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ABSTRACT

USING A REGIONAL INPUT-OUTPUT MODEL TO FORECAST

RAIL FREIGHT TRAFFIC: WITH APPLICATIONS FOR

THE SUBSIDY-ABANDONMENT DECISION

By

Jeffrey L. Jordan

The purpose of this study is to suggest and test a method that

systematically links the level of statewide economic activity with the

demand for rail freight tranSportation services and facilities. A

20-sector input-output model of the State of Michigan is combined with

commodity flow data obtained from expanded, l percent waybills from all

of Michigan's railroad lines.

The test of the forecasting method is whether the 20-sector in-

put-output model of Michigan can provide reliable estimates of rail

traffic over a four-year period. The test is carried out not only on

total rail traffic, but also on a sector-by-sector basis. The ability

of the input-output model to disaggregate output projections is the

key to its use in projecting rail traffic. This is so because the

derived demand for rail services in a region, or on individual lines,

depends in part, on the output of the particular commodities that are

produced in the area.

The results of the test of the rail forecasting method indicate

that it is effective in producing estimates of rail traffic. The model

projects rail traffic to within 1.2 percent of actual traffic over the



Jeffrey L. Jordan

total rail network. Additionally, the model is effective in providing

sector-by-sector estimates in ll of the l3 sectors for which rail traf-

fic is represented in l976 and l980.

Following the testing of the forecasting procedure, the study pro-

vides an illustration of the use of the model in regional rail planning

decisions. The case of Michigan's Upper Peninsula is used to demon-

strate the usefulness of having projections of rail traffic when making

subsidy-abandonment, or rail rationalization decisions.

The forecasting procedure is also used to examine a specific issue

on one rail segment in the Upper Peninsula: the northern 300 Line.

This illustration of the uses of the input-output model emphasizes the

flexibility of the method in dealing with individual rail issues. Not

only is the input-output model able to disaggregate the effects of

changes in specific commodity production, but through the waybill

sample, it is able to isolate particular rail segments.
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CHAPTER I

INTRODUCTION

Problem Settigg
 

In the last decade, the financial difficulties of railroads have

caused federal and state governments to become increasingly involved in

issues associated with preserving essential levels of rail service. In

Michigan, 16,500 people are directly employed by the 32 operating rail-

roads. Railroads are the dominant means of transportation for manu-

factured products, carrying 67 percent of the state's manufactured

goods, while Michigan's agricultural commodities also depend heavily on

the service of the railroads. Since the Regional Rail Reorganization

Act of 1973 (3R Act) and the Railroad Revitalization and Regulatory

Reform Act of 1976 (4R Act), state governments have been charged with

analyzing their rail systems and establishing priorities for lines that

should be retained under subsidy.

Rail freight planning began in Michigan in 1974 'hi response to

the bankruptcies of the Penn Central Railroad (PC) and the Ann Arbor

Railroad (AA), which together comprised 35 percent of the rail mileage

in Michigan. The 3R Act provided for the reorganization of six bank-

rupt railroads in the Northeast and Midwest region, and for federal

financial assistance to continue rail freight service on lines of the

bankrupt carriers (PC and AA in Michigan) which were excluded from the

federally reorganized ConRail system. The Michigan Railroad Plan,

1
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Phase II (revised and approved by the Federal Railroad Administration

in June and August of 1976, respectively) was prepared to insure that

Michigan would be eligible for federal rail service continuation assis-

tance under Section 402 of the 3R Act.

Implementation of the 1976 Michigan Railroad Plan provided reten-

tion of service on 921 land miles of the 1,049 miles of bankrupt car-

riers which were not absorbed into the ConRail system or acquired by

solvent carriers. Upon passage of the 4R Act, another 419 land route

miles operated by solvent carriers were identified as being subject to

abandonment proceedings. From that time to the end of the decade, 318

more route miles were filed for abandonment and 185 miles were actually

abandoned.

As of September 1, 1930, the Michigan rail system consisted of 838

land route miles operated with state or federal rail service assistance,

204 land route miles which were subject to abandonment proceedings, 589

land route miles which were considered by carriers to be candidates for

abandonment, and approximately 4,397 land route miles operated by

solvent carriers and not potentially subject to or pending abandonment.

In Michigan, the state's 1981 Appropriations Act specifies a

phase-out schedule which reduces the 1981-82 state rail freight operat-

ing assistance appropriation for currently subsidized lines by 25 per—

cent, each year for four years. By 1985-86, the state's subsidies to

these rail lines will be discontinued. This is in addition to a reduc-

tion in federal support. While the Rail Service Act of 1978 provides

subsidies through 1983 on some lines, little federal money has been

appropriated. In the late 19705, federal rail subsidies were between

$4-6 million per year. In 1982, that figure is $900,000, which funds
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only a few capital projects. Michigan is currently in the process of

submitting a request for some of this capital project funding. As

federal and state funds disappear, rail planners in Michigan and else-

where are faced with the need to define an essential core of rail

service and to determine which rail lines will receive the declining

financial support. Consequently, rail planners require methods to

estimate rail traffic and to predict profitability of currently sub-

sidized lines.

Purpose and Objectives

The purpose of this study is to suggest and test a method that

systematically links the level of statewide economic activity with the

demand for rail freight transportation services and facilities. A

20-sector input-output model of the State of Michigan will be combined

with commodity flow data obtained from expanded 1 percent waybills from

all of Michigan's railroad lines. The method that is discussed and

tested in this study is designed to aid rail planners in forecasting

rail traffic based on economic activity in the state. In Michigan, as

elsewhere, rail traffic forecasting has been predominantly ad hoc in

nature and not directly related to the state of the general economy.

Not only is a systematic method of predicting rail traffic necessary

for rail planning, but traffic projections are needed to analyze the

issue of whether to subsidize a rail line or allow its abandonment.

In accomplishing this purpose, the following objectives will be

achieved:

(1) The final demand sectors of the Michigan economy will be

estimated for 1980.
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(2) These final demands will be used to forecast total output,

by sector, for 1980 from the 1976 Michigan input-output

model.l/

(3) The changes in total output will be used to forecast the

difference in rail traffic between 1976 and 1980.

(4) The forecast results will be checked against the actual

rail flows in 1980 to determine the forecasting capability

of the input-output method.

(5) The method will be used to forecast rail traffic, over

various economic growth scenarios, to 1983 and 1986.

Special attention will be paid to the rail system in

Michigan's Upper Peninsula.

(6) Finally, there will be an illustration of the method's

usefulness in the rail planning process.

The Input-Output Method

The use of an input-output model to predict rail traffic is based

on the relationship between the production and consumption of goods in

an economy and the demand for transportation services and facilities.

In order to produce a product, a given quantity of inputs is needed.

Although economies of scale may be present in some industries, to pro-

duce more of a product (or less) a larger (or smaller) supply of inputs

is required. A production facility must acquire and store these inputs.

A retail firm can also be viewed as a production facility, where

 

l/Model obtained from Michigan Department of Commerce, Energy

Administration, "A 44-Sector Input-Output Model of the Michigan EconomyJ'

Energy Issues Analysis Series, Lansing, Michigan, March 1980.
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production is the sale to final consumers. The process of acquiring

inputs involves transportation. With the knowledge of inputs required

for production of a good, and amounts required, it is then possible to

determine what inputs (the output of other industries) and what volume

must be transported. Freight transportation is a factor of production

and is not desired in its own right, but only for the service it pro-

vides in the production process. The demand for transportation is, in

fact, a derived demand--derived from the level of production and econom-

ic activity in a region or state.

The input-output method uses a system of accounts that represent

the transactions among the sectors of the economy. These determine the

interrelationships that exist between sectors of the Michigan economy

and the relationship between these and the economic activity outside of

the state (Rest of Nation, RON). By using this accounting method, it

is possible to show how outputs in dollars from each producing sector

are distributed among other sectors in Michigan and RON. In terms of

transportation requirements, the input-output table also shows how (and

from whom) each sector procures its inputs (both in Michigan and RON).

Input-output models are consistent in that the outputs of each sector

must conform with the outputs of all other sectors from whom it buys

inputs and to whom it sells outputs, as well as with the total output

of the economy. It is therefbre possible to trace the interdependence

in the economy and the required flow of goods needed 'hi the input-out-

put process.

Once the inputs and outputs that must move throughout the state

are known (given the level of economic activity), it is necessary to

link that information with data on rail transportation activity. The
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characteristic of consistency in the input-output model must be matched

by the transportation data. This requires that total product movements

in the transportation sector correspond with the dollar flows between

sectors in the input-output model.

To accomplish this, an input-output model of Michigan will be

linked with commodity flow data to determine movements of inputs on the

state's rail network. Each of the 20 sectors in the input-output model

will be matched to commodity classifications on the waybill tapes (the

Standard Industrial Codes in the model are matched to the Standard

Transportation Commodity Classification codes of the transportation

data, SICs and STCCs). The input-output model represents the economy's

structure and predicts the annual usage rate of commodities by industry.

The model indicates who the suppliers of an industry are, who demands

their product, and what their particular input-output relationship is

to other sectors. The initial assumption is that economic activity in

a particular sector or region generates the demand for the physical

movement of the aggregate of products included in each of its input

sectors in proportion to the change in that sector's output. Thus,

corresponding to each of the dollar flows present in the input-output

model, originating and receiving sectors can be identified on the com-

modity waybill tapes.

To forecast rail traffic for any year, it is necessary to estimate

the final demands, by sector, for the forecast year. These final

demands are used to "drive" the 1976 Michigan input-output table, pro-

ducing projections of total output, by sector. This projection is ac-

complished through the multiplication of the new final demands by the

Leontief inverse matrix derived from the input-output table. After the
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total outputs are generated, rail movements will be predicted based on

the increase or decrease in output for each commodity. For example, if

the final demand in the automobile industry is decreased by 10 percent,

the total output in its input sectors will also decline. This decline

represents a decrease in the flow of input goods on the rail lines that

deliver goods to the industry. If the use of foundry output decreases

by 3 percent due to the decline in the automobile industry, then on each

rail segment that moves foundry output, projected rail movements will

be decreased by 3 percent. This procedure will be used to adjust the

movement of goods on the state's rail lines given the changes in total

economic activity.

Applications to the Subsidy-Abandonment Decision

To determine whether a Michigan rail line should be subsidized or

abandoned (the investment-disinvestment decision), the Michigan Depart-

ment of Transportation's primary objective is to identify the minimum

acceptable levels of rail service along endangered lines, demonstrating

either profitability to the operator or social and/or economic benefits

to communities. The approach mandated by the yearly "Michigan Railroad

Plan" is the use of benefit-cost impact criteria. A decision to

subsidize a branch line reflects an explicit judgment by decision

makers that adverse consequences of a rail abandonment justify the

cost of subsidization. While this benefit-cost approach is essential

in individual abandonment proceedings, decision makers viewing the

rail system from a statewide perspective require a more comprehensive

framework which considers spatial and commodity aspects. The procedure

suggested in this study seeks to provide the link between the total
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freight transportation system and the economic activity throughout

Michigan.

The abandonment of a rail branch line reflects not only a change

in the supply of freight transportation, but also in its demand. When

a rail branch line is abandoned, it demonstrates that the demand for

the operator's service has declined, resulting in revenues below costs

and thus, abandonment. Therefore, abandonment reflects the fact that

the demand for goods in the entire economy or region has declined

causing a decline in the derived demand for transportation. It follows

that linking a model of the economy (representing the requisite amounts

of input and output) with data on how these commodities move throughout

the state, will enable planners to address the demand for transporta-

tion services and facilities.

This study is designed to aid in the answering of two questions

crucial to the understanding of the relationship between the demand for

rail service and the demand for intermediate and final goods in the

economy:

(1) Given the necessary volume of goods that must flow over a

particular rail segment in order for it to produce revenues

over costs, will the projected level of economic activity

in the state or region generate enough demand for inter-

mediate and final goods to meet this volume? If projected

statewide economic activity will generate such a volume,

then the rail segment would be a candidate for subsidiza-

tion until the projected demand occurs. If statewide

activity will not generate enough volume, the line may

be subject to abandonment.
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(2) The corollary to the first question is, given projections

of statewide economic activity, what will be the volume

of the flow of goods generated for individual rail

segments? Answering this question will help to identify

which rail segments will eventually become profitable

and which will continue to operate at a loss, providing

for long-term planning.

The immediate problem facing rail planners is the loss of subsidy

money over the next few years. Consequently, they are faced with a

yearly decision on which lines to continue to subsidize through 1986.

Interim subsidies on lines which may never become profitable may not be

an "efficient" use of subsidy funds. Thus, the motivation for using

the method of this study is that rail planners must know which lines

have a probability of becoming profitable and which do not. While

service may be justifiable on a line in a more comprehensive benefit-

cost basis, the method suggested here will help determine whether a

line would require permanent operating assistance. Thus, a method that

can predict rail traffic can be of value in the subsidy-abandonment

process.

The Upper Peninsula Rail System: Applying the Method for the

SubsidyéAbandonment Decisién

A demonstration of the model's usefulness in predicting rail move—

ments and in aiding the subsidy-abandonment process will be applied to

Michigan's Upper Peninsula. Michigan's Upper Peninsula was chosen as

the case study for two reasons. First, the U.P. rail system is cur-

rently (spring 1982) the subject of study by the Michigan Department of

Transportation. This study is part of the rail rationalization process
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of the transportation department, which includes decisions on sub-

sidies and abandonments, requiring forecasts of U.P. rail traffic.

Consequently, the U.P. case study is timely in that it can aid the

decision-making process already underway. Further, the results of this

study can be compared with the results of the rail rationalization

report as a check on both methods.

Additionally, the U.P. rail system is being used as a case study

because of transportation data that has recently become available. The

Marine-Ports Planning Section of the Michigan Department of Transporta-

tion conducted a shipper survey of the U.P. in 1981. This data repre-

sents nearly a 100 percent survey of resource-based and manufacturing

traffic generated in the U.P. Thus, it is possible to use both the

rail waybill samples provided by the Federal Railroad Administration

and this primary data source to demonstrate the method of forecasting

U.P. rail traffic. The primary data will be used as a check against

the waybill sample.

ForecastinggProcedure

Once the 20-sector input-output model of Michigan is linked to rail

data (expanded 1 percent waybills) by STCC and SIC codes, it is possible

to use the model to project rail traffic and to aid in the subsidy-aban-

donment decision process. First, the model will be tested to determine

whether it can accurately forecast rail traffic, given known rail move—

ments. The test will consist of projecting 1980 rail traffic on the

basis of 1976, 1 percent waybill data and comparing that projection to

the waybill sample observed for 1980. Second, the model will be used to

forecast total state rail traffic and Upper Peninsula rail traffic beyond
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1980, with application to the subsidy-abandonment process. The pro-

cedure that will be used in both cases, with modifications, is outlined

in Figure 1.1.

To forecast rail traffic for any year, the starting point is the

1976, 20-sector input-output transactions table. Final demands, by

sector, are estimated for the forecast year and are substituted for the

1976 final demands. Total output, by sector, is estimated by the in-

put-out model through the multiplication of the new final demands by the

output multipliers of the inverse matrix (I-A)'1. Projected total out-

put is then taken as a percentage of 1976 output.

The 1 percent waybills (expanded by 100) representing total rail

traffic in 1976 are then multiplied by sector, by the real percentage

changes forecast by the input-output model. This procedure yields a

projection of rail traffic for the forecast year. Finally, the actual

traffic of the forecast year is compared to the projected traffic to

judge how accurately, both by totals and by commodity, the model pro-

jects rail traffic.

Organization of Study

The literature review in Chapter II will focus on recent litera-

ture dealing with rail traffic forecasting methods. The review will

also examine studies on rail abandonments, particularly as they apply

to Michigan. For the purpose of this review, the literature is divided

into that which takes a structural-aggregate approach to rail freight

forecasting and that which views the issue from a micro or firm level.

Chapter II also includes a discussion of the estimation of rail freight

traffic and the rail planning process in Michigan, with particular

emphasis on a description of Michigan's two-tier rail rationalization
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Figure 1.1

Flow Diagram of
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procedure. This latter part of Chapter II confirms the need for a more

systematic method of estimating rail freight traffic.

Chapter III is a description of the Michigan rail system, with an

emphasis on those rail segments and regions where abandonments or sub-

sidization have occurred or are likely to occur. The need for esti-

mates of future rail traffic due to the reductions in subsidy appropria-

tions mandated by Michigan's legislature is examined. Further, Chapter

III provides a description of the Upper Peninsula rail system, includ-

ing a discussion of the operations of each railroad and the traffic

characteristics of the U.P.

In Chapter IV, an examination is made of the economic framework of

the study and the method suggested for estimating rail traffic. This

chapter includes the rationale for using the input-output method for

rail planning. The description of the 20-sector input—output model in-

cludes an explanation of how the input-output method projects an

economy's total output through the use of the Leontief inverse matrix.

After a discussion of the assumptions behind the input-output table,

the construction of the table itself is examined, based on work at the

University of Minnesota by Hwang and Maki. Included in this part of

Chapter IV are the data requirements, updating, and aggregation pro-

cedures used to build the 1976 Michigan input-output model. Finally,

Chapter IV includes a description of the procedure used to link the

input-output table to commodity flow data and a description of the

waybill sampling procedure.

