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I.  INTRODUCTION:

In 1967 the National Transportation Act formally incorporated a
procedure to abandon grain dependent lines in the some 6000 miles of
the Prairie rail network. In addition, experience in the United States
indicated that bulk commodities such as grain could be profitably shipped
over increasing distances using truck. The traditional technological
relationships which had limited truck movements of freight to less than
500 miles were'giving way to an improved highway infrastructure and new
technology of transport.

Basic issues in transportation on the prairies are: first, the extent
to which this modal shift, from rail to truck, actually exists; second, is
it likely to become more pronounced - and if so, the fiscal imp]ication% of
such a shift. The maintenance of rail infrastructure is primarily a
responsibility of the national railways, and in the case of grain dependent
lines the federal government. In the case of highways, primary responsibility
lies with the provinces. If there is a significant shift from rail to truck
in freight movement, then there may also be significant shifts in fiscal
responsibility with respect to maintenance of infrastructure. To the
extent that this shift is provoked by federal procedures and policies allow
abandonment of grain dependent branch Tines, then a case can be constructed
for compensation of provincial governments.

This paper reviews the available evidence with respect to modal shift,
especially as it pertains to grain movements. Although other products such
as potash and general freight are increasingly moved by truck, it is
difficult to assign this modal shift to explicitly federal policies relating
to rail line abandonment. In addition, the magnitude of movements are well
below any threshold levels which could be expected to produce specific
‘road damage and hence they have minimal fiscal implication for provincial
expenditures on the road network. Therefore, this paper concentrates upon
grain movements since these have the highest prospect for producing
estimable road damage.

The first part of the paper overviews rail and road freight operations
in Manitoba and presents a conceptual model of the grain transportation
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and handling system. This section provides a ”systems“ review of the grain
transportation system and identifies the major components to the estimation
exercise needed to develop measures of fiscal incidence resulting from a

rail/road modal shift of grain transport.

The second part of the paper considers the questions of freight demand
and modal shift estimation, as well as the methodologies employed to estimate
the fiscal jmpact of increased truck traffic upon road expenditures. As
shall be demonstrated, the engineering questions underlying the relation
between truck traffic and road costs are very poorly understood, and at
this moment are under revision and further research. This, more than the
econometric difficulties in estimating freight demand or modal shift obscure
estimates of the fiscal incidence of increased grain traffic on the proVincia1

road system.

The third part of the paper consideré a "stylized" model of the fiscal
incidencekresu1t1ng from truck traffic due to rail 1iné abandonment in
Manitoba. This represents the type of analysis typically prepared by pro-
vincial highway engineers. The model is critically .evaluated and a revised

methodology proposed.

The final part of the paper presents a "qua11tat1ve"kset of scenarios
to "bracket" estimates of road costs resu1t1ng from rail line abandonment.
Most important, is the basic point that given rapid change in the farm
trucking technology, the economies of scale in farming operations and un-
certainties in the relation between truck traffic and road costs, in
part1cu1ar bridge costs, the ultimate fiscal impact of additional gra1n
movement being diverted from rail to road could range from a relatively
mall negat1ve number (1n the order of $5 - $10 million) to a reasonably

] rease in expend1tures on road maintenance and construction
f $259e $35 million). [Even in the worst case, where there
_impact, this typically will be less than 20 - 30
ghway expenditures.

se tion'of the'paper also represents a number of recommenda-

rther research and summarizes the appropriate methodo]ogy which
’ be employed to resolve this question. Despite the. re]at1vely small

fiscal impact resulting from diverted traffic, this issue can be expected
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to become more important in the protracted negotiations surrounding the

Crow rates. An essential condition to the satisfactory resolution of the
fiscal incidence of rail/road cost shifts is agreement by both the Federal
and Provincial Governments on an appropriate methodology. This more than
the crude "back of the envelope" estimates of fiscal incidence constitutes

the contribution of this paper.

THE GRAIN.HANDLING AND TRANSPORTATION SYSTEM:

The most important diversion of freight from rail to road over the next
decade will be with respect to grain. While these movements will be dominated
by the need to move grain to export delivery points (Vancouver, Prince Rupert,
Thunder Bay), a growing proportion of Prairie crops are specialty crops,
destined in large measure to domestic or continental delivery points. This
section of the paper presents a systems view of the grain handling and
transportation system, surveys the basic features of rail and trucking
operations and reviews the structure of the Manitoba trucking industry. The
purpese is to provide a conceptual and descriptive framework for the discus-
sion and analysis which follows:

1.0 Grain Handling and Transportation: A Systems View:

Over the past decade, the Federal Government has commissioned
several investigations into the grain handling and transportation system
on the Prairies. Most important are the Grain Handling and Transportation
Commission (Hall), Prairie Rail Action Committee (PRAC) and the recent
investigation into the Crow Rate revisions (Gi]son). Emerging from
these studies is a consistent vision of transportation issues in the

~three prairie provinces, which is intimately related to agricultural
production, most notably the need to move the grain harvest to shipping

~ points at Vancouver, Churchill, Thunder Bay and soon Prince Rupert.

' i‘O]]Qwing major trends are well documented, although they continue

k,fctfpopu1ar,myths about prairie life:

'Hhte’the second world war there has been a persistent
¢1ine~in farm populations, especially at grain delivery

- public services, in response to demand, have tended to be
consolidated and relocated to regional cities away from
the smaller towns and villages;
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- average farm size has increased, the number of .permit
holders (Wheat Board) has fallen (éspec1a11y in the last
decade), the number of implement dealers declined by over
50 percent since 1970 and the number of country elevators
declined precipitously;

- road transport of grains has been stimulated by larger,
more widely spaced "high throughput" elevators, economies
of scale in custom trucking and a more diversified agricul-
ture which operates outside the traditional cooperative or
marketing board system. '

These trends point to a dynamic economy, undergoing significant
change in response to new technologies and international marketing
imperatives. None-the-less, persistent beliefs continue to confront
those who would promulgate major change to the 1nst1tut1ona1 frame-
work of grain transportation and production. Specifically these in-
clude:

- rail-line abandonment will accelerate the demise of the

small community;

- the railway is just as important to prairie communities as

" it was 50 years ago;

- rail- 11ne abandonment will produce dramatic increases in

the use of the rural road system, and hence place a con-
siderable fiscal burden on provincial treasufies.

It is this last point which forms the object of this study. The
general concensus of preVious work, both by the Hall Commission and
the induced road costs resulting from rail-line abandon-
particular PRAC noted that:

not ause 1arge scale new road

ost grain moves to alternate
. The present rate of
continued over the next

ctor in increasing road hau1—
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the primary paved system. Despite these conclusions they recommend:

"That the Federal Government approve as compensation to
prairie governments a Tump sum payment based upon the
incremental road costs occasioned by increased grain
traffic resulting from rail-line abandonments. Payments
are to be made for specific roads identified by the
Federal Government (emphasis added) as being affected by
7aiT-Tine closures. The sum to be paid within twelve
months of such closures.”

0f course, provincial governments have begun to assess the damage
by farm trucks and a controversy between the federal and provincial
governments is emerging over the true extent of this incremental road
cost which may be assigned as a result of rail-line closures in par-
ticular and modal shift in general. On the surface, this issue appears
to be a straightforward problem in engineering economics to assess the
increased cost; however this is far from the case. Transportation
systems analysis interweaves with engineering considerations to pro-
duce a seamless web of complexity. For example, both PRAC and the Hall
Commission make no mention of the incremental cost of bridge upgrading,
yet this is a real basis for claims for compensation resulting from
increased road haulage of grain. Also the issue 1is really more complex
‘than merely associating increased costs with more grain movements.
Environmental factors in particular intervene to complicate any simple

relation.

To properly appreciate the nature of the prairie transportation
system, it is essential to review the general nature of grain trans-
portation. ATl else pales in importance. This conceptual model shown
in Figure 1 is based upon the work of Manheim (1980) and is a useful

"fipst-cut" into the issue.
A typical transportation system is composed of three basic sub-
systems:
_a. Transportation Sub-System. (Supply).
This sub-system has.a number of important elements.
In particular there is:
- technology which provides new modes, products
(e.g. containers) and services (e.g. piggy back)
- networks composed of links and intermediate trans-
shipment points or modes
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- 11nkﬂcharacteristics, of which the most important
is congestion, that have prime influence on service
parameters such as time (cost).

- vehicles (except pipelines and conveyor modes) of

) which the most important aspects are numbers in the
system and operating characteristics (comfort,
security, etc.)

- system operating policies which define the broad
spectrum of technical and economic choice by creating
network configurations and selecting the appropriate
vehicle technology

- organizational policies comprising the entire structure
of public and. private institutional features governing
the transportation system. An example of this would be
the set of collective agreements conditioning the opera-
tion of transportation.

b. Activity Sub-System (Demand)

" This sub-system comprises the set of social, economic and
political decisions influencing transactions in a given region.
These interactions determine the demand for transportation, and
in part, they are influenced by transportation operations. In
turn, the activity>sub—system is comprised of the following
elements:

- travel options are conditioned both by the perceived
characteristics of the transportation system, and the
basic need to move people and commodities.

- Jocational options again are in part determined by per-
ceived choice presented by the basic infrastructure and
by the need of the population. An example of this
simultaneous determination is demonstrated by the tangled
debate on the relation between transportation'and economic
development.

¢. Flows (Equilibrium)
" The confluence of the transportation sub-system and activity
system is the production of flows over a network. As shown in
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Figure 1, below, these flows can feedback and condition the
transportatioﬁ and/or activity sub;system or particular
elements therein.
The entire transportation system is embedded into a
general socio-economic and physical environment. The elements
of this wider environment include national and intérnationa] world
demand for a region’s commodities.
The grain transportation system specifically consists of
the following sub-systems and elements:
a. Transportation, Handling and Storage
- infrastructure (rail beds, roads, elevators)
- operations (industrial organization of rail and truck-
ing operations)
- equipment (rolling stock, vehicle fleets)
- costs, price
- regulations, policies
b. Activity Sub-System
- production
- marketing (marketing boards, competiti?e structures)
- processing (milling, refining, crushing)
- consumption (final end use, feed .grains)
- policies (quotas) | V
- prices (initial prices, futures.prices, spot prices, etc.)
c. Flows |
- volumes and levels of .service

Figure 1.
A Systems Model of Grain Handling
and Transportation
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This simple description allows an identification and isolation
of the specific issues underpinning the main question of the study.
At the most general level is the fundamental demand for Canadian
grain. Most discussion appears to assume that this will continue to
grow, governed by the expanding human population and continued in-
ability of many countries to produce sufficient food for their own
needs. Two scenarios, one long term, the other short, could upset

this assumption.

