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PREFACE 

The purpose of thi s study is to suggest and test a method that system

atically lin ks the level of statewide economi c activity with the denand for 

r ail fre ight transportat ion services and facilities . A 20-sector input

output model of the State of Michigan is combined with corrrnodity flow data 

obtained fr om expanded, 1 percent waybills from all of Michigan's railroad 

lines. 

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

output model of Michigan can provide reliabl e estimates of rail traff ic 

over a four- year peri od . The test is carried out not only on total rail 

traffic, but al so on a sector- by-sector basis . The abili ty of the input

output model to disaggregate output projections is the key to its use in 

projecting rail traffi c . This i s so because the derived demand fo r rail 

services in a region , or on indi vi dual lines, depends in part on the output 

of the particular corrrnodities that are produced in the area . 

The resu lts of the test of the rail forecasting method indicate that 

it is effect ive in producing estimates of rail traffic . The model projects 

rail tr aff i c to within 1. 2 percent of actua l traffic over the total rai l 

network. Additionally, the model is effective in provi ding sector- by

sector esti mates in 11 of the 13 sect ors for which rail traffic is repre

sented in 1975 and 1980 . 

The testing of the forecas t ing procedure prov ides an illustrati on of 

the use of the model in regional rail planning decisi ons . The case of 

Michigan's Upper Pen insu l a is used to demonst ra t e the usefulness of having 

pr ojections of rail t raffic 1'lhen making subsidy- abandonment , or rai 1 

rati onal i zation deci sions . 
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The forecasting procedure is also used to examine a spec ific issue on 

one rai 1 segment in the Upper Peninsula: the northern Soo Line . This 

ill ustration of the uses of the input-output model emphasizes t he flexi

bil i ty of the met hod in dealing with individual rail issues . Not only is 

the input-output model able to disaggregate the effects of changes in 

specific corrrnodity production, but through the waybill sample, it is able 

to isolate particular rail segments. 

In conducting this research, the authors wish to acknowledge the 

following: Professors J. Roy Black and James D. Shaffer, of the Depart

ment of Agricultural Economics; Kenneth D. Boyer, Department of Economics; 

and Daniel Chappelle, Department of Resour ce Development, Michigan Stat e 

University; James Pratt, Department of Agricultural Economics, Cornell 

University; and Richard Esch, Joyce Newel l, and Jon Wesa, Transportation 

Planning Procedures Secti on, Michigan Department of Transportation. 

Jeffrey L. Jordan 

Stanl ey R. Thompson 
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USING A REGIONAL INPUT-OUTPUT MODEL 
TO FORECAST RAIL FREIGHT TRAFFIC: 

WITH APPLICATIONS FOR THE SUBSIDY-ABANDONMENT DECISION 

I. INTRODUCTION 

Problem Setting 

In the last decade, federal and state governments have become in-

creasingly involved in issues associated with preserving essential levels 

of rail service. Of particular concern has been the local economic impact 

of rail branch l ine abandonment. Since the shipment of agricultural com-

modities depends heavily on the availability of rail service, rural areas 

are especially affected by the decision to either subsidize or abandon a 

rail branch line. 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 ana 1 yzi ng their rail 

systems and establishing priorities for lines that should be retained 

under subsidy. 

Rail freight planning began in Michigan i n 1974, in response t o the 

bankru ptci es of the Pen n Centra l Rai l r oad (PC) and the Ann Arbor Rail road 

(AA ) , which together comprised 35 percent of the rail mileage i n Mich i gan. 

The 3R Act provi ded for the reorganizat i on of s ix bankru pt rail roads i n t he 

Nor t heast and Midwest regi ons , and f or federal f inancial ass i st ance t o 

continue r ail freight service on lines of the ban krupt carriers (PC and AA 

i n Michi gan ) whi ch were exc luded from t he federally reor ganized ConRail 

system. The Mi chi gan Rail road Pl an, Phase II (re vised and approved by the 

Feder al Rail road Adm i ni st rat i on in June and Augus t of 1976 , respect i ve l y) 

•t1as prepared to ins ure that Michigan wo uld be el i gible for feder al r ail 

service conti nuation as si stance under Sect ion 402 of the 3R Act . 

1 
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Implementation of the 1976 Michigan Rai l road Plan provided retention 

of service on 921 land miles of the 1,049 miles of bankrupt carriers which 

were not absorbed into t he ConRail system or acquired by solvent carriers. 

Upon passage of the 4R Act, another 419 land route mil es operated by 

solvent carriers were identified as being subject to abandonment proceed

ings. 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, 1980, 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 

carr;eers and not potentially subject to or pentling abandonment. 

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

out schedule which reduces the 1981/82 state rail freight operat ing 

as s istance appropr iation for currently subs idized lines by 25 percent, 

each year for four years. ,By 1985/86, the stat e's subsidies to these rail 

lines wi ll be discontinued . This is in addition to a reducti on in federal 

support . Wh i l e the Rail Servi ce Act of 1978 provides subs idies through 

1983 on some lines, l itt le federal money has been appropriated. In the 

late 1970s, federa l rail subsidies were between $4-6 milli on per year . In 

1982, that figure is $900 , 000 , which fu nds on ly a few capital projects. 

Michigan i s current ly i n the process of submitting a request f or some of 

this capital project funding. As federal and state funds disappear, rai l 

planners i n Michigan and elsewhere are faced with the need to define an 

essential core of rail service and to dete rm ine which rail lines will 

rece ive the declining fi nancial support . Consequently , rai l planners 
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require methods to estimate rail traffic and to predict profitability of 

currently subsidized lines. 

A decline in the demand for rail service results in revenues bel ow 

costs and, ultimately, abandonment . Abandonment often stems from the fact 

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

causing a decline in the derived demand for transportation.l/ Therefore, 

to enable rail planners to more effectively address the demand for branch 

line services and facilities, it is necessary that they have an understand-

ing of the relationship between the structure of the economy (representing 

the requisite amount of inputs and outputs) and the associated movement of 

commodities throughout the state or region. 

To determine whether a rail branch line should be subsidized or aban-

doned (the investment-disinvestment decision), a primary objective of 

transportation planners is to identify the minimum acceptable levels of 

rail service that will either be profitable to the operator or generate net 

economic benefits to affected cormlunities. In the State of Michigan, for 

example, the approach mandated is a procedure that examines each case on a 

line-by-l i ne basis, but offers littl e insig ht regarding the relationship 

of any given line to the total rail system. The i nterdependency between 

r ail service and economic activity in the region or state is not addressed. 

While this type of partial approach is often 6nployed in individual aban-

donment hearings, decision makers viewing the rail system fran a statewide · 

perspective require a more comprehensive framework • 

. !/Much of the literature on the abandonment of rail branch lines 
suggests the condition of the local economy is a cr uc ial factor affect i ng 
abandonment of a line, e .g., Frost (1972 ) ; Sloss, Humphrey, and Krulter 
(1 975 ); Allen (1975) ; and Vollmers and Th om pson (1980) . 
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In making appropriate long-run investment decisions on rail branch 

lines, decision makers also need accurate forecasts of relevant conmodity 

movements and traffic flows. In most cases, however, future rail traffic 

volumes are obtained by soliciting rail users 1 opinions regarding their 

anticipated increase in rail use. Since each user has an incentive to 

overestimate future usage, surveys of this type tend to present an overly 

optimistic vieN of future traffic growth. In Michigan, for example, rail 

planners rely primarily on ad hoc projections based on shipper-carrier 

interviews. Traffic projections in most other states follow similar pro

cedures (Transportation Research Board).~/ 

Therefore, improved traffic projection methods are needed to replace 

the predominant ad hoc procedures used, since these projections are cru-

cial in analyzing the potel1t:ial profitability of currently subsidi•zed 

lines . Utilizing a more comprehensive forecasting procedure, the volume 

of goods that could be expected to fl ow over an i ndi vi dual rail segment 

could be determined for a given projection of statewide economic activity. 

These expected flows can then be evaluated relative t o thei r corresponding 

break- even vol umes . 

The pur pose of this study is to suggest a method of forecasting rail 

traffic that systematically links the level of statewide economic activity 

with the dem and for rail fr eight transportation services and facilities . 

To ac complish thi s purpose: ( 1) the use of a two-region input-output 

model for t ransportation pl anning is briefly discussed; (2) a test of the 

forec asting capability of the input-output model is presented; and (3) the 

~/In •,Jashington and Cali fornia , however , preliminary 1'/ork has been 
carried out in using an input-output model t o aid in rail traffic forecast 
ing . In bot h cases , however , the use of the input- output forecasting 
procedure is more limited than the procedure discussed here . 



6 

Leontief inverse matrix (l-A )-l is multiplied by the final demand (Vt) for 

each of the sectors in the economy for year t. The product is a vector 

(Xt ) of total output for eac h commodity group. Total outputs in t+i are 

found by multiplying the Leontief inverse matrix by a new f inal demand 

vector (Yt+i) in Equation (2). Equation (3) provides the proportionate 

change in total output, K, between t and t+i, by co1rmodity. The total 

output changes are then used to forecast rail freight traffic by multiply

ing them by the amount of traffic shown on the expanded waybill sample in 

year t, as is done in Equation (4). This yields a vector of tons of rail 

shipments for each corrmodity derived from the total output changes in the 

entire economy. (See Appendix for 20-sector I/0 model and an example of 

its use.) 