The forecasting ability of the input-output model is tested in

Chapter V using the method outlined in Figure 1.1. Included is a

description of the estimation of the 1980 final demands used to
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forecast the total output percentages that predict rail traffic. The

purpose of Chapter V is to show how accurately the link between the

input-output model and commodity flow data predicts rail flows. Based

on this knowledge, the model will be used to forecast rail traffic

beyond the test period of 1976-1980.

In Chapter VI an illustration of the use of the forecasting method

for predicting rail traffic, as well as suggested applications to the

subsidy-abandonment decision, is presented. Using estimates of final

demands, a forecast of total U.P. rail traffic and 500 Line rail traf-

fic for 1983 will be presented. These final demands will be estimated

over various growth ranges. The procedure will be applied to the

subsidy-abandonment decision by forecasting a high growth scenario to

1986. This forecast of rail traffic on selected segments will be

compared to the rail traffic believed to be necessary to produce

revenues over costs. It will be suggested that rail segments which

may not be able to generate sufficient traffic, given high estimates

for 1986, are more likely to be candidates for abandonments, whereas

lines that may be able to generate enough traffic to be profitable are

more likely to be candidates for continued subsidization in order that

they be maintained until profitable, other things being equal.

Finally, Chapter VII will conclude with a discussion of the use of

the study's results for transportation policy analysis and implications

for further research.



CHAPTER II

REVIEW OF LITERATURE

In this chapter, a review of recent literature on rail traffic

forecasting methods will be presented. Also included is a brief review

of rail abandonment literature, particularly as it applies to Michigan.

Finally, there will be a review of methods that transportation planners

currently use to estimate rail freight traffic.

It was not until the 19605 that a significant volume of work began

to appear on the application of theory and empirical measurement of the

demand for freight transportation services (Johnson, 1975). In general,

the literature agrees on two points:

(1) The demand for freight transportation is not simply a

price—quantity issue; the determinants of demand involve

factors such as travel time reliability, loss and

damage, frequency and size of shipment, etc. A large

body of the literature uses multiple regression analysis

to distinguish the relative influence of each determinant.

(2) Freight transportation is a factor of production and is

not desired in its own right, but only for the service

it provides in the production process. The demand for

transportation is best described as a derived demand.

The literature diverges, however, on the question of the proper

level of aggregation from which to estimate the demand for freight

16
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transportation. One approach considers the demand within the broader

structure of an economy or region. This "structural-aggregate" ap-

proach regards the derived demand for freight transportation as depend-

ent on the state of the rest of the economy. Thus, structural vari-

ables describing macroeconomic activity in different regions are used

to explain demand. A second approach regards the demand fer freight

transportation as the sum of individual shipper decisions. This "micro-

disaggregate" approach examines the specific inputs and outputs of each

production process. In these studies, determining the volume of cargo

that will flow in a given market is the starting point for any analysis.

The Structural-Aggregate Approach

The Canadian Transport Commission (CTC) reported in June 1976 on

"Phase II" of their Program, employing an econometric forecasting model

to determine the demand for freight transport in Canada (Hariton, 1976).

This aggregate model attempts to link changes in broadly defined macro-

economic variables to transport demand for specific commodity groups.

The model concentrates on rail and marine modes and uses the Canadian

Disaggregate Interdepartmental Econometric Model. In terms of aggrega-

tion, it divides Canada into five regions, plus the United States (for

rail and truck movements), adding nine regions of the world for marine

movements. In terms of commodity aggregation, commodity classes were

constructed to be as large as possible, while still retaining their

homogeneity. In the report, 22 commodity groups were treated, most of

these comprise bulk commodities totaling over 80 percent of Canadian

rail movements and over 90 percent of total marine movements.
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The CTC model considers the demand for freight transport as

derived from the demand for interregional trade. The model is con-

cerned with the movement of a given commodity from a given origin to a

given destination by a given mode. The number of tons of commodity 9

moved from origin i to destination j by mode m during time period t

is denoted by V The model introduces the notion of a "link“ as
gimt'

being characterized by a given origin, a given destination, and a given

mode. Then, V denotes the movement of commodity 9 along link ijm
gijmt

at time t.

Five main causal factors of the demand for freight transport for a

given movement were identified: (1) excess production at the origin;

(2) excess consumption at the destination; (3) transport costs; (4) com-

plementary movements; (5) competitive (substitute) movements. In

algebraic notation:

vgijmt = f(EPgit’ Ecgjt’ Rgijmt’ vgi'j'm't)

where

Vgijmt is defined above.

Epgit = excess production of commodity g in the origin region

during time t, where Epgit is Productiongit - Consumptiongit - ASgit

‘(AS = stockpile of commodity g at start of period).
git

EC = excess consumption of commodity g in destination region

git

. . = - , - ' . + . .during time t, where ECth Consumptionth Productionth ASth

R = the cost of transporting the commodity g from origin i to
gijmt

destination j by mode m, where freight rates are the only component of

transport costs.
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V = the links that are either complementary or competitive.
gi'j'm't

Certain movements of commodity g are complementary, resulting from

transshipments either between modes or within a given mode (e.g., from

lakers to ocean liners). These movements have either their origin the

same as the destination or their destination the same as the origin.

Certain other movements are substitutes, resulting from alternative op-

portunities: (l) to ship to different destinations; (2) to receive

from different origins; or (3) to use different modes.

The CTC model uses macro level variables (i.e., activity in a

region) with an accent on structural economic variables as the independ-

ent variables. In terms of dependent variables, the model measured, in

tons, the amount shipped between regions, using a linear approximation

as the functional form. The regression analysis considered alternative

origins, destinations, and modes, but not different commodities (see

also Canadian Transport Commission Rgpggg, 1975).

As part of the Northeast Corridor Transportation Project, the con-

sulting firm Mathematica (Vol. II, 1969; also reported in Terziev, 1976)

developed a four-stage aggregate model based on a system of linear

regression equations. The Mathematica model began by projecting the

total production of 16 commodity groups with 16 separate regression

equations. The regressions included a time variable and projections of

components of Gross National Product as independent variables. Next,

the model projected the regional share of originating and terminating

tonnage in each commodity group. In order to project regional demand,

a regression model was used having as its independent variables popula-

tion, retail sales, regional income, and per capita income.
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Two commodity groups were allocated to different regions and a

distribution model was used to predict the flows of goods between

regions. This involved two phases, beginning with a regression model

which included as independent variables: consumption at the destina-

tion points, production at the origin, distance, and population and

employment at the destination. It was found that regional flows pro-

jected in this manner did not match the total flows projected originally.

Consequently, a flow adjustment algorithm was used to make the two pro-

jections consistent. The adjustment used Lagrange multipliers to

minimize the flow adjustments, subject to the constraints on the total

flow.

The fourth stage of the Mathematica model dealt with the modal

split. A market share regression was used for rail, private truck,

common carriers, air, water, and "other." The independent variables

included the fraction of shipments falling into each of five weight

groups, the fraction of shipments in each distance group, and the value

and average gross revenue per ton of each commodity.

Terziev (1976) points out that there are two major drawbacks to

this sort of sequential modeling system which attempts to address a

full range of freight shipment decisions. First, some choices are made

jointly rather than sequentially; for example,the choice of mode and

shipment size. Secondly, when two decisions are not made jointly,

there is still some feedback from short—run decisions to long-run

decisions. These drawbacks brought forth joint demand models that

attempt to model several choices in the same equation. As part of his

study in 1964, Perle estimated a joint demand model using rail and

truck flows in five commodity groups, in nine regions, during each of
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five years. Perle estimated a truck and rail model from the form:

9

109(Vm1) = 80 + 81 1090"”) + 82 [109(rmzll + .2 c1-Ri

i=1

+ g d.Y. + g f C

i=1 ~13 k=1 k"

where

le = volume of traffic carried by mode ml;

rm] = average revenue/ton on mode m1;

rm2 = average revenue/ton on mode m2;

R1 = l for region i, 0 otherwise;

Yj = l for year j, 0 otherwise;

Ck = 1 for commodity k, 0 otherwise.

The results showed poor R2 and t-statistics, partly due to the

fact that the dependent variable included both the choice of production

level and the choice of mode. However, as Terziev (1976) illustrates,

the biggest problem with this and other joint demand models is that

they do not reflect the fact that the demand for transportation is a

derived demand based on the demand for goods in an economy. While the

dependent variables include the volume to be shipped, the independent

variables do not explain the demand for the commodities being trans-

ported.

The Micro-Disaggregate Approach

One type of disaggregate model concerns the abandonment of rail

branch lines. These types of studies are included here because the

abandonment of a rail branch line reflects not only a change in the

supply of freight transportation, but also in its demand. When a rail

branch line is abandoned, it reflects the fact that the demand for the
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operator's service has declined, resulting in revenues below cost, and

thus, abandonment. These studies are considered as disaggregate models

because they are generally commodity or region specific, focusing on a

single branch line, a single commodity, or a specific geographic region.

Examining two regions in Saskatchewan, Fost (1972) found that

changes in local economic conditions resulted in changes in the grain

handling and transportation system. This implies that a community's

economic condition first affects the transportation system, rather than

abandonment causing the economic decline of an area. This conclusion

is similar to the aggregate models that suggest that changes in a

region's economic activity affect the derived demand for transportation.

In a study that compared nine counties that lost rail service to nine

counties that retained service, Sloss, Humphrey, and Krutter (1975)

found that the growth rate of income in the two areas was not signifi-

cantly different. The short—run impacts of rail abandonment in 10 com-

munities was studied by Allen (1975) who discovered that in only two of

the 10 communities did rail abandonment cause significant declines in

employment. Allen concluded that rail abandonment caused the largest

shippers (feed and fertilizer) to shift to other modes of transport,

increasing the costs to farmers for shipment.

That the impact of rail line abandonment can best be seen in the

costs imposed was demonstrated by Vollmers and Thompson (1980) who

examined the impact of abandonment of four grain subsector branch lines

in the Thumb of Michigan. Vollmers and Thompson suggested that rail

abandonment forces shippers to find alternate shipping methods--probably

truck--as well as a modification of destinations. It was found that

abandoning the four branch lines serving the Thumb region of Michigan
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would increase the 1976 grain marketing costs (before farmer exit) by

$473,921, or 2.5 percent. This change in distribution costs modifies

the competitive environment and encourages farmers to alter marketing

patterns, causing smaller elevators to exit the market. While rail

abandonment may not cause the economic decline in the first place, it

will impose higher distribution costs and in the long-run force some

shippers from the market; thus, further affecting the employment condi-

tions in a region.

Studies at the Regional Science Research Institute (Stevens, et a1”

1979 and 1980) have used input-output models to estimate the impact of

new transportation facilities. When a new highway is proposed, the

input-output method is suggested as a way to examine the direct, in-

direct, and induced effects. The RSRI work concentrates on the use of

input-output multipliers, particularly the income and employment multi-

pliers. This differs from the approach taken in this study where only

the output multipliers are used.

Output multipliers represent the most straightforward use of

input-output and are not subject to difficulties associated with the

use of income and employment multipliers. The output multiplier simply

indicates the degree of structural interdependence between individual

sectors and the rest of the economy. Income and employment multipliers

require more data, increasing the already sizable data problems that

exist, and in the case of income multipliers, the assumptions of

input-output make their use problematic. The assumption of an aggre-

gate linear homogeneous consumption function is restrictive, particu-

larly at the theoretical level (Richardson, 1972). Further, under-

lying the income estimate is a questionable assumption that changes
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in consumer spending are proportional to changes in income, both in

terms of quantity of income spent and expenditure patterns (Jones, 1978).

Using this simplified consumption function tends to overstate the in-

come effects of changes in final demand. Thus, in using input-output,

one must use care in the application of multipliers.

The approach to transportation demand employed by researchers at

the Massachusetts Institute of Technologyl/ begins by stating that the

flow of cargo in a given market is simply the sum of individual ship-

pers' decisions. These decisions are, in turn, conditioned by the

specific inputs and outputs of each of the production processes in-

volved. This disaggregate approach estimated the output levels of

'firms and using input-output analysis, estimated the inputs required to

Iaroduce the given output. These input-output coefficients represent

tflie dollar value of inputs purchased from a particular industry i to

produce one dollar of output in industry j. When multiplied by the

curtput of the industry, this coefficient gives the dollar value of

purchases of inputs from industry i--and hence, the amount of goods

‘thaiz require transportation services. The objective is to explain the

iruiividual shippers' decision on commodity k as the probability of

.jOTthIy selecting the frequency (f), mode (m), size (q), and location

(l) «of purchases, given user location (j) and usage rate (u) required

by the final demand for a good and the input requirements of the pro-

ducti on process:

Pk(f.m.q.i 1 uj)

l/See: Chiang and Roberts, 1975; Chung and Roberts, 1976;

Roberts, 1977; and Terziev, 1975.
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Thus, determining the location of economic activity and the rate at

which commodities are used in the production process is crucial to

determining freight demand.

Rail Traffic ForecastinggMethods and Rail Planning in Michigang/

With the passage of the 1981 Michigan Appropriations Act, a reduc-

tion of 25 percent per year in financial support to currently subsi-

dized rail lines was mandated, eliminating rail subsidies by 1986. This

anticipated reduction in state support has produced a need to identify

an essential core of transportation services. Consequently, a "rail

rationalization" process was begun by the Michigan Department of Trans-

portation which involves a two-tier procedure to define an essential

core system of rail service and to rank all rail lines in terms of the

requirements of that system.

The Tier I analysis (adopted January 27, 1982 by the State Trans-

portation Commission) screened all lines considered as candidates for

financial assistance. The intent was to use readily available data,

without exhaustive investigation, to produce a rank-ordering to indicate

those line segments which warrant state assistance, and thoSe which do

not.

Tier I analysis included the review, evaluation, and placement of

each segment into one of the following categories:

 

2/
- The following discussion is taken from the following Michigan

Department of Transportation documents: Annual Update, 1978; Tier I

Report, 1981; Tier II, Phase I Report, 1982; Tier 11, Phase II Report,

1982; Northwest Rationalization, 1980. For full citations, see

Bibliography.
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(1) Lines which are viable or that should be included in the

essential core system because of their contribution to

program objectives.

(2) Lines with questionable viability, but with the potential

to be included in the essential core system.

(3) Nonviable lines, not to be included in the essential

core system.

To do this, three sets of rail service indicators were used. The

first set of indicators were called "service characteristics“ and in-

cluded the number of shippers on a line, carloads, carloads per mile,

carloads team tracked, and a rail dependency factor. The second set

of indicators, "service effectiveness and cost characteristics," in-

cluded revenue to operating cost trends, revenue to cost ratio, revenue

to operating cost ratio, reliability costs, operating subsidies, and

rightiyfway costs. The third set of indicators were "potential and

existing demand" and included the growth potential and production in

agriculture,f6restry,and extractive products, as well as an employment

dependency factor and consideration of production centers served. The

procedure was designed to objectively rank rail segments with respect

to service criteria and economic potentials, minimize statistical bias,

and illustrate the relative contribution to the state and regional rail

systems of specific rail segments.

Tier II is designed to assess benefits relative to the costs of

state financial support for individual lines. A guiding concept is

program opportunity costs, which addresses the question: What are the

state's best investment opportunities to achieve rail service objec-

tives, given limits on financial resources?
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The Tier II procedure employs a decision theory approach, as sum-

marized in Figure 2.1. The approach is applied to those rail lines

that were assigned to Category II in the Tier I process. After collect-

ing traffic, cost, and revenue data for each rail segment under ques-

tion, the Tier II process attempts to forecast potential rail demand

and future requirements fur commodity transport services. A rail

abandonment impact/cost method was adopted for use in the third step of

the Tier II procedure. The impact/cost analysis compares the social

and economic costs of discontinuing local rail service with the net

capital and operating costs (subsidy) of continuation. For lines cur-

rently being analyzed in Michigan, both of these sets of costs can be

calculated quarterly over 10 years, or 40 calendar quarters.

The method also estimates the personal income loss, state and

federal tax losses, and unemployment and welfare compensation payments

resulting from job losses reported by shipper surveys. The impacts

are then discounted over time, which allows for the gradual reemploy-

ment of labor. Reemployment rates are determined by statistics obtained

from the Michigan Employment Security Commission (MESC). The limits on

reemployment potential are determined by local area unemployment rates

that are also obtained from the MESC. Finally, the Tier II process in-

cludes the development of an adaptive decision process for minimizing

the potential risks, or opportunity costs, associated with alternate

service strategies.

While this impact/cost approach is traditionally employed in

individual abandonment hearings, decision makers viewing the rail

system from a statewide perspective require a more comprehensive frame-

work which considers spatial and commodity aspects. The impact/cost
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Figure 2.1

Rail Rationalization Plan

Rail Investment Decision Analysis Model

Tier II Flow Diagram
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method is by design a procedure that examines each case on a line-by-

line basis and offers little insight into how significant any given

line is in the total rail system. A few shippers on a line with little

total traffic could bias the results of the method. It appears that

the procedure is biased toward the retention of rail service. Further,

the interdependency between rail service and economic activity on a

line or in the entire state is not addressed. The procedure suggested

in the following chapters seeks to provide the link between rail demand

on a particular line or region, the total freight transportation system,

and economic activity throughout Michigan.