First, in the long term, there is the possibility that more
countries will begin to solve their food problems. In the past, many
developing nations, wishing to encourage much greater industrialization
provided price support for their manufactured exports and let their
agriculture falter. Now more are providing farm subsidies in an attempt
to recover lost ground in domestic food production. For some, domestic
food production is the essential first step toward internal social and
political stability. An indication of this trend is that ‘Bangladesh now
faces problems in storing jts grain surpluses, a dilemma completely un-

jmaginable a decade ago.

In the short term, the increasing competition on international
grain markets, and the potential subsidy war between the United States
and the European Common Market countries could prolong the present soft
prices for wheat and other grains. Already, low prices are producing
important changes in the crops grown by farmers, the4fu]1 effects of which
are noted in more detail below. The overall framework for the activity
ystem can be seen in the figure and tables below depicting recent

~prair1e~and‘Manitoba grain farming.

soé‘oaeconomic environment in which the entire grain
d could produce some important changes in the
Uen;e the demand for transportation
'kiét growth in export oriented

sue lies essentially within the
b-sSys _VWhéat prices become weaker, more farmers may
move into diversified crop production. Generally, these "specialty"
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crops are not marketed through a centralized agency (Canadian Wheat
Board) or the cooperative movement (Wheat Pools), but rather, involve
a direct and competitive relationship between the farmer and private
processing companies. The implication of this increased diversity

in agrjcu1tura1 products is that the spatial extent of production is
wide, for two main reasons: First, as a risk minimizing strategy
(with respect to dangers from drought and disease) the buyers (proces-
sing firms) would prefer to have the crop produced .over a wide area.
Second, the "market" or shipping points are not concentrated at one of
four export shipping points. Whereas wheat and other export dominated
crops are destined to these few shipping points, specialty crops tend
to be shipped to buyers Tocated throughout the prairie region. Con-
sequently, trucks are predominant as the shipping mode. Of course a
portion of the specialty crop is shipped abroad and to Eastern Canada,
however, much less in proportion than the major grains.

Table 1.
Major Grains and Specialty Crops
1981 - 1990

|
H
1
]
i

Production in Millions of Tonﬁéév

1981 1990*
Major grains
and oilseeds 30.0 . 36.0
Specialty Crops 1.0 2.5

: Finally, no overview of transportation in the West would be
ylete without a discussion of the Statutory Rate issue. It now
o that the Crow Rate in effect since 1897 (1925 in terms
)n) may be significantly revised upward in

it is not correct to confine dis-
ually significant is the issue of
uences directly the shift of grain

Since 1962, when the McPherson Royal Commission produced its findings,

-




[
(]
Low}

(]
1

12000

~l..

11oo0c-

E

100000

90000

ey POV MANTTOBA

S SN

- DOTTED LINE
-DASHED LINE.:




|

350000

300000

2500600

200000+

f L Y URG D AU 6
AN
/\\
~/
A \
\ / \\
/ \ / N
I\
N\ N
\\\\ /
\\

\

——
R

-

S PEAS
TRI INE IS FOTATOES
SHORT DASHED _INE IS SUNFLOWERS
MEDIUM DASHED - INE IS SUGAR BEETS
ALL FIGURLS ARE IN TONNES ‘
NATA FROM MANITOBA DEPT OF AGRICULTURE YEARBOOK, 1981

Figure 3.




12.

it has been generally.conceded that the Crow Rate has been insuf-
ficient to provide revenue for that large component of the prairie
rail network defined as “grain dependent”. This grain dependency
of large sub-sections of the rail netWork has .evolved in the post
i war period as a result of a rapid expansion of the highway system,
and the growing use of trucks to distribute most consumer and
producer goods. The inability of the railway to recover sufficient
revenue from these branch lines produced undermaintenance and serious
deterioration in the rail beds. In 1967 the National Transportation
Act permitted the Canadian Transportation Commission to accept and
decide upon applications by the railway to abandon these uneconomic
lines. The railway applied for massive abandonment, only a small
portion of which was granted. To compensate the railways for up-
grading of the branch Tines retained in the system, a series of sub-
sidies were authorized to retain these lines. The CN Rail will receive
almost $300 million and the CP Rail almost $200 million dollars up to
March of 1984 under this program. In 1977 the Hall Commission examined
the entire network, and recommended 2,000 miles be abandoned with 1,800
miles to remain in the’syétem until 2000.
The remaining 2,300 miles were proposed to be placed under a
Prairie Rail Authority. In 1978 the Prairie Rail Action Committee con-
sidered these, and recommended 1,400 miles be abandoned with 1,000
added to the basic network. Another 600 miles have since been added
to the guaranteed network. At the moment some 16,000 miles of rail line
are guaranteed until 2000, much more - ‘than the railways desire. 1t should
~retent1ons of a line to 2000 effectively places it in
hand11ng company is willing. to make substantial
; Tann1ng hor1zon.

revisions is a massive in-
g of the main lines,
large part, these
3y ~to continue main-
a revised Crow may not cover
1S assu nce that the railways will provide

her levels of service than in the past. The recent purchase of 20
1ight diesels by CP is an.1nd1cat1on however, of the railway's commit-
ment to much of the present branch -1ine structure.
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In relation to the issue of road costs associated with in-
creased use of trucking versus rail, the Crow package is fundamental.
An efficient transport infrastructure is essential to grain movements
and in turn, the nature of the transport development critical to the
fiscal incidence of new construction. Taken to its logical conclusion,
the Crow package will see increasing consolidation of main rail line,
and increasing reliance upon larger trucks using the main provincial
highways to move grain from the farm gate to the delivery point.
Rationalization of transportation (moving to lower unit cost technologies)
proceeds in step with rationalization of grain handling and production.
If current trends persist, then we can expect to see larger (and fewer)
farms and elevators, and correspondingly fewer delivery points, in-
creased distances in road haulage from farm gate to the elevator, and
finally larger and/or more trucks. It is this last question, namely
the numbers and sizes of grain delivery vehicles which is of greatest
significance for this paper.

The major elements of the problem can now be identified. First,
the extent to which grain will be diverted to the road .network from
the rail system will obviously depend upon the‘oVeralT.growth in the
demand for freight transport; in turn this is.dependent upon the
growth in the demand for agricultural produce from the . Pra1r1es. As
noted, there is some basis for questionning whether past. growth trends
will be repeated in the next decade. Second, the extent to which any |
ncrease in fre1ght movement is sh1fted to the road system is a function

Tationship between truck traff1c and road
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The conceptual pgsis for estimating the fiscal incidence of

diverting grain movements from rail to road can be demonstrated in

‘ a simple figure as shown below.

Flow re:

’ ’ , the rail and
road network

lRQVised Systems Model
. of Grain Transport
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A. Influence of Prices on the Activity System

Two basic relationships are important here. First, the world demand
for grain will clearly affect the demand for transportation services by
way of directly mediating the amount of grain grown in total. Second,
~and more subtly, the ratio of the price of export grains (wheat, oats,
barley, etc.) to specialty crops (peas, soybeans, etc.) will influence
the "m1x“ of agriculture. The product mix of prairie agriculture will in
turn tend to produce differential impacts on the rail and road system.

These two important factors are jmpossible to quantify 1n.terms of
their.ultimate influence of the demand for rail versus road services, but
must be considered when any transport forecasts are made.

B. Influence of Flows on the Activity System

Here, there is a potential influence on service levels encountered on
the rail and road networks back to the crops which are actually produced.
Part of the reason why prairie agriculture is turning to specialty crops
may be the uncertainties encountered in using the rail - shipping port Tink.
Interruptions in the forms of labour d1sputes, eventua11y do cost the farmer,
and one way to reduce exposure to these risks is to d1vers1fy the crop.
Of course, low -and uncertain prices for export grains are probably the
dominant factor in this shift toward specialty crops.

C. Influence of Flows on the Transport System

This 1ink in the system contains the most significant relationships for
the purposes of this study.

First, there is the choice of mode by the producer/shipper (farmer)
Experience from the United States suggests that grain can be hauled over
surprisingly long distances by truck. Data for Canada is unavailable, but
the potential exists for some producers to exploit 1mproved technology em-
bodied in trucks.

Second, the organization of the trucking industry will respond to in-

"‘11 Creasedkf1ows on the network. Individual shippers, as their farming opera-

~ tions grow, will exploit economies of scale and move to larger vehicles.

Another alternative is for commercial trucking to move grain from the farm
gate to delivery point. Finally, and perhaps most significantly is the
operation of the trucker/farmer in leasing services to other producers. As
shall be demonstrated below, many of these relationships fail empirically,
simply for lack of suitable data.
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Third, flows -over the-rail and road- network. have profound influence
on infrastructure 1ife and respanses by the railways and provinces in
terms of upgrading or renewal. The branch line problem basically stems
from a deficiency of non-grain traffic which produces serious losses for
the railways. Improved highways have both opened the possibility for
general freight movements on the road system, thereby reducing the attrac-
tiveness of rail shipping for many commodities, and at the same time pro-
duced the prdb]emAwhich this study seeks to illuminate.

Fourth, there is the relationship between increased flows on the road
network and the physical damage to the highway structure. As shall be
demonstrated there is no simple relationship between volumes or weight
shipped and road damage. In fact, the traditional relationships which
have been used to design roads are now under fundamental revision, and these
basic engineering relationships are very much in doubt. This considerably
complicates estimates of the cost of traffic diversion from rail to road.

Before considering these relationships in greater detail, it is
useful to present some descriptive material on grain production and trans-

portation in Manitoba.