The Use of Input-Output for Transportation Planning 

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

work of Hwang and Maki (1979) and was used by Adiarte and Venegas (1980) to 

build the 1976 Michi gan model. This study employs a two-regi on i nput

output model, Michigan and Rest of Nat ion (RON) , that was der i ved f r om a 

nati onal i nput-output tab le cons t r ucted by t he U.S. Department of Com

merce. The industries, f i nal demands, and pri mary inputs out side of 

Michigan were aggregated across states, but treated as distinct sectors 

trading among themsel ves •.vith similar sectors in Mi ch igan. Two transac

t ions tables were produced, Michigan and RON, and developed s imul taneousl y 

from es t imates of four commodity f lows: (1) sal es with i n Michigan; 

(2) exports from Mi ch i gan; (3) imports i nto Michi gan; and (4) sal es of 

outside industries among themselves . Two balanced input -output tables are 

created when imports and exports at the industry l evel are combined into 

the irnport and export sectors . 

_J 
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input-output model is used to forecast rail traffic over selected branch 

lines. A Michigan case study will be used to illustrate the use of the 

forecasting procedure. 

The Analytical Model 

The model and generalized procedure of forecasting rail t r affic is 

presented below . 

(1) Xt = (I -A)-l Yt 

(2) Xt+i = (I -A) -1 yt+i 

(3) (X t+i - Xt) I Xt = K 

(4) {l+K) : Wt = Rt+i 

where: Xt = total output vector of economy in year t; 

Yt = final demand vector facing economy in year t ; 

( I-A) -l =matrix of int erdependency coeffi~ients, the Leont ief 

inverse matrix; 

K = pro port i ona te change in total output vector, by 

conmodity, between year t and selected years in t he 

future; 

'At = 1 percent expanded \-1ayoill sample , matched to output 

vector , year t; 

Rt+i = predicted freight traffic flows vector , by commodity; 

A =matri x of technical coef ficients aij's, where 

a .. = X .. /X. 
lJ lJ J 

X .. =val ue of sales from industry i to industry j ; 
lJ 

X. =total output of industry j ; and 
J 

= identity matrix . 

Equation (1) gives the outp!.lt required to sustain a given level of 

final demand and represents the solution to the input-output problen . The 
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The 1976 Michigan input-output model represents 44 industry groups . 

However, 1>1hen lin ked to transportation data, the 1976 model was aggregated 

to 20 sectors to better match the mix of comrn odi ty groups moving over 

Michigan ' s rail system to the input-output sectors. This aggregation was 

also performed to deal with those commodities in t he 44-sector model t hat 

have small absolute amounts moving over the rail system; s i mi l ar corrrnodity 

groups with low tonnage were aggregated to produce the 20-sector model. 

The relationship between the production and consumption of a product 

and the demand for transportation services is obtained by matching each of 

the 20 sectors in the input-output model to corrrnodity classifications on 

the waybill tapes, i.e., the Standard Industrial Codes (SIC ) in the model 

are matched to the Standard Transportation Commodity Classification (STCC) 

codes of the transportation data. The input-output model represents the 

econany's structure and predicts the annual usage rate of corrrnodities by 

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

demands their product, and what t heir particular input-output r elations hi p 

is t o other sector s . The ini tial assumpti on is t hat economic acti vity i n a 

par t icul ar sector or regi on generates the demand for the physi cal mo vement 

of products included in each of i t s input sect ors in propor ti on t o t he 

change in that sector ' s output. Thus, corresponding to each of the dollar 

fl ows pres ent i n the input- out put model, ori ginating and recei vi ng sectors 

can be ident i fied on the corrrnodity waybi ll tapes . 

To forecast r ai l t r aff ic for any year, it is necessary t o es t imate the 

fin al demands , by sect or, for the fo recast year . These f i nal demands ar e 

used t o 11 dri ve 11 t he Michi gan in pu t - output table , producing pr oject ions of 

t otal output , by sector . Thi s projecti on is accomplis hed through the 

mult ipl i cat ion of the new fina l demands by t he Leonti ef i nver se matr i x 
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derived from the input-output table. After t he total outputs are generat

ed, rail movements are predicted based on the increase or decrease in 

output for each commodity. For example, if the final demand in the automo

bile i ndustry is decreased by 10 percent, the total output i n its supplying 

sectors will also decline. This decl ine 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 are decreased by 3 percent. This procedure is 

used to adjust the movement of goods on the state's rail lines, given the 

changes in total economic activity . 

The use of 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 1n the economy, given changes in the final 

demand sector. The disaggregated nature of output multipliers is particu

larly well -suited to transportation planning because the demand for spe

cific rai 1 1 i nes or segments is often corrmodity-dependent. A method is 

needed to disaggregate t he effects of economi c changes (final demands) on a 

commodity- by-commodity bas is in order to estimate t he future demand for 

rail services. 

Output multipliers represent the most straightforward use of i nput

output and are not subject to difficulties associated with the use of 

income and employment multipliers . The output mu ltiplier simply indicates 

the degree of structural interdependence betv1een individual sectors and 

the rest of the economy. I ncorne and emp 1 oyment mu 1tip1 i ers require more 

data , increasing the already si zable data problems that exist , and in the 

case of income multipliers , the assumptions of input -output make their use 
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problematic . The assumption of an aggregate linear homogeneous consump

tion function is restrictive, particularly at the theoretical level 

(Richardson, 1972 ) . Furt her, under lying the i ncome estimate is a ques

tionable assumption that changes in consumer spending are proportional to 

changes in income, both in terms of quant i ty of income spent and expendi

ture patterns (Jones, 1978). Using this simplified consumption function 

tends to overstate the income effects of changes in final demand. Thus, in 

using input-output, one must use care in the application of multipliers • 
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I I . TESTING THE USE OF INPUT-OUTPUT 
FOR RAIL TRAFFIC FORECASTING 

In this sector, the a:ialytical model and forecas t ing procedure is 

operati onalized and applied to the Michigan study area. The model is first 

tested to determine whether it can accurately forecast rail traffic, given 

known rail movements . The test consists of projecting 1980 rail traffic on 

the basis of 1976, 1 percent waybill data and comparing that project i on t o 

the waybill samp le observed for 1980 . Final demands, by sector , are 

es t imat ed for 1980 and substitut ed for t he 1976 f inal demands . Tot al 

output, by sector, is estimated by the input-output model through the 

mu l tiplication of the new final demands by the output mul tipliers of the 

inverse matrix (I -A) -1• Projected total output is then taken as a percent-

age of 1976 output. 

Next, the 1 percent waybills (expanded by 100), representing total 

rail traffic i n 1976, are multip l ied by the real percentage changes fore 

cast by the input- output model. This procedure yields a projection of rail 

traffic for 1980. Finally , the 1980 actual traffic is canpared to the 

proj ected traff ic to ass ess how accuratel y , both by t otals and by canmodi 

ty , t he model projects rail traffic. 

Estimating 1980 Final Demands 

Beginning with the 1976 , 20- sector input- output model of Mi chi gan, 

final demands for the base year of 1976 and the test year of 1980 are 

estimated . The 1976 final demands are those es timat ed when t he two- r egi on 

in put-output model was constructed. The 1980 fi nal demands were est imat ed 

using as much Michigan-specifi c data as possible . Most state i nput -output 

models rely on sharing techni ques that apportion na t ional changes in the 

final demand sectors to the state l evel . 

• 
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There are six final demand sectors in the Michigan input-output 

model: 

(1) Personal ConslJ'Tlption Expendi tures 

(2) Gross Private Capital Formation 

(3) Net Inventory Change 

(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 

Report of the President (pp. 236-237). Therefore, the dollar value for 

1980 final demands represents the real change in demand, fran 1976 to 1980 , 

and can be l i nked to the tonnage' change in Michigan ' s rail network . The 

year 1980 was chosen as the test case because it represents the most recent 

year in which data are available. Following is the method by \-Jhich the 

1980 final demands were estimated . 

Personal Consumption Expenditures 

To calcul ate the value for personal conslJ'Tlption expenditures , 

Michigan's retail sales tax collections were used as a proxy for changes in 

consuner spending. The Michigan Department of Treasury collects retail 

sales tax information in eight broad categories (building materials, gen

eral merchandise, automotive, food, apparel, furniture, miscellaneous 

retail, and non- retail) with subsectors in most categories. This informa

tion is reported in the yearly Economic Report of the Governor (1981, 

p. 33) . The percentage change in sales tax collect ions between 1976 ana 

1930 was calc:ilated and this percentage change .<Jas used to increase or 

decrease the personal consumption expenditure figures used in the 1976 
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input-output model . These figures were then deflated to 1976 dollars by 

the tot a 1 persona 1 cons ump ti on expenditures index of the imp 1 i cit GNP 

deflator . 

Gross Private Capital Formation 

The value of gross private capital formati on represents t he sum of 

receipts for new construction and capital ex pen di tures of the manuf actur

i ng sector . Michigan' s data for 1980 were acquired from the Office of 

Revenue and Taxes, Department of Management and Budget. The data are from 

t he reported capital acquisitions from the Michigan Single 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 

represen t a val ue added tax on investment . Not all investors in Michigan 

file the Single Business Tax; f or example, non- profit organizations do 

not. Farmers are also exempt, but estimates of farm investment were 

obtained from the Michigan Department of Agriculture. These estimates of 

investment were t hen deflated to 1976 dollars, using the gross private 

domest i c investment index of t he impl ici t GNP deflator . 

