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PREFACE 

Th is  r e p o r t  descr ibes f i n d i n g s  o f  research performed du r ing  the  f i r s t  year  o f  
work under c o n t r a c t  DOT-OS-50119 f o r  the  Off ice of  U n i v e r s i t y  Research, O f f i c e  o f  
t he  Secretary  o f  Transpor tat  
ment o f  s o l i d  goods o f f e r s  a 
purpose o f  the  f i r s t  .year of 
f e a s i b i l i t y  of f r e i g h t  pipe1 

on. The a p p l i c a t i o n  o f  f r e i g h t  p i p e l i n e  f o r  the  move- 
new o p t i o n  i n  the  f i e l d  of t ranspor ta t i on .  Thus, t he  
research was t o  evaluate the  techn ica l  and economic 
ne as an i n t e r c i t y  t r a n s p o r t a t i o n  mode. 

The r e p o r t  f o r  t h e  f i r s t  year  cons is t s  o f  the  f o l l o w i n g  f i v e  separate volumes: 

I. Cost and Level o f  Serv ice I. Zandi; B. A l len;  E. Morlok, 
Comparison K. Gimn; T. P lau t ;  J. Warner 

11. F r e i g h t  P i p e l i n e  Technology I. Zandi and K.K. G i m m  

111. Cost Es t imat ing  Methodology Sect ion A: J. Warner and E. Morlok 
Sect ion B: K. K. Gimm and 1. Zandi 

I V .  Demand Analys is  Methodology B. A l l e n  bnd T. P lau t  

V. Impact Assessment I. Zandi and K.K. Gimn 

The second year  o f  research c u r r e n t l y  i s  be ing devoted t o  sharpenins the  concepts, 
broadening the  areas o f  concern and app ly ing  the  t o o l s  o f  ana lys i s  developed i n  the  f i r s t  
year  t o  a s p e c i f i c  o r i g i n - d e s t i n a t i o n  t r a n s p o r t a t i o n  c o r r i d o r .  

The authors wish t o  acknowledge g r a t e f u l l y  t he  ass is tance g iven by M r .  David C. 
Ryan Jr. of the  O f f i ce  of R & D Po l icy ,  O f f i c e  o f  t he  Secretary  o f  Transpor tat ion.  
H i s  numerous techn ica l  and e d i t o r i a l  suggestions have been o f  g r e a t  he lp  t o  us. 

t h i s  document i n  var ious capac i t ies .  
Barry  S i  1 verman, Me1 i ssa C1 ark-Rhodes , and Janet Hines have a1 so con t r i bu ted  t o  

I r a j  Zandi 
P r i n c i p a l  I n v e s t i g a t o r  
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Demand Analysis Methodology 

The Demand for Freight Transportation 
The Case of the Intercity Freight Pipeline 

Executive Summary 

In order to determine the feasibility of intercity freight pipelines, it was 
necessary to determine whether sufficient traffic flows currently exist between 
various origins and destinations to justify consideration of a mode whose operating 
characteristics became competive under conditions of high traffic volume. 

range of commodities from published sources. A physical screening was then applied 
to yield a flow matrix which consisted of only goods which could be physically moved 
by pipeline. 
freight traffic density corridor between Chicago and New York and another between 
St. Louis and New York were studied. 
had single direction flows of 16 million tons/year. 
at each of the 18 cities, flows of up to 38 million tons/year were found in each 
direction. These figures did not include mineral or agricultural products. 

the next step was to determine the ability of freight pipeline to penetrate such 
markets. This entailed a modal splif analysis. Since no markets presently exist in 
which freight pipeline is involved, it was not possible to empirically observe such 
modal competition and shippers' behavior therein. Thus an abstract demand-modal 
split model was formulated where shipper's reaction to an abstract set of pipeline 
performance characteristics, e.g. , rate, time in transit, reliability, etc. , was 
assumed to be the same as their reaction to the same set of abstract performance 
characteristics when exhibited by existing modes. Since shippers' behavior with 
respect to truck and rail performance characteristics was already observable, it was 
possible to determine how shippers choose among freight transportation modes using 
different abstract performance characteristics. 

tation. 

An intercity origin destination freight flow matrix was developed for a large 

Rather than consider all possible origins and destinations, a high 

These corridors, which represented 18 cities, 
If trans-shipment was allowed 

After determining that such pipeline eligible freight traffic volumes existed, 

Modal split models were run on aggregate data from the 1967 Census of Transpor- 
Transportation rates and transportation times by both truck and rail were 

I 



e t imat  d and then i n  t u r n  u ed i n  t h e  modal s p l i t  models. Such models ( l o g i t  es 

E-2 

i- 
mated) y i e l d e d  reasonable c l a s s i f i c a t i o n s  of e x i s t i n g  t r a f f i c  i n t o  t r u c k  o r  r a i l  by 
3 d i g i t  STCC commodity. 

Modal s p l i t  models were a l s o  r u n  on disaggregate data s p e c i a l l y  c o l l e c t e d  f o r  
t h i s  study. S i x  major n a t i o n a l  f i rms were contacted and data ( r a t e ,  t ime, r e l i a b i l -  
i t y )  on t h e  chosen mode and on t h e  non-chosen mode were c o l l e c t e d  f o r  f o u r  o f  them. 
Modal s p l i t  models ( l o g i t  est imated) were then developed f o r  t h r e e  o f  t h e  f o u r  f i r m s .  
Such models performed q u i t e  w e l l  f o r  one f i r m  and w i t h  moderate success f o r  t h e  o t h e r  
two. 

The f r e i g h t  p i p e l  i n e  s e r v i c e  c h a r a c t e r i s t i c s  were then s u b s t i t u t e d  i n t o  both 
the  aggregate and disaggregate models ( t r u c k  versus p i p e l i n e  and then r a i l  versus * 

p i p e l  i n e )  and est imates o f  p i p e l  i n e  p e n e t r a t i o n  i n t o  p a r t i c u l a r  STCC commodity groups 
were made. 
each o f  t h e  STCC markets i n v e s t i g a t e d  c e t e r i s  par ibus.  
the  est imated p e n e t r a t i o n  was 50% o r  more. 

tnarket p e n e t r a t i o n  p o t e n t i a l  t h a t  i s  c o n s i s t e n t  w i t h  h i g h  volume p a r t i c i p a t i o n  i n  the  
i n t e r c i t y  f r e i g h t  market. 
t ime. 
c l u s i o n s  t o  be drawn. 

I n  general,  p i p e l i n e  was est imated t o  be ab le  t o  penetrate 20-50% o f  
For some commodities, however, 

Based on these very p r e l i m i n a r y  r e s u l t s ,  i t  appears t h a t  f r e i g h t  p i p e l i n e  has 

Needless t o  say, 'caveats a r e  necessary a t  t h i s  p o i n t  i n  
, b. , I -  

The r e s u l t s  o f  t h e  'second year  o f  s tudy should enable more d e f i n i t i v e  con- 
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1 

THE DEMAND FOR FREIGHT TRANSPORTATION: THE CASE 
OF THE INTERCITY FREIGHT PIPELINE 

Introduction 

While literature on freight transportation demand exists ranging from a inacro- 
economic point of view (1,g) to a microeconomic point of view Q,&,!j), a literature 
search revealed that the presentation of theory was discussed more frequently than 
empirical studies (with the exception of Polenske, (a)). 
freight demand and modal split models have been estimated (e.g. Benishay and Whitak- 
ker, ( L ) ,  used Samuelsonls (3) Model; Reebie, (6) , estimated containerizable flows 
between 130 aggregate Office of Business Economics (OBE) regions; and Hartwig and 

Recently, however, some 

For a gross regional product-econometric transportation demand model see 
Mathematica, Studies on the Demand for Freight Transportation, Princeton, NJ, 
1967. 
For a discussion of a multi-regional input-output flow model see Lang, A.S., 
"Demand and Supply: 
Future o f  American Transportation, Prentice Hall , Englewood Cliffs, NJ, 1971, 

Samuelson,, P. , "Spatial Price Equili.brium and Linear Programming", American 
Economic Review, - Vol: . L  XLII,, 1952, pp. 165-177. 
Baumol, W. and H. Vinod, "An Inyentory Theoretic,Model of Freight Transport 
Demand",' Management Science, Val.$ 16,' 1970, pp. 413-422. 
Allen, W.B. and L.N. Moses, "Overseas-Trade: 
Transportation Research 'Forum Papers, Richard 9. Cross and Co. , Oxford, Indiana, 
1968, pp. 235-248 & Allen, W.B., "The Demand for Freight Transportation: 
Micro Approach", Transportation Research, Vol. 11, 1977, pp. 9-14. 