2.0 Manitoba Freight Movements

Téblé 1 presents the basic data on Manitoba rail traffic for the
years 1979 and 1980 in terms of both origins and destinations. By far
the largest part of this is through traffic. In general the traffic
which is internal to Manitoba represents approximately 35 percent
with respect to all traffic inbound and 20 percent with respect to
outbound‘trafﬁc.1

Table 2 presents similar data with respect to truck traffic in
 the years 1979 and 1980. It is immediately apparent that in terms of
k~“tonnage,,ra11 dominates truck movements, but it must be po1nted out
’:“table on]y presents "for hire" truck movements. A consider-

me'of truck movements is undertaken by private and farm
kk,‘;fs, however, estimates for this movement are unavailable on a
similar basis as presented in Table 2.

1. Note: Churchill, Manitoba is not serviced by road.
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2.0 The Manitoba Trucking Industry
The Manitoba Motor Vehicle Branch classifies trucks into four

major c]asses based upon major use. These comprise "for-hire",
"commercial®, “farm", and "other" as shown in Table 4 below.

Table 4.

Trucks Licenced by Class, Manitoba 19811
Licence Class ‘Number Percent
Public Service 2,915 1.6
Private 15,263 8.3
Farm 66,308 36.1
"Other" 99,320 54.0
TOTAL 183,806 100.0

Public service or "for-hire" trucks are authorized to carry
freight for compensation, and operate under a variety of regulations
which govern routes and commodifies. Farm trucks are registered to
owners who, in the opinion of the registrar, engage in significant
farm operations. Finally, "other" comprises .vehicles used for private
use (under 3700 kg.), pub]iély owned vehicles (generally within city
1imits). The distribution of trucks by weight is shown below in
Table 5.

Table 5.
Summary of Gross Vehicle Weights of
Manitoba Trucks by Type, 1982 1
Numbéer of Trucks

Gross Vehicle Weight For- ‘
‘,Range (k1lograms) Hire Commercial  Farm Other Total
128 8,702 38,571 69,133 116,534

1,304 4,603 2,267 8,196
3,260 736 4,474

3,867 1,057 5,421

4,166 1,478 6,187
3,990 786 5,326

180 844

125 390

483 1,931

900 2,913

271 500

105 212

00 184 321

: 934 955 2,823

40,001 - 48,000 102 16 135
Over 48,000 440 48 29 = 9% 610
TOTAL 2,124 13,436 62,488 78,769 156,817

1.

Source: Manitoba vehicle registration file, December 1982.
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Farm vehicles are of most interest for this study and Tables 6
and 7 %how the distribution of farm trucks by weight class (and
assumed type), and the distribution of fleets. Typically, a grain
farmer might own a half-ton pick-up plus a larger vehicle for moving

grain to the delivery point.

Table 6.
Farm Trucks by Gross Vehicle Weight, 1982 1
Gross Vehicle Weight Number of Percentage of Assumed
Range (kilograms) Farm Trucks Farm Trucks Truck Type
Under 4,001 | 38,571 61.7 1/2 and 3/4 ton
4,001 - 6,000 4,603 7.4 1 ton single-axle
6,001 - 8,000 3,260 5.2 2 ton single-axle
8,001 - 10,000 3,867 6.2 3 ton single-axle
10,001 - 12,000 4,166 6.7 4 ton single-axle
12,001 - 14,000 3,990 6.4 5 ton single-axle
14,001 - 16,000 505 0.8 3 ton tandem-axle
16,001 - 18,000 223 0.4 4 ton tandem-axle
18,001 - 20,000 1,218 2.0 5 ton tandem-axle
20,001 - 24,000 1,645 2.6 5 ton tandem-axle
24,001 - 28,000 67 0.1 6 ton tandem-axle
28,001 - 32,000 25 0.0 tractor and trailer
32,001 - 36,000 24 0.0 tractor and trailer
36,001 - 40,000 : 290 0.5 tractor and trailer
40,001 - 48,000 5 0.0 tractor and trailer(s)
Over 48,000 29 0.0 tractor and trailer(s)
TUTOTAL R ' 62,488 100.0
Table 7.
Manitoba Farm Truck Fleets, over 4,000 kg., 1982 1
Number of Trucks Total Number
in Fleet Number of Fleets - of Trucks
15,524 15,524
2,939 5,878

1
2
3
4
5
6
74

2 29
0 0
1 21
TOTAL : 19,132 23,917

1. Source: Manitoba vehj¢1e registration file, December 1982

2. These represent estimates from industry standards and should be treated
as gross indicators. Within weight class, there is a distribution of truck types
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Most farm vehicles are owned outright by the operator, but a
sma]]‘proportion are either leased, or subcontracted. (Subcontract-
ing involves the lease of a truck and usually a driver). As Table 8
shows, only .2 percent of farm vehicles were leased or subcontracted

in 1982.
Table 8.
Manitoba Leased Trucks by Type, Over 4,000 kg., 1982
Vehicles leased Lease Percent of
Truck Type or Contracted Total Registered
For-Hire 758 38.0
Commercial 632 13.4
Farm | 39 0.2
Other ~ 320 3.3
TOTAL 1,749 - 4.3

Source: Manitoba vehicle registration file, December 1982.

III. THE IMPACT OF DIVERTED GRAIN SHIPMENTS ON THE ROAD INFRASTRUCTURE:

The previous section has served to identify the major elements of the
problem and describe the basic infrastructure and transport flows within
the Province of Manitoba. This section . examines the main elements in more
detail. In'particuiar a summary discussion of freight demand and modal
shift modelling is presented, followed by a summary of the engineering
relationships between traffic volumes and road damage. As shall be demon-
strated, conceptua1 prob]ems and data deficiencies preclude a straight-forward
resolution.of the problem and estimates of the fiscal incidence of diverted
road traffic will have to rely upon more "sty11zed“ procedures.

1.0 Freight Forecasting

$prpéhdixflgpresents a fairly complete review of current methodology
and forecast1ng Essentially there are two procedures
kfand micro approach The macro approach is usually

e edded w1th1n an input-output or regional econometric model. Popula-
t1on changes, induced demand for manufacturing and other macro variables
are used to drive a demand for transportation relationship, in which
freight rates and services factors do not play a significant role. This
form of modg} js useful for developing a general analysis of freight
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demand, however the lack of validated regional econometric models has
eliminated the possibility that one can develop useful freight fore-
casts, by commodity for a relatively small region such as Manitoba.

Micro models usually proceed by explicitly incorporating the
service and price factors needed to model the demand for a specific
transport service. Several models attempt to explicitly develop
relationships by commodity and mode.

In general, freight forecasting has been a disappointment. Unlike
passenger demand which is largely determined by population (except for
airline traffic which is also heavily dependent upon incomes), freight
demand relies heavily upon first developing a model of the demand for
the underlying commodity. Where this is determined by international
price movements such as in the case of export grains, prediction becomes
difficult. The factors noted above (international demand for food and
the vagaries of international grain pricing) are critical, and unpre-
dictable.

Most analysis usually rrelies upon some form of trend analysis,
whether this be the simplé’extrapolation that produces estimates for
freight movement increase in the order of 2 - 3 percent per annum for
Manitoba over the next few years, or the more sophisticated time series
analysis described in the appendix. | N

2.0 Modal Split

Traditionally modal split has been . estimated after the basic
demand for freight,ser?ices has been accomplished. Recently, as éxplained
in the appendix, freight demand has been integrated with modal split in-
the form of genera]i?ed (and separable) demand functions which are
capable of supporting analysis using duality theorems to produce con-
sistent and estimable-input demand equations. These estimates, while
providing valuable insights into matters such as the cross price
elasticities of demand, do not address what will be seen below to be the
really critical question, namely the choice of transport technology,
especially in the private trucking sector. Furthermore, the literature
does not deal with the basic industrial organization issues of the
trucking industry, especially as it pertains to the development of
“for-hire" trucking versus private trucking. This is less a failing of
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the theory, and more the result of a very imperfect data base upon
which to construct empirical models of modal choice between rail and
trucking. The paucity of information relating to priVate trucking and
the decision making/choice behaviour which prompts a shipper to elect
to ship using their ‘own vehicles versus a common or for-hire carrier
has precluded the necessary analysis.

In summary, the freight forecasting and modal split Titerature has
been reasonably successful in developing macro models of general
national freight movements, but, because of data problems has not yet
developed the regionally sensitive and commodity specific models needed
to produce reliable predictions of such pragmatic questions such as
the increased road traffic to be expected from both rail 1ine abandon-
ment and future grain production. The complexity of this problem will
become more apparent in the sections below.

3.0 Considerations Relating to the Impact of Truck Traffic on Road Cost

A critical element in estimating the impact of additional truck
traffic on provincial budget is the increased cost due to maintenance, up-
grading and rebuilding. Although one might suspect that” the engineering
 literature would provide relatively unambiguous conclusions on this
matter, this is not the case. Great uncertainty exists on the physical
jmpacts of truck traffic. There is face validity to the assertion that
more heavy trucks accelerate damage and shorten the physical life of a
road; there is little actual concensus on the magnitude of these impacts.
The fact that the Road and Transportation Association of Canada (RTAC)
has just commissioned a multimillion, multi-year pkojeét to analyse their
questions demonstrate the degree of uncertainty and outright confusion

in this regard.

two broad structura

and traffic relates
rface can usually be .

restored by regrading. Increased traffic may accelerate the need to lay
down more gravel, the cost of which is not significant.

Paved roads are of two varieties, flexible (asphalt) and rigid
(concrete). The flexible pavement usually consists of three strata:
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- surface (asphaltic concrete);
- bare (gravel, stone and sand composites with or without
stabilizing);
- subbase (additional material or preparation of the in-
digenous surface).
The rigid pavement consists of a surface of plain or reinforced con-
crete over a subbase similar to that used in flexihle pa?ements.