Forecasting Rail Traffic and the Potential for Profitability of

COrrently subsidizediLines

 

 

In both Tier I and Tier II of the Michigan Rail Rationalization

Plan, it is necessary to forecast both potential commodity movements

and traffic flows. In the three reports where forecasting has been

used, the method has relied primarily on shipper-carrier interviews.

Discussions with Michigan Northern management were used to develop fore-

casts of potential traffic in the Grand Rapids to Mackinac Corridor

Report. In both the Northwest and Ann Arbor Reports, traffic projec-

tions fer 1985 were developed for the Michigan Department of Transporta-

tion by A.T. Kearney, Inc. The projections were based on interviews of

shippers in major commodity categories. A.T. Kearney used the 1979

rate structure, service quality, and traffic levels, as a base and

evaluated the reported sensitivity of traffic to further rate changes

and changes in the quality of service. In the Ann Arbor Report, these

projections were adjusted by the Michigan Department of Transportation

for changing commodity mixes.
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In all, the traffic projections used thus far in Michigan rail

planning have been ad hoc in nature and not related to changes in

economic activity in general. In fact, the transportation department

recognizes this deficiency and is presently investigating alternate

methods for estimating potential traffic changes. The foremost of the

alternatives is a variation of the input-output method suggested in

this study. Traffic projections in other states follow the same pat-

tern as in Michigan. Shipper surveys are the predominant means of fore-

casting rail traffic in Arizona (Transportation Research Circular, pa 2),

while in Tennessee most work appears to be of the impact/cost method

variety, with little forecasting ability.

In Washington and California, however, preliminary work has been

carried out in using an input-output model to aid in rail traffic fore-

casting. In Washington, an input-output table has been used to pro-

duce baseline data for use in forecasting. Thus far, the work in

Washington appears limited to Standard Metropolitan Statistical Areas.

Current use of the input-output model in Washington is focusing on

modal choice and is based on shippers' surveys. In their West Coast

Corridor Study in California, Cambridge Systematics, Inc. (1978), has

made limited use of the 1967 input-output table of the United States to

estimate commodity production in Pacific Region SMSAs. The California

study relied entirely on the national model, rather than the two-region

method,which will be discussed in Chapter IV. Further, Cambridge

Systematics, Inc., relied on national census data for all of their

estimates.

Thus, not only are traffic projections needed to replace the pre-

dominantly ad hoc procedures used, but traffic projections are crucial
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in analyzing the potential for profitability of currently subsidized

lines. This study addresses the issue of whether future rail services

on currently subsidized lines can be premised on the eventual profit-

ability of private carriers. Existing systems with low traffic density

can be justified on financial grounds only if future traffic increases

are capable of overcoming existing losses.

Conclusion

The method suggested here addresses both the need to improve the

systematic forecasting of rail traffic and the need to judge future

profitability. It is possible to view the issue of transport forecast-

ing as the interaction of aggregate economic variables with the dis-

aggregate decisions by individual firms: The method suggested in this

study combines both the level of analysis of the Canadian Transport Com-

mission and Massachusetts Institute of Technology models. Abandonment

literature suggests that it is the economic activity of an entire region

that affects the demand for freight transportation services. As with

the CTC model, changes in the economic climate of a region affects

transportation demand. The use of a statewide input-output table pro-

duces projections of economic activity in a region through estimated

changes in the final demands of its commodities. Once these changes

occur, individual shippers then face decisions on how, whether, and at

what rate to ship their commodities. The initial assumption is that

economic activity in a particular sector or region generates physical

movements of the aggregate of products included in each of its input

sectors in proportion to the change in that sector's output.
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Once the aggregate change in economic activity has been estimated,

the disaggregate structure of input—output models is amenable to elabor-

ation of the transportation sector. Corresponding to each of the

dollar flows present in the input-output model, originating and receiv-

ing sectors can be identified and an indication of the type of product

which is physically moving can be derived. Further, the use of com-

modity flow data with the input-output model indicates over which rail

lines products actually move. Consequently, the use of input-output as

a forecasting method is particularly suited to the needs of transporta-

tion planners. Input-output does not simply project total economic

activity using macro variables such as GNP, income, or employment.

Input-output is disaggregated by commodity groups--the same commodity

groups whose future production will determine the demand for individual

rail service. With this information, it would be possible to both

estimate future traffic and evaluate the potential for profitability on

currently subsidized lines--given estimates of future rail demand.

The review of both rail forecasting literature and rail planning

leads to the conclusion that there is a gap between the theoretical

understanding of rail freight demand and an operational use of this

understanding. A large body of work exists that deals with the factors

associated with rail demand. However, this work is theoretical in nature

and has not been employed in any meaningful sense in the actual estima-

tion of rail traffic by planners. The method examined in this study

seeks to bridge the gap between the theoretical and the operational.

The goal is to make the link between the level of economic activity and

rail demand suggested in the theoretical literature useful in the sense

that rail planners have a method to address that link. In essence, the
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purpose of this study is to operationalize the theoretical understand-

ing of rail freight demand.
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CHAPTER III

THE MICHIGAN RAIL SYSTEM

In this chapter, a description of the Michigan rail system is

presented.l/ Particular attention is given to those rail segments and

regions where rail abandonment and/or subsidization have occurred or

their occurrence is likely. Additionally, a description of the rail

system in Michigan's Upper Peninsula is presented. This chapter is

meant to provide a perspective on the variety and extent of the issues

and problems to be addressed by the Michigan rail planning procedure.

The Michigan railroad system consists of approximately 6,028

route miles serviced by nine Class I carriers, 16 Class II carriers,

and five switching and terminal railroads. Of this total, 5,654 miles

represent actual first track mileage, while the remaining 374 miles are

operated under trackage rights agreements. The Lower Peninsula con-

tains 4,807 route miles and the Upper Peninsula contains 1,061 route

miles. These figures are supplemented by 373 miles of active car ferry

routes maintained by Michigan railroads.

In any analysis of Michigan's rail network, the state's peninsular

geography must be remarked upon. Due to this geographic configuration,

three distinctive characteristics of Michigan railroading have emerged.

 

1/The material in this chapter is taken from the following Michigan

Department of Transportation documents: Railroad Plan, 1980; Tier I

Report, 1981; Rationalization Plan, 1981. Material on the Upper

Peninsula is taken from: U.P. Rail Planning Commission, 1982.
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First, Michigan, in reality, has two different railroad systems which

are not physically linked by a direct rail connection. The Lower

Peninsula system is oriented towards Chicago, Toledo, and Cincinnati

gateways. Its traffic consists primarily of transportation equipment,

bulk agricultural commodities, and chemical products which move out-

bound; and coal, primary metal goods, and food products which come in-

bound. The Upper Peninsula system serves mainly as an outbound rail

route for metallic ores and pulpwood. Most of its traffic runs southerly

into Wisconsin or to lake ports.

Second, since Michigan's two peninsulas have a total of 3,126 miles

of Great Lake shoreline, which drastically restricts direct overland

rail connections with other states and Canada, an extensive rail car

ferry service has evolved in Michigan. Currently, five carriers operate

eight different car ferry routes from Michigan ports. The bulk of these

operations involve Lake Michigan service between Wisconsin and the Lower

Peninsula. While the Great Lakes rail car ferry routes have played a

major role in the development of Michigan's railroad network, the

ferries' extensive capital needs and the emergence of new railroad tech-

nology and equipment now threaten the existence of this unique element

of Michigan railroading.

Third, the state's peninsular geography inhibits the growth of

through traffic and the resultant heavy density freight routes which are

common in most Midwestern states. Therefore, a significant portion of

Michigan's railroad activities involve the origination or termination

of freight carloadings, i.e., a terminal or switching function. As the

Northeastern rail crisis has clearly indicated, a railroad's financial
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viability is frequently endangered when this particular function becomes

dominant.

As mentioned earlier, as of September 1, 1980, the rail system

consisted of 838 land route miles operated with state or federal rail

service assistance, 204 land route miles which were subject to abandon-

ment proceedings, 589 land route miles which were considered by carriers

to be candidates for abandonment, and approximately 4,397 land route

miles operated by solvent carriers and not potentially subject to or

pending abandonment. Figure 3.1 illustrates those rail lines which

have been abandoned since 1976; Figure 3.2, the lines which were sub-

sidized in 1981; Figure 3.3,the pending abandonments as of late 1981;

and Figure 3u4, the lines which have been identified by the solvent

carriers as under study for future abandonment.

Service provided, which is indicative of the level of economic

activity dependent on the availability of rail, can be summarized by

total carloads originating or terminating on lines in each respective

category. The 838 miles to be operated with assistance under the cur-

rent program originate or terminate 28,400 carloads of rail freight per

year. Approximately 39,000 carloads originate or terminate on the 204

miles currently subject to abandonment proceedings, and the 589 miles

which are candidates for a future attempt by the carrier to abandon

account for about 11,300 carloads each year. The balance of the system

accounts for approximately 1.5 million carloads of originating and

terminating traffic.

In an effort to stabilize the policy and financial support struc-

ture for the continuation of essential core services on the state's

rail system, a "rail rationalization" process has been implemented by
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Figure 3.1

Michigan Abandonments Since 4/1/76

 

 

 

 



38

 

1.

2.

3.

4.

6.

7.

 

 

Constock Park-Mackinaw City

Toledo-Frankfort

Prankfort-Kewaunee

and'Manitowoc

Straits Carferry

Grand Rapids-Vermontville

Nottawa-Sturgis

and wasepi-Mendon

Hillsdale Area

Lenawee Area

rascals-Saginaw Bay

 

 
 

 
   

 

 

   

  

 

  

 

 
 

 
 
 

 

 

    

 

Figure 3.2

State Subsidized Lines

1981

 



 

39

 

 

 
   

 

  
 

Manistee-Bay View (C60) an. a... mu-

  
Ludington-Manitowoc (C60)  
 Montague-Hart (C60)

Fuller—Kinney

GR6I Branch (Conrail)

 
 

Harriett-South Haven (C60)

Niles-Benton Harbor (Conrail)

  
 

 
Vickesburg-Austin Lake

Battle Creek (Conrail)

Eaton Rapids-rives Jct. (Conrail)

 
 

Jackson-Three Rivers (Conrail)

Ottawa Lake-Clinton (Conrail)

   

  

  

 

 

Monroe Branch (Conrail)

Detroit Area (Conrail - four segments)

Scott Lake-State Line (CNW)   

 

 

Watersmeet—State Line (CNW)

Baraga-Dollar Bay (Soo)
  

   
 

 

 

Figure 3.3

Pending Abandonments as of 11/24/81
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Bessemer-State Line (500)

 

 

 

 

Figure 3.4

Lines Identified by Carriers

as Under Study
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the Michigan Department of Transportation (MDOT) to identify those

lines warranting a long-term state commitment. Rail rationalization

was placed in the 1981 Michigan Appropriations Act (MPA 32) as a require-

ment prior to the expenditure of funds after October 1, 1981. Another

section of the Appropriations Act outlined a financial reduction of 25

percent per year on the currently subsidized lines so that at the end of

a five-year period, they would no longer be funded. These two legisla-

tive requirements are interpreted as requiring the Michigan Department

of Transportation to reconsider the elements of the current rail preser-

vation program and reduce its cost, while maintaining essential services.

The total of state funds available under the legislated phase-out

for rail and water operating assistance, by year, is shown in Table 3.1.

This phase-out of the state appropriation for operating assistance ap-

plies to state-assisted rail systems operating on the date the rail

rationalization plan for the entire state is approved.

Table 3.1

Subsidy Phase-Out Schedule

 

 

Fiscal Year Operating Assistance Reduction from 81/82

1981-82 $11,156,100

1982—83 8.367.075 25% ($ 2,789,025)

l983-84 5,578,050 50% ( 5,578,050)

1984-85 2,789,025 75% ( 8,367,075)

1985-86 0 100% ( 11,156,100)
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The systems indicatedg/ are currently the subject of competitive

bid proposals solicited by the MDOT to ensure the continuation of es-

sential services over the next five years at minimal cost to the state.

While the state appropriations available for continuation assistance on

these systems is to decrease by 25 percent per year, there are potential

economies and sources of funds yet to be exploited. Beyond economies in

operation which may be possible, cost savings can be achieved through

system restructure, if necessary. One potential source of funds is

local financial participation by shippers and local units of government.

The Upper Peninsula Rail System
 

Rail service in Michigan's Upper Peninsula is used principally by

the mining and forestry industries, including related pulp and paper in-

dustries (this discussion from the U.P. Rail Planning Commission, 1982).

Service is characterized as light density with dispersed shipping points

and low volume of shipments. Furthermore, most U.P. traffic moves north

to south, rather than in the east-west direction of the railroads.

Consequently, transportation costs are high because freight is often

shipped over circuitous routes. This problem particularly affects

freight traveling over the 500 Line from the Munising, Marquette, and

Keweenaw Peninsula areas. In order to get freight from Marquette,

south, the 500 Line ships east to Trout Lake, then west through

Gladstone before heading south to Wisconsin.

The following is a brief discussion of the operations of each

railroad in the Upper Peninsula and their traffic characteristics.

 

g/Michigan Northern, Kent-Barry-Eaton Connecting Railway, Tuscola

and Saginaw Bay Railway, Hillsdale County Railroad, Lenawee County Rail-

road, Ann Arbor Railroad System, Straits of Mackinaw Car Ferry Service,

and two ConRail segments.
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500 Line: The 800 Line operates 514 miles of right-of-way, with a

main line running from Sault Ste. Marie to the Wisconsin line via Rapid

River and Gladstone. Other lines provide service to points along the

Lake Superior shoreline, including the Keweenaw Peninsula; the Chief

Wawatam Ferry at St. Ignace; the White Pine Mine in Ontonagon County;

and the Ironwood/Bessemer area. These lines provide the only link with

the International Bridge at Sault Ste. Marie, and the only direct link

with the Lower Peninsula via the Chief Wawatam Ferry at St. Ignace.

Chicago and Northwestern: The C&NW operates primarily north and
 

south in the U.P. and currently maintains 282 miles of right-of-way.

This railroad operates the only direct north-south route in the U.P.

between Palmer and Escanaba as its main line. It also provides service

along the Wisconsin border between Powers and Marenisco and owns and

operates the principal ore dock in the U.P.

Escanaba and Lake Superior: The E&LS, in addition to its original

line from Wells to Channing, has acquired the bulk of the property

abandoned by the Milwaukee Road in the U.P. This property includes

lines from Iron Mountain to Channing, Channing to Ontonagon, and

Channing to Republic. Additionally, the railroad operates on the old

Milwaukee Road Line from Iron Mountain to Green Bay, Wisconsin, where

it links with the Milwaukee Road.

Lake Superior and Ishpeming: The LS&I primarily transports iron

ore pellets from mines in western Marquette County to the Presque Isle

dock in Marquette. This dock serves as a secondary alternative ore

handling facility to the C&NW dock at Escanaba. Currently, 67 miles of

track are maintained. This includes an island operation between
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Munising and Munising Junction, which links the Kimberly Clark paper

mill in Munising with the 800 Line at Munising Junction.

Milwaukee Road: While abandoning nearly all of its operations in
 

the U.P., the Milwaukee Road still retains approximately a two-mile spur

serving the City of Menominee.

Due to the peninsular geography of the U.P., most rail traffic

either originates or terminates in the area. Through traffic (freight

transported through the U.P. with origin and termination points outside

the U.P.) is primarily transported via the Soo Line from Sault Ste.

Marie south through Wisconsin. This traffic consists primarily of

lumber and wood products being transported from Canada to various points

in the United States. Highest densities of rail traffic occur on the

C&NW Line transporting iron ore from the Marquette range to the Escanaba

ore docks, the LS&I Lines transporting are between the Marquette range

and the Presque Isle dock, and the 500 Line main line between Sault Ste.

Marie and Wisconsin.

Principal outbound commodities shipped by rail are: lumber and

wood products; metallic concentrates; pulp, paper, and allied products.

Inbound commodities consist of bentonite clay; various chemicals used

by the mining, pulp, and paper industries; coal; and propane gas. Some

other nonmetallic minerals (such as limestone) are shipped as well. For

the most part, these commodities are high bulk and low cost per unit

volume; commodities of this type can usually be shipped more profitably

by rail than by truck.

As in the case in many areas, the U.P. rail system was built for a

greater demand than currently exists. Thus, abandonments have occurred

with most of the excess lines being eliminated. In discussing the
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abandonment process, the U.P. Rail Planning Commission (1982) is con-

cerned with the piecemeal approach where only the line in question is

taken into account. What is lacking, according to the Commission, is

an examination of how a particular line might fit into a more efficient

system. As noted in their draft report, the Commission states:

Conceivably, some lines which when viewed in isolation

appear unprofitable could be utilized in a restructured

system that would reduce excessive travel distances and

increase traffic densities over the entire system, both now

and in the future. Continuation of piecemeal abandonments

may well mean elimination of lines that could play a key

role in the future growth and development of the Upper

Peninsula.

It is the concern with fragmented abandonment and subsidy decisions

that this study addresses. As in the case in Michigan's Upper Peninsula,

a rail system should be seen from a statewide, or region-wide, perspec-

tive in order to arrive at decisions that provide the whole region, and

not just pieces of it, with a viable transportation system. Not only

must the system be viewed from this broader scope, but economic activity

and the future demand for freight transportation must be considered in

a comprehensive context as well.