Net Inventor y Change 

Net inventory change was obtained from various Sur vey of Current 

Business reports . The percentage change in net i nventories between 1976 

and 1980 was used t o increase or decrease the data on net inventor y con-

tained i n the 1976 input- output model . These figures were adj usted t o 1976 

dollars by the GNP deflater . The per centages used f or net inventor y 

chan ges are based on nati onal fi gures and not Mi chigan- s pecific data . No 

~ichigan aata could ~e located for this category; however , since it is the 

smallest part of final denand , the use of national figures should no t 

appreciably alter the results . 
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Net Exports 

Agricultural export information was obtained from the Michigan 

Department of Agriculture and for manufacturing sectors from the Michigan 

Department of Commerce, Economic Developnent Office. Import information 

for the same categories was obtained from the U.S. Department of Commerce, 

Foreign Trade Statistics section. All data were deflated to 1976 dollars 

by the export index in the implicit GNP deflater. 

State and Local Government 

This includes the operating expenditures of state and local govern

ment agencies except: liquor stores; water transport and terminals; park

ing facilities; urban renewal; airports; and transit. These are included 

in the government enterprise sector. The state and local index in the GNP 

deflator was used ~o produce real changes. This data was obtained from the 

1980 Michigan Statistical Abstract and the 1979-80 Government Finances. 

For both federal and state and local governments, additional data were 

obtained from the study by Scheppach in State Projections of the Gross 

National Product, 1970, 1980 . 

Federal Government 

This includes the t otal federal gover nment disbursements mi nus the 

disbursements of the following federal government enterprises: post 

office; farm i ncome stabilization; rural housing and public f acilities; 

agricultural land and water resour ces; maintenance of housing and mortgage 

mar ket; an d veterans' benefi ts and ser vi ces. These cat egories are i ncl ud

ed i n the government enter pr is es sector. Dat a ar e f r om the 1980 Mi chigan 

St atist ical Abstr act , deflat ed by t he feder al government index of t he GN P 

defl ator . 
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Testing the Analytical Method 

To project total outputs by sector for 1980 , estimates of 1980 final 

demands are used to 11 drive11 the i nput-output model. The results of this 

are shown in Table 1, which indicates the projected total output in 

Michigan for 1980, given the estimated final demands. Table 1 also shows 

the percentage change in t otal output from 1976 to 1980. 

In constant dollar terms, Table 1 shows , for example, that total 

output in the 1 i vestock and products sector is down 10. 59 percent from 

1976, and the motor vehicle and parts sector is down 40.13 percent. On the 

other hand, total output in the utilities sector is up 16.32 percent, etc. 

It is with the percentage changes of Table 1 that rail traffic for 1980 is 

projected. 

The actual expanded 1 percent waybi lls for 1976 and 1980 are shown in 

Table 2. To project 1980 rail traffic, the actual 1976 expanded 1 percent 

waybills are adjusted by the 1976- 1980 percentage change in total output by 

sector. For example, in 1976, 1,211,200 tons of agricultural products 

moved over Mi chigan's rail lines . The 1980 total output in the agricultur

al 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 . Consequentl y, the 

model estimated that rai 1 traffic in the agr icultur al product s 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 Mi chigan 

rail traffic shown in Table 3. 

In order to evaluate the rail traffic f orecas t ing ability of t he 

input-output model, it is necessary to compare the 1980 projected rai 1 

flows to the actual 1980 r ail fl ows ; Table 3 shows this comparison . The 
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Table l 

1980 Tota l Output Projections: Mi chi gan 
(Thousands of 1976 Dollars ) 

Projected 
Industry Final Demand 

Livestock and Products 15 ,453 
Other Agricultural Products 446,292 
Mining 1 ,231 ,017 
Construction 2,550,125 
Food and Kindred Products 3,777 ,201 
Lumber, Furniture, Paper, Printing 2,176,523 
Chemi cal s , Drugs, Plastics 2, 186,434 
Petrol eum Refinery 397 '726 
Ru bber, Leather, Stone , Glass, Clay 390,786 
Pr i mary and Fabr icated Met als 3,603,676 
Machinery, Except Electrical 2,lQA,602 
El ec tri cal Equi pment 447,245 
Motor Vehicles and Parts 17,207,784 
Ai rc raft and Other Transportation 365,729 

Equi pment 
Transporta t ion and Communi cation 5,542,140 
Ut ilit ies 2,888 ,712 
Who l esale , Retail, Miscellaneous 11,459,264 

Manufacturing, Including Textiles 
Financial, Insurance, Rea l Estate 8,301 ,690 
Sel ected Servi ces 6,883,459 
Government En terprises 405,714 

Total 

Projected Percent Change 
Output in Output 

620,264 -10.59 
904,850 28 .24 

1,911,251 9. 94 
4,003,351 -31. 54 
4,236,337 -13.03 
4,684,377 -8.27 
3, 718 ,038 -34. 14 

693,082 - 26 .05 
1,934,431 - 34 .39 U1 

11,109,276 -24. 77 
4,733,203 -28.85 
1,167,093 -25 .81 

24,013,737 -40. 31 
462,489 -25. 19 

7,059,890 - 2. 77 
4,893,818 16. 32 

14,255,054 -20.36 

10 ,838 ,032 3. 91 
11 , 18(5, 377 -8 .67 
l , 102, 926 2. 12 

113,527,874 -21 . 51 
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Table 2 

. Expanded 1 Percent Waybills, Michigan, 
1976, 1980, by Input-Output Sector 

Industry 1976 Tons 

Livestock and Products 0 
Other Agricultural Products 1 ,211 '200 
Mining 31 ,641 '100 
Construction 0 
Food and Kindred Products 3,476,700 
Lumber, Furniture, Paper, Printing 4,607,900 
Chemicals, Drugs, Plastics 4,180,300 
Petroleum Refinery 2,520,400 
Rubber, Leather, Stone, Glass, Clay 2,592,600 
Primary and Fabricated Metals 6,025,000 
Machinery, Except Electrical 242,300 
Electrical Equipment 134,000 
Motor Vehicles and Parts 13,204,600 
Aircraft and Other Transportation 165' 100 

Equipment 
Transportation and Communication 0 
Utilities 0 
Wholesale, Retail, Miscellaneous 5, 502,600 

Manufacturing, Including Textiles 
Financial, Insurance, Real Estate 0 
Selected Services 0 
Government Enterprises 0 

Total 75,503,800 

1980 Tons 

0 
1,545 ,000 

35,463,300 
0 

2,667,800 
4,021 ,100 
2 '713' 700 
1 ,679 ,000 
l ,798,500 
3,684,100 

111 ,400 
97,000 

8,170,800 
129,800 

0 
0 

4,224,800 

0 
0 
0 

66,306,300 



Table 3 

Comparison Between 1980 Actual and Projected Rail Traffic Movements in Michi gan (Tons ) 

Standard 
Deviation Observations 

Percent in 1980 in 1%0 
Sector Industry Projected Actual Difference Difference Waybi 11 Samp 1 e Waybi 11 Sample 

1 L ;v~s tock and Products 0 0 0 0.00 0 0 
2 OthPr Agricultural P~oducts 1,553,242 1,545,0CO 8,242 0.53 377 ,300 180 
3 Mining · 34,786,225 35,463,300 -677 ,075 -1. 91 5. f.~2. 600 li,232 
4 Construc.: tion 0 0 0 0.00 0 0 
5 Food and Kindred Products 3,023 ,685 2,667 ,SOO 3!;5,e85 13. 34 l ,3~6.900 652 
6 Lumber , Furniture, Paper, Pri ntin!) 4, 226, 8~6 4,021,100 205,726 5.12 l ,79?. , 700 s1e 
7 Chem icals , Drugs , Plastics 2,753, 145 2,713,700 39,445 1.45 251,100 368 
8 Petroleum Refinery 1,863,835 l,67S, 000 le4,835 11.01 4,005 329 
9 Rubber, Leather , Stone, Glass, Clay 1, 701,004 1,798,SCG -97,496 -5 .42 1,102,300 31!5 -....J 

10 Pri1cary and F<:br i ca ted Metals 4,532 , 607 3,6b4,100 848,507 23.03 1,089 ,500 ~64 
11 Machinery, Except Electrical 172,396 1.11.400 60,995 54.75 80,200 41 
12 Electrical Equip~en t 99,414 S7,000 2,414 2. 49 42,800 65 
13 Motor Vehic les and Parts 7,881,825 8, 170,800 - 288,975 -3.54 3,873 ,70(} 3,30~ 
1li Aircraft and Other Trar.sportation 123,511 129,800 -6,289 -4. eS 53,700 ~6 

Equip:nent 
15 Transportatior, and Cor.rnunication 0 0 0 0.00 0 0 
16 Utilit ies 0 0 0 0.00 0 0 
17 Wholesal e, Retai l, Mi scellaneous 4,382 ,270 4,22-~;eoo 157 , 470 3.73 2,559,900 l, 193 

rt. ~ nu f ac turi 119 , lnclJding Textiles 
18 Financ ial, Insurance , Real Esta te 0 0 0 a.co 0 G 
19 Sel ec ted Servi ces 0 0 0 O. C:O 0 0 
20 Guvtrnr.ient Entcrpri ses 0 0 0 0.00 0 __ o 

Total 67,099,985 66,305,300 793,685 1.20 45,834,200 12, 103 

• 
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projected total rail flow in Michigan for 1980 is 67,099,985 tons. The 

actual 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 t raffic is 793,685 t ons hi gher than the 1980 actual figur es, or 1.2 

percent over the 1980 actual flows . 