The Technology of Transportation" in E. Williams, ed., The 
pp. 41-57. 

Competition Between Air andeSea" 

A 

Polenske, K. et.al., State Estimates of the Gross National Product, D.C. Heath 
and Co. , Lexington, Mass. , 1972. * 

Benishay, H. and G. Whitakker, Demand and Supply in Freight Transportation, The 
Transportation Center, Northwestern Universi ty, 1965. 
Reebie Associates , National Intermodal Network Feasibi 1 ity Study, prepared for 
U.S. DOT, FRAY Washington, DC, 1976, 
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L i n t o n  (z), est imated a disaggregate modal s p l i t  model w 
c u r r e n t  urban passenger t r a n s p o r t a t i o n  models) . 

Fre igh t  demand theory  work i s  s t i l l  i n  i t s  in fancy,  
i s  l i m i t e d  t o  a handful  o f  researchers.  The bu lk  o f  t h e  
a l s o  r e l a t i v e l y  recent ,  and t h e r e  i s  more work c u r r e n t l y  

t h  techniques used i n  t h e  

and t h a t  which has been done 
work which has been done i s  
i n  progress than has prob- 

ab l y  been produced i n  t h e  past.  
r e t i c a l  i n  na ture  or based i n  t h e  h e a v i l y  emp i r i ca l -o r i en ted  f i e l d  o f  inpu t -ou tpu t .  
The l a t t e r  deals i n  l e v e l s  o f  geographical aggregat ion and product ion f u n c t i o n  aggre- 
g a t i o n  which may be too  l a r g e  f o r  t h e  purpose o f  t he  research on f r e i g h t  p i p e l i n e  
(al though some attempt t o  use some o f  t h i s  data s h a l l  be made and s h a l l  be developed 
i n  t h e  second year  r e p o r t ) ,  i .e . ,  , it vis n o t  commodity o r  rou te  s p e c i f i c  enough t o  be 
o f  use i n  determin ing p i p e l i n e  f e a s i b i l i t y .  

l i t e r a t u r e  has been surveyed and i t  was determined t h a t  much o f  i t  was no t  useful 
f o r  t he  purposes o f  t h i s  f r e i g h t  p i p e l i n e  research p r o j e c t .  
t h a t  p i p e l i n e  t r a n s p o r t  o f  f r e i g h t  i s  an area where l i t t l e  market research has been 
done. O f  course, no observat ions o f  t h e  e x i s t i n g  demand f o r  f r e i g h t  t r a n s p o r t  v i a  
p i p e l i n e  e x i s t  s ince  dnot very many f r e i g h t  p i p e l i n e s  y e t  e x i s t  i n  t h e  Un i ted  States.  
(Petroleum and i t s  products a re  excluded from t h e  ana lys is  s ince  p i p e l i n e s  a l ready 
move t h e  product  i n  g rea t  numbers; on l y  one coal  s l u r r y  p i p e l i n e  e x i s t s  i n  the  U.S. 
and some chemical l i n e s  ex is t - -see  Zandi, (u), and Kim,  (11). 
es t ima t ing  demand f o r  f r e i g h t  p i p e l i n e  was made more d i f f i c u l t  because no pas t  e v i -  

However, much o f  t h e  cu r ren t  work i s  e i t h e r  theo- 

Thus, w h i l e  t h e  i n t e n t i o n  here was no t  t o  " re inven t  t he  wheel", t h e  e x i s t i n g ,  

It must be remembered 

Thus, the  task  o f  

dence was ava i l ab le .  

an i n d i r e c t  approach (as out1 i ned  below) was undertaken. This  approach suggested 
t h a t  even w i thou t  pas t  pipe1 i n e  experience, p rospec t ive  sh ippe r ' s  behav o r  toward 
p i p e l i n e  could be i n f e r r e d  from t h e i r  behavior regard ing the  modes w i t h  which they 
c u r r e n t l y  have a choice, i .e., t h e  Quandt-Baumol (12) - abst rac t  mode approach. 

Since a d i r e c t  approach us ing  pas t  f r e i g h t  p i p e l i n e  experience was no t  poss ib le ,  

(2) Hartwig, J. and W. L in ton,  "Disaggregate Mode Choice Models o f  I n t e r c i t y  F r e i g h t  
Movement", Unpublished Master ' s  Thesis , Transpor ta t ion  Center, Northwestern 
Un ive rs i t y ,  1974. 

(10) Zandi, I., "Future o f  Pipel ine--Beyond L i q u i d  and Gas", Proceedings o f  t h e  F i f -  
teenth  Annual Meeting, Transpor ta t ion  Research Forum, Richard B. Cross, Oxford, 
Indiana, 1974, pp. 187-193. 

(11) Kim; K.S., " A  Review o f .Prac t ica1  Experience w i t h  S o l i d  P ipe l ines" ,  Proceedings 
o f  t he  F i f t e e n t h  Annual Meeting Transpor ta t ion  Research Forum, Richard €3. Cross, 
Oxford, Indiana, 1974, pp. 371-380. 

Theory and Measurement", Journal  o f  Regional Science, Vol. 6, 1966, pp. 13-26. 
(12) Quandt, R. and W .  Baumol, "The Demand f o r  Abs t rac t  Transpor ta t ion  Modes: 
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It must be noted that whether a demand for a freight pipeline is obtained 
(traffic generation and new location decisions aside) depends (1) on whether a suffi- 
cient traffic volume exists and ' ( 2 )  on whether the pipeline can competitively attract 
a sufficient amount of that traffic. Thus, if an insufficient freight traffic volume 
exists to sustain a pipeline, (2) becomes superflous. 

The Flow Data 

The first task was to determine what freight traffic volumes now exist. Since 
a pipeline would flow from point to point, disaggregate flows on a geographical basis 
were desired, where possible. 
be physically impossible for some items to go through a pipeline. Therefore 
desirable to obtain data on freight tra,ffic volumes as disaggregated as much 

Due.to size or,special ,handling requirements 

possible by commodity codes in order to eliminate STCC (Standard Transportat 

t will 
it was 

as 
on Com- 

modity Code) codes from the freight traffic data which had physical limitations such 
as to preclude movement by pipeline. 

any generally consistent 'form. The Peat, Marwick, Mitchell data (gathered for the 
Reebie study (8) are presented only in terms of total flow of containerizable pro- 
ducts. Apparently these data were once in a form disaggregated by commodity (at 
least on the DOT multiregional input-output level), and it seems that once a product 
was associated with a containerizable class, its STCC commodity code identification 
was dropped. 
of containerizable commodities were maintained. 

Whitten (13) - and were brought up to date.*in,Reebie (E). This situation has not im- 
proved much since 1968, although the lPeat, Marwick, Mitchell data could have been a 
basic improvement had the commodity code,identification not been lost. 
sources of data differ with respect to their coverage -- both in terms of commodity 
detail and geography.' Some,freight transportation modes arestbetter covered than 
others. 
while other data give the reverse. 

vided by the 1% Rail Waybill currently'administered by U.S. DOT. 