In the next chapter, a method is examined that should provide

transportation planners with the wider perspective necessary to make

system-wide decisions.



CHAPTER IV

METHOD AND ECONOMIC FRAMEWORK

Framework of Study
 

The conceptual framework of this study focuses on the structural

relationships in the transportation system; the location of freight

transportation facilities and services, as well as the location and

level of economic activity in the state. To be measured are the results

of economic changes and public policy decisions which alter the struc-

ture.

Transportation facilities and economic activity are highly inter-

dependent; a structural change in one sector of the economy or trans-

portation system will induce changes in other sectors. Plant location

decisions are based, in part, on existing and potential transportation

structures, while transportation location decisions must take into

consideration existing or potential demand. Investment encourages both

the development of transportation systems and economic activity, while

disinvestment in either element will hinder the viability of the other

(Pratt and Thompson, 1979). Given an interrelationship between the

location of economic activity and the transportation system, the con-

sequences of investment-disinvestment decisions in freight transporta-

tion policy depend on the industrial structure of the state. Especially

important is a knowledge of the specific inputs consumed by each in-

dustry. Therefore, determining the volume of commodities that will

46



47

flow in a given market is the starting point for any quantitative

analysis of transportation policy (Chiang and Roberts, 1976).

The method used here is also a structural one. On the one hand,

an input-output model represents the economy's structure and predicts

the annual usage rate of commodities by industry. Commodity flow data

illustrates how these commodities move across the state by rail. In

an input-output sense, the model identifies an industry's suppliers and

its clients and the input-output relationship to other sectors. On the

other hand, since the demand for transportation is a derived demand, it

is dependent on the state of the rest of the economy. Thus, structural

variables describing economic activity are used to explain the demand

for freight transportation. Such a model allows for the investigation

of changes in both economic activity and transportation facilities; it

is possible to simulate the impact on rail freight demand or variations

in the level of the economy (changes in final demand).

The Structure of the Input-Output Model
 

The model employed in this study is made up of five sectors:

(1) producers, who combine intermediate goods and inputs to produce

final goods (or inputs to other industries); (2) consumers, who demand

final goods (as well as other industries that demand intermediate

goods); (3) governments, which also demand final goods; (4) the trading

sector, which is a demander of final goods for export and supplies of

inputs for import between the state's economy and outside economies;

and (5) carriers, who transport both final and intermediate goods

spatially between supply and demand points.

In using the input-output method developed by Leontief and ex-

panded by others (Dorfman, Samuelson, and Solow, 1958), the concept is
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to use a system of accounts that represent the transactions among the

sectors of the economy. This determines the interrelationships that

exist between sectors of the Michigan economy and the relationship

between them and the economic activity outside of the state (Rest of

Nation, RON). By using this accounting method, it is possible to demon-

strate how outputs in dollars from each producing sector are distributed

among other sectors in Michigan and RON. In terms of transportation

requirements, the input-output table also shows how (and from whom) each

sector procures its inputs (both in Michigan and RON). Input-output

models are consistent in that the outputs of each sector must conform

with the outputs of all other sectors from whom it buys inputs and sells

outputs, and with the total output of the economy. It is then possible

to trace the interdependence in the economy and the required flow of

goods needed in the input-output process.

Following is a description of the input-output matricies and their

analytical use.l/ The 20-sector, input-output model of Michigan used

in this study is reproduced in Appendix 1. Also in Appendix 1 is an

example of the use of the model. In Appendix 2, a 44-sector version of

the input-output model is included.

To use an input-output table, the first step is the construction

of the transactions or interindustry matrix (Appendix 1, Table l), the

structure of which is outlined in Figure 4.1. The three major sectors

of this table are the producing sector (X), primary inputs (W), and

final demands (Y). The numerical entries are represented as variables,

vectors, and matricies, in constant dollar terms:

 

l/This discussion follows the layout example from: Pratt, Smith,

and Connor, 1976. The mathematical formulation is from Jones, 1978;

and Adiarte and Venegas, l980.
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Xij
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the number of producing sectors;

the number of final demand sectors;

the number of primary input sectors;

h
the purchase of the output of the it producing sector

by the jth consuming sector for the purpose of produc-

ing the output of it“ sector, i = l, 2, N; i =1,

2,... N;

the final demand of the sector k for the output from

the ith producing sector or primary input class,

i = 1, 2,... N+M; 1:==1,.2,... K;

th
the purchase of the m sector of primary input by the

jth consuming sector for the purpose of producing the

h
output of the jt sector, m = 1,2, ...M; j = 1,2,... M;

th
total output of the i sector, i = l, 2,... N;

h
total input of the jt sector, j = l,.2,... N;

total final demand for the output of the i?“ sector,

i = 1,.2,... N+M;

total final demand of the sector k, k =1,2,... K;

the purchase of total primary inputs by the jth consum-

ing sector for the purpose of producing the output of

the corresponding jth producing sector, j =‘l,2,... N.

The interrelationships in the economy expressed in the transactions

matrix are as follows:

(1) x1»; x..+ v.
J1 1J 1
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The sectors of the economy are arrayed horizontally and vertically,

in identical order. The purchasing sector is listed horizontally and

the selling sector vertically. Thus, the distribution of a sector's

product sales is read across its "row" in the matrix and the distribu-

tion of a sector's input purchases is read down its “column." The

intersection of any column and row represents gross purchases from, or

gross sales to the corresponding sector. The transactions matrix quanti-

fies the intersectoral flows in thousands of dollars. The Michigan

table is divided into the processing sectors, 1-20, and the payments and

final demand sectors, 21-23. Row/Column 24 represents the total sales

and total purchases in the economy.

Second, it is necessary to obtain the direct requirements or tech-

nical coefficients matrix (Appendix 1, Table 2). Derivation of these

technical coefficients assumes a linear relationship between purchases

of an endogenous sector and the level of output of that sector:

(2) aij = xij/Xj = amount of industry i's output neces-

sary to produce one unit of industry

j's output;

where:

aij = technical coefficient;

Xij = value of sales from industry i to industry j;

Xj = total output of industry j: Xj is the same as Xi

in equation (1), where i=j, corresponding row and

column totals in the processing sector are equal.

Technical coefficients are computed for each industry in the

processing sector, yielding the following matrix:



a” 612 ............ a]:

321 322 ............ 62"

A =

an] anz ............ ann   
Where there are n sectors in the processing sectors, (A) represents

the complete matrix of technical coefficients. The technical coef-

ficients are found by dividing each column entry for the processing

sectors by the corresponding column total for the sector. Each element

in the coefficient matrix indicates the dollars of inputs required from

each selling sector (horizontal) in order to produce one additional

dollar of output in the purchasing sector (vertical).

Third, the Leontief matrix (Appendix 1, Table 3) is found by sub-

tracting the coefficients matrix for the processing sectors (A) from an

identity matrix of the order (I-A). Each element of the coefficients

matrix at the intersection of an identical horizontal and vertical

sector is subtracted from one. The other elements are subtracted from

zero. The coefficients matrix identifies the direct purchases that a

sector must make to deliver one dollar of output to final demand. Yet,

the sales of one dollar of output to final demand by one sector, require

the other sectors that supply it with inputs to increase their output by

more than the direct amount. Inverting the Leontief matrix produces the

inverse matrix (Appendix 1, Table 4), commonly called the interdepend-

ency coefficient matrix. These coefficients yield a table of direct,

indirect, and induced requirements per dollar of final demand. The

coefficients are obtained from the matrix:



A“ A], ............ Ami

A21 A22 ............ A2n

(I-A)" =

An] An2 ............ Ann  
Determining the interindustry transactions or production over all sec-

tors required to sustain a given level of final demand represents the

input-output problem, solved as:

(3) x = (I-A)" Y

where:

x = total output vector of economy;

y = final demand vector facing economy;

(I-A)’1 = matrix of interdependency coefficients.

The sum of each sector in the inverse matrix is an output multi-

plier. These column sums, or output multipliers, show the direct, in-

direct, and when the household sector is endogenous, the induced

economic activity that will be generated by the economic system as a

whole for each sector to meet an increase of one dollar in final demand.

Assumptions of Input-Output
 

(1) Constant Production Coefficients for each sector: This as-

sumption implies that the input structure of a sector remains fixed;

the physical inputs for eConomic sectors change in the same proportion

as output. From this assumption, four other relationships follow:

(a) There is no technological change which alters factor-

factor or factor-product relationships. Where a relatively stable



54

economy exists, the constant technology assumption is not a

large problem. When an economy undergoes large economic changes,

the input-output model can be modified, the direct requirements

may be adjusted converting the model from "static" to "compara-

tive static“ (Diamond and Chappelle, 1981).

(b) Sectors cannot substitute inputs from one sector for

inputs from another. This fixed rate of substitution assumption

implies that relative use levels of resources do not change over

time.

(c) There are no scale or size economies of production.

(d) The relative prices of all goods and services remain

constant.

(2) Homogeneity of Sectors: Each sector produces only one pro-

duct, with one process. It is obvious that firms in sectors have

diverse input and output structures. Yet, it is not feasible to at-

tempt a model that would incorporate all of these differences. This

assumption is essentially an aggregation problem, endemic in economic

analysis. There are no set rules for aggregating firms into individual

sectors. The aggregation of any input-output model depends mostly on

the region to be studied and the uses of the input-output model itself.

The homogeneity assumption is most harmful when attempting to extend

the input-output model to uses outside of its accounting framework.

In building an input-output table, most firms are grouped in

sectors based on a similarity of product type and production process.

This normally fullows the classification of firms by Standard Industrial

Classification codes. The best basis for aggregation is similarity of

input structure (Chenery and Clark, 1959).
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(3) Additivity and Divisibility: The outputs of each sector are

assumed to be additive in that the total effect of several production

activities is the sum of their separate effects (Pratt, Smith, and

Conner, 1976). The output of a combination of sectors is the sum of

their inputs, regardless of the combination of outputs. The direct

requirements coefficients represent the only interaction between pro-

ductive activities. It is also assumed that inputs are available to

produce the outputs required to meet final demands.

As is the case in many forms of model building, any sector is as-

sumed to be divisible. Sectors are assumed able, within the model, to

produce a fraction of a unit of production. However, the aggregation

of total output in most input-output models is large enough to minimize

any departure from reality imposed by this assumption (Pratt, Smith,

and Conner, 1976).

These three assumptions do not negate the usefulness of input-

output analysis. However, the researcher must be aware of the limita-

tions implied when interpreting the results.

Construction of the ZO-Sector Michigan Input-Output Model
 

The structure of the Michigan input-output table is derived from

the work of Hwang and Maki (1979). The procedure that Hwang and Maki

applied to Minnesota was used to build the Michigan model by Adiarte

and Venegas (1980) for the Michigan Energy Administration. (The fol-

lowing discussion on the building of the two-region, input-output table

for Michigan is taken from these two reports.)

The procedure begins by estimating gross output for each industry

sector to serve as controls for the rows and columns of the trans-

actions table. Data on value added, personal income, taxes, etc., are
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used to fill in several cells of the table. Next, the gross outputs are

distributed among all sectors using a secondary data approach. The

table is then rebalanced with respect to row and column totals and the

validity of the model is checked against other estimates of gross state

product, personal income, employment, etc.

After the row and column totals of the transactions table are esti-

mated, the cells representing intersectoral flows are estimated using a

secondary data approach. The secondary data on industrial outputs,

value added, demand components of gross state product, etc., were com-

piled from the U.S. Department of Commerce's Ceg§g§_reports and statis-

tical publications of various state agencies. This approach builds a

transactions table based on national coefficients and makes adjustments

according to the existing industry mix and other differences of Michigan

relative to the national average. In order to alter national coeffi-

cients for Michigan conditions, a commodity balance approach is used

(Adiarte and Venegas). This approach compares industry gross output

with estimated purchases using technical coefficients at the national

level, and adjusts these proportionally whenever total purchases from an

industry exceed the gross output of that industry. Schaffer and Chu re-

port that comparisons with survey results show that the coefficients

obtained in this manner are larger, but not statistically different,

than those obtained using survey data. Finally, Adiarte and Venegas

compared control totals in Michigan based on primary data, with the coef-

ficients derived for Michigan from the national model and concluded that

the derived coefficients lend confidence to the adequacy of the model

for impact analysis.
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Two-Region Model

In order to produce a two-region model, the national input-output

table was split into two regions, Michigan and the Rest-of—Nation (RON).

The industries, final demands, and primary inputs outside of Michigan

were aggregated across states, but treated as distinct sectors trading

among themselves with similar sectors in Michigan. Two transactions

tables were produced, Michigan and RON, and developed simultaneously

from estimates of four commodity flows: (1) sales within Michigan;

(2) exports from Michigan; (3) imports into Michigan; and (4) sales of

outside industries among themselves. Two balanced input-output tables

are created when imports and exports at the industry level are combined

into the import and export sectors. In doing this, three additional

assumptions were necessary: (1) the input structure at the national

level prevails at the state level; (2) surplus output in Michigan

becomes an export to RON, while deficit output in Michigan becomes an

import from RON; and (3) cross-hauling of a similar product between the

regions is indicated only as a net flow (Adiarte and Venegas).

The two-region procedure begins with the national transactions

table, in the form of Figure 4.1. The technical and interdependence

coefficients are found as described earlier. Thus, as Hwang and Maki

note, the following relationships are true by the previous definitions:

k

vi = E Yik where 1 = 1, 2,... N+M;

k-l

m

W. = E W . where j = 1,2,.”. N.
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And since it is assumed that the total output of a sector is equal to

the total input of the corresponding sector, the following relationships

exist:

"
M
:

X + _
<

X. = X. when i=j when Xi =

J

When the national table is disaggregated into two regions, the

result is four quadrants for each sector, primary inputs, and final

demand components, as shown in Figure 4.2. The quadrants are product

flows defined for: (1) first quadrant of intraregional intersector of

transactions for Michigan; (2) second quadrant of interregional inter-

sector of transactions from Michigan to RON; (3) third quadrant of

interregional intersector of transactions for RON; and (4) fourth

quadrant of the intraregional intersectoriyftransactions for RON. The

interregional flows assume the surplus of the region to be an export to

the other, while a deficit is an import from the other region. National

coefficients are used initially for both Michigan and RON, in which

linear adjustments are made for estimated surpluses or deficits. The

method for doing this is similar to the commodity balance approach,

except for the simultaneous adjustments in the coefficients of both

tables. In Figure 4.2, a single superscript indicates a particular

region, and a double superscript indicates the source of flow by the

first letter and the destination of flow by the second letter.

The first step in compiling the two-region transactions tables is

to estimate the total consumption of a sector's output by all the con-

suming sectors and final demand sectors in a region. This is derived by:
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Secondly, the quantity of the surplus or deficit of a producing

sector of the region is found. The surplus or deficit is the amount of

the difference between the total output and the total consumption of the

same producing sector. If a surplus exists for a sector in region p,

then this amount is allocated proportionally to the subsectors of the

corresponding consuming sector of region q. If the difference between

total output and total consumption is zero, then there is no inter-

regional flow of the output for that sector. This procedure produces

technical coefficients of each region different from the national aver-

ages,and more appropriate to a particular region.

The allocation of the surpluses or deficits among industries in

the two regions fills out each cell of the expanded matrix of Figure

4.2. Balanced regional tables are thus produced by constructing the

import and export sectors. For the Michigan table, the sum of the

second quadrant from each producing sector row represents total exports,

while the sum of the third quadrant for each producing sector column

estimates imports. The same is true for RON, except that the cohnmisum

of the second quadrant represents imports, while the row sums are

exports.

A balanced table for Michigan and RON is organized with the first

quadrant representing the interindustry transactions in Michigan and

the fourth representing the interindustry transactions in the RON.
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The consolidation of the second and third quadrants generates imports

and exports by industry in each region. Finally, Adiarte and Venegas

ran the two-region model to generate the single Michigan input-output

tables. The 44-sector input-output table for 1976 in Appendix 2

represents the table produced at Minnesota for Michigan. The 20-sector

table is an aggregation of the 44-sector model.

Data, Updating, and Aggregation of the Michigan Input-Output Model

The procedure described above began with the 367 sector, 1967

input-output model of the national economy, produced by the Bureau of

Economic Analysis (BEA), U.S. Department of Commerce. The national

model was updated by the BEA to 1970. This 367-sector model was first

aggregated into 53 sectors and data for Michigan was assembled from

U.S. census sources as well as Michigan specific data from the Michigan

Statistical Abstracts. Michigan data was that of gross outputs for

each of the 53 sectors and total expenditures of each final demand

sector.

The Minnesota Energy Agency repeated the estimation procedures for

a 1972 model. The updating was done by recalculating gross outputs and

final demands and balancing the transactions table. Estimates of

value added, gross state product, and other aggregate variables were

verified during this updating process. The model was reaggregated to

47 sectors and combined with 1972 estimates of final demands and the

1972 update of the national input-output table. The estimated gross

outputs were used to rerun the two-region model. The same procedure

was used to update the input-output table to 1976. The sectors were

further reduced to 44 industry groups, by combining pipelines with gas
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utilities, and commercial service sectors into selected services.