Table 3 also includes a compar ison of projected versus actual rail 

traff ic for each c01T1Tiodity 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 projections of these industr ies pro

vide confidence that U.P. rail traffic can be predicted accurately. In 

Table 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 t r affic. The projection for the mining 

sector was only 1. 91 percent lower than act ual traffic and the projection 

of rai 1 traffic in the paper industry (w ithi n sector 6) \vas 5 . 12 percent 

differ ent from the actual r ai l fl ow. Most of the commodity sectors wer e 

proj ected withi n a per cent age diff erence t hat is believed to yield conf i 

dence in t he use of the model on a region al or l i ne-by-line basis . 

The mode l was effective in providing sector-by-sector estimates i n 11 

of t he 13 sect ors i n wh ich r ail t r affic was represented in 1976 and 1980 . 

In the two sect or s in whi ch the mode l overest imated ra i l traff i c by approx

imatel y 23 percent and 55 percent , it i s bel ieved that the •.vaybi ll sampl e 

displ ayed rail tr af f ic changes between 1976 and 1980 which any forecast ing 

model , based on commodity de.rnand , would ha ve had diffi cu lty pr oj ecting . 
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Standard deviations for each sector in the waybill 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 t o its 

mean ( 30 percent and 72 percent, respecti vely). This i ndi cat es t hat for 

these two sectors, part of the project i on error is due to waybi ll sampling 

error. Of course, the large difference between the projected and actual 

value in sectors 10 and 11 can also be attributed, in part, to er r ors i n 

the technical coeffici ents in the inp ut-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 t o waybill sampling . 
. 

The method suggested in thi s study is not meant t o be used in isola-

tion from other information available to rail planners. In usi ng t his or 

any other forecasting procedure, balance must be maintai ned between a 

model's results and exogenous information available to rail planners about 

the nature of rail traffic. While the model al one cannot predict t he 

change from high le vel s of traffic to zero or vice- versa , it is be lie ved 

that rail planners wo ul d have additiona l information to complement the 

model's results. In any case, the majority of t he sectors in the test show 

projections close to actua l traffic, wi th total traff ic projections very 

close to actual traffic. 

Since the test of the met hod has shown its ability t o forecast total 

r ail traffic over a four- year period , the next step is to illustrate its 

use in aiding the subsidy- abandonment decision . The next section uses the 

model to predict rail traffic beyond 1980 for Michigan1 s Upper Peninsula 

region . Using estimates of final demand, various projections ·tJ ill be used 

to obtain fore casts of total output and forecasts of rail traffic in the 

U. P. and on a segment of the Soo Line. This 1tJil l he l p determine 1-Jhether , 
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under any economic growth scenario, the segnent of the Soo Line that is 

under a subsidy- abandorment 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 section represents a 

guide to the use of the i nput- output model for future rail planning deci 

sions . 
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III. APPLYING THE RAIL FORECASTING METHOD 
TO REGIONAL RAIL PLANNING 

In this section, an illustration of how the rail traffic forecasting 

method tested previously can be employed to aid in the subsidy-abandonment 

decision will be presented. Also included is a case study of the northern 

Soo Line in Michigan's Upper Peninsula. The illustration is only 

suggestive in nature because the financial data needed to perform a full-

scale analysis of the case study region is unavailable. The Upper 

Peninsula rail system is currently under study by the Michigan Department 

of TransportationY .as part of the rail rationalization process. The 

application of the rail traffic forecasting method will be accomplished in 

the following steps: 

(1) 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 1986, the last year of the 

subsidy appropriations in Michigan . 

(2) The estimates for Upper Peninsula rail traffic will be us ed to 

analyze major issues facing rail planners on a system-wide 

basis, particularly t~e potential commodity growth upon which 

U.P. rail lines depend. 

(3) Rail traffic will be forecast for the northern Soo Line, between 

Trout Lake and Dollar Bay, to aid in the resoluti on of the issue 

surround i ng the need for a north- south connect ion for Soo Line 

traffic . 

~/The material for this section on the U.P . rail system is from : 
Michigan Department of Transportation, "Michigan Rail System Rational iza
tion Plan: Tier II , Phase III, Upper Peninsula Report" (Draft), May 14, 
1982. 
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In both the entire U.P. and on the northern Sao Line , the future of 

the rail system is sensitive to the production and movanent of certain 

commodities . 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 

signifi cant is the comnodity-by-comnodity change in traffic since 1980. 

To be determined is which commodities may increase by the largest percent

age, and whether those comnodity increases produce sufficient rail danand 

to create financial stability. 

Service Needs in the Upper Peninsula and the Sao Line 

As illustrated in Figure 1, those lines in possible jeopardy include 

the entire northern segnent of the Sao Line. As a part of the Tier I rail 

rationalization screening analysis, the Michigan Department of Transporta

tion identified specific segnents 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 regi onal service obj ec

tives to a degree consistent with the results of the screening anal ysis on 

lines else11here in t he state. Segnents designated as es sen tial core lines 

through the results of the Tier I analysis are identifi ed in Figure 2. The 

screening analysis also identified lines which warrant designati on as non

essential for servicing existing needs . These lines serve little traff i c 

and exhi bit virtually no potential for viability in the absence of signifi 

cant rail - dependent economic growth . These lines are also identified in 

Figure 2. 

The results of the Michigan Department of Transoortation's screening 

analysis were inconclusive for sever 31 U. P. rail segments . 'Ahile tnese 

segments exhibit lower traffic densiti es and potential f or viability , they 
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provide service to rail-dependent industries which generate significant 

employment opportunities. These lines, shown in Figure 2, were included 

in the essential core system on the basis of rai l- dependent industry poten

tial . The rail traffic f orecasting method suggested herein can be of value 

in the assessment of future rail demand based on industry potential. The 

res ul ts of the analysis can aid i n the selection of the alternati ves open 

t o public policy decision makers. 

Projecting Economic Activity, 1980-1983 and 1986 

The f i rst step in projecting rail traffic i s the estimation of final 

demands. The final demands for 1983 and 1986 are based on national projec

tions of economic indicators by the Res earch Seminar in Quanti tative Eco

nomics (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 projecti on was perf ormed to reflect medium- to 

1 ong- range growth prospects for a period consistent with the MOOT rai 1 

plann i ng horizon. 

The Research Se11inar in Quant itative Economics projects nationa l 

for ecasts for personal consumption expenditures; incl udi ng durable goods, 

automobiles and par ts , furniture and household equipment, other du r ab les, 

nondurable goods, and services. Forecasts of gross private domes t ic i n

vestment are broken down into nonresident i a 1 and resident i a 1 structures 

categories . The RSQE also forecasts changes in business inventor i es , net 

expor t s, and f ederal, stat e , and local government purchases . 

The projected percentage change (in const ant dollar s) in each of the 

above categories was then used to forecast 1983 and 1986 Michigan final 
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demands. The rea 1 percentage change for the appropriate category was 

applied to the 1980 final demands used in the testing procedure. 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 consumption ex

penditures and the nonresidential category of gross private domestic in

vestment was used in concert with the other final demand project ions to 

increase the 1980 final demand. In this case, RSQE projected the 1983 

final demand for automobiles and parts to be 12.9 percent 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 4. 

The final demand estimates based on national data shown in Table 4 for 

1983 are considered as the high projections for Mich i gan . The RSQE est i

mates show real 1983 gross national product to be 13 . 7 percent above the 

1980 GNP l evel. Due t o the present condition of the Mi chigan economy, an 

overall 1983 gr owth of 13. 7 per cent above 1980 would requi r e a hi gh rate of 

gr owt h over the ne xt year . Consequently , if Michi gan gr ows as much as t he 

nat i onal economy, it would be cons idered a hi gh gr owth scenari o. The l ow 

growth scenari o for 1983 assumes a zero percentage change fr om 1980; if the 

Michi gan economy i n 1983 matches 1980 da ta, i t demonstr ates a l o·" rate of 

growth. 

Since t he lo•lf growt h pr ojecti on is t he same as 1980 , no separat e tabl e 

is needed; t he percent age changes are zero . The medium- r an ge pr oj ecti on of 

fi nal dem and i s shown i n Tabl e 5 and is t he aver age of the hi gh and low 

projecti ons . Tables 4 and 5 s ll ow the project ed fina l demands and t ot al 



Table 4 

1983 Projection of St at e Economic Activity and Upper Peninsul a Rail Traffi c: High Projection 

- -----
Statewide Economic Activitl U.P. Rail Tra ffic 
{Thousands of 1976 Dollars } Tons 

1983 1983 1983 Actual Projected t Change 
Proj ec ted Projected Projected 1980 Rail Change in 1980-

Sector Indus try Final Demand Output Rail Traffic Traffi c Rail Traffic 1983 

l Livestock and Product s 16 ,906 680, 169 0 0 0 0.00 
2 Other Agricultura l Products 488 ,243 992 ,787 2,253 2,000 253 12. 65 
3 Mining 1,351 , 657 2,104 ,1 67 19,981 ,577 17,952,900 2,028,677 il.30 
4 Cons t ruc ti on 2,817 ,888 4,432,546 0 0 0 0.00 
5 Food and Ki ndred Produc ts 4,1 32 , 258 4,637,066 59 , 770 55,200 4,570 8.28 
6 Lumbe r , Furniture , Paper , Printing 2, 368 ,(,57 5, 148, 110 1,456 ,817 1 ,331,40:) 125,417 9.42 N 7 Ch~m i ca l s , Drugs , Plas ti cs 2,400,705 4,098,021 75, 180 70 ,000 5, 180 7.40 ........ 