Freight transportation volume data for the U . S .  are not readily available in 

Thus, commodity specific data were erased and only general aggregations 

The problems of,finding consistent flow data for the U.S. were documented in 

Existing ' 

Some data give comprehensive information on origins but not on destinations, 

Data which are the ,most consistent,for a freight transportation mode are pro- 
These data are 

(13) Whitten, H., ed., Transport Flow Data: Proceedings of the National Transpor- 
tation Flow Statistics Forum, The Transportation and Logistics Research Center 
The American University, Washington, DC, 1968. 
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a v a i l a b l e  on a f i v e  d i g i t  commodity l e v e l  (which i s  q u i t e  disaggregate) and on a 
s t a t e - t o - s t a t e  basis.  There a r e  dangers i n  expanding t h e  1% w a y b i l l  up t o  an e s t i -  
mate o f  complete enumeration s i n c e  t h e  w a y b i l l  i s  n o t  s t r i c t l y  a 1% sample. These 
and o t h e r  problems i n  t h e  w a y b i l l  were descr ibed by Banks (14) i n  t h e  Burden Study. 
Noted was t h a t  as t h e  degree o f  d isaggregat ion was increased f o r  geographical and 
commodity data,  t h e  lower t h e  conf idence which could be placed on e x t r a p o l a t i o n s  of 
f lows from t h e  1% sample. 
on F l a t  Car/Container on F l a t  Car) movements (somewhat l e s s  than 5% o f  r a i l  car load-  
ings) ,  t h e  1% w a y b i l l  sample i s  i n c l u s i v e  o f  a l l  commodities. 
an impor tan t  one. 

s t a t e  data f o r  i r o n  ore  i n  a study of commodity f lows done f o r  U.S. DOT (E), - one 
found an est imated complete enumeration o f  a y e a r l y  f l o w  o f  i r o n  ore  from Minnesota 
t o  I l l i n o i s  which would exhaust t h e . y e a r l y  capac i ty  o f  t h e  I l l i n o i s  Steel  works com- 
p l e x  (exc lus ive  o f  Lake movements o f  i r o n  o r e )  several  t imes over.  
magnitude o f  commodity t rans-sh ipped t o  waterway i n  I l l i n o i s .  
made o f  complete enumeration data der ived  from t h e  1% w a y b i l l  sample f o r  i n d i v i d u a l  
r a i l r o a d s  w i t h  t h e  q u a r t e r l y  commodity s t a t i s t i c s  (QCS) r e p o r t s  ( t r u e  enumerations) 

Nevertheless, w i t h  t h e  except ion o f  TOFC/COFC ( T r a i l e r  

This  data source i s  

Using s t a t e - t o -  However, t h e  authors must express c a u t i o n  i n  us ing t h e  data.  

Mor was t h i s  

When a comparison was 

o f  those r a i l r o a d s ,  e r r o r s  o f  over  100% were found f o r  some c a r r i e r s .  

a v a i l a b l e .  
t h a t  these are  a v a i l a b l e  f o r  p u b l i c  consumption. 

Ra i l road TOFC/COFC.movemenls on an o r j g i n - d e s t i n a t i o n  bas is  were n o t  
While t h e  FRA-Reebie study (8) - apparent ly  has such data, i t  

, 

pub1 i c l y  
s n o t  c l e a r  

The bes t  sources o f  mult imodal f r e i g h t  t r a f f i c  data were found t o  be t h e  t h r e e  
Census o f  Transpor ta t ion  (1963, 1967, 1972) taken t o  date. This  data inc ludes  
a l l  t r a n s p o r t a t i o n  modes except p i p e l i n e  (and express, e t c . ) .  
f o r t u n a t e  l a c k  of commodity coverage i n  t h e  Census. Only t h e  manufactur ing STCC's 
(20-39) were covered and then o n l y  i f  t h e  movement was from a manufactur ing p o i n t .  
Any movement o f  manufactured goods from a warehouse o r  a d i s t r i b u t i o n  p o i n t  (a  move- 
ment most l i k e l y  by t r u c k )  was excluded. A lso excluded were l o c a l  movements (de f ined 
as o r i g i n a t i n g  and t e r m i n a t i n g  w i t h i n  t h e  same munic ipa l  boundaries o r  as te rmina t ing  
w i t h i n  25 m i l e s  o f  t h e  o r i g i n ) .  

There was an un- 

(14) - Banks, R.L. and Associates, "An Es t imat ion  o f  t h e  D 
Revenue C o n t r i b u t i o n  by Commodity Groups and Type o 
Washington, DC, f o r  t h e  USDOT, October, 1972. 

s t r i b u t i o n  o f  t h e  R a i l  
R a i l  Car, 1969", 

(15) U.S. DOT, "The Future Market f o r  R a i l  Transpor t  i n  the  Northeast" ,  O f f i c e  o f  
Pol i c y  and Plans Development, TPI-30, Washington, DC, 1973. 
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The l a t t e r  exc lus ion  was n o t  d i s t u r b i n g  f o r  purposes o f  t h e  f r e i g h t  pipe1 
study s ince t h e  goal h e r e i n  was t o  i n v e s t i g a t e  an i n t e r c i t y  f r e i g h t  p i p e l i n e .  
ever, t h e  l a c k  o f  coverage of ,the raw m a t e r i a l  movements (STCC l - l 8 - - p r i m a r i l y  

STCC 19 i s  ordnance) and the  l a c k  

ne 
HOW- 

a g r i c u l t u r a l  products and products o f  mines, 
coverage o f  scrap and waste and of con ta ine r  
important.  Since i t  i s  poss ib le  t o  env i s ion  
and manufactured products, e.g., a s l u r r y  o f  

o f  
zed movements ( S T C C ' s  40-46) was most 
compatible movements o f  raw mate r ia l s  
coal  as the  mode o f  conveyance f o r  a 

capsule, i t  would have been d e s i r a b l e  t o  have a l l  poss ib le  commodity f l o w  informat ion.  
However, f lows o f  unprocessed products were n o t  a v a i l a b l e  f rom the Census. 
Census o f  T ranspor ta t i on  w i l l  r e c t i f y  t h i s  commodity coverage d i f f i c u l t y  w i t h  r e -  
spect t o  raw mate r ia l s .  

s t r u c t i o n  o f  an o r i g i n - d e s t i n a t i o n  (0-D) m a t r i x  w i t h  25 o r i g i n s  and 59 d e s t i n a t i o n s  
( t h e  1972 tapes al lowed 27 o r i g i n s ) .  The 25 o r i g i n s  were dubbed produc t ion  areas 
and were SMSA's (Standard Metropol i t a n  S t a t i s t i c a l  Area) o r  combinations o f  SMSA's 
(e.g. t he  Ph i l ade lph ia  p roduc t ion  area was the  f i v e  county Ph i l ade lph ia  SMSA, t he  

Thus 
the  o r i g i n s  and d e s t i n a t i o n s  were much broader i n  scope than t h e  names a t t r i b u t e d  
t o  them i n  row and column headings o f  mat r ices .  The'59 d e s t i n a t i o n s  inc luded t h e  
25 o r i g i n s  p lus  25 o t h e r  p roduc t ion  areas p l u s  9 reg iona l  c a t c h a l l s .  The d e s t i n a t i o n  
l i s t  was thus exhaust ive o f  t he  country;  t h e  o r i g i n  l i s t  was n o t  however--but d i d  
cover the  major o r i g i n s  o f  t r a f f i c .  

d e t a i l  was up t o  5 d i g i t  STCC), by mode and by shipment size .  However, t he  same 
l e v e l  o f  d e t a i l  was t a v a i l a b l e  fo r  each produc t ion  area. For l a r g e  and d i ve rse  
produc t ion  areas (e 
s ide rab le  commodity coverage and q u i t e  a number o f  f i v e  d i g i t  commodities were l i s t e d .  
Small and- l e s s  d i v e r  
d i g i t  STCC's r e p o r t e  

elements i t  was necessary t o  aggregate commodities. ' P r e c i s i o n  was- l o s t ;  o'f course, 

The 1977 

+ 

P u b l i c  a v a i l a b i l i t y  o f  tapes f o r  t he  1967 Census o f  T ranspor ta t i on  enabled con- 

. *  . \  1 

Trenton (NJ) SMSA, and t h e  t h r e e  county Wilmington (Del . )  SMSA). 