Table 4.1 shows 'the 1976, 44-sector aggregation; this aggregation is

reflected in the 44-sector model of Appendix 2.

When linked to transportation data, the 1976 model was aggregated

to 20 sectors, as shown in Table 4.2. This was done to better match the

mix of commodity groups moving over Michigan's rail system to the input-

output sectors. Additionally, this aggregation was performed to deal with

those commodities in the 44-sector model that have small absolute

amounts moving over the rail system. Similar commodity groups with

low tonnage were aggregated, producing the 20-sector model.

Output Multipliers and Projection of Total Output

The use of an input-output model allows for the calculation of

output multipliers; the main benefit being that they are disaggregated.

Aggregate multipliers, used in macroeconomic analysis, do not distinguish

between the sectors in which expenditure changes begin. Input-output

multipliers, on the other hand, are valuable in that they account for

the fact that the total impact of changes in the economy on output will

vary according to which sectors experience the initial expenditure

change (Richardson, 1972).

Output multipliers represent total requirements per unit of final

output. These multipliers serve as an indication of the degree of

structural interdependence between each sector and the rest of the

economy. The higher the multiplier, the greater the interdependence of

the sector with the rest of the economy. Output multipliers measure

the total value of industry requirements per unit of final demand for

each industry (Richardson, 1972). As Leontief (1941) points out, the
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Table 4.1

Sectors Defined by SIC, 1976 I/O Table for Michigan

 

 

Industry Number 1972

Sector Industry 1967 1/0 SIC Code

1 Livestock and Products 1 02

2 Other Agriculture, Forestry 2, 3, 4 01, O7, 08

Services

3 Metals and Minerals 5, 6, 9, 10 10, ll, 12, 14

4 Crude Petroleum, Natural Gas 8 1311, 1321

5 Construction 11, 12 part 138, 15,

l6, l7

6 Meat Products 14.01 201

7 Dairy Products 14.02 - 14.06 202

8 Preserved Food 14.07 - 14.13 203

9 Grains, Bakery, Sugar, Fats 14.14-14.20, 204-207, 209

14.24-14.32

10 Beverages 14.21-14.23 208

ll Textile, Apparel 16-19 22, 23

12 Lumber, Wood 20, 21 24

13 Furniture 22, 23 25

14 Paper and Allied Products 24, 25 26

15 Printing and Publishing 26 27

16 Chemicals and Allied 27, 29.02, 29.03, 28 excluding

30.00 282, 283

17 Plastics and Synthetic 28 282

18 Drugs 29.01 283

19 Petroleum Refinery 31 29

20 Rubber and Leather Products 32-34 30, 31

21 Stone, Clay, Glass ' 35, 36 32

22 Foundries and Metal Products 37.02-37.04, 38 332-336, 339

23 Blast Furnace, Basic Steel 37.01 331

24 Metal Containers, Heating, 39.01, 40 3411, 343, 344.

Plumbing, Fabricated

Metals

25 Screw Machine Products 41.01 345

26 Metal Stampings 41.02 346

27 Other Fabricated Metal 39.02, 42 342, 347-349

28 Engines and Turbines 43 3511, 3519

29 Farm and Construction 44-46 3523-353

Machinery

30 Metal Working Machinery 47 354

31 Industrial and Service 48-50, 52 355, 356, 358,

Machinery 359 .

32 Office and Computing 51 357

Machines

33 Electrical Equipment 53-58 36

34 Trucks,Trailers, Motor 59 371

Vehicles
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Table 4.1 (cont.)

 

 

Industry Number 1972

Sector Industry 1967 I/O SIC Code

35 Aircraft and Parts, Other 60, 61 372-379

Trans.

36 Miscellaneous Manufacturing 62-64 38, 39

37 Transportation, Communica- 65-67 40-48

tion

38 Electric Utilities 68.01 491, part 493

39 Gas Utilities 68.02 492, part 493

40 Water and Sanitary Services 68.03 494-497, part

493

41 Wholesale and Retail Trade 69 50, 52-59

42 Finance, Insurance, Real 70-71 60-67

Estate

43 Services 72-77 70-89

44 Government Enterprises 78-79 -
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Tab1e 4.2

1976, 20-Sector Input-Output Classification

 

Sector Number

 

from 44-

Sector Industry Sector I/O

1 Livestock and Products 1

2 Other Agricultural Products 2

3 Mining 3, 4

4 Construction 5

5 Food and Kindred Products 6-10

6 Lumber, Furniture, Paper, Printing 12-15

7 Chemicals, Drugs, Plastics 16-18

8 Petroleum Refinery 19

9 Rubber, Leather, Stone, Glass, Clay 20, 21

10 Primary and Fabricated Metals 22-27

11 Machinery, Except Electrical 28-32

12 Electrical Equipment 33

13 Motor Vehicles and Parts 34

14 Aircraft and Other Transportation 35

Equipment

15 Transportation and Communication 37

16 Utilities 38-40

17 Wholesale, Retail, Miscellaneous Manu- ll, 36, 41

facturing, Including Textiles

18 Financial, Insurance, Real Estate 42

19 Selected Services 43

20 Government Enterprises 44
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concept of final demand has as its counterpoint the concept of inter-

mediate demand or output, while total output embraces both. The final

demand for a commodity represents that part of total output which is

treated as an independent variable. The derived or intermediate demand

is considered to be a dependent variable.

The purpose of using an input-output model for forecasting rail

traffic rests on the concept of the output multiplier. To forecast

rail traffic, it is necessary to forecast changes in the economy, given

changes in the final demand sector. The disaggregated nature of output

multipliers is particularly well-suited to transportation planning

because the demand for specific rail lines or segments is often com-

modity dependent. A method is needed to disaggregate the effects of

economic changes (final demands) on a commodity-by-commodity basis in

order to estimate the future demand for rail services.

The effect of the change on individual sectors of the economy,

given a change in the final demand in one sector, can be evaluated.

The total output multipliers produced by the inverse matrix and shown

in Table 4.3 provide estimates of the total economic effects of a change

in each sector. It is also possible to examine how the effect of a

change in the final demand in one sector affects individual sectors in

the economy. This is done by multiplying the sectors column of the in-

verse matrix by the change in final demand, as is done for the livestock

and products sector in Table 4.4. Table 4.4 shows the impact of a

$1,687,000 increase in final demand in the livestock and products sector

(equivalent to the 1976-1980 change that will be discussed in Chapter V).

Each product of the multiplication of $1,697,000 with the output multi-

pliers for livestock and products indicates the effect of that change
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Table 4.3

Output Multipliers Derived from the Michigan

20-Sector Input-Output Model

 

 

Sector Industry Output Multiplier

l Livestock and Products 1.69

2 Other Agricultural Products 1.48

3 Mining 1.51

4 Construction 1.66

5 Food and Kindred Products 1.61

6 Lumber, Furniture, Paper, Printing 1.55

7 Chemicals, Drugs, Plastics 1.56

8 Petroleum Refinery 1.49

9 Rubber, Leather, Stone, Glass, Clay 1.52

10 Primary and Fabricated Metals 1.66

11 Machinery, Except Electrical 1.56

12 Electrical Equipment 1.48

13 Motor Vehicles and Parts 2.02

14 Aircraft and Other Transportation 1.55

Equipment

15 Transportation and Communication 1.29

16 Utilities 1.52

17 Wholesale, Retail, Miscellaneous 1.28

Manufacturing, Including Textiles

18 Financial, Insurance, Real Estate 1.32

19 Selected Services 1.39

20 Government Enterprises 1.47
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Table 4.4

Effect of a $1,697,000 Change in the Final Demand of

Livestock and Products on the Entire Economy

 

 

  

(I-A)‘1 Ele-

ments in

Livestock and

Products Change in

Sector Industry Sector Output

1 Livestock and Products 1.13273844 $1,922,257

2 Other Agricultural Products 0.19944936 338,466

3 Mining 0.00229381 3,893

4 Construction 0.01317304 22,355

5 Food and Kindred Products 0.12047448 204,445

6 Lumber, Furniture, Paper, Printing 0.01175515 19,948

7 Chemicals, Drugs, Plastics 0.02081888 35,330

8 Petroleum Refinery 0.00510590 8,665

9 Rubber, Leather, Stone, Glass, Clay 0.00705966 11,980

10 Primary and Fabricated Metals 0.01260634 21,393

11 Machinery, Except Electrical 0.00519639 8,818

12 Electrical Equipment 0.00118786 2,016

13 Motor Vehicles and Parts 0.00148287 2,516

14 Aircraft and Other Transportation 0.00017908 304

Equipment

15 Transportation and Communication 0.02254404 38,257

16 Utilities 0.00973669 16,523

17 Wholesale, Retail, Miscellaneous 0.05078442 86,181

Manufacturing, Including Textiles

18 Financial, Insurance, Real Estate 0.03286972 55,780

19 Selected Services 0.03713335 63,015

20 Government Enterprises 0.00198564 3,370

Total 1.68857513 $2,865,512
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in final demand on the rest of the sectors in the economy. The sum of

these individual sector output changes will equal the total change

found originally by multiplying the total sector output multiplier

(here, 1.68857513) by the change in final demand. However, the disag-

gregation that is possible allows for an accounting of the sector-by-

sector changes necessary to forecast rail traffic demand (Jones, 1978).

The results of such a process across all sectors is shown in

Table 4.5. The figures under "final demands" are those estimated as

part of the original process of constructing the 1976 input-output

table for Michigan. When each sector's final demands are multiplied

by the individual sector Leontief inverse elements, and then summed,

the input-output model projects total output as shown in the column

labeled "output." Table 4.5 represents the base from which the rest

of this analysis proceeds. The forecasting procedure begins by estimat-

ing new final demands by sector for a year subsequent to 1976, and

repeating the process outlined above to achieve total output projec-

tions. These projections will then be compared with the 1976 total

output figures to forecast the change in total output.

Linking the Input-Output Table to Commodity Flow Data

In order to forecast rail traffic using the input-output model, it

must be linked to data on commodity flows over the Michigan rail net-

work. This is done by linking the 20 input-output sectors to data from

rail waybill samples.

Transportation data has been compiled from a sample of audited

revenue waybills (the rate of freight charges have been verified in the

railroad accounting offices) submitted to the Federal Railroad
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Table 4.5

1976 Final Demands and Total Outputs Derived from the Michigan

Input-Output Model (Thousands of 1976 Dollars)

 

 

Final

Sector Industry Demands Output

1 Livestock and Products 13,766 691,909

2 Other Agricultural Products 210,555 709,533

3 Mining 926,488 1,742,344

4 Construction 4,302,101 5,837,164

5 Food and Kindred Products 4,335,922 4,869,530

6 Lumber, Furniture, Paper, Printing 2,111,828 5,095,917

7 Chemicals, Drugs, Plastics 3,416,858 5,472,216

8 Petroleum Refinery 568,180 928,370

9 Rubber, Leather, Stone, Glass, Clay 675,244 2,893,848

10 Primary and Fabricated Metals 3,576,180 14,666,321

11 Machinery, Except Electrical 2,909,304 6,661,440

12 Electrical Equipment 527,190 1,573,330

13 Motor Vehicles and Parts 28,679,640 39,769,180

14 Aircraft and Other Transportation 496,338 623,222

Equipment

15 Transportation and Communication 5,382,394 7,262,402

16 Utilities 2,086,750 4,217,498

17 Wholesale, Retail, Miscellaneous 14,185,652 17,880,538

Manufacturing, Including Textiles

18 Financial, Insurance, Real Estate 7,667,766 10,435,098

19 Selected Services 6,869,168 12,230,830

20 Government Enterprises 375,938 1,081,181

Total

 

144,641,871
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Administration (FRA) by railroads under the terms of the Interstate

Commerce Commission Order 49 CFR, Section 1244. Other documents used

to compile the transportation data include EM-5 reports and multiple-car

statements .

Waybills are a shipping document prepared by the originating rail-

road from the shipper's instruction as to the disposition of freight

and used by the railroads as the authority to move the shipment and as

the basis for determining and settling the freight charges among the

carriers involved. The waybills in the sample used are for carloads

terminated by line-haul or regular rail-haul as distinguished from a

switching move or switching company. As used here, a regular haul is

between terminals and stations on the main or branch lines of the rail-

road, exclusive of switching moves. The sample also includes only

those lines having $3 million or more average operating revenues over a

three-year period (U.S. Department of Transportation, FRA, 1980).

For the 1 percent sample, waybills are selected by the terminating

carrier on the basis of the waybill number assigned by the originating

carrier (this number is for the purpose of control and identification).

The waybills selected are those numbered "1" or those which have numbers

ending in "01." The selection criterion is designed to capture 1 per-

cent of the audited waybills.

Most waybills represent one-car shipments. Some represent multi-

car shipments that vary from two to upwards of 100 cars. A sampling

technique for these shipments was developed by the ICC and used by a

number of reporting railroads. This technique, EM-5 sampling, provides

for the selection and reporting of EM-5 forms, of data for every 100th

car from waybills covering six or more carloads. Finally, some of the
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reporting railroads submitted multiple-car statements listing total car-

load movements between specific points for certain commodities such as

coal, iron ore, copper ore, pulpwood logs, iron and steel scraps, and

iron and steel plates. These statements are sampled by FRA with a

computerized algorithm to approximate the EM-S process (U.S. Department

of Transportation, FRA, 1980).

Some types of movements are excluded from the waybill data, in-

cluding:

(1) Canadian and Mexican originations.

(2) Mail and express traffic.

(3) Less than carload traffic.

(4) Shipments weighing less than 10,000 pounds and moving on

"any-quantity" rates.

(5) Nonrevenue movements.

(6) "Dead-head" traffic (company material whose movement is

entirely on one road).

(7) Empty cars returned for reloading.

(8) Movements in substitute services, e.g., truck in lieu of

rail.

The data received from the railroad industry is processed by the

Waybill Information Processing System, which combines manual and com-

puter procedures to ensure that resultant tabulated data are accurate

and statistically valid. The accuracy and validity of carload data

for each commodity grouping is verified by use of regression analysis

techniques. The waybill data is classified by commodity using the

seven-digit STCC code, which is based on the SIC code.
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The first step in using input-output to forecast rail traffic is

to link the input-output sectors based on SIC codes to waybill samples,

based on STCC codes. Table 4.6 shows the STCC categories in each of

the 20 input-output sectors. After the input-output and waybill samples

are linked, the 1 percent waybills are expanded, by multiplying by 100,

to obtain an estimate of total rail traffic in Michigan. Table 4.7

shows the expanded waybill sample for Michigan for the years 1976 and

1980.

The Use of Input-Output for Transportation Planning
 

The assumptions of input-output stress the consistency of the

economy; the outputs of all sectors must be consistent with all the

.other sectors from whom it buys inputs and to whom it sells outputs.

This feature of input-output analysis emphasizes the interdependence of

the sectors of the economy. The value of the output of final goods and

services can be traced back through the intermediate flows of goods and

services necessary to produce final demand. This flow of goods and

services for both intermediate and final demand must move in space from

sector to sector and firm to firm.

It is important that the assumption of consistency in the input-

output model be met in the transportation model. Corresponding to each

dollar flow between sectors in the input-output model, originating and

receiving sectors can be identified showing the type of product that is

being physically moved.

The initial assumption is that economic activity in a sector

generates physical movements of products in each of the sector's inputs,

in proportion to the change in the sector's output. The input-output
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Table 4.6

STCC Codes in Each Input-Output Sector

 

STCC Code Contained

 

Sector Industry in I/O Sector

1 Livestock and Products 014, 015

2 Other Agricultural Products 011, 012, 013, 019, 084,

086, 091

3 Mining 10, 14, 111, 112, 122

4 Construction

5 Food and Kindred Products 201, 202, 2032-2035,

2037-2039, 204-209

6 Lumber, Furniture, Paper, Printing 24-27

7 Chemicals, Drugs, Plastics 281, 284-286, 289, 282,

283, 287

8 Petroleum Refinery 29

9 Rubber, Leather, Stone, Glass, Clay 30-32

10 Primary and Fabricated Metals 332, 333, 335, 336, 339,

331, 3431. 3432.

34331, 34333-34336.

34339, 344-346, 341,

342, 348, 349, 191,

192, 196

ll Machinery, Except Electrical 351-359, 34332

12 Electrical Equipment 36

13 Motor Vehicles and Parts 371

14 Aircraft and Other Transportation 372-376, 379, 193

Equipment

15 Transportation and Communication

16 Utilities

17 Wholesale, Retail, Miscellaneous 22, 23, 38, 39, 211,

Manufacturing, Including Textiles 212, 401, 402, 441,

412, 421, 422, 431,

441, 451, 461, 462,

471

18 Financial, Insurance, Real Estate

19 Selected Services

20 Government Enterprises
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Table 4.7

Expanded 1 Percent Waybills, Michigan,

1976, 1980, by Input-Output Sector

 

 

Sector Industry 1976 Tons 1980 Tons

l Livestock and Products 0 O

2 Other Agricultural Products 1,211,200 1,545,000

3 Mining 31,641,100 35,463,300

4 Construction 0 O

5 Food and Kindred Products 3,476,700 2,667,800

6 Lumber, Furniture, Paper, Printing 4,607,900 4,021,100

7 Chemicals, Drugs, Plastics 4,180,300 2,713,700

8 Petroleum Refinery 2,520,400 1,679,000

9 Rubber, Leather, Stone, Glass, Clay 2,592,600 1,798,500

10 Primary and Fabricated Metals 6,025,000 3,684,100

11 Machinery, Except Electrical 242,300 111,400

12 Electrical Equipment 134,000 97,000

13 Motor Vehicles and Parts 13,204,600 8,170,800

14 Aircraft and Other Transportation 165,100 129,300

Equipment

15 Transportation and Communication 0 o

16 Utilities 0 o

17 Wholesale, Retail, Miscellaneous 5,502,600 4,224,800

Manufacturing, Including Textiles .