B Petro leum Refinery 436,703 763 ,972 9, 167 8,500 667 7.85 
9 Rubber , Lea ther, Stone, Glass , 429,083 2.150,938 301,999 280 ,200 21. 799 7. 78 

Cl ay 
10 Primd ry and Fabr icated Meta l s 3,956,836 12 ,349 ,898 104,41 2 96, 100 8, 312 8.65 
11 Machi nery, Except Electr i cal 2,376,733 5,248, 059 14,434 13,400 1,034 7. 72 
12 El tctrica l Equipment 491,075 1,295 ,914 0 0 0 0.00 
13 Molor Vehi cles and Parts 19,427,588 27,101,285 0 0 0 0.00 
14 Aircrilf t and Other Transportation 401 ,570 508 ,874 0 0 0 0.00 

Equipr.ient 
15 Tr.:insportation and Communication 6,085 . 270 7,771,803 0 0 0 0.00 
16 U t i1 it i es 3,l t0 ,251 5,378 ,060 0 0 0 0.00 
1 7 l!t ,o lcsale , Retail, Miscellaneous 12,857,294 15,974,341 185 ,030 168,700 16,330 9.68 

Manufactur i ng , lnclLJdi ng 
Tc:xtiles 

18 Financial, Insurance , Rea l Estate 9,404, 256 12, 144, 122 0 0 0 0. 00 
19 s~lec ted Services 7, 723, 241 12,522 ,290 0 0 0 0.00 
20 Covern"-ent Enterprises 430,868 1,2031445 0 0 0 0.00 

Total 126,505 ,867 22 ,1 90,639 19,978,400 2,212,239 11.07 



Table 5 

1983 Proj ect ion of State Economic Act i vity and Up per Peninsula Rail Traffic: Medium Projection 

Sta tewide Economic Activitl U.P. Rail Traffic 
{Thousands of 1976 Dollars) Tons 

1983 1983 1983 Actual Projected % Change 
Projected Projected Projected 1980 Ra i1 Change in 1980-

Sector Industry Fina 1 Demand Output Rail Traffic Traffic Rail Traffic 1983 

l Li ves tock and Products 16, 180 650,221 0 0 0 0.00 
2 Other Ag ricultural Products 467,268 948,856 2,126 2,000 126 6.30 
3 Mining 1,291,337 2,007,730 18,967,238 17,952,900 1,014,338 5. 65 
4 Construct ion 2,684,067 4,218,062 0 0 0 0.00 
5 Food and Kindred Product s 3,954,730 4,436,719 57,485 55,200 2,285 4. 14 
6 Lumber, Furniture , Paper, Printing 2,277,290 4,922 ,516 1,395,839 1,331,400 64,4 39 4 .84 
7 Chemicals, Drugs, Plasti cs 2,293,570 3,908,214 72 ,597 70,000 2,597 3. 71 N 

00 
8 Petrol eum Ref inery 417, 215 728,543 8,833 8,500 333 3.92 
9 Rubber , l eather , Stone, Glass, 409,935 2,042, 779 291,127 280,200 10,927 3. 90 

Clay 
10 Pr imary and Fabricated Metals 3,780,256 11,729,813 100,261 96, 100 4, 161 4.33 
11 Machinery, Excep t El ec tri ca 1 2,270,668 4,990,685 13. 917 13 ,400 517 3.86 
12 Electri cal Equipment 469,160 1,231,513 0 0 0 0.00 
13 Motor Vehicles and Parts 18, 317,686 25,557,524 0 0 0 0.00 
14 Ai rcraft and Other Transportation 383 ,650 485,683 0 0 0 0.00 

Equipment 
15 Transporla tion and Co1rrnunicati on 5,813 ,705 7,41 5,963 0 0 0 0.00 
16 Uti li t ies 3,024 ,481 5,136,035 0 0 0 0.00 
17 Whol esale, Retai l, Mi scellaneous 12,158,279 15. 114. 915 176,865 168,700 8, 165 4 .84 

Manufac turing, Including 
Tex t il es 

18 Financ ial, Insu rance, Real Estate 8,892 ,973 11 ,491, 196 0 0 0 0.00 
19 Sel ec ted Se rv ices 7,303,350 11,854,559 0 0 0 0.00 
20 Government Enterprises 418,291 1,1531209 0 0 c O.OQ 

Total 120,024,735 21,086,288 19 ,978,400 1,107,888 5.45 
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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 4 are increased by 18 percent to yield a high estimate of final 

deTiands shown in Table 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 requires 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 4, 5, and 6 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, rail traffic in 

the Upper Peninsula is projected to increase 11. 07 percent for 1983, with 

the agric ultural (incl uding f orestry), mining, and lumber sectors showing 

large increases compared to other sectors . The medium project ion shows an 

increase in rail traffic between 1980 and 1983 of 5.45 percent. Finally, 

the 1986 projection shown in Table 6 estimates a total U. P. rail traffic 

increase of 32 . 78 percent. The sector changes in agricu lture, mining, and 

l umber products are particularly important in the Upper Peninsula case 

study. The future of the U.P . rail system is tied t o the demand for 

transportation generated by t hose indus tr ies . 



Table 6 

1986 Project ion of State Economi c Act ivity and Upper Peninsula Ra il Traffic: High Projection 

Sta tewide Economic Activitl U.P. Rail Traffic 
(Thousands of 1976 Dollars) Tons 

1986 1986 1986 Actual Projected % Change 
Projected Projected Projected 1980 Rail Change in 1980-

Sector Indus try Final Demand Output Rail Traffic Traffic Rail Traffic 1986 

l Livestock and Products 19. 94 9 802,597 0 0 0 0.00 
2 Other Agricultural Products 576,127 1,171,484 2,769 2,000 769 38.45 
3 Min i ng l,594,955 2,482,860 23,963,530 17,952,900 6,010,630 33.48 
4 Construction 3,325,108 5,230,313 0 0 0 0.00 
5 Food and Kir.dred Products 4,876,064 5,471,731 69,281 55,200 14. 081 25.51 
6 LLlmber , Furniture, Paper, Printing 2,794,307 6,074,430 1,707,254 l • 331 ,400 375,854 28.23 w 
7 Chemicals , Drugs, Plastics 2,832,832 4,835,439 85,246 70,000 15,246 21.78 0 

8 Petrol eum Refinery 515,310 901,467 l 0,460 8,500 l ,960 23.06 
9 Rubber, Leather , Stone, Glass, 506,318 2,537,775 340,947 280,200 60,747 21.68 

Clay 
10 Primary and Fabricated Metals 4,669,066 14' 571, 387 119,317 96 t l 00 23 ,217 24 . 16 
11 Machi nery , Except Electrical 2,804,545 6, 192,306 16,330 13,400 2,930 21.87 
12 El ec tri cal Equipment 567,669 l ,516,371 · O 0 0 0.00 
13 Motor Vehicl es and Parts 22,924,554 31,979,375 0 0 0 0.00 
14 Aircraft and Other Transportation 473,853 600,442 0 0 0 0.00 

Equipment 
15 Transportation and Com11unication 7, 180 ,619 9,170,570 0 0 0 0.00 
16 Utiliti es 3,729,096 6,345,949 0 0 0 0.00 
17 Whol esa le, Reta il, Mi sce llaneous 15,171,607 18,849,273 212,325 168,700 43,625 25.86 

Manu fac turing , Including 
Text iles 

18 Financ ial, Insurance , Real Estate 11,097 ,022 14 ,329 ,836 0 0 0 0.()0 
19 Se lec ted Services 9,113,424 14,775,804 0 0 0 0.00 
20 Governme nt Enterprises 508,424 1,420 ,033 0 0 0 0.00 

Total 149,259,443 26,527,459 19,978,400 6,549,059 32.78 
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In the rail rationalization process, potential Upper Peni nsula rail 

needs were determined by first identifying areas containing proven econom

ic reserves of i ron ore and copper , and t hose char act er ized as affording 

hi gh potential for f orest product industries . A second level of potential 

was addres·sed by identifying areas having pr oven sub- economic iron and 

copper deposits and medi um potential for forest product indust r ies. The 

areas of proven economic ore deposits and high potential for f orest product 

industries coincide with rail lines already identif i ed in the essential 

core system or lines which were marginal , but providing service to si gnifi 

cant emplojfllent generators . The latter set was included i n t he definition 

of the essential core system based on both existing and potential needs. 

The MDOT's analysis i ndicates that the viability of the Escanaba and 

Lake Superior, the Lake Superior and Ishpeming, and the Chicago and 

Northwestern R ai 1 roads a 11 depend on either iron ore production or the 

fores try, lumber, and paper i ndust ries, or both . Thus , potential 

production i n t hese 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 

1nodel indicat e that those are t he indus tri es l ikel y t o generat e the lar gest 

i ncreases for all growth ranges (the l umber sector i s projected to i ncrease 

slightl y less than sector 17) . As is evident i n the waybill projections i n 

Tabl es 4, 5, and 6, the mini ng sect or makes up approximately 90 percent of 

total U.P. rail t raffic . The project ed increase of rail traffic for t hat 

sector to 11 .30 percent in 1983 and 33 . 48 percent in 1986 indicates that 

seve"'al alr'=ady strong ore moving lines 'i'l i ll remain viable . 
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The largest sector percentage increase is in the agricultural prod-

ucts sector. In the Upper Peninsula, most of t hat sector is made up of 

forestry products . Further , the lumber , f urniture , paper , and printing 

sector-- or forestry related indus t ries-- exhi bi t s the fourth l arges t pr o

j ect ed change . Thus , the rail forecast ing met hod pr ov ides evi dence t hat , 

at each growth rate, the sectors that are most import ant to t he f uture of 

the U. P. rail system are those that generally show t he largest gai ns. 