An o r i g i n - d e s t i n a t i o n  m a t r i x  cou ld  have been cons t ruc ted  by commodity (commodity 

,' Phi ladelphia; Chicago, Los Angeles) the re  was a v a i l a b l e  con- 

product ion- areas (e.g., Denver, A t l a n t a )  had o n l y  a few two 
. ,  

Thus, t o  o b t a i n  an o r i g i n  d e s t i n a t i o n  m a t r i x  w i t h  a minimum number o f  zeros 

i n  the  course o f  aggregation. 
and many of these would be i n , c e l l s  i n  which t h e  t r u  

inc luded i n  a h igher  l e v e l  o f  aggregat ion because i t , w a s  smal l  o r  t o  assure t h a t  
i nadve r ten t  d i s c l o s u r e  o f  p r i v i l e g e d  data was n o t  made. 

The Census data was found t o  present o t h e r  d i f f i c u l t i e s  which may c a s t  doubt on 
i t s  r e l i a b i l i t y .  Comparing n a t i o n a l  complete enumerations o f  QCS r a i l  data w i t h  t h e  
complete r a i l  enumerations est imated from the  Census on a commodity-by-commodity 

On a disaggregate level-many zeros would be repo r ted  
eading was n o t  zero, b u t  was 

" , ,  
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bas is  y i e l d e d  Census est imates o f  from 25% t o  400% o f  ac tua l  (QCS) t o t a l s .  
d i f f i c u l t i e s  e x i s t  w i t h  respec t  t o  t h e  Census o f  Transpor tat ion.  
l i n e d  i n  Crecine, Moses, and Stucker (E). 

f o r  25 by 59 o r i g i n - d e s t i n a t i o n  p a i r s ,  and a t  t h e  t h r e e  d i g i t  STCC commodity code 
l e v e l  o f  aggregation. 
screen on " p i p e l i n e a b i l i t y "  (l7), b u t  a l s o  met c e r t a i n  p r e r e q u i s i t e s  w i t h  respec t  t o  
t h e  number o f  product ion areas where observat ions e x i s t e d  and where percent  o f  goods 
shipped was over 100 mi les.  The mic ro  demand a n a l y s i s  ( t o  be discussed below) con- 
cent ra ted  on these commodities. These mat r ices  s h a l l  be discussed below. 

Some at tempt  could be made t o  f i l l  i n  some o f  t h e  data gaps from t h e  Census o f  
Transpor tat ion.  That i s  t h e  R a i l  1% Waybi l l  covered t h e  raw m a t e r i a l  and scrap 
STCC's. 
c i t i e s  (some o f  which--but n o t  a l l - c o i n c i d e d  w i t h  t h e  Census' 25 produc t ion  areas) 
f o r  f r e s h  f r u i t s  and vegetables. 
f requent ly  i d e n t i f y  count ies where products a r e  grown i n  a s ta te ,  and hence l i k e l y  
o r i g i n s  can be determined. 
t u r a l  exemption. 

t h e  1% R a i l  Waybi l l .  Truck i n f o r m a t i o n  was non-ex is tent  except f o r  some l o c a l  area 
s tud ies  (Beuthe, (El), Iowa S t a t e  U n i v e r s i t y ,  (19)). 
does prov ide  p o r t  in format ion on a commodity basis;  however, t h e  o r i g i n a l  o r i g i n  o f  
a movement was n o t  given, nor  was t h e  u l t i m a t e  d e s t i n a t i o n .  The USDA d i d  n o t  t r a c k  
g r a i n  movements. As discussed below, some surmis ing was done w i t h  t h e  data as a v a i l -  
able.  

Other 
These were ou t -  

Despi te  these d i f f i c u l t i e s ,  d u r i n g  t h i s  study, n i n e  matr ices were produced, each 

These matr ices r e f l e c t e d  commodities which passed t h e  phys ica l  

Department o f  A g r i c u l t u r e  (USDA) data shows o r i g i n  by s t a t e  t o  41 d e s t i n a t i o n  

An i n v e s t i g a t i o n  o f  t h e  Census o f  A g r i c u l t u r e  can 

Many o f  these products move by t r u c k  due t o  t h e  a g r i c u l -  

There was very l i t t l e  systemat ic i n f o r m a t i o n  on g r a i n  t r a f f i c  volumes except f o r  

The Army Corps o f  Engineers 

The Department of I n t e r i o r ,  Bureau of Mines (20) produces o r i g i n  d e s t i n a t i o n  

(16) - Crecine, J., L. Moses, J. Stucker, "The Census of Transpor tat ion:  An Evalua- 
t i o n " ,  T ranspor ta t ion  Research Forum Papers, Richard B. Cross, Oxford, Indiana, 
1966, pp. 87-105. 

(17) Gimm, K.K.,"Inter and I n t r a  Urban F r e i g h t  Transpor ta t ion  Via P ipe l ine" ,  Ph.D 
D i s s e r t a t i o n ,  i n  C i v i l  and Urban Engineering, U n i v e r s i t y  of Pennsylvania, P h i l a -  
de lph ia,  Pennsylvania, 1976. 

(E) Beuthe, M. , "A P r e d i c t i v e  Model of Regional Demands f o r  F r e i g h t  Transpor tat ion" ,  
Journal  of Regional Science, Vol. 12, #1, 1972, pp. 85-94. 

(19) - Iowa S t a t e  U n i v e r s i t y ,  An Economic Analys is  o f  A1 t e r n a t i v e  Grain Transpor ta t ion  
Systems: A Case Study, prepared f o r  t h e  .Department o f  Transpor tat ion,  Federal 
Ra i l road Admin is t ra t ion ,  Washington, DC, November, 1973. 

(20) U.S. Department of I n t e r i o r ,  Bituminous Coal and L i g n i t e  D i s t r i b u t i o n  ,Calendar 
Year 1974, Bureau o f  Mines, D i v i s i o n  o f  F o s s i l  Fuels, Washington, DC, Ap r i l  18, 
1975. 
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i n fo rma t ion  f o r  bi tuminous coal  and l i g n i t e  movements. 
and des t i na t i ons  and are  a l l  s ta tes  (except f o r  Louis iana f o r  some reason). These 
movements were a l s o  g iven by mode. 

Engineers, (a) cooperated t o  produce a r e p o r t  on the  i n t e r n a l  o r i g i n  o f  U.S .  expor ts  
and i n t e r n a l  d e s t i n a t i o n  o f  U.S. imports f o r  t he  year  1970. B a l f e  e t . a l .  (22)  have 
cas t  some doubt as t o  the  u t i l i t y  o f  t h i s  data. 

Or ig ins  are 23 de f ined areas 

F i n a l l y  t h e  U.S. Department o f  Commerce, t h e  U.S. DOT, and t h e  Army Corps o f  

F i r s t  Cuts w i t h  the  Flow Data 

Because the  f l o w  data were i n  very rough form, a study approach was t o  examine 
t h e  Reebie s tudy (€3) f low data. The Reebie f r e i g h t  t r a f f i c  volume data were repor ted  
between ,130 o r i g i n s  and des t i na t i ons  i n  40 foo t  t r a i l e r  equiva lents .  
des t i na t i ons  were OBE (Off ice o f  Business Economics-U.S. Department o f  Comerce) 

These o r i g i n s -  

reg ions o r  t h e i r  aggregates and were b a s i c a l l y  exhaust ive o f  t h e  whole country.  The 
name of a pr imary c i t y  designated a p a r t i c u l a r  reg ion.  

t he  1% R a i l  Waybi l l ,  a specia 
COFC survey o f  t h e  r a i l r o a d s ;  t h e  Census o f  Transpor tat ion;  t h e  f r e s h  f r u i t s  

The Reebie f l o w  data were b u i l t  up from: 

vegetables data f rom the  Department o f  Ag r i cu l tu re ;  Post O f f i c e  Department f 

TOFC/ 
and 
ow i n -  

format ion;  and a spec ia l  survey on the  i n l a n d  o r i g i n  and d e s t i n a t i o n  of U.S.’exports 
and impor ts  ( f o r  1970). Th is  d i d  not,  however, represent  the  U.S. un iverse of f r e i g h t  
shipments. 
l a t i o n  o r  manufactur ing employment. 
t o  the  year  1971 s ince  o r i g i n a l l y  they were f rom var ious sources and based on d i f f e r -  
ent years. 