18 Financial, Insurance, Real Estate 0 O

19 Selected Services 0 O

20 Government Enterprises 0 0

Total 75,503,800 66,306,300
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model of Michigan will be linked with commodity flow data to determine

 how movements of inputs flow on the state's rail network. By changing

the final demands in the 1976 input-output model to reflect subsequent

years, such as 1980, it is possible to estimate changes in the total

output of the 20 sectors. With these changes, it is then possible to

forecast changes in rail traffic due to the change in commodity produc-

tion and the demand for the movement of these commodities. This pro-

cedure was outlined in Chapter I and will be tested in Chapter V.

 



CHAPTER V

TESTING THE USE OF INPUT-OUTPUT

FOR RAIL TRAFFIC FORECASTING

The procedure used to test the forecasting ability of the input-

output model is summarized in Figure 5.1. Beginning with the 1976,

20-sector input-output model of Michigan, final demands for the base

year of 1976 and the test year of 1980 are estimated. The 1976 final

demands are those estimated when the two-region input-output model was

constructed. The 1980 final demands were estimated using as much

Michigan specific data as possible. Most state input-output models

rely on sharing techniques that apportion national changes in the final

demand sectors to the state level.

Estimating 1980 Final Demands

There are six final demand sectors in the Michigan input-output

model:

(1) Personal Consumption Expenditures.

(2) Gross Private Capital Formation.

(3) Net Inventory Changes.

(4) Net Exports.

(5) State and Local Government.

(6) Federal Government.

All 1980 final demands are in 1976 dollars, deflated by implicit price

deflators for gross national product indexes, found in the 1981 Economic

77
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Figure 5.1

Flow Diagram of Rail
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Report of the President (pp. 236-237). Therefore, the dollar value

for l980 final demands represents the real change in demand, from 1976

to 1980, and can be linked to the tonnage change on Michigan's rail net-

work. The year l980 was chosen as the test case because it represents

the most recent year in which data are available. Following is the

method by which the l980 final demands were estimated.

Personal Consumption Expenditures

To calculate the value for personal consumption expenditures,

Michigan's retail sales tax collections were used as a proxy for

changes in consumer Spending. The Michigan Department of Treasury col-

lects retail sales tax information in eight broad categories (building

materials, general merchandise, automotive, food, apparel, furniture,

miscellaneous retail and nonretail) with subsectors in most categories.

This information is reported in the yearly Economic Report of the

Governor (1981, p. 33). The percentage change in sales tax collections

between l976 and l980 was calculated and this percentage change was

used to increase or decrease the personal consumption expenditure

figures used in the l976 input-output model. These figures were then

deflated to l976 dollars by the total personal consumption expenditures

index of the implicit GNP deflator.

Gross Private Capital Formation
 

The value of gross private capital formation represents the sum of

receipts for new construction and capital expenditures of the manufac-

turing sector. Michigan's data for l980 was acquired from the Office

of Revenue and Taxes, Department of Management and Budget. The data is

from the reported capital acquisitions from the Michigan Single
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Business Tax. Capital acquisitions at the two-digit SIC code level

were reported for depreciable assets of firms in Michigan filing the

Single Business Tax and represents a value added tax on investment.

Not all investors in Michigan file the Single Business Tax; for example,

nonprofit organizations do not. Farmers are also exempt, but estimates

of farm investment were obtained from the Michigan Department of Agri-

culture. These estimates of investment were then deflated to 1976

dollars, using the gross private domestic investment index of the im-

plicit GNP deflator.

Net Inventory Change

Net inventory change was obtained from various Survey of Current

Business reports. The percentage change in net inventories between

l976 and 1980 was used to increase or decrease the data on net inven-

tory contained in the 1976 input-output model. These figures were

adjusted to l976 dollars by the GNP deflator. The percentages used

for net inventory changes are based on national figures and not

Michigan-specific data. No Michigan data could be located for this

category; however, since it is the smallest part of final demand, the

use of national figures should not appreciably alter the results.

Net Exports

Agricultural export information was obtained from the Michigan

Department of Agriculture and fOr manufacturing sectors from the

Michigan Department of Commerce, Economic Development Office. Import

information for the same categories was obtained from the U.S. Depart-

ment of Commerce, Foreign Trade Statistics section. All data was de-

flated to 1976 dollars by the export index in the implicit GNP deflator.
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Federal Government

This includes the total federal government disbursements minus the

disbursements of the following federal government enterprises: post

office; farm income stabilization; rural housing and public facilities;

agricultural land and water resources; maintenance of housing and

mortgage market; and veteran's benefits and services. These categories

are included in the government enterprises sector. Data is from the

l980 Michigan Statistical Abstract, deflated by the federal government
 

index of the GNP deflator.

State and Local Government

This includes the operating expenditures of state and local govern-

ment agencies except: liquor stores; water transport and terminals;

parking facilities; urban renewal; airports; and transit. These are

included in the government enterprise sector. The state and local in-

dex in the GNP deflator was used to produce real changes. This data

was obtained from the l980 Michigan Statistical Abstract and the l979-

80 Government Finances. For both federal and state and local govern-

ments, additional data was obtained from the study by Scheppach in

State Projections of the Gross National Product, l970, l980.

Once the two sets of final demands are estimated, the following

steps represent the testing procedure:

(1) l980 final demands are multiplied by the Leontief Inverse

Matrix of the 20-sector,input-output model to obtain 1980

estimates of total outputs. These total outputs are also

calculated in terms of the percentage change from l976.
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(2) These 1980 total output estimates are then used to obtain

projections, by sector, of l980 rail traffic in Michigan.

 
The sector percentage changes in total output are multi-

plied by the l976, l percent expanded waybills. The

results are l980 rail projections.

(3) The l980 rail projections are then compared to the actual

l percent expanded waybills for 1980, yielding both the

difference in total tons and the percentage difference

 

between the actual total movement of rail traffic in

Michigan and the projections of rail traffic.

Testing the Rail Traffic Forecasting Method

To project total outputs by sector for 1980, estimates of 1980

final demands are used to "drive“ the input-output model. The results

of this are shown in Table 5.l, which indicates the projected total

output in Michigan for 1980, given the estimated final demands. Table

5.1 also shows the percentage change in total output from 1976 to 1980.

In constant dollar terms, Table 5.1 shows, for example, that total

output in the livestock and products sector is down 10.59 percent from”

l976, and the motor vehicle and parts sector is down 40.l3 percent. 0n

the other hand, total output in the utilities sector is up l6.32 percent,

etc. It is with the percentage changes of Table 5.l that rail traffic

for 1980 is projected.

The actual expanded l percent waybills for l976 and l980 are shown

in Table 5.2. To project l980 rail traffic, the actual 1976 expanded

l percent waybills are adjusted by the 1976-1980 percentage change in

total output by sector. For example, in 1976, l,21l,200 tons of
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Table 5.2

Expanded 1 Percent Waybills, Michigan,

1976, 1980, by Input-Output Sector

 

 

 

Sector Industry 1976 Tons l980 Tons

l Livestock and Products 0 0

2 Other Agricultural Products 1,211,200 1,545,000

3 Mining 31,641,100 35,463,300

4 Construction 0 0

5 Food and Kindred Products 3,476,700 2,667,800

6 Lumber, Furniture, Paper, Printing 4,607,900 4,021,100

7 Chemicals, Drugs, Plastics 4,180,300 2,713,700

8 Petroleum Refinery 2,520,400 1,679,000

9 Rubber, Leather, Stone, Glass, Clay 2,592,600 1,798,500

10 Primary and Fabricated Metals 6,025,000 3,684,100

11 Machinery, Except Electrical 242,300 111,400

12 Electrical Equipment 134,000 97,000

13 Motor Vehicles and Parts 13,204,600 8,170,800

14 Aircraft and Other Transportation 165,100 129,800

Equipment

15 Transportation and Communication 0 0

16 Utilities 0 0

17 Wholesale, Retail, Miscellaneous 5,502,600 4,224,800

Manufacturing, Including Textiles

18 Financial, Insurance, Real Estate 0 0

19 Selected Services 0 0

20 Government Enterprises 0 0

Total ,75,503,800 66,306,300
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agricultural products moved over Michigan's rail lines. The 1980 total

output in the agricultural products sector increased 28.24 percent over

1976 in constant dollars. Thus, it is estimated that rail movements

over Michigan's rail system should also increase by 28.24 percent, or

342,042 tons. Consequently, the model estimated that rail traffic in

the agricultural products sector is 1,211,200 plus 342,042 tons, or

1,553,242 tons. This procedure is carried out for each commodity sector,

yielding the 1980 projections of Michigan rail traffic shown in Table

5.3.

In order to evaluate the rail traffic forecasting ability of the

input-output model, it is necessary to compare the 1980 projected rail.

flows to the actual 1980 rail flows; Table 5.3 shows this comparison.'

The projected total rail flow in Michigan for 1980 is 67,099,985 tons.

The actual rail flow in 1980 was 66,306,300 tons. (This actual total

does not include 1,638,200 tons of hazardous materials.) The model's

projection of rail traffic is 793,685 tons higher than the 1980 actual

figures, or 1.2 percent over the 1980 actual flows. The same procedure

was carried out for the 44-sector input-output model and is shown in

Appendix 2.

Table 5.3 also includes a comparison of projected versus actual

rail traffic for each commodity sector. When this method is used to

project rail traffic on a regional or line-by-line basis, individual

commodity groups will be important and their estimation will be crucial

,in producing reliable projections of rail traffic. In the Upper

Peninsula, for example, rail service is used primarily by the mining,

forestry, and related pulp and paper industries. The statewide projec-

tions of these industries provide confidence that U.P. rail traffic can
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be predicted accurately. In Table 5.3, the forestry sector is an

important component of Sector 2, other agriculture products. In this

case, the model predicted rail traffic to within 0.53 percent of actual

traffic. The projection for the mining sector was only 1.91 percent

lower than actual traffic and the projection of rail traffic in the

paper industry (within Sector 6) was 5.12 percent different from the

actual rail flow. Most of the commodity sectors were projected within

a percentage difference that is believed to yield confidence in the use

of the model on a regional or line-by-line basis.

Only two sectors--number 10, primary and fabricated metals, and

number 11, machinery (except e1ectrical)--produced estimates substan-

tially different than actual figures, on a percentage basis. In the

machinery sector, while the percent difference between the projection

and actual rail traffic is 54.75 percent, the actual tonnage difference

is only 60,996 tons. This absolute tonnage difference is not large

compared to total traffic, representing only 0.09 percent of total traf-

fic. The large percentage difference can be explained by looking at the

individual industries that make up these two aggregate sectors. The

primary and fabricated metals sector in the 20-sector, input-output

model is the aggregation of six of the sectors in the 44-sector model

(see Appendix 2): foundries and metal products; blast furnace; basic

steel; metal containers, heating, plumbing, fabricated metals; screw

machine products; metal stamping; and other fabricated metals. Of these

industries, large differences between actual and projected rail flows

occur in three: metal containers, etc.; screw machine products; and

metal stamping. The actual traffic in 1980 for metal containers was

6,400 tons, while the 1980 projection was 90,883, or 1,320 percent
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higher. In the other two sectors the actual traffic was zero, down

from 1976. What occurred in these three industries between 1976 and

1980 was an extremely large drop in rail traffic--to zero in two cases--

that was not predicted by the input-output model. In these industries,

rail traffic dropped much more than the estimated total output for the

sectors. The problem appears to be in the waybill sample. Small

absolute totals of rail traffic are less likely to be accurately re-

flected in the 1 percent sample. While this presents problems to

 

decision makers in a few cases, the 1 percent waybill data is the best

available to rail planners and must be used in lieu of more complete

rail information.

'While the input-output model can predict rail flows in industries

that exist on the lines between 1976 and 1980, it is unable to forecast

traffic from some level to zero. However, this degree of change would

be difficult to predict with any rail traffic model and it is not felt

that the example of these sectors invalidates the usefulness of the

model.

A similar problem occurs in the machinery sector. Sector 11 is

made up of the following industries: engines and turbines; farm and

construction machinery; metal working machinery; industrial and service

machinery; and office and computing machines. Two of the industries

show the largest change, engines and turbines and industrial service

machinery (see Appendix 2). In the case of engines and turbines, rail

traffic in 1976 was zero; so the projection was zero. However, between

1976 and 1980, engines and turbine traffic again appeared in the waybill

sample. In the industrial and service machinery sector, traffic dropped

dramatically between 1976 and 1980, much more than the projected total
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output. Again, it is felt that these cases are such that no model could

predict such changes. Standard deviations for each sector in the way-

bill sample were calculated to estimate the size of errors due to the

waybill sampling procedure. In both Sectors 10 and 11, the standard

deviation is large relative to its mean (30 percent'and 72 percent,

respectively). This indicates that for these two sectors, part of the

projection error is due to waybill sampling error. Of course, the large

difference between the projected and actual values in Sectors 10 and 11

 

can also be attributed, in part, to errors in the technical coefficients

in the input-output matrix and errors in the estimation of final demands.

However, it does appear that a substantial portion of the projection

error can be attributed to waybill sampling.

In using this or any other forecasting procedure, balance must be

maintained between a model's results and exogenous information available

to rail planners about the nature of rail traffic. While the model

alone cannot predict the change from high levels of traffic to zero, it

is believed that rail planners would have additional information to

complement the model's results. In any case, the majority of the sec-

tors in the test show projections close to actual traffic.

Conclusions

The purpose of this chapter has been to test a method that system-

atically links the projected level of statewide economic activity with

the demand for rail freight transportation services and facilities.

The goal is to broaden the perspective of decision makers to include a

more comprehensive and systematic method of forecasting rail traffic in

Michigan.
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The test was whether the 20-sector, input-output model of Michigan

could provide reliable estimates of rail traffic over a four-year

period. The test was carried out not only on total rail traffic, but

also on a sector-by-sector.basis. The ability of the input-output model

to disaggregate output projections is the key to its use in projecting

rail traffic. This is so because the demand for rail services in a

region, or on individual lines, depends on the output of the particular

commodities that are produced in the area.

 

The results of the test of the rail forecasting method indicate

that it is effective in producing estimates of rail flows. The model

projected rail traffic to within 1.2 percent of actual traffic over the

total rail network. Additionally, the model was effective in providing

sector—by-sector estimates in 11 of the 13 sectors in which rail traf-

fic was represented in 1976 and 1980. In the two sectors in which the

model overestimated rail traffic by approximately 23 percent and 55 per-

cent, it is believed that the waybill sample displayed rail traffic

changes between 1976 and 1980 which any forecasting model based on com-

modity demand would have difficulty projecting. However, the method

suggested in this study is not meant to be used in isolation from other

information available to rail planners. Thus, it is believed that this

model can be of value, along with additional data, in aiding decision

makers in forecasting rail traffic.

Since the test of the method has shown its ability to forecast

total rail traffic over a four-year period, the next step is to il-

lustrate its use in aiding the subsidy-abandonment decision. The next

chapter uses the model to predict rail traffic beyond 1980 for

Michigan's Upper Peninsula region. Using estimates of final demand,
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various projections will be used to obtain forecasts of total output

and forecasts of rail traffic in the U.P. and on a segment of the 500

Line. This will help determine whether, under any economic growth

scenario, the segment of the 500 Line that is under a subsidy-abandon-

ment study will be able to generate enough traffic to remain profitable,

or, if not presently profitable, whether future rail demand will enhance

its revenue position. The next chapter represents a guide to the use

of the input-output model for future rail planning decisions.

 



CHAPTER VI

APPLYING THE RAIL FORECASTING METHOD

TO REGIONAL RAIL PLANNING

In this chapter, an illustration will be presented demonstrating

how the rail traffic forecasting method tested previously can be employ-

 

ed to aid in the subsidy-abandonment decision. Also included is a case

study of the northern 500 Line in Michigan's Upper Peninsula. The il-

lustration is only suggestive in nature because the financial data

needed to perform a full-scale analysis of the case study region is un-

available. The Upper Peninsula rail system is currently under study by

the Michigan Department of Transportationl/ as part of the rail ration-

alization process. The application of the rail traffic forecasting

method will be accomplished in the following steps:

(1) A description of the Upper Peninsula rail system will be

presented with particular emphasis on those rail lines

facing financial difficulties.

(2) The Michigan input-output model will be used to project

total output and Upper Peninsula rail traffic for 1983,

given various estimates of final demands. Additionally,

total output and U.P. rail traffic will be projected to

 

1—/The material for this chapter on the U.P. rail system is from:

Michigan Department of Transportation, "Michigan Rail System Rational-

ization Plan: Tier II, Phase III, Upper Peninsula Report" (Draft),

May 14, 1982.