Consequently, there may be an incentive to continue state s uppor t rather 

than allow abandonment . In this manner, the input- output method of rail 

f orecast i ng can be appli ed t o t he subsidy-abandonment dec isi on. The dis -

aggregated , cornmodity-by- commodi ty nature of t he forecasting procedure 

does provide the type of infonnation required in t he r ail pl anni ng process. 

An Application to a Michigan Traffic Routing Issue 

In this section, a demonstrati on of the use of the r ail for ecast i ng 

procedure i s present ed to anal yze a speci fi c i ssue rel ated to one ra i l l ine 

in the Upper Peninsula . The decision involved is which of four 

alternatives for a Sao Line north- south routing would be most efficient . 

The decision depends largely on the future levels of traffic over the 

northern tier of the Sao Line . Therefore , the forecasting of rail traffic 

can ai d in det ermi ning wh i ch alternative should be pursu ed . 

The Soo Li ne Railroad ,.Y due to past mergers and changing traffic 

patterns, mus t move its northernmost traffic by a circuitous rou te over 

long strc: tches of l igh t density track . Presentl y , traffic from t he 

.Yoiscussion of t he Sao Line from : :tiichigan Department of T"'anspor
tation , Upper Peninsula Report, op .cit . 
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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 3). 

In order to avoid circuitous ·routing, managers of t he Soo Li ne have 

expressed a need for a more direct north-south route. Negotiations with 

the Chicago and Northwestern to allow the Soo to gain trackage rights over 

the C&NW main line from Ishpeming to north Escanaba have been held, but no 

agreement was reached. The Soo has also negotiated for the possible use of 

LS&I and E&LS trackage from Humboldt Mine to Penbine, Wisconsin. The Soo 

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 poten

tial development. 

Four alternat ives for a more efficient Soo Line nor th-south routing 

have been identified by the Michigan Department of Transportation and are 

shown in Figure 3: 

(1) Shingleton to Manisti que: utilizing abandoned rights-of-way 

now owned primarily by the state and federal governments. 

(2) Mu nising Junction to Rapid River : ut ilizing rights-of-way aban

doned by the LS&I and Soo Line. 

(3) Is hpeming to north Escanaba: utilizing the C&NW line. 

(4 ) Humbo l dt Mine to Pe11bine , Wisconsin: utilizing the LS&I Line 

fr om Humboldt Mine to Republic, then linking with the E&LS from 

~epu blic to Pe11bine . 
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The first alternative, Shingleton to Manistique, would require total

ly new construction and would most likely not be cost-effective. Most of 

the route i s within federal and state forest areas; however, the southern 

five or six mi les are privately owned. According to the Michigan Depart

ment 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 approximately $13 .2 mil

lion. 

The second alternative, Munising Junction to Rapid River, would re

quire new construction to replace trackage which has been removed. Assum

ing a ne1.>J 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 li ke ly to be 

cost-effective. 

Use of the C&NW track (Ishpemi ng to north Escanaba) would probably be 

the least costly to implement. Information on trac k 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 trac k is 

estimated by the Michigan Department of Transportation at approximatel y $5 

mi 1 l ion . 

In part , the distinction between these alternatives wi ll depend on 

i'lhether traffic density on the northern Sao Line will i ncrease over the 

ne.<t fe:-i years . Higher densities and different commodity compositions 
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would change the revenue situation for the northern Soo line and could make 

any of the four alternatives feasible. It is at this point that forecasts 

of Soo Line t raff ic are needed. The 1983 and 1986 projections of Soo Line 

rail traffic are shown in Tabl es 7, 8, and 9. The act ual 1980 rail traffi c 

shown in Table 7 is 246 ,800 ton s , carried in 4, 200 car s . The 1980 traff ic 

averaged approximatel y 59 tons per car. The total traffic between Trout 

Lake and Dollar Bay i s 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 t he waybills is proportionate among the cof11Tlodity sectors in 

the same fas hion shown i n Table 7. Consequent ly, the relative changes in 

the Soo Line projections shoul d remain the same. The Soo Line traffic 

shown in Tabl es 7, 8, and 9 represents on ly that traffic whi ch runs on the 

northern tier. As was shown in Figure l, the remainder of the Soo Line is 

not i n jeopardy. 

The fore casting method has the advantage of bei ng disaggr egat ed by 

cof11Tl odity and t he us e of the waybi ll sampl es al so all ows t he isolat ion of 

specif i c rail segments due to the i dent ifi cat i on of ori gi ns and 

des ti nations , by county .~./ Gi ven t he average of 59 tons per car that 

occurred in 1980 , the number of cars proj ected on the northern Soo Line 

increases to 4,380 cars i n the medium project ion and 4, 572 , given a hi gh 

~/The Michigan Department of Transport ati on retai ns stat ion designa
t i ons on t he waybill f il es for app l i cati ons to cir cumstances which require 
greater specificity. To permit anal ysis at alternate l evel s of aggrega
tion , ~DOT mai nta ins a station to 547 zone equi valence capability , which 
was aggregated to t he county level for th i s study. The MOOT is cur re ntly 
in the process of disaggregat ing t he rail ne t work t o the 2300 zone level . 



Table 7 

1983 Projecti on of St at e Economic Activity and Soo Line Ra i1 Traffic: 
Medium Projection 

State1~ide Economic Activitt Soo Line Rail Traffic 

{Thousands of 1976 Dollars) Tons 

1983 1983 1983 Actual Proj ec ted % Change 
Projec ted Projected Projected 1980 Ra i1 Change in 1980-

Sect or Indust ry Final Demand Output Rail Traffic Traffic Rail Traffic 1983 

1 Li vestock and Products 16, 180 650,221 0 0 0 0.00 
2 Other Agricultural Products 467,268 948 ,856 0 0 0 0.00 
3 Min i ng 1, 291,337 2,007,730 10,248 9,700 548 5.65 
4 Construction 2,684 ,067 4,218,062 0 0 0 0. 00 
5 Food and Kind red Products 3,954,730 4,436,719 4,269 4, 100 169 4 .12 
6 Lumber, Furniture, Paper, Printing 2,277,290 4,922,516 92,678 88,400 4,278 4. 84 w 
7 Chem icals, Drugs, Pl as tics 2, 293,570 3,908,214 5,185 5,000 185 3. 70 -....J 

8 Pet roleum Refinery 417,215 728,543 0 0 0 0. 00 
9 Rubber , Leather, Stone , Glass , 409,g35 2 ,042. 779 36,780 35,400 1,380 3.90 

Cl ay 
10 Pr imary and Fabricated Metals 3,780,256 11 • 729 ,813 . 0 0 0 0.00 
11 Mac hinery, Except Electrical 2,270,668 4,990,685 0 0 0 0.00 
12 El ect ri cal Equipment 469,160 1,231,513 0 0 0 0.00 
13 Motor Vehicl es and Parts 18,317,686 25,557,524 · O 0 0 0.00 
14 Ai rc raft and Other Transportation 383 ,650 485,683 0 0 0 0.00 

Equi pmen t 
15 Transportation and Corrvnunicati on 5,81 3,705 7,415,963 0 0 0 0.00 
16 Ut i 1 iti es 3,024,481 5, 136,035 0 0 0 o.oa 
17 ~ho l esa le, Retail, Miscellaneous 12,1 58,279 15. 114. 915 109,243 104,200 5,043 4 .8~ 

Manufac turing, Including 
Text iles 

18 Fi nancia l, Insurance, Real Estat e 8,892 ,973 11,491, 196 0 0 0 0.00 
19 Sel ec ted Serv ices 7, 303,350 11,851\ .559 0 0 0 o.o::i 
20 Government Enterpri ses 41 8 ,291 111531209 0 0 0 a.ea 

Tot al 120,024,73,5 258,403 246,800 11,603 4.70 



Tabl e 8 

1983 Projection of State Economic Activity and Soo Line Rail Traffi c: 
High Projection 

Statewide Economic Activitt Soo Line Ra i1 Traffic 

(Thousands of 1976 Dollars) Tons 

1983 1983 1983 Actual Projected % Change 
Projected Projected Projected 1980 Rail Char.oe in 1980-

Src tor Industry Fi na l Demand Output Rail Traffic Traffic Rail fraffic 1983 

l Li vestock and Products 16,906 680, 169 0 0 0 0.00 
2 Other Agri cultural Products 488 ,243 992 ,787 0 0 0 0.00 
3 Mini ng l,351,657 2, l 04 . 167 10,796 9,700 1 ,096 11.30 
4 Constructi on 2,817, 888 4 ,432 ,546 0 0 0 0. 00 
5 Food and Kindred Products 4, 132 , 258 4, 637,066 4,439 4, 100 339 8. 27 
6 Lunbe r , Fu rni ture, Paper, Printing 2,368,057 5,148,110 96 , 727 88,400 8, 327 9. 42 w 
7 Chem icals, Drugs, Plastics 2,400,705 4,098,021 5,370 5,000 370 7 .40 co 
8 Petrol eum Re finery 436,703 763,972 0 0 0 0. 00 
9 Rubber, Leather, Stone , Gla ss, 429 ,038 2,150 ,938 38,154 35,400 2,754 7.78 