The Reebie study (8) f low data were those which were dubbed as prime o r  s u i t a b l e  
con ta ine r i zab le  by prev ious Mar i t ime Admin i s t ra t i on  s tud ies.  Marginal  and unsu i tab le  
f l o w  data were excluded from- t h e  data base. 

F r e i g h t  t r a f f i c  f lows were a l l o c a t e d  t o  reg ions by each r e g i o n ’ s  popu- 
These f r e i g h t  t r a f f i c  data were then normal ized 

I n  consu l ta t i on  w i t h  the  P i p e l i n e  Technology Group o f  t h i s  p r o j e c t ,  i t  was de- 
c ided t h a t  a f t e r  the  exc lus ion  o f  per ishab le  products,  90 percent  o f  those products 

I 

(21) - Domestic and In te rna t i ona l ’  T ranspor ta t ion  o f  U;S. Fore ign Trade: 1970, U.S. 
- DOC, B u r e a y o f  t h e  Census,’U.S. DOT, O f f i c e  o f  t h e  Secretary,  Department of 

t h e  Army, Corps of Engineers, Washington, USGPO, 1972. 

(22) Balfe, M., R. Heilmann, J. Johnson, and W .  Wendling, “ L i m i t a t i o n s  o f  P o l i c y  
Formulat ion w i t h  Imperfect  In fo rmat ion :  A Case Study w i t h  Respect t o  the  
Great ’  Lakes”, Mimeo, U n i v e r s i t y  o f  Wisconsin, Milwaukee, Wisconsin Sea Grant 
Program, 1975. 
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which were pr ime o r  s u i t a b l y  c o n t a i n e r i z a b l e  were l i k e w i s e  pr im u i t a b l e  f o r  
The o r i g i n - d e s t i n a t i o n  f l o w  data prov ided by t h e  Reebie study (E) pre-  p i p e l i n e .  

sented a percentage of per ishab le  products thus making it poss ib le  t o  s t a t e  f r e i g h t  
t r a f f i c  volumes i n  terms o f  non-per ishable commodities. 
maining t o t a l  f r e i g h t  t r a f f i c  volume was used as the  rough approximat ion o f  t h e  
p o t e n t i a l  f r e i g h t  p i p e l i n e  t r a f f i c .  

and minera ls  (STCC's 10, 11, and 14) which were considered t o  be prime candidates 
f o r  p i p e l  i neabl e commodities. 
f lows and p u t  them i n t o  t h e  Reebie Study format.  Since most o f  t h e  products which 
move any apprec iab le d is tance go by r a i l  and/or barge and s ince  r e l i a b l e  data o n l y  
e x i s t e d  f o r  r a i l  (except f o r  c o a l )  , a r a i l  o r i g i n - d e s t i n a t i o n  m a t r i x  was const ructed 
f rom t h e . l %  Waybi l l  samp'le. 
the  Department. o f  I n t e r i o r  as a check f o r  consistency. 

t o  concentrate on t h e  Nor theast  and Midwest s t a t e s - - b a s i c a l l y  the 17 s t a t e  area from 
Maine t o  Maryland. and West V i r g i n i a ,  ,th.e s t  V I  along t h e . 0 h i o  v e r  and UP t h e  
M i s s i s s i p p i  R iver  to'encompass I l l i n o i s :  e ana lys is  focused n 45 of t h e  Reebie 
s tudy 's  (8) 130 areas and thereb l i m i n a t e d  t h e  d i f f i c u l t y  of dea l ing  w i t h  an un- 
w ie ldy  130 by 130 m;&ix. Th is  d e c i s i o n  was a l s o  due t o  t h e  f a c t  t h a t  a p r i o r i  
evidence was availab1.e from prev ious personal  work o f  the.aut t iors  w i t h  t h e  Census of 
Transpor ta t ion  which showed t h a t  c e r t a i n  h i g h  f r e i g h t  t r a f f i c  d e n s i t y  c o r r i d o r s  
e x i s t .  

o r  OBE reg ions which bear t h e  names o f  c i t i e s ,  a hypothe t ica l  p i p e l i n e  running a long 
two h i g h  f r e i g h t  t r a f f i c  d e n s i t y  c o r r i d o r s  i n  t h e  Nor theast  and Midwest s t a t e s  con- 
n e c t i n g  18 major  c i t i e s  was assumed f o r  ana lys is .  The f i r s t  assumed p i p e l i n e  r o u t e d  
f rom Chicago, through Gary, South Bend, Toledo, ( w i t h  a spur t o  D e t r o i t ) ,  Cleveland, 
Akron, Youngstown, P i t tsburgh,  Johnstown, Harr isburg,  and Ph i lade lph ia  t o  New York. 

Ninety  percent  o f  the  r e -  

However, the  Reebie s tudy  (8) data d i d  n o t  take  i n t o  account f lows o f  ores, coal ,  

Consequently , i t  was necessary t o  determi ne these 

Th is  was compared w i t h  t h e  coal  f l o w  data der ived  f rom 

. I t  was. decided t h a t  t h e  i n v e s t i g a t i o n  o f  t h e  Reebie study (8) data would be used 

-. 

Since t h e  o r i g i n  d e s t i n a t i o n  data was c o l l e c t e d  on t h e  bas is  o f  p roduc t ion  areas 

The second assumed p i p e l i n e  rou ted  f rom S t .  Louis,  through Ind ianapo l is ,  Dayton, 
Columbus, Wheeling, and then on t o  P i t t s b u r g h  t o  j o i n  w i t h  the  o ther  l i n e  (See Map 1) .  

I n  one ana lys is  data were examined f o r  o n l y  
the  18 c i t i e s  a c t u a l l y  on t h e  assumed p i p e l i n e  network. Thus an 18 by 18 f l o w  m a t r i x  
was made o f  f r e i g h t  t r a f f i c  volumes both o r i g i n a t i n g  and t e r m i n a t i n g  i n  the  18 areas. 
Th is  ana lys is  ( i n i t i a l l y )  excluded minera ls  and ores. 
l e s s  per ishab le  goods, was const ructed (shown i n  Table I )  and the  e n t r i e s  m u l t i p l i e d  

by .9 ( t h e  est imate o f  the  non-per ishable c o n t a i n e r i z a b l e  goods t h a t  were assumed 
p i p e l i n e a b l e ) .  The conta iner  equ iva len ts  were then m u l t i p l i e d  by 17.75 tons. Th is  

Data were analyzed i n  severa l  ways. 

A f l o w  m a t r i x  o f  conta iners,  

d 
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Map 1. Hypothetical Pipeline Network 

St. 
Loui 
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equivalence was der ived from t h e  average o f  t h e  weights g iven i n  a f low of con- 
t a i n e r s  f rom New York g iven 

The weight o f  many o f  t h e  conta iners  g iven i n  Reebie study r e p o r t  ( 8 )  was 
22 tons/conta iner  a l though o ther ,  lower  weights, o f  course, e x i s t .  A weighted 
average over  a l l  commodities cou ld  have been used, b u t  t ime precluded i t s  c a l c u l a -  
t i o n .  
40 f o o t  con ta iner  based on the  New York sample was deemed adequate. 

t o  y i e l d  tonnages). 
as were flows between areas v i r t u a l l y  contiguous, e.g. , Chicago-Gary, Akron- 
Youngstown, x. 
y, e.g., Youngstown t o  South Bend. 
assumed t h a t  they would n o t  move by p i p e l i n e  due t o  c i r c u i t y ,  z, i n  t h e  network 
presented here in,  e.g., Chicago-St. Louis .  