The problem of designing structures to withstand repeated dynamic
impacts produced by loaded Vehic]es is most often related to the major
research used in the construction of the Interstate Highway System in
the United States. Generally there are three approaches to the design
of pavement structures:

a. Empirically Based Models

The major example of this approach is exemplified by the American
Association of State Highway and Transportation Officials (AASHTO).
In the design of the Interstate System, repeated trials were_under-
taken with a wide configuration of truck types, loads and pavement
structures. From these experiments a comprehensive set of formulae
to design roads were devised. It is important to stress that these
formulae must always be recalibrated for unique Toading and environ-
mental conditions. To merely "grosé up" the figures is not correct.

b. Deductive Procedures :

Based upon what is known of the material's properties, it is
possible to infer physical 1ife, maintenance schedules and other
features of roadway deterioration. This approach to paQement design
is theoretically based, and shou1d.pfoduce»accurate results, provided
one knows endugh about the,physicé1 and chemical properties of the
materials under stress. A potential pfob]em with this procedure
is that not enough is known about these properties, especially under
extreme enVironmenta] conditions.

C. Systems Based Procedires
This class of design techniques is -relatively new and may be
L ‘ reviewed as a blend of the.preVious tWo. Its use is not so much
in the physical design of a particular road, but in the maintenance
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of a system. Shifting load and traffic patiern may be introduced
into the model to find the optimum maintenance schedule.

A1l of these pavement design approaches suffer from the same general
defects. First, roadway deterioration is long run and generally not
amenable to laboratory analysis. While aspects of wear and tear may be
simulated, the impact of environmental stress (freezing, thawing,
flooding and wind) and its interaction with physical impacts cannot be
so analysed.. Second, there is a difference in impact between static loads,
~and dynamic load effects. Moving trucks present a varying load to the
road surface which- is a function of the road and load characteristics.
Much of the current practice especially for bridge design used static
loading concepts and measures when dynamic loads may be twice as large.
Third, calibration of AASHTO formula require mobile monitoring devices,
since overloaded vehic]es can avoid the fixed scales, normally used to
monitor truck weight and dimension. Fourth, while deductive methods offer
significant promise in accurate prediction of design requirement and
therefore the cost impact of heavier trucks, much more basic information
is needed on the properties of the materials involved.

The general concensus is that more frequent, heavier traffic will
produce lower service lives and increased maintenance. A question which
is not addressed in the literature, and which could be potentially
significant is the relation between service 1ife and maintenance. Many
appear to feel that maximum Tife is essential and roads should be built
to Tast. An alternative view is to design roads with re]at1ve]y short
Tives and reconstruct when necessary. Alberta follows the first approach
- while Saskatchewan adopts a much shorter design 1ife in its road con-
struct1ons The present value of costs associated with each of these
d1ffer1ng ph1losoph1es is not well understood “but it may be that short
design lives could be less expensive than the a]ternat1ve "gold plating"
approach.

A final and crucial point for this analysis is that Canadian highways
are characterized by low traffic and extreme weather. The evidence is
not strong that the cost impact of annual freezing and thawing on roads
would bé outweighed by even a doubling of truck traffic. There is no
analysis available that sheds any insight into this basic question.
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4,0 Summary

The difficulties in econometric estimates of freight: demand,
coupled with the uncertainties surrounding the relationship between
truck traffic and road damage forces consideration of an alternative
methodology to estimate the fiscal impact of diverted traffic from
rail to road. This "stylized" procedure represents typical estimates
produced in a number of jurisdictions and does portray a reasonable
"first" cut into the problem. However, a number of conceptual weak-
nesses must be considered, as well as some of the general factors noted
in the first section of the paper.

INCREMENTAL ROAD COSTS ASSOCIATED WITH RAIL-LINE CLOSURES:

1.0 A Stylized Method of an Estimation of Fiscal Incidence:

There are a number of rough rules of thumb which permit the calculation
of "back of the envelope" estimates of increased road costs due to rail-line
abandonment. This section of the report outlines one approach, primarily to
illustrate the general magnitude of costs involved. However, there are
sufficient uncertainties associated with such an exercise to cause serious
doubt about any estimate produced by all current costing methodologies used
in highway impact analysis.

The following steps comprise the method:

a- Estimates of increased truck traffic due to abandonment;

b. Conversion of increased truck movements to an annual average

dai]y traffic (AADT) and/or change in equivalent single-axle
Toading (ESAL);

c. Computation of changes in the physical 1ife .and/or maintenance

requirements of the road bed;

d. Calculation of the change in net present value.

_ Each of these steps will now be discussed and evaluated.

a. Estimations of Increased Truck Traffic

A1l provincial highways departments maintain regular traffic counts
on the links within their respective systems. In most cases, certainly
on the secondary (gravel) road systems (termed provincial roads in
Manitoba), this consists of regular sampling using road side counter
(usually for one week out of the year). On the provincial highway
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systems (paved) th1s will be done on a daily basis, and around
certain key 3unct1ons, two way traffic flows will be recorded.
Unfortunately, these counts do not permit the ‘discrimination
between cars and trucks, and give no indication of the weight
of respective axle impacts. As a result, roadside observation is
used to calculate the proportion of trucks passing a given point
during a day a .week. In some instances, the vehicle weigh stations
may be used to corroborate data, but usually, a provincial average
is applied to these links which are believed to be incurring a '
greater truck traffic due to modal shifts.

Usually, it is assumed, in the absence of direct observation,
that in those areas where rail-lines are abandoned, increased
traffic counts are due to solely a greater number of trucks hauling

“grain. For areas where grain dependent lines have recently been
abandoned this is probably reasonable, but it is a risky assumption
in other regions with a more diversified economic base. Observed
increases in traffic are averaged using provincial truck/car ratios
to obtain an increased average annual daily trip (AADT) count.

b. Conversion of Increased Traffic to AADT or ESAL
Once an increased figure for overall truck traffic is obtained

for the secondary road network, one could proceed directly to
certain engineering formula (usually s1mp11f1cat1ons of the AASHTO
data derived from the mid-fifties) which provide some basis for
comput1ng changes in the physical life and/or maintenance require-
ments associated with changed traffic counts.

A more sophisticated approach is to convert the observed traffic
into a number of equivalent axle loadings (ESAL). One can proceed
by assuming the existing technology is in place, and that the assumed
jncrease in grain traffic on the roads is carried by the average farm
vehicle (about 18,000 pounds or 18 kip and capable of carrying about
200 bushels of grain). Each additional truck movement as computed
by an increase in one unit of AADT is then equivalent to an added
ESAL (1 ESAL = 18 kip).

A better approach is to recognize that trucking technology will
probably change, especially under the impact of additional grain
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volumes. Producers may resort to increased use of larger

vehicles, especially if longer hauls are required, or possibly

they may utilize commercial trucking. As outlined in Appendix 2,

800 bushe]s'of grain in a 74 kip vehicle has a Tower ESAL than

four passes of a smaller 200 bushel (18 kip) vehicle. (see Hall.
Vol. 2, Chapter 3). The evolution of trucking technology, especially
as implemented by the producer js a crucial variable in calculating
the actual impact of increased truck traffic on secondary roads.

Most studies assume a static truck technology, and those which
speculate on any changed mix do not shed much light on the expected
distribution in vehicle types and change over the next ten years.

c. Conversion of Increased AADT (or ESALs) into Incremental Road Costs

Assuming a constant trucking technology, there is no difference
between using increased AADT or ESAL in the computation of incremental
road costs. Some analysts employ the concept of reduced road life,
while others calculate the increased maintenance costs associated
with ensuring the original design life. There is an important and
subtle point here. Roads have a design life which is related to
both the traffic volumes and loads, plus the environment. As in-
dicated in Appendix 2, engineering studies on the relation between
road costs and traffic usually employ data obtained from the research
done in the fifties associated with designing the U. S. Interstate
system. From the perspective of western Canada, the greatest weak-
ness of this work is that extreme weather conditions were never
really properly integrated into the analysis. The few studies
which did consider the impact of the freezing/thawing cycle con-
cluded that this had a very dramatic effect on road life.

The work undertaken thus far for Canadian situations generally
employs these formulae. For example, the study done in Manitoba
employs the concept of a shortened physical life caused by increased

traffic.
d. Imputation of a Net Present Cost to Changed Physical Life

This is a straight-forward calculation. Present construction
costs are carried forward to the future, usually in constant dollars.
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The difference between constructing the facilities at time
t = K and time t = K-L (where L is the reduced 1ife in years)
becomes the increased costs associated with road damage.

The result of this aggregative analysis for Manitoba pro-
duces estimates in the $20 - $30 million range over the period
1977 - 2000 A.D. This represents the change in the net present
value of expenditures occasioned by the fact that the life of
the road system is reduced by increased traffic. Repair and
renovation expenditures are discounted to the present (1982).

It is interesting to note that the magnitude of expenditure re-
presents about 20 percent of the present annual construction and
maintenance outlay for the entire highway system (non-urban).

2.0 Evaluation and Suggested Methodology for Estimating Incremental
Road Costs

Most highway departments, because of an impoverished data base are
required to resort to a number of simplistic assumptions regarding the
incremental road costs associated with modal shifts from rail to truck.
The case of increased grain traffic associated with rail-line abandon-
ment can be dated, and it then becomes reasonable to impute increased
traffic on the system after that abandonment to increased grain traffic.
The methods generally all employ simple averaging_techhiques, and a-
system of formulae (rules of thumb) which are well ihtegrated'into~the
engineering literature (which is not to say that they are particularly
accurate). |

Some of the weaknesses to thisyapproach have been noted above.
Perhaps the greatest problem however, is that there is no explicit
recognition of the multifarious influences on road traffic. In part-
icular, increased truck movements of grain are only in part due to rail-
line abandonment. Equally important are the general trends noted above
such as increased farm sizes, fewer producers, fewer delivery points and
increased production of specialty crops. Except for the decline in
delivery points, which is both a function of rail-line rationalization
and a natural tendency toward economies of scale in grain handling, the
other factors in truck traffic growth do not generally result from
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explicit policies to alter the rail networks, and therefore may not
be explicitly assigned as partial responsibilities of the Federal
Government. To properly assess the impact of rail-line closures and
their attendant modal shifts requires considerably more elaborate
methodologies, the elements of which are now sketched.