93



94

1986, the last year of the subsidy appropriations in

Michigan.

(3) The estimates for Upper Peninsula rail traffic will be

used to analyze major issues facing rail planners on a

system-wide basis, particularly the potential commodity

growth upon which U.P. rail lines depend.

(4) Rail traffic will be forecast for the 500 Line, between

Trout Lake and Dollar Bay, to aid in the resolution of

 

the issue surrounding the need for a north-south connec-

tion for 500 Line traffic.

In both the entire U.P. and on the 500 Line, the future of the

rail system is sensitive to the production and movement of certain com-

modities. Consequently, the input-output method of forecasting rail

demand by comnodity is particularly well-suited to addressing the issues

of the U.P. rail system. In projecting rail traffic to 1983 and 1986,

most significant is the commodity-by-commodity change in traffic since

1980. To be determined is which commodities may increase by the largest

percentage, and whether those commodity increases produce sufficient

rail demand to create financial stability.

The Upper Peninsula Rail System

The Upper Peninsula rail system consists of approximately 1,061

route miles with freight service provided by five railroad companies:

the Chicago and Northwestern Transportation Company (C&NW); the

Chicago, Milwaukee, St. Paul, and Pacific Railroad Company (Milwaukee

Road); the Escanaba and Lake Superior Railroad (E&LS); the Lake

Superior and Ishpeming Railroad (LS&I); and the 500 Line Railroad
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Company (500 Line). Three of these railroads (the C&NW, the 500 Line,

and the Milwaukee Road) are major Class I carriers, while the LS&I is a

Class II railroad and the E&LS is classified by the Interstate Commerce

Commission as a Class III railroad, or "short line." Service provided

by these railroads links the Upper Peninsula with Wisconsin and the

Chicago gateway, with Canada at Sault Ste. Marie, and with the Lower

Peninsula at St. Ignace utilizing the Straits of Mackinac car ferry

service. The Upper Peninsula system functions mainly as an outbound

rail route for metallic ores, forest products, and paper and pulp pro-

ducts. Most Upper Peninsula traffic moves southerly into Wisconsin or

to ore locks located at Marquette and Escanaba.

The Upper Peninsula rail system has experienced a steady contrac-

tion in the last two decades. In 1965, the network consisted of 1,641

route miles served by eight carriers and three car ferry links to the

Lower Peninsula. By 1976, six carriers remained, operating a total of

1,358 route miles, including the Straits of Mackinac interpeninsula car

ferry route. The current system serves 1,061 route miles with 43 miles

subject to active abandonment proceedings and 198 miles under study for

possible abandonment. The map in Figure 6.1 depicts the current rail

network in the Upper Peninsula. Abandonments since 1976 and current

abandonment activities for the region are described in Tables 6.1, 6.2,

and 6.3 [the source of the maps and tables is the Michigan Department

of Transportation (MDOT) Upper Peninsula Report].

While years of piecemeal regulatory action have eliminated many

light-density lines not essential to future needs, continued uncoordi-

nated abandonment may threaten the essential core system of the
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Table 6.1

Upper Peninsula Rail Line Abandonments

Since April l, 1976

 

 

 

 

Railroad Location Year Miles

CNW Scott Lake-Wisconsin Line 1979 0.20

CNW Martins Landing-Ishpeming 1980 15.10

CNW Marenisco-Ironwood 1981 25.40

CNW Ironwood-Hurley 1981 2.40

LSBI Munising Jct.-Marquette 1979 52.60

Lawson-Little Lake

Milwaukee Republic-Champion 1976 .99

Road

Milwaukee Channing-Republic 1980 23.10

Road

500 Line Raco-Raco Jct. 1977 20.00

500 Line Rapid River-Eben Jct. 1979 30.54

300 Line Hancock-Calumet 1979 18.43

Dollar Bay-Lake Linden

800 Line Nestoria-Bergland 1981 67.21

Total Upper Peninsula 269.97

Miles Abandoned Since

April 1, 1976
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Table 6.2

Upper Peninsula Rail Lines Currently Under Study for

Possible Abandonment Applications

 

 

 

Railroad Line Segment Miles Category

CNW Antoine and Antoine- 88.30 (in MI) 1-Red

Marenisco Sub. Marenisco

500 Line Ninth Subdivision St. Ignace- 27.12 l-Red

Trout Lake

500 Line Ninth Subdivision Trout Lake- 76.10 2-Green

Forest Ctr.

500 Line Sixth Subdivision Bessemer- 6.86 (in MI) 2-Green

Mellen, WI

 

ICC System Diagram Categories

1 -(Red) - Lines which carrier anticipates will be

subject to an abandonment or discontinu-

ance application within the next three

years.

2-(Green) - Lines under study and potentially sub-

ject to abandonment application.
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Upper Peninsula.g/ A major consideration in U.P. rail restructuring is

the extent of proven reserves of both metallic ores and forest products.

The objective in restructuring is to ensure adequate access to rail-

dependent economic activities and areas of significant future resource

development.

Service Needs in the Upper Peninsula and the 500 Line

As illustrated in Figure 6.2, those lines identified in Tables 6.2

and 6.3 as in possible jeopardy include the entire northern segment of

the 500 Line. As a part of the Tier I rail rationalization screening

analysis, the Michigan Department of Transportation identified specific

segments in the U.P. which were designated as essential core lines.

These lines provide service to significant existing traffic bases and

contribute to rail system and regional service objectives to a degree

consistent with the results of the screening analysis on lines else-

where in the state. Segments designated as essential core lines through

the results of the Tier I analysis are identified in Figure 6.3. The

screening analysis also identified lines which warrant designation as

nonessential for servicing existing needs. These lines serve little

traffic and exhibit virtually no potential for viability in the absence

of significant rail dependent economic growth. These lines are also

identified in Figure 6.3.

The results of the Michigan Department of Transportation's screen-

ing analysis were inconclusive for several U.P. rail segments. While

these segments exhibit lower traffic densities and potential for viabil-

ity, they provide service to rail dependent industries which generate

 

Z/Michigan Department of Transportation, Upper Peninsula Report,

op. cit.
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significant employment opportunities. These lines, shown in Figure

6.3, were included in the essential core system on the basis of rail-

dependent industry potential. The rail traffic forecasting method sug-

gested herein can be of value in the assessment of future rail demand

based on industry potential. The results of the analysis can aid in

the selection of the alternatives open to public policy decision makers.

Thus far, Michigan has emphasized rail service continuation sub-

sidies, public acquisition of rights-of-way, track rehabilitation, and

support facility rehabilitation and construction. With declining ap-

propriations, whether to continue rail service subsidies is an important

decision. Subsidies provide a negotiated level of service by the state,

reimbursing the railroad for any operating losses and for an adequate

rate of return on property. This assistance is most appropriate where

the carrier is actively seeking abandonment, but significant traffic

growth may develop in the future, or where a unique public benefit from

rail service clearly outweighs the subsidy expenses. Whether signifi-

cant traffic growth is likely to develop is the focus of this study.

Projecting Economic Activity, 1980-1983 and 1986

The first step in projecting rail traffic is the estimation of

final demands. The final demands for 1983 and 1986 are based on

national projections of economic indicators by the Research Seminar in

Quantitative Economics (RSQE), University of Michigan, as reported in

Economic Outlook, USA (Winter 1982). Estimates of the changes in final

demands between 1980 and 1983 were used because 1983 is the last year

for which projections are made. The 1980-1986 period projection was

performed to reflect medium- to long-range growth prospects for a period

consistent with the MDOT rail planning horizon.
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The Research Seminar in Quantitative Economics projects national

forecasts for personal consumption expenditures, including durable

goods, automobiles and parts, furniture and household equipment, other

durables, nondurable goods, and services. Forecasts of gross private

domestic investment are broken down into nonresidential and residential

structures categories. The RSQE also forecasts changes in business in-

ventories, net exports, and federal, state, and local government

purchases.

The projected percentage change (in constant dollars) in each of

the above categories was then used to forecast 1983 and 1986 Michigan

final demands. The real percentage change for the appr0priate category

was applied to the 1980 final demands used in the testing procedure of

Chapter V. For example, final demand in the automobile sector (13) in

1980 was $17,207,784,000. To arrive at the 1983 estimate, the real

percentage change in the automobiles and parts category of personal con-

sumption expenditures and the nonresidential category of gross private

domestic investment was used on concert with the other final demand pro-

jections to increase the 1980 final demand. In this case, RSQE pro-

jected the 1983 final demand for automobiles and parts to be 12.9 per-

cent above the 1980 level, producing a Michigan estimate of

$19,427,588,000. This procedure was repeated for each of the 20

sectors of the input-output model and results are shown in Table 6.4.

The final demand estimates based on national data shown in

Table 6.4 for 1983 are considered as the high projections for Michigan.

The RSQE estimates show real 1983 gross national product to be 13.7

percent above the 1980 GNP level. Due to the present condition of

the Michigan economy, an overall 1983 growth of 13.7 percent above
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1980 would require a high rate of growth over the next year. Con-

sequently, if Michigan grows as much as the national economy, it would

be considered to be a high growth scenario. The low growth scenario for

1983 assumes a zero percentage change from 1980; if the Michigan economy

in 1983 matches 1980 data, it demonstrates a low rate of growth.

Since the low growth projection is the same as 1980, no separate

table is needed; the percentage changes are zero. The medium range

projection of final demand is shown in Table 6.5 and is the average of

the high and low projections. Tables 6.4 and 6.5 show the projected

final demands and total output given the different growth ranges, in

1976 dollars. The projection of the final demands for 1986 are assumed

to represent a high growth scenario and are based on the RSQE estimate

of the 1982-83 change in real gross national product. The 1982-83 real

GNP change is estimated to be 6.0 percent for the national economy.

Thus, the final demands for 1983 shown in Table 6.4 are increased by 18

percent to yield a high estimate of final demands shown in Table 6.6.

It is recognized that the procedure outlined above is imprecise.

However, the purpose of this chapter is to provide an illustration of

how the forecasting method may be used. Further use of the method re-

quires a better procedure for estimating final demands, as well as an

updating of the input-output model itself.

Projecting Upper Peninsula Rail Traffic, 1980-1983 and 1986

The projections of total output shown in Tables 6.4, 6.5, and 6.6

(projections of total state rail traffic are shown in Appendix 3) are

used to estimate the change in rail traffic between 1980 and 1983 and

1986, also shown in the three tables. Given the high growth scenario,
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rail traffic in the Upper Peninsula is projected to increase 11.07 per-

cent for 1983, with the agricultural (including forestry), mining, and

lumber sectors showing large increases compared to other sectors. The

medium projection shows an increase in rail traffic between 1980 and

1983 of 5.45 percent. Finally, the 1986 projection shown in Table 6.6

estimates a total U.P. rail traffic increase of 32.78 percent. The

sector changes in agriculture, mining, and lumber products are particu-

larly important in the Upper Peninsula case study. The future of the

U.P. rail system is tied to the demand for transportation generated by

those industries.

In analyzing the service needs of each of the Upper Peninsula rail

lines, the Michigan Department of Transportation has emphasized the

(potential development of particular commodities. In the Upper Peninsula,

the principal industries are highly dependent on rail service. There-

fore, an adequate rail system is necessary to provide for the future

development of the U.P. resource-based industries.

In the rail rationalization process, potential Upper Peninsula rail

needs were determined by first identifying areas containing proven

economic reserves of iron ore and copper, and those characterized as

affording high potential for forest product industries. A second level

of potential was addressed by identifying areas having proven sub-

economic iron and copper deposits and medium potential for forest pro-

duct industries. The areas of proven economic ore deposits and high

potential for forest product industries coincide with rail lines already

identified in the essential core system or lines which were marginal,

but providing service to significant employment generators. The latter
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set was included in the definition of the essential core system based

on both existing and potential needs.

The MDOT's analysis indicates that the viability of the Escanaba

and Lake Superior Railroad, the Lake Superior and Ishpeming, and the

Chicago and Northwestern all depend on either iron ore production or

the forestry, lumber, and paper industries, or both. Thus, potential

production in these sectors plays a crucial role in determining whether

those lines will be able to generate sufficient traffic to remain or

become profitable. The rail traffic projections produced by the input-

output model indicate that those are the industries predicted to gener-

ate the largest increases for all growth ranges (the lumber sector is

projected to increase slightly less than Sector 17). As is evident in

the waybill projections in Tables 6.4, 6.5, and 6.6, the mining sector

makes up approximately 90 percent of total U.P. rail traffic. The pro-

jected increase of rail traffic for that sector to 11.30 percent in 1983

and 33.48 percent in 1986 indicates that several already strong ore mov-

ing lines will remain viable.

The largest sector percentage increase is in the agricultural pro-

ducts sector. In the Upper Peninsula, most of that sector is made up of

forestry products. Further, the lumber, furniture, paper, and printing

sector--or forestry related industries--exhibits the fourth largest pro-

jected change. Thus, the rail forecasting method provides evidence

that, at each growth rate, the sectors that are most important to the

future of the U.P. rail system are those that generally show the largest

gains. Consequently, there may be an incentive to continue state sup-

port rather than allow abandonment. In this manner, the input-output

method of rail forecasting can be applied to the subsidy-abandonment
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decision. The disaggregated, commodity-by-commodity nature of the fore-

casting procedure does provide the type of information required in the

rail planning process.

The 500 Line and the North-South Route Issue

In this section, a demonstration of the use of the rail forecast-

ing procedure is presented to analyze a specific issue related to one

rail line in the Upper Peninsula. The decision involved is which of

four alternatives for a 500 Line north-south routing would be most ef-

ficient. The decision depends largely on the future levels of traffic

over the northern tier of the 500 Line. Therefore, the forecasting of

rail traffic can aid in determining which alternative should be pursued.

The 500 Line Railroad,§/ due to past mergers and changing traffic

patterns, must move its northernmost traffic by a circuitous route over

long stretches of light density track. Presently, traffic from the

Houghton, L'Anse, Ishpeming/Negaunee, Marquette, and Munising areas

must be routed east through Trout Lake, then west to Gladstone before

it can travel through Wisconsin to major national markets via the

Chicago gateway (see Figure 6.4).

In order to avoid circuitous routing, managers of the 500 Line

have expressed a need for a more direct north-south route. Negotiations

with the Chicago and Northwestern ‘U: allow the $00 to gain trackage

rights over the C&NW main line from Ishpeming to north Escanaba have

been held, but no agreement was reached. The 500 has also negotiated

for the possible use of LS&I and EBLS trackage from Humboldt Mine to

 

éjDiscussion of the 500 Line from: Michigan Department of Trans-

'portation, Upper Peninsula Report, op.cit.
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Pembine, Wisconsin. The 500 Line may attempt to abandon the light

density track between Trout Lake and Shingleton without first securing

a north-south outlet for northern tier traffic. This could lead to

further abandonment of light density segments ultimately increasing

costs to the shippers and adversely affecting potential development.

Four alternatives for a more efficient 500 Line north-south rout-

ing have been identified by the Michigan Department of Transportation

and are shown in Figure 6.4:

(l) Shingleton to Manistique: utilizing abandoned rights-of-

way now owned primarily by the state and federal govern-

ments.

(2) Munising Junction to Rapid River: utilizing rights-of-

way abandoned by the LS&I and 500 Line.

(3) Ishpeming to north Escanaba: utilizing the C&NW line.

(4) Humboldt Mine to Pembine, Wisconsin: utilizing the LS&I

Line from Humboldt Mine to Republic, then linking with

the E&LS from Republic to Pembine.

The first alternative, Shingleton to Manistique, would require

totally new construction and would most likely not be cost-effective.

Most of the route is within federal and state forest areas; however,

the southern five or six miles are privately owned. According to the

Michigan Department of Transportation, new construction along this route

would cost $375,000 per mile, excluding right-of-way purchase on the

southern end. The total construction of this route would cost approxi-

mately $13.2 million.

The second alternative, Munising Junction to Rapid River, would re-

quire new construction to replace trackage which has been removed.
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Assuming a new construction cost of $375,000 per mile, reconstruction

of this route would cost approximately $17,500,000. The Michigan

Department of Transportation estimates that this alternative is also

not likely to be cost-effective.

Use of the C&NW track (Ishpeming to north Escanaba) would probably

be the least costly to implement. Information on track condition is not

available, although the line is believed to be in reasonably good condi-

tion. Via this route, circuitous routing would be eliminated. Serving

Forest Center via Humboldt Mine and Channing, over the E&LS, would have

similar advantages. The line from Channing to Republic, however, is in

poor condition. The cost of rehabilitation for 23 miles of track is

estimated by the Michigan Department of Transportation at approximately

$5 million.

In part, the distinction between these alternatives will depend on

whether traffic density on the northern 500 Line will increase over the

next few years. Higher densities and different commodity compositions

would change the revenue situation for the northern 500 Line and could

make any of the four alternatives feasible. It is at this point that

forecasts of 300 Line traffic are needed. The 1983 and 1986 projections

of 500 Line rail traffic are shown in Tables 6.7, 6.8, and 6.9. The

actual l980 rail traffic shown in Table 6.7 is 246,800 tons, carried in

4,200 cars. The 1980 traffic averaged approximately 59 tons per car.