expor ts  and impor ts  o f  t h e  r e s p e c t i v e  c i t i e s ,  b u t  o n l y  those expor ts  ( impor ts )  
t o  (from) the  o t h e r  17 c i t i e s .  Since 112 o t h e r  p o s s i b l e  expor ters / impor ters  e x i s t ,  
these f lows cou ld  be small  r e l a t i v e  t o  t h e  t o t a l  a c t i v i t y  o f  the  area. However, 
s ince  these areas were r e l a t i v e l y  c l o s e  t o  one another and were some o f  the  
l a r g e r  popu la t ion  centers,  a g r a v i t y  model hypothesis would l e a d  t o  the  conclus ion 
t h a t  f a i r l y  h i g h  f r e i g h t  t r a f f i c  volumes occur between these areas. 

network us ing  the data f rom Table I (conver ted t o  tons) .  
w i t h  t h e  h ighes t  f r e i g h t  t r a f f i c  volume on l i n e  one was between Akron and Cleveland 
w i t h  an est imated f l o w  o f  9.8 m i l l i o n  tons o f  p o t e n t i a l l y  p i p e l i n e a b l e  products.  
The eastbound 1 i n k  w i t h  t h e  h ighes t  f r e i g h t  t r a f f i c  volume was between Har r isburg  
and Ph i lade lph ia  where 16.2 m i l l i o n  tons p e r  year  were moved. 
a much lower  volume o f  f r e i g h t  i f  t r a f f i c  were cons t ra ined t o  o n l y  the  network 
c i t i e s .  
i n  Network One. The westbound l i n k s  generated even l e s s  f r e i g h t  t r a f f i c  volume. 

n the  Reebie s tudy (8) r e p o r t .  

From the  p o i n t  o f  view o f  making a p r e l i m i n a r y  est imate,  t h e  17.75 tons/ 

These flows are  shown i n  Table I. (They must be m u l t i p l i e d  by .9 x 17.75 
Note t h a t  i n t r a - a r e a  f l o w s  were excluded ( t h e  main diagonal-x) ,  

I n  some cases the  Reebie s tudy (8) data showed no f lows e x i s t i n g  - 
I n  o t h e r  cases, f lows do occur, b u t  i t  was 

The sums o f  the  rows and columns of Table I d i d  n o t  represent  the  t o t a l  

Table I 1  shows t h e  l o a d i n g  on t h e  var ious  l i n k s  o f  the  hypothe t ica l  p i p e l i n e  
The westbound l i n k  

L ine  two had 

No eastbound l i n e  generated t h e  f r e i g h t  t r a f f i c  volume as the  l e a s t  l i n k  

The p o t e n t i a l  magnitude o f  these f lows can be p u t  i n t o  
c a p a c i t y  o f  a 60" diameter p i p e l i n e  was est imated a t  7 m i l l  
per  year .  Route one exceeded t h a t  c o n s t r a i n t  on many l i n k s  
I n  a d d i t i o n ,  the  Technology Group r e p o r t e d  t h a t  f o r  f r e i g h t  
and westbound) t o t a l l i n g  14 m i l l i o n  tons p e r  year,  the  c o s t  
1.6&. Such costs  would make the  p i p e l i n e  l i n e - h a u l  cos t  COI 

perspect ive.  The 
on tons i n  each d i r e c t i o n  
(see Table 11). 
t r a f f i c  f lows (eas t  
per  ton-mi 1 e approached 

p e t i t i v e  w i t h  those f l  
f o r  r a i l  movements. 
b e t t e r  than those f o r  r a i l  o r  t ruck ,  t h e  f r e i g h t  p i p e l i n e  cou ld  stand an e x c e l l e n t  

If the speed, r e l i a b i l i t y ,  loss and damage costs  performed W 



Table I .  Conta iner izable Flows f rom 18 O r i g i n s  t o  18 Dest ina t ions  
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Toledo 25134 6382 2650 x X 35389 22320 19442 28069 1925 6717 11823 21689 z z Z 

Cleveland . 31833 15801 4066 16227' 79982 x 44110 48419 24211 y 5872 2888s 55575 z z z z z 
17529 6298 1578 14369. 43556 40529 x X 10849 861 3527 17033 28623 z z Z z ,z  

town 15497 6587 y 6532 21206 32251 x X 45928 y 4277 15558 20281 z z z z z 

- 
z , z  v S 0 S L  3 
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7 .r 
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Origin 

Chicago x . x 13268 13238 72186 24391 12084 9696 14208 y 5565 28578 104184 z z z Z 1381 

South 
X Z '  z 729 y 4499 z z 

z 14571 
D e t r o i t  68614 45524 17076 x X 50936 22769 15366 18257 y 2309 24331 96875 z z z Z 71 28 

Akron 
Youngs- 

Pitts- 
burg  19870 9410 y 5559 22607 27375 11960 28006 x 2348 12418 81772 113785 6724 y 7111 4018 x 
Johns- - 

town ,_ 4239 1059 y y 1436 2101 y 2218 y X 3182 8971 11661 654 860 y y y 
Harris-  
burg ~ 5232 2535 y 1360 4539 21C8 6605 1674 27458 10084 x 66316 77323 1000 y 655 Y Y 
Phila.  34920 9476 y 5688 -28859 30390 11482 10427 88458 8412 39'79 x 64954 8774 5651 10i97 8763 4027 
New York 81356 21132 1880 6902 37744 19721 4483 3398 53989 3275 18653 117921 x 16537 4978 6051 7935 4146 
S t .  Louis z z z z "Z Z z z 4360 y 868 8145 16366 Y 10017 3891 2313 y 
Indian- 
a p o l i s  z z z z z Z Z z 6607 y 1499 13865 17583 16521 x 6014 l O l t  1515 
Dayton z z z z z z z 2 9612 y 5418 16101 25283 5646 9547 x 21834 7332 
Columbus z z z z z Z z 2 8618 y 6505 14454 20839 3037 y 9452 x 3791 
Mheeling 4529 2712 y 4876 6334 2 z X Y 1262 1C692 18159 1414 y 2484 2506 x 

x - no movement reported because of  close proximity 
y - no f l o w s  recorded 
z - no movement reporte because o f  c i r c u i t y .  

Source: Calculated by the authors  from Reebie (8) 
* Conversion t o  tonnage by multiplying by .9 x 17.75 

L I 



Table I1 

Tonnage Flows on Links of Hypothetical Network 
(Assumes that only netwcrrk cities can originate and terminate traffic) 

Link 
Chi cago-Gary 
Gary-South Bend 
South Bend-Toledo 
To1 edo-C1 evel and 
C1 evel and-Akron 
Akron-Youngstown 
Youngstown-Pi ttsburg 
Pi ttsburgh-Johnstown 
Johnstown-Harrisburg 
Harrisburg-Philadel phia 
Phi lade1 phia-New York 

Westbound 

5 , 31 9,467 
7,640,156 
7,396,888 
9,670,866 
9,775,757 
8 , 348 , 727 
7,757,971 
9,477,265 
9,624,267 
9 , 546 , 388 
6 , 552 , 961 

St. Louis-Indianapolis 942 , 365 
Indianapol is-Dayton 1,037,081 
Dayton-Col umbus 1,358,210 
Columbus-Wheeling 1,540,137 
Wheel ing-Pittsburgh 1,965,899 

Source: Calcu,lated from Table I and Reebie - (8). 

East bound 

4,801,766 
7,110,856 
6,975,979 
11,232,054 
12,636,672 
11,786,179 

14,808,585 
15,106,998 
16 , 189,384 
11,720,665 

11,555,755 

734,211 
1,342,571 
2,552,438 
3,015,457 
3,552,952 
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chance of a t t r a c t i n g  a s i g n i f i c a n t  share o f  the  assumed market (see below). 

18 areas l oca ted  on the  two assumed p ipe l i nes .  F r e i g h t  movements which e i t h e r  
o r i g i n a t e  and/or te rmina te  i n  areas n o t  on the  l i n e  may s t i l l  use the  p i p e l i n e  
f o r  a p o r t i o n  o f  t h e i r  haul ,  e.g., a movement f rom Milwaukee ( o r  Sea t t l e )  t o  
Ph i lade lph ia  may come t o  Chicago t o  be t rans-sh ipped onto the  p i p e l i n e .  
a movement f rom Milwaukee t o  Ba l t imore  cou ld  i nvo l ve  Milwaukee t o  Chicago access, 
l i n e  haul by p i p e l i n e  f rom Chicago t o  Harr isburg,  and egress Har r isburg  t o  Bal t imore.  