Cl ay 
10 Pri ma ry and Fab ri cated Metals 3,956,836 12,349,898 0 0 0 0.00 
11 Milc hine1·y , Excep t Electri cal 2,376,733 5,248 ,059 0 0 0 0.00 
12 El ec tri ca l Equ iprr.ent 491 ,075 1,295,914 0 0 0 0.00 
13 Motor Vehi cl es and Pa rt s 19,427, 588 27 ,1 01,285 0 0 0 0.00 
14 Airc raf t and Other Transportation 401 ,570 508 ,874 0 0 0 0.00 

Eou i p1;1en t 
15 Tra nsportation and Corrrnun icat i on 6,085 ,270 7, 771 ,803 0 0 0 0.00 
16 Uti liti es 3, 160, 251 5,373 ,060 0 0 0 0.00 
17 ~-:!;o l c sa l e , Retail, Miscellaneous 12,857, 294 15,974 , 341 11 4,286 104, 200 10 ,086 9.68 

;-:a nu fa c t ur i n9, !ncluding 
Tex t i les 

18 Fi na nc ii! 1 , lnsJ ra nce , Real Estate 9,404,256 12,144,1 22 0 0 0 0.00 
1 g Se lec t ed Se rvi ces 7,723 ,241 12,522,290 0 0 0 O. GO 
20 Go v~r n~e nt Enterpr ises 430.868 1,203,445 0 0 0 0.00 

Tota i 126,505 ,867 269,772 246,800 22,972 9. 31 
---



Table 9 

1986 Projection of State Economic Activity and Soo Line Rail Traffic: 
High Projection 

Statewide Economic Activit~ Soo Line Ra i1 Traffic 
(Thousands of 1976 Dollars} Tons 

1986 1986 1986 Actual Projected t Change 
Proj ec ted Projected Projected 1980 Rail Change in 1980-

Sector Industry Final Demand Output Rail Traffic Traffic Rail Traffic 1986 

l Lives tock and Products 19,949 802,597 0 0 0 0.00 
2 Other Agricu ltural Produc ts 576,127 1,171,484 0 0 0 0.00 
3 Mining 1,594 ,955 2,482,860 12. 947 9,700 3,247 33.47 
4 Cons truction 3,325, 108 5, 230,313 0 0 0 0.00 
5 Food and Ki ndred Products 4,876 ,064 5,471,731 5, 145 4t100 1 ,045 25.49 
6 Lumber , Furn iture , Paper, Printing 2,794,307 6,074 ,430 113,355 88,400 24,955 28.23 w 
7 Chemicals , Drugs, Plastics 2,832 ,832 4 ,835,439 6,089 5,000 1,089 21.78 l.O 

8 Petroleum Refinery 515,310 901,467 0 0 0 0.00 
9 Rub~e r, Leather , Stone, Gla ss , 506,318 2 ,537. 775 43,074 35,400 7,674 21 .68 

Clay 
10 Primary anrl Faliricated Metals 4,669,066 14, 571 ,387 0 0 0 0.00 
11 Mach inery, Excep t Electri cal 2,804,545 6, 192 ,306 0 0 0 0.00 
12 El ec tri ca l Equipment 567,669 1,516,371 0 0 0 0. 00 
13 Motor Veh icles and Pa r ts 22 ,924,554 31,979,375 0 0 0 0.00 
14 Aircraft and Other Transportation 473,853 600,442 0 0 0 0.00 

Equipment 
15 Tri!nsporta tion and Conmun ication 7, 180 ,619 9,170,570 0 0 0 0.00 
16 Util ili cs 3,729,096 6,345,949 0 0 0 0. 00 
17 l:holesa le, Retail , Mi scell aneous 15, 171 • 607 18,849 ,273 131, 146 104,200 26 ,946 25 .86 

~anufac turi ng , Including 
Texti les 

18 Financia l, Insurance, Real Estate 11,097 ,022 14,329,836 0 0 0 0.00 
19 Sel ec t ed Services 9,113,424 14 ,775 ,804 0 0 0 0. 00 
20 Gov.:>rnr.ent Enterprises 508 ,424 1,4201033 0 0 0 0.00 

Tota l 149,259,443 311t756 246,800 64,956 26.32 
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economic growth scenario. The number of cars projected for 1986 is 5,284. 

The northern Soo Line between Trout Lake and Dollar Bay, excluding the 

Ne11 ber ry-F crest Center segnent which wi 11 probabl y be abandoned, i s 

approx imately 177 mi les . Thus , i n 1980 , the nort her n Soo Li ne traf fi c was 

23 .7 cars per mile . The projections for 1983 range fr om 23 .7 cars per mile 

to 25 .8 cars per mile with the 1986 cars per mile estimate rising t o 29 . 9. 

Comparing this rail density projection with other rail lines in 

Michigan that are in financial jeopardy, it appears that the northern Soo 

Line will not generate sufficient traffic to become profitable. On all 

Michigan railroads (63 segnents) that are classified in ICC categories 1-4 

(from currently subsidized to segnents that may be abandoned wi th in three 

years), the mean rail density is 34. 2 cars per mile. The majori ty of the 

63 segnents have densities below 30 cars per mile . On t hose segments in 

ICC categor ies 1 and 2 (those most like the northern Soo Line ) , the mean 

traffic density is 39 . 5 cars per mile . Under t he high proj ecti ons , there

fore, traff ic on the northern Soo Li ne res em bl es segments in Michigan that 

do not support prof itable operations . Furt her , t he rail density on t he 

pr ofi tab l e southern Soo Li ne was 280 cars p~r mi l e in 1980 , with a s imilar 

CDrunodi ty compositi on as the nor thern Soo Line . 

In order to make prec ise st atements abo ut f ut ure profi t abil l i t y , i t 

i s necess ary to understand both the reven ue and cost structur e on t he 

northern Soo Line . Re venues change with corrrn odity canposi t i on and l evel s 

of traf fic . Cost s ar e al so sensitive to t raff i c level s , with on- branch 

cos t s such as loco~ot ive cost s , car- day cost , and car-mile cost dependent 

on t'1e mrnber of carloads . However , t he traffic densities projected for 

the northern Soo ine do no t appear to be sufficient to gener~~e pr~fita

bil ity . 
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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 t he cos ts of 

the various north-south route alternatives, the impl ementation of alterna

ti ve 1, 2, or 4 would not ensure a significant improvement i n the future 

financial stability of the northern Soo Line service. Th i s conclusion i s 

similar to the tentative decision of the Michigan Department of Transpor

tation. In the Upper Peninsula report, the Michigan Department of Trans

portation concludes that the only proposed alternative which would both 

improve operations efficiency and overall system density is t he joint Soo 

Line and C&NW operation over the C&NW track fr om Ishpeming to Escanaba. 

This alternative uses only trac k mileage included in the essential core, 

and would permit the abandonment of otherwise nonessential mileage. 

The conclusion arrived at through the use of t he 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 operati on would be most 

appropriate. However, it does not appear that rail traffic in the northern 

tier of t he Soo Line , under any economic scenario, wi ll generate s ufficient 

levels of traffic t o become profitable. Consequent ly , one alternative may 

be to all ow some abandonment on the northern Soo Line rat her than t o go 

forward with efforts to encourage a 1 ink be tween the Soo Line and t he C&NW . 

The decision on whether to subsidize or abandon a line, however , re vol ves 

around issues i n addi t i on to future prof i tability, such as employment and 

noneconomic factors including po li t ical concerns. Yet , any ser vice which 

may be justifiable on a more comprehensive benef it- cost basis, would li ~e

ly require pe rm anent operat i ng assistance . The results of th is st udy 
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indicate that the issue of future profitability is not one that can be used 

to justify future subsidies . 
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IV . CONCLUSIONS 

The purpose of this study has been t o suggest, test, and illustrate 

the us e of a method of rail traffic f orec asting that systematically links 

the level of statewide economic activity with the demand for rail freight 

transportation services and facilities. The goal has been t o broaden the 

perspective of decision makers to include a more comprehensive framework 

that predicts rail traffic by forecasting the total output of a state's 

economy. The demand for freight transportation is a derived demand depen

dent 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 included in its input sec

tors in proportion to the change in that sector's output. 

The method suggested in this study has been to 1 ink 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 

fo recas ting met hod is part icular ly well- sui t ed t o the needs of transport a

ti on pl ann ing . Input-output does not simply project total economic 

act i vi ty using macro variables , but i s disaggregat ed by commodity 

groups-- t he same commod ity group whose future product ion wi 11 determine 

the demand for i ndividu al rail servi ce . With this information, it i s 

possible to both estimate futur e ra il traff ic and evaluate the potential 

for profi tability on current ly subsidized lines, or li nes in jeopar dy . 

This study has been speci f i cal l y tar geted at t he estimation of rail 

traffic in Michigan and Michigan ' s Upper Peninsula . The projections used 

in rail planning decision making have been ad hoc in nature and not related 

to changes in economic activity in general . 

rail traffic projections have been based 

In Michigan and elsewhere, 

on shipper sur veys whose 
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interests are generally to retain rail lines. Consequently, there is a 

perceived need to operationalize a method to forecast rail traffic. 

