjustment

under scenario 3 is 57.5%, wiLh an averâge level of gli l.B million. Un-

der the fourth scenario, the revised safety net percentages (20%) result

in frequent shipper assistance in early years as producers are paying

the ful.L freight rate. In later years, the aid is reduced as grain

prices rise and the fuLl rate producers pay drops bel.ow 20% of the bas-

ket price of grain in Canada.

With respect to the tally system and volune forecast errors, the

anaLysis indicated that lhere is a tendency tor+ard negative annual tally
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adjustmenls (monies owed by producers to lhe governrnent). This is be-

cause negative talLy adjustnents are the result of underforecasting

grain shipnents which ís more probable than overforecasting.23 Negative

annual tally adjustnenls can be subject to a Lower Linit if the forecast

error which caused it was constrained. For examplef aII of a bumper

crop may not be abLe to be shipped fo port if the grain handling and

transporLation system does not have lhe available capacity to handle

that entire volume. Positíve annual tally adjustments caused by over-

forecasting have no limit as there are no constraints on crop failures.
However, the results indícated that the range in negative and positive

annual tally adjustments is comparable meaning the range of up-side and

down-side forecast errors is also conparable.

The result was lhat over the long term, lhe cumuLative tal.ly averaged

916,6 niJ-lion by 2000-01. However, during the simulation period, the

cumulalive taIly often exceeded ils legislated lirnits. This required an

adjusrment to be made to the governnent,s share of costs in order !o

avoid having to large a sum owed !o either party. It should also be

noted that the magnitudes of the annual tally adjusLment (both positive

and negative adjusLments) were such that the cumulative taJ-J.y could ex-

ceed Í!s bounds Ín just one year.

The. use -of a least. squares technique (which assumes a nornally dis-
tributed error term) will produce mostly underestimates because-grain
shipnents are characterized by BeLa distributions skewed to ior+er
levels of shipmen ts.

23
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5.2 POL]CY IMPLICÀTIONS

Because the model forecasts the probabílities of future freight rates

for both shippers and government, policy makers have some idea of the

range of financial obligations of both parties in terms of !rânsporta-

tion costs. Furthernore, the resuLts generated under the four scenarios

produce differing distributions of outcomes. Therefore, policy rnakers

and advisors have sone some a priori information regarding the expected

impacts of various econonic and struclural changes and lhe magnitude of

those impacts. Given government intervention in the producers' freight

rate to date,2¿ future es!imates of their expected rates will likely be

usefuL.

Relevant infornalion is also generated as to the effectíveness of the

taLly sysLen. The taì.Iy adjustments are more likely to be negative ow-

ing to the greater probability of underforecasting. Under consecutive

underestination, policy advisors can see that there will be a tendency

for the cumulative tally to build towards its legislated lower Lirnit
(-$150 million) even if forecast errors are small, If this should begin

to occur, advisors can suggest that the volune forecast be set such that

an overestination will likely occur. This wilÌ result in a positive an-

nual tally adjustment which will bring the cumulative tally back in Iíne
(towards zero). FurLhernorer policy makers may find that the current

Iegislated bounds for the cunulative tally are too Lor{ as the nodel re-

2¿ In Àugust of 1984, an anendment to the WGTA froze the shipper freight
rate for ttio years. In the second year of the freeze, thã-governmãnt
íntervened by advising the cTA to adjust the grain volumé estimate
upon.which freight rates hinge. The volume iorecast was lowered,
freeing up more governnent subsidy per tonne, and keeping shipper
freight rates Iower than they would have been without ihe-foreðåst
reduct i on.
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sults indicate that these limits can be exceeded in one year.

The results of lhe fourth scenario of the model provide results on

the rale implications of a change in lhe method of payment to ,,pay the

producer" through the Grain Transportation Refund âpproach. In addi-

tion, policy makers have some idea of lhe Level of protection producers

receive t{ith respect to a "pay the producert' option and revised safety

net percentages oÍ. 20 percen!. The frequency and anount of shipper

share rimitation adjustrnents was higher under !hese conditions relative
to the current rate structure and legislated safety net percentages.

Therefore, if producers !rere to receive !he Crow Benefit subsidy direcl-
ly, those in lhe policy arena may want to adjust these percentages !o

give producers the same amount of protection as they have under the cur-

rent nethod of payment.

5.3 LIMITÀTION OF THE RESEARCH

Àny research which is attempting to forecast future evenls is subject !o

Limitations. With respect to this sludy, lhese Iimitations occur in the

assump!ions underlying the the forecasts. The esLima!ion of eJ.igible

raiJ.way costs tras based on various assumptions regarding future produc-

tivity, branch line abandonment, the changing nix of rail traffic and

adjusLments relating to hauling grain over high cost lines. If these

assumptions prove to be way off base, the financial responsibiti!ies of

the federal government and grain shippers may be over/underestinated.