Assuming t h a t  t rans-shipment was p h y s i c a l l y  poss ib le  ( rese rv ing  judgement on 
the  economics f o r  a moment), two approaches were taken: 
a l lowed f o r  l ong  haul moves on the  p i p e l i n e  system w i t h  a m a j o r i t y  o f  movements 
e i t h e r  o r i g i n a t i n g  o r  t e rm ina t ing  on the  system, wh i l e  the  o ther ,  l e s s  r e s t r i c -  
t i v e ,  approach a l lowed almost any east-west move, which d i d  n o t  i nvo l ve  absurd 
rou te  c i r c u i t y ,  t o  e n t e r  the  system. 

t i n g  i n t r a - r e g i o n a l  shipments i n  a 45 by 45 northwestern corner  o f  the  ma t r i x .  
Added eastward t o  the  45 by.45 submatr ix was a 45 by 85 submatrix represent ing  
the  expor ts  by the  45 areas i n  the  s tudy reg ion  t o  the  85 areas ou ts ide  o f  t he  
study reg ion .  
represent ing  the  impor ts  ko the.45 areas i n  the  s tudy reg ion  from the  85 areas 
ou ts ide  o f  t he  s tudy region. 
here).  
shipments which i n  no way invo lved  the  study reg ion  o r  those movements f l o w i n g  
through the  s tudy reg ion.  

Using t h e  more r e s t r i c t i v e  approach f o r  t rans-shipment and t r a n s l a t i n g  the  

conta iner  equ iva len ts  t o  tonnages (17.75 x .9) f o r  each l i n k ,  y i e l d s  Table 111. 
As can be seen, t h e  t r a f f i c  on the  l i n k s  jumped apprec iab ly .  The westbound l i n k  
w i t h  the  h ighes t  f r e i g h t  t r a f f i c  volume was between Johnstown and Har r isburg  w i t h  
19.3 m i l l i o n  tons per  year .  

However, i t  may be too  conf in ing  t o  l i m i t  the  p i p e l i n e ' s  se rv i ce  t o  j u s t  the  

O r  

one o f  the  approaches 

The f i r s t  s tep was t o  s e t  up a 130 by 130 i n v e r t e d  L-shaped m a t r i x  represen- 

Added souihward t o  the  45 by 45 submatr ix was an 85 by 45 submatrix 

(This  l a r g e  ma t r i x  i s  unwieldy and i s  no t  reproduced 
The remaining 85 by 85 submatr ix was n o t  completed s ince  i t  e n t a i l e d  

The same l i n k  had the  h ighes t  eastbound f l o w  o f  
35 m i l l i o n  tons per  year .  On rou te  two, the  S t .  Lou is - Ind ianapo l is  l i n k  had 
12.7 m i l l i o n  tons per  year  westbound, and the' Pi t tsburgh-Wheel ing l i n k  had 12 
m i  11 i o n  tons per  year  eastbound. Such' f r e i g h t  t r a f f i c  volumes were more than 
enough t o  absorb the  capac i ty  o f  t he  assumed p i p e l i n e  system descr ibed above. 

The l a s t  case was the  l e s s  r e s t r i c t i v e  t rans-shipment one (shown i n  Table I V ) .  
The maximum l i n k  westbound on r o u t e  one was Gary-South Bend w i t h  22.8 m i l l i o n  tons 
per  year; eastbound was Johnstown-Harrisburg w i t h  38.3 m i l l i o n  tons per  year .  
On rou te  two, S t .  Lou is - Ind ianapo l is  had 16.7 m i l l i o n  tons per  year  westbound and 
Wheel ing-Pi t tsburgh had 13.3 m i l l i o n  tons per  year  eastbound. 
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Q 
Table I11 

Tonnage Flows on Links of Hypothetical Network 
(Assuming Restrictive Trans-Shi pment) 

Eastb - Link Westbound 
Chi cago- Gary 
Gary-South Bend 
South Bend-Toledo 
To1 edo-C1 evel and 
C1 evel and-Akron 
Akron-Youngstown 
Youngstown-Pittsburg 
Pittsburgh -Johnstown 
Johnstown-Harrisourg 
Har ri s burg-P hi 1 adel phi a 
Philadelphia-New York 

St. Louis- Indianapol 
Indianapol is-Dayton 
Dayton-Columbus 
Columbus-Wheeling 
Wheeling-Pittsburgh 

is 

1 3,866 , 300 
17,244 , 165 
17,257,962 
19,038,286 
17,928,247 
16,126 , 938 
15,479,679 
19,121,068 
19,281,569 
1 5 , 989 , 233 
10,954,520 

und 
15,340,952 
18,266,837 
21 , 358,207 
24,454,146 
26,166,842 
24 , 963 , 733 
24,797,928 
34 , 737,669 
34,996,496 
31,238,377 
22,871,088 

- 

12,745,334 7 , 320,096 
1 1 , 632,851 8,735,450 
8,319 , 109 10,832,647 
6,541,842 10,701,956 
7,089 , 91 3 12,021,107 

Source : Calculated from non-perishable origin-destination matrix and 
Reebie (8). - 
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Table IV 

Tonnage Flows on Links o f  Hypothetical Network 
(Assumi ng Less Res tr i c t 1 ve Trans-s h i pmen t ) 

Link 
C h i ca go - Ga ry 
Gary-South Bend 
South Bend-To1 edo 
To1 edo-C1 eve1 and 
Cleveland-Akron 
Akron-Youngstown 
Y oungs town- P i t t s bu rg h 
Pittsburgh-Johnstown 
Johnstown-Harrisburgh 
Harr isburgh-Phi ladelph ia 
Philadelphia-New York 

- 

1 1  . ,... 

St. Louis-Indianapolis 
Indianapol i s-Dayton 
Dayton-Columbus 
Columbus-Wheeling 
Wheel ing-Pi ttsburgh 

West bound 
18,902 , 961 
22,841 , 550 
22,728,367 
20,445,316 
19,400,231 
17,645,713 
17,104,720 
21 , 366,466 
22,120,326 
17,423,692 
11,900,256 

. i  

16 , 746,400 
12,975,805 
13,917,116 
7,275,878 
8,667 , 620 

Eastbound 
15,710,070 
18,867,784 
22 , 604 , 704 
27,339,215 
26 , 922 , 747 
26,829,437 
26,458,050 
38 , 725 , 380 
38,252,712 
33,394,347 
23 , 537,392 

8,412,371 
9 , 385 , 041 
11,663,698 
11,341,083 
13,292,110 

/ 
Source: Calculated from non-perishable origin-destination matrix and 

Reebie (E). I .  

, .  

, '  . . . .  

I '  

. .  
. .  

' 8 ,  . 

. .  . 
.< . 
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A l t h o u g h  seasonality could be a problem when dealing w i t h  yearly flow da ta ,  , 

e.g. ,  i f  the eastbound flows occurred d u r i n g  one par t  of the year and the westbound 
flows at. another as opposed t o  balanced flows, i n  direction and time, the available 

expanding the 1% ra i l  waybill t o  represent complete enumeration 
which were not  feasible.  The comparison of estimated r a i l  comp 
QCS da ta  was also bothersome. Others have been skeptical a b o u t  
inport-export i n l a n d  destinations-origins d a t a  (see Balfe - -  e t .  a 

had 

data d i d  not  contain information on such seasonality. 
shown above d i d  p o i n t  o u t  a problem faced by a system us ing  containers/vehicles. 
eastbound flows dominated the westbound flows on many links by a ra t io  which i n  some 
cases approached 2 t o  1. This implied a potential empty backhaul problem for the con- 
tainer/vehicles. 
spect t o  t i m i n g  such t h a t  equipment would be fu l ly  ut i l ized,  the hypothesized network 
could carry a given amount of t r a f f i c  a t  a m i n i m u m  cost. 