First, and foremost, the relationship between increased traffic
and incremental road costs needs renewed research. To detail the
specific research requirements is beyond the scope of this particular
study, but crucial to any analysis is a more sophisticated consider-
ation of the relation between physical Tife, maintenance costs, and
environmental factors. Also significant is the question of design
life. As mentioned elsewhere in this study, one can approach the in-
frastructure investment by designing roads to their maximum 1ife, under
the assumption that this ultimately is the most cost effective approach
requiring fewer maintenance resources. However, this assumption is
largely intuitive. It may well be that a road network embodying a
shorter design life could be more economical in the long run, especially
if environmental factors play a significant role in the durability of
pavements and gravel. This issue is but part of a wider problem in the
economic analysis of infrastructure investment and project appraisal in
capital construction. In highways, the traditional ré]ationships S0
long trusted by engineers are now coming under greater scrutiny in the
face of major problems in the United States with the Interstate system.

Associated -with these road design issues is the’quest1on of bridge
jmpact. Few studies acknowledge that increased traffic has serious
implications for bridge life and safety, yet especially when dynamic
loads (weight which is moving) are considered, it is.possible that the
greatest impact is on the bridge system not the roads. None of the
prairie provinces appears to have done much. work in th1s regard.

Second, the issue of trucking technology is p1vota1. An analysis
of incremental road costs must properly assess the producers' decision-
making and avoid simplistic assumptions about continued use of vehicles
which happened to have been typical during the past ten years. At the
very minimum, Cross sectional surveys of motor vehicles use on farms
are essential. From this, assuming that the present age of the vehicle
is also obtained, it should be possible to predict the average G.V.W. of
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trucks on the farms, as well the mix of vehicles used by commercial
trucking firms. Scenarios may then be properly constructed to estimate
the effect of different producer decisions concerning the choice of
vehicle. Even a doubling of the grain carrying capacity of the average
farm truck may have a major impact in lowering the overall impact of
increased truck traffic on the roads. As an aside it is interesting

to speculate whether an accelerated capital cost provision which favoured
larger vehicles might encourage increased use of such vehicles and obviate
much of the problem of road damage.

A third step toward a more sophisticated approach would be to
undertake a complete survey of traffic, especially in those areas which
have recently experienced the loss of grain dependent rail-lines. This
could be a combination of actual surveys of producers and direct observa-
tion. Included in such a survey, would not only be an analysis of the
types of trucks employed, but equally importantly, the route assignment
of the changed truck flows. Most models which attempt to analyse the
change in distance hauled when an elevator is closed assume that the next
closest delivery point will be used. Many things-interVene in the choice
of delivery point including factors such as dealer preference, and the
combining of grain delivery with other trip purposes. At the very
minimum a probabilistic assignment over the road network is needed to
provide an accurate picture of the true impact of‘increased truck traffic.

- Fourth, and related to the previous point is the careful accounting
- for the particular links which are affeéted‘by rail-Tine abandonment and
modal shift. It is safe to assume that the provincial trunk roads, which
provide service from the farm gate to the provincial road would be at
worst unaffected by any modal shift, and could .even experience reduced
damage especially as larger vehicles are employed. It is quite Tikely
that the paved provincial highway system would suffer few i1l effects
since any increased grain movement would be sufficiently small as to
make a measurement of impact problematic. Also, to the extent that
commercial trucking was used to ship to more remote delivery points,

the larger vehicles employed would not place undue stress on the road.
It is the provincial road system, predominately gravel, which would bear
the greatest impact of increased traffic. Yet, damage to this type of
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road is relatively easy to remedy. A simple conceptual model (from
Shurson, 1971) assists in clarifying some of the issues.

Consider a transportation grid superimposed on a producing area
as shown below in Figure 7, where the lines are roads and the circles
are delivery points. The arrows indicate the typical route assigrment
around the delivery point "a".
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Since each of the agricultura] sheds.is square, the average hauling
distance is g1ven by

= ¥ (A ). (Where A is . the area of the agrwcultural
.shed),

It is possible to use this fonnu1a to calculate hauling distance and
truck volumes as delivery points are reduced; or what. amounts to the
same thing as shed areas are increased. Figure 8 below is a reproduc-
tion of Figure 2.2 found in Shursoen’ (197ml

It is possible to extend this analysis very simply to consider
which routes in particular are directly affected by a withdrawal of a
delivery point. Shown below is the figure from aboVe, except that the
delivery point "a" has been exp11c1t1y jdentified. Now, if "a" is

* A represents the area of an agricultural shed (wxyz) -therefore, the
d1stance1xy is A% and the average hauling distance is % of xy producing
d=1% (A?%). :
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withdrawn, the traffic remains constant on links 1-4, but increases

on links 5-8 as shown below in Figure 9. This modal shift, due to
closure of a specific delivery point, only affects half the road links
in a particular shed, assuming shortest distance choices are made by
the producef.

!
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(a is deleted)

Figure 9.

Route Assignment Due to Delivery Point Closure

~;
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Consider now, the situation when.two delivery points are
eliminated in this grid such as depicted below in Figure 10, The
producer located at node X has a total of 13 trip alternatives all
of equal distance. Certainly, in a real world situation, there may
not be so many competing routes and destinations, none-the-less, this
simple model does illustrate the nature of the analytical and com-
putational problem.

Also important is the possibility that route assignment may
differentially "load" Tinks on the network. A priori it is not possible
to predict the specific traffic loading on any given 1ink without a
model of trip choice. Some routes will load less and seme more, after

rail-1ine closures.
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Figare10.-

Link Loading Due to Delivery Point Closure
(b and q are deleted)

In summary, any appropriate methodology to derive specific

numerical charges accruing to the road network as a result of
rail-line closures and modal shifts in particular must move beyond

the simplistic aggregative analyses which predominate research at the
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moment. Efforts are underway to refine the road impact studies,
as mentioned above and economic analysis must await this second
generation literature. What is feasible (technically at any rate)
is additional economic analysis on the following matters:
a. Decisions by producers on the technology of truck
transport (i.e., choice of vehicle size).
b. Evolution of commercial trucking in response to
modal shift.
c. Route assignment behaviour by producer.

3.0 Synthesis and Quantitative Scenarios

Starting with the total cost of some $20 - $30 million to 2000
as calculated by the Manitoba Government on the basis of a very simple
aggregative estimation of the incremental road cost associated with
grain dependent rail-line closures, what is the confidence region
around such an estimate? One approach would be to vary parameters
such as interest rates, but this has Tittle scope for insight. Since
this simple aggregative approach does not include the interesting
behavioural relationship noted in the previous section, the most
revealing approach is to undertake a number of qualitative scenarios,
to examine the possible interactions between road changes and factors

such as:

a. choice of transport technology;

b. mix of private and commercial trucking;

c. trip choice and destination choices by producers and
commercial trucking firms;

d. overall changes in the mix of crops grown in Manitoba
(i.e., the proportion of specialty crops);

e. overall growth in grain production;
overall growth in agricultural processing, especially
meat packing.
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Factor ) Direction of Impact Probable Magnitude

a. Retention of small
(less than 200 bu.vehicle, + medium
private trucking)

b. Increasing one of larger
vehicles (commercial trucking, - medium to large
more than 50% in 750 bu.)

c. Increased farm size and
fewer producers - slight

d. Increased proportion of
specialty crops grown + sTight

e. Shortening of design life in
road construction ?

f. Increase (doubling) of
grain production (over next + medium
10 years)

?

Fach of these factors has been reviewed above, but it is worth consid-
ering each briefly in turn by way of summary. First it seems clear that
were small trucks to predominate in grain transport, there would be a
significant increase in road cost as a result of rail-line abandonment.
This may be taken as a baseline case reflecting the assumptions underlying
the current estimation procedures. The second possibility is the increased
use of larger vehicles, such as would be the case were commercial trucking
to become a more significant mode. The potential impact of a widespread
move toward larger vehicles could be very significant; perhaps even reducing
any increased road cost from rail-line abandonment to zero or even lower
(i.e., result in lower road costs overall).

The next set of possibilities relate more to the general environment
in the farm economy. Fewer, larger farms are likely to be associated with
the use of larger vehicles and/or commercial trucking and really should be
perceived as a determinant of trucking technology. Greater productions of
specialty crops, marketed outside of the centralized agencies, will produce
a greater impact upon the reads, and increase, slightly, the road costs.
Finally, if prairie grain production increases significantly, upward pressure
on road costs may be expected.

In all, the range of $20 - $30 million in Manitoba for increased
road costs associated with rail-line abandonment 1is reasonable under the
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assumption of a static transportation technology and agricultural
environment. To the extent that the present trends toward rationaliza-
tion in production and handling persist, and there is a sommensurate
shift toward larger vehicles, these figures are an over-estimate. There
is very little basis for saying there will be no impact on road costs
from modal shifts, but equally there is no basis for claiming significant
costs. In any case, even estimates of the net present value of increased
road costs over the next fifteen years are only about 20 percent of the
current annual expenditures.

Recommendations for Further Research

The very tentative nature of the findings in this report clearly
argue for more research. Specifically, the following two studies are
needed to better estimate the costs to the road network of grain trans-
portation:

a. Survey of Farm Trucking Technology

Although there have been a number of surveys undertaken of
farm trucking 1ittle is explicitly known about the probable
adoption of alternative technologies. In particular, if farms
continue to grow in size, and become fewer in number, the pro-
bability increases that producers will elect either to use larger
vehicles or to use commercial trucking. A survey of present
trucking technology correlated with other attributes of the farm
operation would be useful at least in presenting a cross sectional
view of the determinants of producer decision making with respect
to the adoption of technology. This survey would have to include
special questions which probed for the basis for adopting new
transportation services, andvgo beyond the past surveys which have
tended to inventory present vehicles.

b. Road Impact and Traffic

This research clearly is fundamental, not only to the issue at
hand, but perhaps more basically to the entire question of mainten-
ance and installation of the prairie road network. Work is pro-
ceeding, and economic analysis will have to await the conclusion
of this research to prepare useable capital evaluations.
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It is not suggested that the Council entertain these projects,
but in the event that the issue of road damage arises in the context
of the protracted negotiations over the Crow rate, or in the event
that the provinces argue for substantial settlements for the damage
caused by rail-line abandonment, it may wish to define an dppropriate
methodology for assessing these damages. This paper has outlined
the major elements to such a study.