In addition, the forecast volumes upon which estimated raiL costs are

based and upon which the freight rates are derived may not be accurate.

In aI). scenarios, perfect knowledge of the future was assumed in terms
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of the probability distributions for grain production and prices.

Structural changes ín terms of lechnology and government poì.icy could

affect the range of future events not included in the assumed distrÍbu-

tions. Further, the 'future' tihich was assumed was stochastically de-

termined and subject to conditions such as rail capacity limiLalions.

Under this section dealing !¡ith linitations of the study, it is also

Ínportant to assess the modeL's taLly system. In order to evaluale the

paynent responsibilities of government and producers, it was felt that

the tâIly system shouLd be forced to behave as íntended and flucluate

around zero. The tally system lras established to account for dispari-

ties belr'een projected and actual grain shipnents, In years of better

than average crops, the amount owed by producers would increase and in

years of worse than average crops, the amount owed by the government

would increase, If the volune projections are done properly, the nurnber

of years !¡here actual exceed projection should equal the number of years

where actual ís below projection, and the cumuLalive amount otled to or

owed by the government should fluctuate around zero.25

Thus, the econometric procedure applied to generale forecast voLumes

was used to theoretically force the cumulative tally to fluctuate around

zero. This occurs if the assumptions of the linear stochastic regres-

sion are satisfied; specifically that the randon error term is norrnally

distributed with mean zero. Providing these assumptions are va).id, the

cumulative tally should be normally distributed with an expected value

of zero since the ta}ly is, in concept, the random error term.

25 Grain Transportation Àgency, 'proposal to Rernove the 31.5 million
tonne Cap' , I,rinnipeg, 1984.
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However, the least squares technique used to estimated future volumes

shipped rlas applied to alI 3500 observations representing actual grain

shipnents (200 observation per crop year from 1983-84 through 2000-0i).

Because each of these observations is a randonly derived value subject

to truncation from a capacity funcLion, the distribulions of actual

grain shipments for any particular crop year exhibiled tendencies of

negative skewness. Therefore, the distributions of the error term aris-
ing fron the regression procedure also showed negative skewness, and the

assumptions of lhe general Iinear model were vioLated. The probability

that actual shipments exceed forecast shipments Has greater than the

probabiJ.ity that forecast shipmenLs exceed actual shipments, and the ex-

pected value of the cunulative tally t,las greater than zero. Thus, the

attenpt to force the laLly syslem to perform as it was theorelicalJ.y in-

tended was no! fuIly successful. However, lhe tatJ.y adjustments gener-

ated in this research probably give a good idea of how the lally will
behave in the "real world".

Ànother Limitation of the study is related to the stability of the

resulting probability distributions of the payment obligations of the

federal government and grain shippers. The retiabiliLy of a simulation

model in representing the syslem under analysis is partly dependent on

whether the randon variables employed are uniformly distributed through-

out the assuned distributíons from which they are sampJ.ed. A chi-square

test for uniformity was applied to the distributions of the various sto-

chastic elemen!s of the rate-determining process (i.e. the U.S, wheat

price, the Canada - U.S. exchangè rate and pobential grain shipments).

Although these input variables proved to be statisticaLly stable at tl{o
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hundred repetitions, fhe stability distributions of the output variables

(financial responsibilities of government and shippers) could not be

tested. This was due to Limitations of computer capacity. Therefore,

although it was assumed that lwo hundred rep).ications of the stochastic

input variables generated stable distributions for these output vari-

ables, this could not be verified.

5.4 SUGGESTIONS FOR FURTHER RESEÀRCH

Several aspects of this research could be extended in the form of addi-

tional scenarios.

Firstly, an alternative economic event could be examined which in-

volves a reduction in railway transportation costs. Under the present

provisions of the WGTÀ, shippers, rather than t,he government, will be

the most affected by future transportaLion cost chanqes. this holds

true for both cost increases and costs decreases. With more and nore

emphasis being placed on lhe reduction of transportation costs to pro-

ducers, a sludy could be undertaken to determine the savings accruing to

shíppers (producers) if transporation costs are reduced.

A study by the SenÍor Grain Transportation Committee has indicated

that no other measure has as nuch potential for reducing tranportation

costs as does the renoval of high cost branchlines from the grain qath-

ering network.26 There are almost 11,000 miles of branchLines in the

Canadian wheat Board Designated Àrea. Of these, 6987.? nriles were de-

26 Àdministrative Constraints to System Efficiency (À.C.S.8. ) I,¡orking
croup of the Efficiency Measures Subcomnittee of the Senior Graiñ
Transportalion Committee, "Hi9h Cost Branch Line Study, Final Re-
portfr , Winnipeg, Sept. 26, 1986.
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fined as grain dependent in 1986-87, and therefore, costs attributable

to these lines are included in WGTA eligíble costs. The scenario could

be struclured such that the line cost conponent of estimated eligible
costs could decrease over lime as a result of the abandonment of costly

and uneconomic branchlines. This would occur through a reduction in the

productivity index applied to line-related costs, indicating a reduction

in the number of grain dependent miles. The probability distributions

of the range of savings associated with various degrees of branchline

rat ional izat ion could be identified.