In this study, a conceptual f ramework of the forecasting method was 

established that links the structure of an econcxny to the denand for r ail 

f reight services . A 20-sector, input-output model of Mi chigan was linked 

with corrmodity flow data t o determine movements of inputs on the state's 

rail network. Each of the 20 sectors in the input-output model was matched 

to corrmodity 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 rai 1 traffic given by the waybi 11 

data. The major point of th i s study has been t o test the use of the input

output method in forecasting rail traffic. The test consisted of project-

i ng 1980 rai 1 traffic on the basis of 1976, 1 percent waybi 11 data and 

ccxnparing that projection to the waybill sample observed for 1980. Start

ing with the 1976, 20- sector, input-output model of Michigan, final 

denands, by sector, were estimated for 1980 and substituted for the 1976 

f inal demands . Total output, by sector, was estimated by the input-out put 

mode l through the mul t i pl i cat i on of t he new f inal denands by the element s 

of the i nver se matrix . The expanded 1 percent waybi l ls represent i ng to t al 

r ail traffi c in 1976 were then multiplied by sector, by the real percentage 

changes forecast by the i nput - output model. This procedur e pr oduced t he 

1980 r ail t r affic projecti ons whi ch wer e ccxn pared to the actual 1980 way

bill dat a. The major concl us ion of the t est and, t hus, of this study is 

t hat: 

A r ail forecasti ng method bas ed on a t wo- region input
output model i s eff ective i n pr odu cing esti mates of r ai 1 t r af
f ic ; the model project ed rai l tr aff i c to wi thi n 1. 2 percent of 
actu al traffic over the total rai l neti.-1ork. Additionally , the 
model ,-J as effective in pr ovi ding sector - by- sector estimates of 
r ail t r aff ic moving over Mich i gan' s rail l i nes in 1980 . These 
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sect or- by- sector estimates are crucial in predicting rail traf
fic in regions within a state where rail demand is based on a few 
specific commoditi es . 

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 Peninsu l a was used to demonstrate the useful 

ness of having project ions of rail traffic when maki ng subsidy- abandon-

ment, or rail rationalization decisions. In the case study, it was pro-

jected that for the entire U. P. rail system, those comnodit ies that are 

necessary for system viability are those whose producti on will increase by 

the largest amounts. Mining activities, fore stry , and l umber and paper 

related industries are three of the four industri es whose total output is 

projected to increase significantly. Therefore, for the case study 

region, future economic activity may provide sufficient levels of total 

output to improve the financial viability of the region ' s rail system . 

The forecasting procedure was also us ed to examine a specific issue on 

one rail segnent in the Upper Peninsul a , the northern Soo Line . The 

illustration of the uses of the input-output model enphasizes the flexi -

bility of the method in dealing wit h individual ra i l i ssues. No t onl y is 

the input- output model able to disaggregate the effects of changes in 

specific corrrnodity production , but through the waybill sample it is able to 

isolate particular county- to-county rail segments . The case study indi 

cated, with its estimates of rail traffic, that the traffic along the 

northern Soo Line will remain similar to other rail segnents in Mi chigan in 

financial difficulty over all levels of projected economic activity . This 

conc l usion aids in the transport at ion planning procedure by providi~g rail 

~lanners ~ith the i nf ormation needed to determi ne ~n i ch north- sout h ro0t2 

alt=rnative is most efficient . The results of t he case s:udy further 



46 

indicated that t he traffic density on the northern Soo Line will remain so 

1 ow that permanent operating assistance wi 11 be required if service is 

continued f or reasons other than future profitability . 

The second major conclusion of this study, therefore, is: 

A rail forecasting method based on a two- region input
output mode l can be effective in aiding rai l planners in regi on 
rail decisions, as well as l ine-by- line issues revolving around 
subsidization or abandonment . . 

Implications for the Use of the Method in Rai l Planning 

When rail planners study a l ine segnent for subsidy or abandorvnent, 

the procedure involves a detailed analysis of the costs and revenues asso

ciated 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 abi l ity 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 comnodity cooiposition changes as a result of 

different growth rates by commodity-- due to the input-output multi pl i-

ers-- financial projections will reflect changes in t he revenue-cost rela-

tionship . 

In order to analyze the future profitabili ty of a rail line , rail 

planners require an ability to project rail traffic . Not only are rail 

traffic projections necessary, but the projecti ons must be commodity spe-

cific . Revenues are sensitive to the comnodity composition on a rai l line . 

To project revenues, planners need to distinguish between changes in high 

bulk- low value products fr001 high value manufactured products . The input-

output method can aid in projecting whether changes in economic activity 

.. Ii 11 ha·1e a favora:Jle or adverse effect on the cooiposit ion of cc:miodnies 

on a rail line . Each sector in the input- output ~ode l has a unique iipact 

on the economy . Large changes i n specific sect ors could cause a change in 

the commodity composition of a line . 
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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 indiv idual lines. The change in tonnage shipped 

over a rail line affects t he required frequency of service and the required 

l ocanoti ve power; higher tonnage requires more frequent trips or more 

locomotive power. Further, mai ntenance 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 traff ic can allow more 

accurate estimates of rail costs and revenues. 

It i s recommended that the forecasting method present ed be opera

tionalized in the rail planning process by li nking the procedure to the 

analysis of costs and revenues. The input-output method can forecast rail 

traffic by commodi t y and those forecas ts can be used t o generate cost and 

revenue estimates based on traffic l evels and composition . In many states, 

the estimates of costs and revenues are arri ved at "by hand" using various 

costs and revenues depending on traffic l evels and compositions. This is 

an extrenely time-consuming process that depends on hypothetical level s of 

traffic. It is recommended that the procedure be operat i onalized thr ough 

the l inking of the input- output program to a canputer algorit l'lrl which 

generates cost- revenue estimates. With th i s capability , rail planner s 

could analyze any rai l line or rail segmen t using projections of economic 

activity . They co uld also change any single commodity project ion, or set 

of conmodities, as economic developments take place . Thi s ability would 

both stream l ine the rail planning process and make subsidy- abandonment 

decisions more accurate . Po li cy decisions could be made with more 

precision and over a much wider range of economic scenarios than is 

presently possible . 
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Implications for Further Research 

In order to use the forecasting method in future years, the following 

steps are requ ired: 

(1) The Michigan input- output transactions table should be updated 

to 1980 using the forthcoming U.S. and Michigan census data. 

(2) Efforts should corTUTience 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 coordinated to build an input-output table based 

on more Michigan specific data than i s presently the case. 

(3) In order to project total output as accurately as possible, 

better forecasts of final demand are re qui red. Research that 

establishes procedures for collecting final demand data i s re

quired. 

(4) The test of the forecasting method was conducted on only one 

year, 1980. Rese~rch should continue to test the forecasting 

pr ocedure over subsequent years as t ransportation and economic 

data become available. 

In general, further research is recommended to test the capabilities 

and fle xibility of the input-output method; data are currently being col 

lected, for example, from forestry firms in Michigan. This information 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 location of economic 

activity by reflecting this in estimates of regional final demands . 
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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 rai l traffic f orecasting , 

given changes in the price of energy and the cost of transportation ser

vices . Also, the method should be expanded to include consideration of 

multi-network corrmodity flows . 

One of the aims of the rail rationalization process is to suggest 

various configurations of rail li nes best suited to the most efficient 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 network . Research 

is warranted to link the estimates of rail traffic produced 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 spl it be

b 1een modes is necessary . A met hod to include modal split estimates in the 

input-output procedure would be useful. Given the data limitations at this 

time, it is bel i eved that the rail traffic forecasting method based on the 

use of an input-output model does provide useful estimates of rail danand 

and can aid in the rail planning process. 



APPENDIX 

1976, 20-SECTOR INPUT-OUTPUT MODEL OF 
MICHIGAN WITH AN EXAMPLE OF ITS USE 
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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 shows that the agri cultural products sector makes purchases of 

$18,059,000 from the livestoc k sector, while the livestock sector makes 

sales of $18,059,000 of output to the agricultural products 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 di vi ding each column and 

entry for the processing sectors by the corresponding column total for t he 

sector. For example, total sal es in livestock are $671,181,000 (Column 1, 

Row 24 , Table A.1) . Purchases from agricultural products are $108 ,562, 000 

(Col umn l, Row 2, Table A. 1) . The direct requirements for livestock and 

agricultural products are .161 74773 (Column 1, Row 2, Table A.2, 

108, 562 ,000/671,181 ,000) . Each element i n the coefficient matr ix indi 

cates t he do l l ars of inputs r equi r ed fr om each sell i ng sector (hor i zontal) 

in order to produce one additional dollar of output in the purchasing 

setter (vertical ) . Thus, one dollar of livestoc k output requires $0 .16 of 

output from agricultural products . 

The Leontief matri x of Table A. 3 is found by subtracting t he coeffi 

cients matri x for the processing sector (A) from an i dent i ty matri x of the 

order ( I-A) . Inverting the Leontief matri x, produces the invers e matr i x, 

Table A.4. The inverse matrix is read by col umns . In t he firs t column of 

Taole A. 4, it is indicated that livestock must increase its output by a 

total of Sl.32 {Column 1, Row 1, Table A. 4) i n order to sell $1.00 of 
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output to final demand . Other agricultural products must increase its 

output by $0 . 20 (Column 1, Row 2, Table A. 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. 4}, the sum of the 

first column. It can then be said that $1.69 of economic activity is 

generated by an addi t ional $1 . 00 of output to final demand by the livestock 

and products sector. 

an output multi pl ier . 

The sum of each sector in the inverse matri x is thus 

These collJTin sums, or output multipliers (Row 21 , 

Table A.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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