One concluding note is in order. It often appears that as we
evolved from a rail dependent transportation system in the west,
that new costs (such as road impacts) may be compensated by the
cessation of other expenditures (such as branch line subsidies).
Unfortunately, these costs are rarely offsetting and more
importantly impossible to compare. There is no way to compare
the variation in branch like payments (made to railways in com-
pensation for their maintenance on grain dependent lines) with
the variation in road costs associated with increased diversion
of grain traffic to the highway system. Thus expectations that
as one class of costs allegedly ceases others would increase in
a matching and offsetting manner are unfounded. More than likely,
a period will ensue during which the federal government will have
to assume some responsibility for all classes of additional cost
associated with grain movement.
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Annotated Select Bibliography on

the Cost of Increased Truck Traffic

This bibliography is partial and serves to highlight the relevant work
undertaken to analyse the increased road cost of truck traffic for Canadian

and related experience.

Winfrey, R. "Economics of ‘the Maximum Limits of Motor Vehicle .Dimensions
“and Héight" FHWA-RD-73-69,70: (Sept. 1968, Vols 1,2).

This study evaluates the impact on pavement structure for load levels
of up to 30kip (single) and 50kip‘(téndem). 1The AASHTO method was used with
typical design and traffic factors. Loads and pavement'thickness were varied
with the following general conclusions:

- change in axle weight degrades pavement and shoulder structures;

- axle weight of 26kip (single) and 44kip (tandem) are feasible and gross

vehicle weight (GVW) could rise to 120kip;
- axle weight and qucing can be used for regulétidn as GVW has no direct

hearing on road damage.

Solomon D. et.al. "Summary»andTASSéssmént of Sizes and Weight Report"
PHWA-RD-73-67 (Aug. 1971). S

This is a critique of thglwork‘by‘Winfféyaﬁ& makes the'fo}1owing points:

- the basic technical data are adequatei;

- traffic loading has reiativelyvlittle jmpact on pavement thickness;

- the various coét data (construction and opératin95 were adjusted to
provide a sensitivity anélysis which reduced the benefit cost ratio
(reduced operating cost/intreased road cost).

Walton, C.M., Brown, J.L. and Burke,D:"Assessment of Heavy Trucks on

Texas Highways: An Economic Evaluation" Transportation Research
Record: 725, 1979.

11 kp = 1000 1bs.
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Two scenarios (status quo consisting of 20kip sing1g, 34kip tandem and
80kip GVW and 26kip single,.44kip tandem, 120kip GVW) were considered in terms
of the road cost impact. The general conclusions were that large freight
tonnage should be confined to»routes which are easier to maintain and main-
tenance costs decline with upgrading.

Phang W.A. Vehicle Weight Requlation and the Effects of Increased Loading
on Pavement Ontario Department of Highways No. RR15. Nov. 1969.

Both flexible and rigid pavements are reviewed with respect to the cost
imp]ications of heavier truck movement. Rigid(concrete) roads were especially
suéceptib]e at the discontinuity between states. Upward revision in single
axle loads from 18 to 24kip. This study used the AASHTO test deflection data,
and no analysis of freezing and thawing effects was undertaken.

Clark M.F. Saskatchewan Highways and Transportation Presentation to

Transportation Advisory Council on Vehicle Weight and
Dimension.

The basic objective of this study was the proposal to unify trucking
regulations for interprovincial freight~movemeni. Recognized is that reducing
axle loads or increa;ed'paVement thickness pkolongs pavement life. Axle weight
and frequency, not gross vehicle weight are the faptors whi@h reduce pavement
life. Increased loads does increase road déterforation; hoWeVerithis is offset
by increased greatef‘effeciencies. Once again AASHTO procedures are used to
establish recommended axle weight limits. |

Raubert J. B. and Jordahl, P.A. "Effects on Flexible Highways of Increased
Legal Vehicle Weight Using VESY-IIM" FHWA-RD-77-16 (Jan.1978).

A‘computer simulation model is used to evaluate pavement impact from
increased vehicle weight. Significant features of the analysis are discrete
axle modelling (spacing), seasonal variation of material properties and low
temperature analysis. The model is calibrated using AASHTO Road Test data,
as well as information from other evaluations. The main fundings were:

- Increasing axle load produces more fatigue cracking and ruttings
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- pavement thickness reduces cracking and rutting;

- all environement produces cracking (except for the wet-no freeze zone)
and cracking increases with colder ambient temperatures. In colder
climates, low .temperature failure was superimposed on fatigue cracking;

- earlier failure is associated with higher axle loading;

- service life is enhanced by accelerated maintenance (repairing);

- increasing axle loads increases maintenance to obtain a given standard
of serviceability.

This is perhaps the most complete of the studies reviewed, but is based
upon simulation of the basic AASTHO procedures. The model is not verified by
controlled field trials. |

Christianson, J. T., Shield, B.P.:: "Evalution of the Relative Damage

Effects of Wide Based T1re Loads on Pavements" Alberta Research
Council HTE 175101.

This report presents the results of an experiment with two asphalt pave-
ments. which were fully instrumented to present data on failure. Measured were
total deflection, Strain at the asphalt subgrade interface, and vertical stress
on the subgrade. The _purpose of the test was to evaluate the relative 1mpacts
of w1de base rad1a1 versus baisply t1res on single and tandem axles The
conclusions were.‘f

- biaspiy:end-widefbase radial tires have the same damage potential;

-a sing]e axle rednired about 60% of a tandem axle load;

Wh1tmae P. P et al "Dynam1c Pavement Loads of- Heavy nghway Vehiclgs".
‘Highway Research Board NCHRPlON 1970.

This paper 1s noteworthy for 1ts ear]y attempt to granble with fhe issue
of dynamic loading. Traffic loads are a combination of both static and
dynamic stress.. The fact that dynamic loads are variable, greatly complicates
the problem of analysing pavement performance. Dynamic loads are incorporated
by over designing pavements based on conjectures about the ultimate impact.

Road roughness, vehicle characteristics (weight, weight distribution) and
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speed appear to be the key variables. Using electronic monitoring

and a series of step bumps, the study concluded that:

vehicle suspension is not a factor;

single axle dynamic loads are greater than that of tandem axles;
dynamic 1dads are a significant proportion of the ultimate load
presented by the static load;

increased ak]e weight and speed produced higher peak dynamic Toads;
in general, dynamic loads can be as twice as high as static loads.

In other words, a static load of 18kip per axle could in fact present
a peak dynamic load of 36kip per axle;

properties of the two can base major impacts on the dynamic load.
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SUMMARY :

This appendix has presented an overview of the literature on pavement
impact of heavy trucks. In general, this research is rudimentary and in
some cases conjectural. The many complexities of material properties, plus
the effects of environmental fluctuations preclude neat conclusions on this
issue. There is no strong evidence that larger trucks will cause more damage
and hence increase costs to road repair. It may be concluded that increased
axle weight does reduce pavement life, increase maintenance requirement and
increase costs. Some of the above mentioned studies argued that these in-
creased costs are offset by the increased operator efficiencies. Indeed if
larger trucks reduce the need to make as many trips, the actual impact on
road surface may be reduced.
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APPENDIX

MODELS FOR FORECASTING FREIGHT DEMAND

INTRODUCTION:

The transportation of commodities appears to lend itself well to
formal analysis using economic demand theory. First, it can be assumed
that some sort of optimization process underlies commodity transport
decisions - in general, the minimization of the total cost of the movement
of the commodities. This means that models can be constructed which re-
present the costs of commodity transportation. The second freight transport
demand is derived from the demands for the commodities themselves at points
of consumption geographically separated from points of production. This is
the case whether the commodity is to be used to satisfy a final or an inter-
mediate demand. Therefore, the demand for freight transport can be directly
related to prdduction and consumption trends in the domestic and international
economy. Models of freight transport demand should take into account both
the costs of transport itself, and the demand for and supply of the goods which

require transportation.

This survey discusses two related aspects of freight transport demand,
namely fbreqasting transport demand, and the choice of shipper between modes

of transport (modal sp11t)

,719 the;literature on forecastlng the demand for fre1ght transport there
pes of mode]s - m1cro econom1c and macro econom1c Examp]es
glthe m1croeconom1c approach wherein - the un1t of - study is the
pper;:or. 7“1nclude the M.I.T. mode] (Terz1en 1975) and.
varwous s1m11ar cost Jnﬁm1z1ng, profvt max1m1z1ng 11near programm1ng exercnses
& 1975) Fr1ed]ander and Spady (1980)“ and Oum (1979)

' Macro econom1c models lnclude 1nput output mode]s, spat1a1 1nteract1on
(grav1ty) mode]s, s1mu1taneous equat1on ‘models, and t1me series models.’
Examples of’ macroeconom1c models include those used by the CTC (1978) and

Rao (1978).
MICROECONOMIC MODELS:

The focus of micro models is the single firm or individual as a decision-
making unit. The procedure is to first specify the production function of
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the firm, (i.e., the relationship between inputs and outputs), is assumed
to result from the firm's attempt to minimize costs (given the prices of
various inputs) subject to a technical production function. The result of
this optimization process is a set input demand equations. The demand for
transport is derived from this input demand. In other words, the price of
each input is re-specified to include its transport cost as well as its
purchase price. The demand for transport is simply the volume of transport
services required to move the least cost combination of inputs-plus-trans-
portation. Modal choice can be introduced into microeconomic models 1ike
these, as it has been by Friedlander and Spady (1980) and (1981), so that

demand functions are derived for transportation mode.

Such models are highly jdealized and constrained by a number of assump-
tions. For example, the underlying production process is assumed to
separable (i.e., there are no joint products) and prices of factors are
assumed to be independent of quantities purchased. This last assumption is
problematic with regard to transportation, since it is quite common for
rates charged to vary as more commodities are shipped, or as a given quantity
is shipped further, SO that the price of the input "transportation" js actually
not independent of the quantity purchased. With this complication, cost
minimization can still occur, but this simple model is no longer adequate.
Practical mathematical programming techniques are not readily available for
dealing with functions wherein average transport costs decline with quantity.
Other inadequacies include the omission of inventory (storage. plus spoilage)

costs and service uncertainty.