Concurrent rr'ith the ralionalization of prairie branchlines is the

trend tor¡ard a consolidated elevator sysLem with large high-throughput

el.eva!ors. This results in an increasing feasibilty of unít or solid

train operations for grain. Therefore, the research could be further

detailed to account for savings in volume-related costs which would re-

sult with the sinultaneous consolidalion of lhe branchline and elevation

system and the movement torlard unit trains for grain.

Further research could also be perforned with respect to the "pay the

producer" scenarios. Useful infomation regarding lhe payment obliga-

tions of producers coutd result by ana).yzing these scenarios under vary-

ing dilution factors. Dilution of the Crow subsidy is dependent upon

how much grain currently fed on the prairies is etigible for conpensalo-

ry payments from the GTR, Because of the uncertainty surrounding net

sales of eligible grains, estimates of dilution have ranged from six

percent to eighLeen percent.2? However, any further study on the GTR may

27 The l,restern Producer, 'Special Report:
1985 p. 34.

WGTÀ Hearings', 0ctober 17,
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be outdated as lhe Review of the Western Grain TransporLation Àct has

recommended the GTR not be impLemented. zs Whât has been recommended by

!he Grain Transportation Àgency under the Review is that the governmenl

pay out its Crow Benefit obligation whil.e maintaining the statutory

freÍght rates. This would mean paying producers a sun sufficient to
provide lhen r+ith income equivalent to rrrhat they wouLd have received un-

der the subsidy. If the rrpay out" is inplenented, the cTÀ further re-

commends a simple rate setting process for the interin, in which the

government commitment is set at a fixed rate regardLess of volumes. If
the "pay out" is not implemented the GTÀ recommend a hotd back âlterna-

tive to the existing tally system, whereby a portion of the Crow Benefil

would be tlithheld from the calculations of the rate determination (based

on forecast volumes). If ac!ual shipments exceed lhe forecast, the gov-

ernment would have funds on hand to conlinue to pay its share of the

rale r¡ilhout overspending ils commitnent. Any funds remaining at the

end of the year would be paid out to producers in a rebate manner corre-

sponding to their individual deliveries during the year.

Àn analysis of the hold back allernative in terns of lhe expected

level of freight rales shippers will pay up front, and lhe subsequent

rebat.es they would receive would be useful-. Às well, this research

could incorporate severâl scenarios to determine the impacl of changing

econornic condítions on the level of the rates and rebates.

28 Grain Transportation Àgency, "Review of the Western Grain Transporta-
tion Àct", Winnipeg, Àpril 1986.
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Àppendix A

STÀTISTICS FOR MODEL VÀRIÀBLES

Detailed statistics l.¡ere generated for each of the variables inportant

to the the delermination of freíght rates under the Western Grain Trans-

portation Act. Below is an expanation of lhe variable name abbrevia-

tíons. The foLlowing pages provide descripLive statistics for the rele-

vant rate-setting variables under each of the four scenarios.

Def inition of Variables:

CRoPYR = crop year

PREDSHIP = forecast grain shipnents (nil1ion tonnes)

SHIP = actual grain shipments (miIIion tonnes)

CGSCC = cumulative government share of cost changes (miltion g)

GC0l'1 = governmen! comnitnent (million g)

USPRICE = U.S. export wheat price (U.S. $ per tonne)

CÀNUS = Canada - United Stales exchange râte

WTP = weighted average price of 6 major grains (Cdn. g per tonne)

FPRATI0 = freight râle to grain price ratio (percent)

SSLÀDJ = shipper share limitation adjustrnent (million g)

GSH = government¡s share of eligible costs (million g)

SSH = shippersr share of eligible costs (nilIion g)

GSHT = governnent freight rate (g per tonne)

SSHT = shipper freight rate ($ per tonne)

RÀTE = total grain freight rate (g per tonne)

GOVTEXP = total expenditure by government (mil1ion g)

- 131 -
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TÀLÀDJ = annual tally adjustment (míLIion g)

CTÀLLY = cumulative talIy (mÍltion g)

TÀLEXC = adjustnent due to cunulative ta}ly exceeding its Iimits (nillion g)

cTR = government contributions !o Grain Transportation Refund (niLlion g)

GTRT = government contributions to Grain Transportalion Refund (g per tonne)

GRSCOST = gross cost to shippers (mi11Íon g)

NSCOST = ne! cost to shippers after refund (mi]lion g)

NSCoSTT = net cost to shipper after refund (g per tonne)
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