The total traffic between Trout Lake and Dollar Bay is approximately

9,300 cars, which includes 1,029 that move on the LS&I between Munising

and Munising Junction. The 4,200 cars are those that appear on the 1

percent waybills and it is assumed that the traffic not on the waybills

is proportionate among the commodity sectors in the same fashion shown
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in Table 6.7. Consequently, the relative changes in the 500 Line pro-

jections should remain the same. The 500 Line traffic shown in Tables

6.7, 6.8, and 6.9 represents only that traffic which runs on the

northern tier. As was shown in Figure 6.2, the remainder of the 500

Line is not in jeopardy.

The forecasting method has the advantage of being disaggregated by

commodity and the use of the waybill samples also allows the isolation

of specific rail segments due to the identification of origins and

destinations, by county.fl/ Given the average of 59 tons per car that

occurred in 1980, the number of cars projected on the northern 500 Line

increases to 4,380 cars in the medium projection and 4,572, given a high

economic growth scenario. The number of cars projected for 1986 is

5,284. The northern 500 Line between Trout Lake and Dollar Bay, exclud-

ing the Newberry-Forest Center segment which will probably be abandoned,

is approximately 177 miles. Thus, in 1980, the northern 500 Line traf-

fic was 23.7 cars per mile. The projections for 1983 range from 23.7

cars per mile to 25.8 cars per mile with the 1986 cars per mile estimate

rising to 29.9.

Comparing these rail density projections with other rail lines in

Michigan that are in financial jeopardy, it appears that the northern

500 Line will not generate sufficient traffic to become profitable.

Figure 6.5 shows the frequency distribution of rail density on all

 

fljThe Michigan Department of Transportation retains station desig-

nations on the waybill files for applications to circumstances which

require greater specificity. To permit analysis at alternate levels of

aggregation, MDOT maintains a station to 547 zone equivalence capability,

which was aggregated to the county level for this study. The MDOT is

currently in the process of disaggregating the rail network to the

2300 zone level.
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Cars/Mile

ICC Category-System Diagram Classification:

1 - Carrier anticipates line segment will be subject to

an abandonment or discontinuance within the next

three years.

2 - Line segment under study and potentially subject to

abandonment application.

3 - Line segment for which an abandonment or discontinu-

ance is currently pending before the ICC.

4 - Line segment being operated under the 4R Act.

Figure 6.5

Frequency Distribution of Rail Density on All

Michigan Railroads Classified in

ICC Categories 1-4
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Michigan railroads (63 segments) that are classified in ICC categories

1-4; from currently subsidized lines to segments that may be abandoned

within the next three years. On these 63 segments, the mean rail

density is 34.2 cars per mile; the majority of segments have densities

below 30 cars per mile. 0n those segments in ICC categories 1 and 2

(those most like the northern 500 Line), the mean traffic density is

39.5 cars per mile. Under any of the economic growth scenarios, the

traffic on the northern Soo Line resembles segments that do not support

profitable operations. Further, the rail density on the profitable

southern 500 Line was 280 cars per mile in 1980, with a similar com-

modity composition.

In order to make precise statements about future profitability, it

is necessary to understand both the revenue and cost structure on the

northern 500 Line. Revenues change with commodity composition and

levels of traffic. Costs are also sensitive to traffic levels with

on-branch costs such as locomotive costs, car-day cost, and car-mile

cost dependent on the number of carloads. However, the traffic densi-

ties projected for the northern 500 Line do not appear to be sufficient

to generate profitability.

In terms of the north-south routing issue, as the traffic density

characteristics remain virtually unchanged even over high growth projec-

tions, revenues will probably not improve. Therefore, given the costs

of the various north-south route alternatives, the implementation of

alternative 1, 2, or 4 would not ensure a significant improvement in

the future financial stability of the northern 500 Line service. This

conclusion is similar to the tentative decision of the Michigan Depart-

ment of Transportation. In the Upper Peninsula report, the Michigan
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Department of Transportation concludes that the only proposed alterna-

tive which would both improve operations efficiency and overall system

density is the joint 500 Line and C&NW operation over the C&NW track

from Ishpeming to Escanaba. This alternative uses only track mileage

included in the essential core, and would permit the abandonment of

otherwise nonessential mileage.

The conclusion arrived at through the use of the input-output rail

forecasting method indicates that if a north-south route from the Soo

Line is to be pursued, the joint Soo Line and C&NW operation would be

most appropriate. However, it does not appear that rail traffic in the

northern tier of the 500 Line, under any economic scenario, will gener-

ate sufficient levels of traffic to become profitable. Consequently,

one alternative may be to allow some abandonment on the northern 300

Line rather than to go forward with efforts to encourage a link between

the 500 Line and the C&NW. The decision on whether to subsidize or aban-

don a line, however, revolves around issues in addition to future

profitability, such as employment and noneconomic factors including

political concerns. Yet, any service which may be justifiable on a

more comprehensive benefit-cost basis, would likely require permanent

operating assistance. The results of this study indicate that the is-

sue of future profitability is not one that can be used to justify

future subsidies.



CHAPTER VII

CONCLUSIONS

The purpose of this study has been to suggest, test, and illustrate

the use of a method of rail traffic forecasting that systematically

links the level of statewide economic activity with the demand for rail

freight transportation services and facilities. The goal has been to

broaden the perspective of decision makers to include a more comprehen-.

sive framework that predicts rail traffic by forecasting the total outf

put of a state's economy. The demand for freight transportation is a

derived demand dependent in part on the level of total output in an

economy. The working assumption has been that activity in an economic

sector generates the physical movement of the aggregate of products in-

cluded in its input sectors in proportion to the change in that sector's

output.

The method suggested in this study has been to link a 20-sector,

input-output model of Michigan to 1 percent waybill samples showing the

movements of goods on the state's rail lines. The use of input-output

as a forecasting method is particularly well-suited to the needs of

transportation planning. Input-output does not simply project total

economic activity using macro variables, but is disaggregated by com-

modity groups-~the same commodity group whose future production will

determine the demand for individual rail service. With this informa-

tion, it is possible to both estimate future rail traffic and evaluate

122
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the potential for profitability on currently subsidized lines, or lines

in jeopardy.

This study has been specifically targeted at the estimation of

rail traffic in Michigan and Michigan's Upper Peninsula. The projec-

tions used in rail planning decision making have been ad hoc in nature

and not related to changes in economic activity in general. In Michigan

and elsewhere, rail traffic projections have been based on shipper

surveys whose interests are generally to retail rail lines. Con-

sequently, there is a perceived need to operationalize a method to

forecast rail traffic.

In this study, a conceptual framework of the forecasting method

was established that links the structure of an economy to the demand

for rail freight services. A 20-sector, input-output model of Michigan

was linked with commodity flow data to determine movements of inputs on

the state's rail network. Each of the 20 sectors in the input-output

model was matched to commodity classifications on 1 percent waybill

samples through SICs and STCCs. Changes in total output projected by

estimates of final demands in the input-output were used to project rail

traffic given by the waybill data. The major point of this study has

been to test the use of the input-output method in forecasting rail

traffic. The test consisted of projecting 1980 rail traffic on the

basis of 1976, 1 percent waybill data and comparing that projection to

the waybill sample observed for 1980. Starting with the 1976, 20-sector,

input-output model of Michigan, final demands, by sector, were estimated

for 1980 and substituted for the 1976 final demands. Total output, by

sector, was estimated by the input-output model through the multiplica-

tion of the new final demands by the elements of the inverse matrix.
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The expanded 1 percent waybills representing total rail traffic in 1976

were then multiplied by sector, by the real percentage changes forecast

by the input-output model. This procedure produced the 1980 rail traf-

fic projections which were compared to the actual 1980 waybill data.

The major conclusion of the test and, thus, of this study is that:

A rail forecasting method based on a two-region input-

output model is effective in producing estimates of rail traf-

fic; the model projected rail traffic to within 1.2 percent of

actual traffic over the total rail network. Additionally, the

model was effective in providing sector-by-sector estimates of

rail traffic moving over Michigan's rail lines in 1980. These

sector-by-sector estimates are crucial in predicting rail traf-

fic in regions within a state where rail demand is based on a

few specific commodities.

After the testing of the forecasting procedure, the study provided

an illustration of the use of the model in regional rail planning

decisions. The case of Michigan's Upper Peninsula was used to demon-

strate the usefulness of having projections of rail traffic when making

subsidy-abandonment, or rail rationalization decisions. In the case

study, it was projected that for the entire U.P. rail system, those

commodities that are necessary for system viability are those whose

production will increase by the largest amounts. Mining activities,

forestry, and lumber and paper related industries are three of the four

industries whose total output is projected to increase significantly.

Therefore, for the case study region, future economic activity may pro-

vide sufficient levels of total output to improve the financial viabil-

ity of the region's rail system.

The forecasting procedure was also used to examine a specific is-

sue on one rail segment in the Upper Peninsula; the northern 500 Line.

The illustration of the uses of the input-output model emphasizes the

flexibility of the method in dealing with individual rail issues. Not
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only is the input-output model able to disaggregate the effects of

changes in specific commodity production, but through the waybill sample

it is able to isolate particular county-to-county rail segments. The

case study indicated, with its estimates of rail traffic, that the traf-

fic along the northern 500 Line will remain similar to other rail seg-

ments in Michigan in financial difficulty over all levels of projected

economic activity. This conclusion aids in the transportation planning

procedure by providing rail planners with the information needed to

determine which north-south route alternative is most efficient. The

results of the case study further indicated that the traffic density on

the northern 500 Line will remain so low that permanent operating as-

sistance will be required if service is continued for reasons other than

future profitability.

The second major conclusion of this study, therefore, is:

A rail forecasting method based on a two-region input-out-

put model can be effective in aiding rail planners in region

rail decisions, as well as line-by-line issues revolving around

subsidization or abandonment.

Implications for the Use of the Method in Rail Plannipg

When rail planners study a line segment for subsidy or abandonment,

the procedure involves a detailed analysis of the costs and revenues

associated with a given level of rail service. Usually, future rail

traffic is estimated at various hypothetical levels and a cost-revenue

analysis is conducted. The ability to project changes in tonnage and

rail traffic by commodity is essential to accurately reflect costs that

vary by tonnage and car type. To the extent that commodity composition

changes as a result of different growth rates by commodity--due to the
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input-output multipliers--financial projections will reflect changes in

the revenue-cost relationship.

In order to analyze the future profitability of a rail line, rail

planners require an ability to project rail traffic. Not only are rail

traffic projections necessary, but the projections must be commodity

specific. Revenues are sensitive to the commodity composition on a

rail line. To project revenues, planners need to distinguish between

changes in high bulk-low value products from high value manufactured

products. The input-output method can aid in projecting whether changes

in economic activity will have a favorable or adverse effect on the

composition of commodities on a rail line. Each sector in the input-

output model has a unique impact on the economy. Large changes in spe-

cific sectors could cause a change in the commodity composition of a

line.

Costs are also sensitive to the commodity composition on lines, as

well as the level of traffic. The equipment type used on a rail line

is determined by the commodity composition. As equipment types change,

so do the costs associated with individual lines. The change in tonnage

shipped over a rail line affects the required frequency of service and

the required locomotive power; higher tonnage requires more frequent

trips or more locomotive power. Further, maintenance costs on rail

lines vary with tonnage; the higher the tonnage, the more wear on the

track. Thus, the ability to project the level and composition of rail

traffic can allow more accurate estimates of rail costs and revenues.

It is recommended that the forecasting method presented be opera-

tionalized in the rail planning process by linking the procedure to the

analysis of costs and revenues. The input-output method can forecast
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rail traffic by commodity and those forecasts can be used to generate

cost and revenue estimates based on traffic levels and composition. In

many states, the estimates of costs and revenues are arrived at by using

various costs and revenues depending on traffic levels and compositions

"by hand." This is an extremely time-consuming process that depends on

hypothetical levels of traffic. It is recommended that the procedure be

operationalized through the linking of the input-output program to a

computer algorithm which generates cost-revenue estimates. With this

capability, rail planners could analyze any rail line or rail segment

using projections of economic activity. They could also change any

single commodity projection, or set of commodities, as economic develop-

ments take place. This ability would both streamline the rail planning

process and make subsidy-abandonment decisions more accurate. Policy

decisions could be made with more precision and over a much wider range

of economic scenarios than is presently possible.

Implications for Further Research

In order to use the forecasting method in future years, the follow-

ing steps are required:

(1) The Michigan input-output transactions table should be

updated to 1980 using the forthcoming U.S. and Michigan

census data.

(2) Efforts should commence to collect as much Michigan

specific data as possible. It is suggested that the

transactions table itself be based on primary industry

data where available. The data gathering capabilities

of various state agencies could be harnessed and
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coordinated to build an input-output table based on

more Michigan specific data than is presently the case.

(3) In order to project total output as accurately as possible,

better forecasts of final demand are required. Research

that establishes procedures for collecting final demand

data is required.

(4) The test of the forecasting method was conducted on only

' one year, 1980. Research should continue to test the

forecasting procedure over subsequent years as trans-

portation and economic data become available.

In general, further research is recommended to test the capabili-

ties and flexibility of the input-output method; data is currently being

collected, for example, from forestry firms in Michigan. This informa-

tion can be added to the transactions table to produce a more accurate

table. The input-output method can also be expanded to make projections

on income and employment changes due to changes in final demands. The

input-output method can be further used to simulate changes in the loca-

tion of economic activity by reflecting this in estimates of regional

final demands.

Research has begun on the use of quadratic programming to make the

input-output model sensitive to price changes (Harrington, 1973). This

research could aid in the use of the method for rail traffic forecast-

ing, given changes in the price of energy and the cost of transportation

services. Also, the method should be expanded to include consideration

of multi-network commodity flows.

One of the aims of the rail rationalization process is to suggest

various configurations of rail lines best suited to the most efficient
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use of the rail system. In doing this, it would be useful to have a

method to estimate the optimal flow of goods on the state's rail net-

work. Research is warranted to link the estimates of rail traffic pro-

duced by the input-output model to an optimization program similar to

the linear programming process.

Finally, the most obvious deficiency of this study has been the

lack of data on transportation services other than rail, particularly

truck transportation. Not only should research on the trucking industry

be conducted, but consideration of the factors that influence the split

between modes is necessary. A method to include modal split estimates

in the input-output procedure would be useful. Given the data limita-

tions at this time, it is believed that the rail traffic forecasting

method based on the use of an input-output model does provide useful

estimates of rail demand and can aid in the rail planning process.



APPENDIX 1

1976, 20-SECTOR INPUT-OUTPUT MODEL OF

MICHIGAN WITH AN EXAMPLE OF ITS USE



EXAMPLE OF THE USE OF THE 20-SECTOR

INPUT-OUTPUT MODEL

Beginning with the transactions matrix, the intersection of Row 1

(livestock and products) with Column 2 (other agricultural products)

in Table A 1.1, shows that the agricultural products sector makes pur-

chases of $18,059,000 from the livestock sector, while the livestock

sector makes sales of $18,059,000 of output to the agricultural pro-

ducts sector. The table is divided into the processing sectors, 1-20

and the payments and final demand sectors, 21-23. Row/Column 24

represents the total sales and total purchases in the economy.

The technical coefficients are found by dividing each column and

entry for the processing sectors by the corresponding column total for

the sector. For example, total sales in livestock is $671,181,000

(Column 1, Row 24, Table A 1.1). Purchases from agricultural products

are $108,562,000 (Column 1, Row 2, Table A 1.1). The direct require-

ments for livestock and agricultural products is .16174773 (Column 1,

Row, Table A 1.2, 108,562,000/67l,181,000). Each element in the coef-

ficient matrix indicates the dollars of inputs required from each sel-

ling sector (horizontal) in order to produce one additional dollar of

output in the purchasing sector (vertical). Thus, one dollar of live-

stock output requires $0.16 of output from agricultural products.

The Leontief matrix of Table A 1.3 is found by subtracting the co-

efficients matrix for the processing sector (A) from an identity
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matrix of the order (I-A). Inverting the Leontief matrix, produces the

inverse matrix, Table A 1.4. The inverse matrix is read by columns.

In the first column of Table A 1.4, it is indicated that livestock must

increase its output by a total of $1.32 (Column 1, Row 1, Table A 1.4)

in order to sell $1.00 of output to final demand. Other agricultural

products must increase its output by $0.20 (Column 1, Row 2, Table A 1.4)

for livestock to deliver one additional dollar of output to final demand.

All sectors must produce a combined output of $1.69 (Column 1, Row 21,

Table A 1.4), the sum of the first column. It can then be said that

$1.69 of economic activity is generated by an additional $1.00 of out-

put to final demand by the livestock and products sector. The sum of

each sector in the inverse matrix is thus an output multiplier. These

column sums, or output multipliers (Row 21, Table A 1.4), show the

direct, indirect, and induced economic activity that will be generated

by the economic system as a whole for each sector to meet an increase of

one dollar in final demand.
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APPENDIX 2

1976, 44-SECTOR INPUT-OUTPUT MODEL OF MICHIGAN:

TRANSACTIONS MATRIX

COEFFICIENT MATRIX

LEONTIEF MATRIX

INVERSE MATRIX
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APPENDIX 3

1983 AND 1986 PROJECTIONS OF STATE ECONOMIC

ACTIVITY AND TOTAL STATE RAIL TRAFFIC
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