The first of these difficulties, inventory cost, is addressed by
Friedlander and Spady (1980). They derive an explicit freight demand equation
from a general cost function which recognizes the inter—re]ationship between
rates and inventory costs. This makes shipping costs more accurate since
they express both transportation rates and inventory costs. [Inventory and
transportation rates are assumed to be affected by the attributes of the
shipment: value, density, length of haul, and size of shipment. Rate,
average length of haul, and shipment size are then simultaneously determined
using instrumental variables techniques. This specification improves upon
the more general micro model. Daughety (1979) incorporates the effects of
risk and uncertainty into his analysis, which also is an improvement in

explaining actual behaviour.

R
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The M1T model is a logit (binary choice) model which is quite general.
A set of alternatives are open to each shipper, each being a combination of
the attributes of the commodity to be shipped, the market attributes of ‘the
destination, the shipper attributes, and the service attributes of the mode
of transport. The MIT model measures the probability that a shipper will
choose a given alternative as a function of service, commodity, market, and
shipper attributes. This model requires detailed cross-section data not

easily found, and may require special surveys to obtain.

MACROECONOMIC MODELS:

Probably the most important Canadian macroeconomic transportation demand
model is that of the Canadian Transport Commission (CTC). The model is a
multi-modal, medium-term forecasting model. Since the demand for transportation
is a derived demand, dependent on the staté of the rest of the economy,
structural variables describing economic activity in different regions are
used to explain the demand for transport. The impact on transport demand of
various changes in the macro-economy can thus be estimated. The model is
linked to the CANDIDE macroeconomic model of the Canadian economy, although

presumably other forecasts of economic activity may be inserted.

The CTC model is constructed to take into account changes in the
structure of the economy, to which microeconomic models are insensitive. For
example, levels of economic activity in different regions may change at
different rates. Such alterations in the pattern of regional disparities can
be incorporated into the model and their effects on freight transport demand

be estimated.

Exploitation of new mineral resources, changes in consumption patterns,
and changes in agricultural output can also be considered by a structural
model of this type. The user simply specified values for "the state of the
economy" and the model forecasts the demand for transport under that scenario.
The demand for transport is derived from the demand for inter-regional trade,
the magnitude of which is estimated based on the given scenario. Trade is
postulated on clearing markets which feature excess demand or>supp1y; markets
with excess production transport commodities to markets with "excess consump-
tion". The action of transporting goods is not “profit maximizing" in the
micro sense. Rather, goods in excess supply for which there is a demand are
assumed to be shipped as long as the cost of transportation does not exceed

the price difference between the two markets. As excess production and con-
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sumption and/or the cost of transport, all of which influence the volume
of transport demanded. Modal choice also enters the model, so that the
costs of both complementary and competitive forms of transport influence

the demand for each mode.

The CTC model is fundamentally different from its U.S. “counterpart®,
the MIT model. The MIT model uses microlevel transport variables to estimate
demand: the CTC model uses aggregate structural economic variables. The
MIT model measures the probability of a shipment taking place, given certain
attributes; the CTC model measures the amount shipped between regions - thus
MIT uses logit and CTC model uses regression analysis. While the main weak-
ness of the MIT model is that it responds poorly to changes in levels of
economic activity which can have a major impact on freight transport demand,
the CTC model's weakness is that it cannot measure as well the impact of
freight rate changes i.e., the elasticity of demand for freight transport
by mode. Which of these weaknesses is the more important for forecasting
freight demand depends on the relative changes in aggregate economic activity

versus changes in rates.

Another type of macroeconomic model is the spatial, or gravity, model.
With its characteristic multiplicative form. The volume of a commodity
flowing between regions is seen to be proportional to a product function of
the measures of economic activity in the regions and proportional to a de-
creasing function of the total cost of commodity transportation. In other
words, the demand for transport is directly related to excess supply in one
region, and excess demand in another, and inversely related to the cost of
transportation. Models can be either unimodal (Black, 1972) or multimodal
(Perle, 1965) and Mathematic, Inc. (1967-9). Perle's model explains transport
by rail as a function of truck and rail freight rates, taking into account
regions and types of commodities, but using dummy variables for production
and consumption terms. Black's model relates transport demand to excess
supply and demand. Kanafani (1983) considers Black's model too aggregative
to use for forecasting, while in general gravity models require more data,
and yet handle less well the determinants of demand and choice of mode than

other transport demand models.

A third type of macro-economic model is the input-output model. Single
region input-output models have been used for several transportation studies
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at the regional and national level, but generally for the purposes of
broader economic planning and not just demand analysis. An example is the
Sudan Transport Study by the ADAR Corporation (1974). Such single-region
models are limited in their applicability however, because they can provide

forecasts only at the gross national or regional level.

Input-output models have been extended to the multi-regional level
in various studies, including Leontief (1970) and Chenery (1967). Multi-
regional input-output models are complicated to construct; however, they
are more adequate for modeling transportation demand, particularly in a
regionally diverse country Tike Canada. Three types of mu]ti—regioné] input-
output methods have been used: the gravity method by Leontief, the column
trade coefficient method by Chenery, and the row trade coefficient method, a
variant of the column trade coefficient method. Like all input-output models,
those used to estimate transport demand have restrictive assumptions. In
particular the assumption of constant technological coefficients (a constant
amount of any given input to produce any given output) is restrictive if the
purpose is to estimate demand over a period when technology 1is being modified.
However, for the purposes of freight transport demand, fixed coefficients do
not pose a problem. An input-output model could be very useful in forecasting
road and rail freight transport, considering the extreme interdependence of the
level of transportation output and requirements and the level of activity else-
where in the economy. Input-output is not essentially a forecasting system,
but rather a system for allocating forecasted GNP among industries. Since most
freight transport falls in the wintermediate" category, which does not show up
in the GNP forecast, a projection of freight transport requirements (by mode
if the tables are detailed enough), results. The quality of the results depends
on the accuracy of the final demand estimates and the technical coefficients.
The main problem with using input-output models is their cost, and the detail

required to forecast a single industry.

Another method of modeling the transport sector is the time series method
used by the CTC to complement its econometric model. Time series forecasts
are mathematically difficult but conceptually simple. They rely on trends
which have appeared in the past continuing into the future. They are most
useful where institutional relationships predominate, or where unusual changes
in the movements of variables are unlikely for some other reason. Like the
other methods discussed they are relatively poor at long-term forecasts.
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Freight transport car be adequately forecast for the short and medium-term
(less than 5 years) because of the existence of traditional markets and
sources of supply, long-term contracts, and ownership constraints, which
discourage changes from past patterns of activity. Therefore, reliance
on past behaviour to predict the near future does not seem unreasonable.

The CTC modeled the monthly movements of freight using both the ARIMA
model and "Dynamic Regression"”. ARIMA forecasts are based solely on past
trends, while the dynamic regression or “transfer function" approach, attempts
to find associations between variables. At the same time, it treats both
independent and explanatory variables as time series and models are con-
structed for each time series and the resulting residuals correlated. Dynamic
regressions attempt to combine the benefits of forecasting by using trends
with the benefits of using an understanding of the factors that influence
changes in a variable. CTC investigations showed, however, that the explan-
atory power of regression analysis was often of less use for forecasting
than projections based on the continuation of past patterns into the future.
The CTC study attributed this partly to the complexity of transport demand,
and partly to institutional constraints, difficult to quantify but paying a
role dampening changes in transport demand variables, thereby improving
forecasting record. Since results from dynamic regression models were only
slightly better than from regular time series analysis, given its difficulty,

dynamic regression was of limited use.

SUMMARY :

What is the relative value of macro versus micro models for forecasting
freight transport demand? Essentially, this depends on the purpose of the
forecast. Macroeconomic projections can serve as guides to national policy,
and overall programs. They indicate how much transport is needed, and by
what mode. Micro forecasts, on the other hand, best apply to specific links.
They are useful in designing a particular facility and for forecasting volumes
of traffic over a certain period of time. Micro models are concerned with
choices of individuals: first whether to transport goods, and then by which
mode to transport them. This is a substantially different concern from that
of the macro models, which attempts to estimate and forecast the amount

transported under varying economic conditions.
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Which, if any, of these models might apply to the study at hand? At
the core is the need to forecast the increase in traffic on provincial
roads explicitly due to rail line abandonment. A first step in this task
is to determine the trend in total truck traffic over time, not of any
extra traffic resulting from rail rationalization. Forecasting this is com-
plex using recent data, because rail lines have been continuously abandoned
since 1967. Therefore, the appropriate data might have been from the pre-1967
period; however, time series models using pre-1967 data to forecast traffic
from 1967 - 2000 are unlikely to be very accurate, if only because rates of
growth of economic activity have slowed considerably since 1967. Consequently,
it may be very difficult to differentiate between extra traffic from rail line
abandonment and the ordinary trend increase in truck traffic. Nevertheless,
it is a macro-type model which is necessary for this sort of forecast: micro
models are clearly not appropriate when the need is to forecast overall traffic

increase in the province.

Given the nature of transport demand, an input-output model might be
the best to use for prediction, however, these models are enormously costly
and time-consuming. The CTC model unfortunately concentrates on the rail
and marine modes since these are federal responsibility; what is needed is to
forecast truck traffic at the provincial level. Further, the CTC model
aggregates wheat production nationally. In all, the CTC model does not appear
useful for estimating provincial increases in hauling grain by truck. The
CTC time series models may provide a useful reference for the use of time-
series to forecast truck traffic with and without rail line abandonment.

SUMMARY OF TRANSPORT DEMAND FORECASTING MODELS:

In summary, it is clear that the models discussed above are not very

useful for the purposes of estimating increased truck traffic in Manitoba.

Micro models of the type developed by Oum and others, are also not very
useful. Perhaps their greatest limitation is that no route assignment is
included in the decision-making process. These micro models are still quite
aggregative in orientation, and while a model of the firm is employed, the
route decisions of the individual firm are not explicitly incorporated into
the analysis. VYet, as is explained in the main body of the text, it is this
feature of the model a shift from rail to road which is of great significance

for projecting the increase in costs of road maintenance.
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In the first place, the micro models are not really applicable. Their

focus on individual choice is inadequate when the need is to forecast

overall trends in highway traffic, given certain changes in the rail system.
This is first because farmers, faced with rail line abandonments have no
choice but to truck their grain further than previously. Micro models of
individual choice are not capable of dealing with this sort of circumstance.
Should farmers decide to ship their grain by truck to port, or farther than
the nearest grain elevator for reasons pertaining to service or price char-
acteristics of the rail or truck mode, these decisions could be modeled with
micro models such as that of Friedlander and Spady. The nature of grain:

its bulk, low value and necessarily long shipping distances limit trucking.
Competition between rail and truck is mainly for the carrying of commodities
for which the service characteristics of trucks - speed, reliability, less
loss and damage, etc. - give them some advantage although their rates are
nearly always higher (see Rao). Therefore it is reasonable to assume that
unless relative prices shift substantially export oriented grain will continue
to be shipped as much as possible by rail, and any increase in trucking will
consist of the increased distance from farm gate to a proximate delivery point.

MODELS OF MODAL CHOICE:

Models of freight modal choice are closely connected to models of freight
transport demand. Wayne Cunningham (1982) describes four types of modal

choice models.

Early models, particularly the "traditional" approach represented by
Meyer et al, compared the historically-determined costs of transporting goods
by rail and truck. Where goods were transported on the higher cost link, this
was considered resource misallocation, and its cost measured by the rate
difference multiplied by the value of the commodities shipped. These largely
ignored service differentials, basing modal choice solely on costs. The
weaknesses of traditional studies in areas such as cost measurement, cost
aggregation, allocation of total costs among shipments, and ignoring quality
of service made them inadequate for judging or predicting choice of mode.

Models of “revealed preference" also attempted to measure the amount of
competition existing between rail and truck modes. Observations of the
revealed preferences of shippers for each mode after shippers have selected
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their mode were related to shipment size, distance, commodity value and
various other factors. A study by Rakowski (1976) showed that competition
between modes exists for all but very long and very short hauls. Rail
transport had a larger market share for long hauls, and bulky, Tow-value
commodities. Surti and Ebrahimi (1972) also found that shipment size and
distance explained most of the variance in traffic distribution in their
study. Problems with these types of models arise mainly in the fairly
arbitrary decision as to when modes are competing with each other.

Behavioural models, the class of modal split models
recognize that the selection of mode may not be wholly rational due to in-
complete information, and biases. Craig, (1973) developed a model incor-
porating three steps of modal choice - information search, decision making,
and performance evaluation - which occur whenever a shipper transports
freight. Irrationality enters the process because of the interaction of
evaluation with information search; biases from previous evaluations can
take the place of search, and active information - gathering occurs only
when a previous choice has resulted in dissatisfaction. A study by
Christenberry, cited in Cunningham, showed a moderately strong relationship
between shipper's perceptions and modal split. Behavioural models make a
contribution to the theory of choice in recognizing the impact of perceptions.
Such models may be of use in modeling farmers' decisions to haul grain by
small versus large trucks, or by their own versus a commercial truck.

Another type of mode choice model is the abstract mode model, also
known as the first developed by Baumol and Quandt (1966). Baumol and
Quandt theorize that the demand for transport was not dependent on any
particular mode, but rather was related to the characteristics of that mode:
speed, reliability, cost, and so on. People do not demand "train transport"
but a particular set of attributes each with an imputed price. A mode is
"abstract" in that it is only thought of in terms of its attributes, which
could change over time or from link to link. Baumol and Quandt used this
model for forecasting passenger travel demand, although it has been used

for freight transport demand by Turner (1975).

Models of this type apply the concept of abstract modes and abstract
commodities to mode choice. Ignoring inventory costs, the choice between
two modes is made on the basis of a simple cost function (see Kanafani for
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an exposition), where cost per unit shipped on any mode is equal to the
freight rate plus the cost of time (where the cost of time includes both

the deterioration of the commodity transported and the cost of tied-up
capital). The mode chosen for transport is the one for which costs are at

a minimum. Clearly, this depends on the vector of the commodity character-
istics as well as the mode characteristics, since the projected cost of
deterioration and tied-up capital depends on the physical nature and value
of the commodity. Mode, however, can affect this cost: for example, a mode
with refrigeration available decreases the projected cost of deteriorization
of perishable commodities. The service attributes of any particular mode
determine the least cost choice for any particular commodity. A shippers

indifference curves can then be mapped in modal space.

The abstract mode approach has the advantage that as modes change or new
modes appear they can be incorporated easily into the model. However, one
must question the importance of such flexibility here: first because new
modes or the modification of existing modes is a long-term phenomenon, and
second because the purpose of this study is to consider road and rail traffic,
The model also requires detailed data on specific shipments. It presupposes
the solutions to measurement of attributes and it does not incorporate be-
havioural factors which influence and explain modal selection.

An empirical test of this theory is found in McGinnis et al (1981).
McGinnis' results are not surprising: those who ship by truck are most con-
cerned with services like speed, reliability, and decreased loss and damage,
while those preferring train have non-fragile products, large size shipments,
and regarded speed and reliability as less important. The usual prediction
about grain follows: grain will nearly always be shipped by rail. But this
does not tell us anything about how much grain has to travel how far by road
before it gets to the train. The most useful implication is that farmers are
likely to haul their grain to the nearest rail connection, and not to one
farther away. Of course this assumes that intervening preferences such as
grain dealer attributes, or deTivery point attributes do not interQéne.

As well as the above deterministic mode choice model, there are stochastic
mode choice models. Although the shipper is presumed to rationally choose
according to the minimum cost principle, randomness appears in the choice
function due to inaccuracies in the perception or measurement of costs, or
other influences (i.e., preferences for dealers and delivery points). Binary
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or multi-nominal choice models can be applied at the macro level with
commodity flow data or the micro level with individual shipper data.

At the macro level, the models measure the proportion of individuals

who choose a certain mode (or equivalently the probabiiity that an

alternative is the choice of an individual drawn randomly from the pop-
ulation); at the micro level, they measure number of times an alternative

is chosen by an individual proportionate to the total number of times that
individual chooses under the same conditions, giving once again a probability.
Stochastic models seem to be better at prediction than deterministic models.

(See Kanafani).

In their studies of inter-modal competition, both Boyer (1977) and
Oum (1978) emphasize the importance of quality attributes, which had been
largely neglected in earlier quantitative literature, (although texts like
Kneafsey's (1975) presented service differences as the major factor in the
historic shift of commodity transport from rail to truck). Boyer, for example,
claims that previous studies vastly underestimated the economic value of
service differentials. This underestimation meant that studies such as the
one by Meyer et al, underestimated the relative cost of shipping by rail,
and therefore led to the conclusion that small rail freight rate cuts would
very effectively increase the rail share of the shipping market. In other
words, the Meyer study (1959) overstated the price sensitivity of the demand
for rail freight transport, because it understated the value of the greater
convenience, reliability, and speed of truck transport. Boyer re-estimated
the price sensitivity of modal split using a linear logit functional form
estimated by ordinary least squares, and found that price sensitivity is only
moderate; demand is sensitive to prices (a change in freight traffic with a
change in rates = approx. 1) only when rail and truck split the share of
traffic about 50/50, i.e., are close substitutes. Oum concludes from his
estimates of elasticities that the rail and truck modes are highly sub-
stitutable in moving many commodities but not low value bulk goods like
lumber and grain. Boyer does not find price elasticities to be as high as
Oum and agrees that minor adjustments in prices would have little effect on
volume of rail freight demanded. The conclusion about grain arising from

Oum's study are true a fortiori of Boyer's study.

oum also investigated the importance of quality variables in influencing
the choice of mode. He found that speed and reliability were very important
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for shipping relatively high-value commodities such as fruits and vegetables,
while less important for low value commodities such as lumber and metals.
Further, the elasticity of demand for the rail mode decreases as distance
hauled increases, due to the increasing cost disadvantage of trucks as length
of haul increases. According to these conclusions, the demand for grain
transport would be relatively unaffected by quality of transport character-
istics. Consequently, if rail line abandonment were considered to con-
stitute a decrease in quality of service, it is unlikely that farmers would
switch modes. Boyer's estimates revealed that for goods which are largely
carried by one mode (such as grain carried by rail) the price sensitivity

of demand is low. From these two studies then, the tentative conclusion
with regard to rail line abandonment (where it is squeezed into this frame-
work!) is that even if it increases the price and decreases the quality of
shipping grain by rail, grain will continue to be shipped by rail as much

as is possible. High value farm products, such as live animals and specialty
crops, are already shipped nearly completely by truck, so changes in the
characteristics of rail transport will not affect them.

The conclusion that can be derived from this brief survey of mode
choice models that none deal directly with the rail Tine abandonment
situation although they do provide some insight into the nature of grain
transport. Specifically unanswered is, how much traffic will be moving
an increased distance due to rail line abandonment, and in what sort of
vehicle will it move. The main problem with the first queétion is data.
Detailed grain production data by locality is required, as are sound estimates
of increased trucking distance. More difficult but certainly more important
in determining the effect on roads of increased hauling of grain by truck is
knowledge of the trucking technology. Faced with increased hauling distance,
will farmers purchase larger trucks in order to reduce the number of hauls?
Or will they opt for smaller, less expensive trucks and more trips? It would
be interesting to construct a behavioural model of farmers' choice. Given
cost of gasoline, trucks, and time, would the representative gost-minimizing
farmer choose a smaller or larger truck? Microeconomic model choice models
might have something to contribute here. But the choice of mode between rail

and truck is never really at issue for grain.
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Inter-modal choice is not, in the short or medium term, an important
determinant of traffic. There are two major determinants of interest:
the state of the economy (i.e., the level rate of growth, and regional dis-
tribution of output) and the abandonment of rail lines. Separating the
effects of these and obtaining the data needed for forecasting is arduous.
Examples of macroeconomic models include those used by the CTC and Rao.

MICROECONOMIC MODELS:

The focus of micro models is the single firm or individual as a decision-
making unit. The procedure is to first specify the production function of
the firm, (i.e., the relationship between inputs and outputs).
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