However, the three scenarios 
The 

If  the flows were balanced with respect to  direction and with re- 

The authors were somewhat skeptical o f ' t he  above d a t a  base. Past experience w i t h  
produced flows 

e t e  enumeration w i t h  
the v a l i d i t y  of the 
:, - 2 2 ) ) .  I t  should 

be noted t h a t  real goods imports plus exports have ranged between 12 and 20 percent 
o f  the real goods, i . e . ,  excluding services, Gross National Product i n  recent years. 
Thus the imports-exports portion of the data base was not  nearly as important as the 
t o t a l l y  domestic p o r t i o n  of the d a t a  base. 
the domestic d a t a .  
for many commodity codes. 
t r a f f i c  for a given 0-0 pair were fortuitously on the h i g h  side,  then the cumulative 
effects  o f  such errors could be quite an overstatement. 
was also possible, o r  the errors could be countervailing ones. Based on Census of 
Transportation flows t h a t  were developed for this project,  the above flows seemed h i g h .  
However, i t  should be remembered that  the flows of  minerals and ores have n o t  been 
added. This shall be done below. 

zable f re ight ,  most of which was estimated t o  be pipelineable. 
tunately suffered from a lack of commodity de ta i l .  
i t  was apparently on a four  d i g i t  STCC basis. 
sector i n p u t - o u t p u t  code. 
i n  the' Reebie study (8) - and also commodity disaggregated was unheard of  u p  u n t i l  now. 
Unfortunately, i t  appears t h a t  once a commodity or port ion thereof was deemed t o  be 
pri'me or suitable w i t h  respect t o  containerizabili ty,  the total  containerizable was 
noted and the commodity identification discarded. This resulting lack of commodity 
identification made the modal s p l i t  task of th i s  project more d i f f i cu l t  as i s  ex- 
pl  ai  ned bel ow. 

Any controversy regarding the accuracy of 
The Census of Transportation contained large sampling v a r i a b i l i t y  

Thus, i t  was ent i re ly  possible t h a t  i f  a l l  estimates of 

Of course, an understatement 

The Reebie study (8) - d a t a  were a t t rac t ive  because they represented containeri- 

A t  one time i n  i t s  compilation, 
However, they unfor- 

A t  another juncture, i t  was in a 76 
Flow d a t a  on such a comprehensive geographical basis as  
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Nevertheless, t h i s  f i r s t  cut a t  the flow data yielded some "ball park" 
figures based on the best available d a t a  suggesting that  significant t r a f f i c  
flows which were plpelineable currently existed on an east  t o  west a x i s  from 
Chicago and S t .  Louis t o  New York. Other significant corridors could also ex is t ,  
e.g. , Cleveland, Erie, Buffalo, Rochester, Syracuse, Albany, Springfield, Boston, 
or an Eastern seaboard north-south corridor, Atlanta  t o  Boston. 
concentrated on the east-west corridor because i t  involved the largest  flows. 

This held true w i t h  regard t o  bo th  the res t r ic t ive  and less-restr ic t ive estimates 
( i n v o l v i n g  c i t i e s  n o t  on the network) and a l so  w i t h  regard to  the network c i t i e s  
(since the c i t i e s  are n o t  p o i n t s ) .  
serve a l l  of the t r a f f i c  postulated. Thus, the shipments would be brought  t o  
a pipeline f ac i l i t y .  
network will play a very important role i n  the competitiveness of  th i s  system 
vis-a-vis the existing modes. 

This study has 

The concept of trans-shipment loomed large in the above network analysis. 

The hypothesized network cannot direct ly  

The ease and cost  of  this access and egress t o  and from the 

The Reebie study (E) da ta  specifically excluded STCC's 10 (ores) ,  11 (coa l ) ,  
and 14 (minerals) as being non-containerizable. 
sidered t o  be pipelineable and currently represent the major flows of non-petroleum 

However, such commodities were con- 

movements by pipe1 ine. 
The f 

Department of the In te r ior ' s  Bureau of Mines (a) d a t a  on bituminous 
ni te  d i s t r i b u t i o n .  The second used the s ta te- to-s ta te  flows of STCC 
14 from the 1972 1% ra i l  waybill sample. 

Two attempts were made t c  add such flows t o  the analysis. r s t  used the 
coal and l i g -  
s 10, 11, and 

T h e  coal d a t a  were f o r  1974. These da ta  were used instead o f  1971 d a t a  (Reebie's 
d a t a  were normalized t o  1971) because coal flows have grown since 1971 and the intent 
was t o  determine the most up-to-date information on flows as possible. 

Inter ior ,  due t o  aggregation and omission,-i t  was possible to  identify 20 o r i g i n  
areas. 
48 contiguous s ta tes .  
l ign i te  was then constructed. 

s p l i t  information i s  given-by the Bureau of Mines). 
of coal (0-50 miles) were much too  short t o  be hauled by an interci ty  pipeline system 
and t h a t  movement by waterway was a competitor whose low price 2 .3$  per ton-mile 
would be d i f f i cu l t  t o  reach. 

points).  A l t h o u g h  a nont r iv ia l  amount of coal i s  currently trucked t o  a r a i l  or 

A l t h o u g h  23 coal producing regions were identified by the Department of the 

Destinations were given as s ta tes3and only Louisiana d a t a  was omitted of the 
A 20 by 47 origin-destination matrix for  bituminous coal and 

The matrix values were then shrunk t o  account for just ra i l  flows of coal (modal 
I t  was decided that  truck hauls 

The 20 coal m i n i n g  areas were assigned c i t i e s  on the network as o r ig in  (or feeder 
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water head, t h e  d is tance invo lved i s  s h o r t  and a feeder type o f  arrangement (over 
long d is tances)  f rom a hub c i t y  i s  n o t  t o o  l i k e l y  (a l though the  analogous p r i n c i p l e  
o f  ga ther ing  and d e l i v e r i n g  l i n e s  i n  o i l  p i p e l i n e s  could be explored) .  
o f  l i m i t e d  p ickup and d e l i v e r y  p o s s i b j l i t i e s ,  i t  was decided t o  l i m i t  coal  o r i g i n s  
- and d e s t i n a t i o n s  t o  t h e  network area and d e s t i n a t i o n s  t o  network c i t i e s .  

was assigned t o  Johnstown; coal  o r i g i n a t i n g  i n  the  Western Pennsylvania D i s t r i c t  
( D i s t r i c t  #2 was assigned t o  P i t tsburgh;  coal  o r i g i n a t i n g  i n  the  Ohio D i s t r i c t  (Dis-  
t r i c t  #4) was assigned t o  Columbus; coa l  o r i g i n a t i n g  i n  the  Panhandle D i s t r i c t  
f D i s t r i c t  #6) was assigned t o  Wheeling; coal  o r i g i n a t i n g  i n  I 1  1 i n o i s  ( D i s t r i c t  # lo )  
was assigned t o  S t .  Louis; and coal  o r i g i n a t i n g  i n  Ind iana ( D i s t r i c t  #11) was as- 
s igned t o  Ind ianapo l is .  Although some o f  t h e  o ther  14 d i s t r i c t s  ( e s p e c i a l l y  South- 
e r n  D i s t r i c t s  #1 and #2) o r i g i n a t e d  coal  which terminated i n  the s t a t e s  served by 
the  p i p e l i n e ,  i t  was decided t o  exclude those f lows on the bas is  o f  a long feed r e -  
q u i r e d  t o  reach a p o t e n t i a l l y  o r i g i n a t i n g  network c i t y .  

D e s t i n a t i o n  f lows were based on s ta tes .  To assign s t a t e  f lows t o  a p a r t i c u l a r  
c i t y ,  two approaches were fo l lowed.  
s t e e l  workers i n  each s t a t e  by SMSA ( f rom the  Census o f  Manufacturers).  Then a l l  
coal  shipments by r a i l  which went t o  t h e  " a l l  o thers"  category which I n t e r i o r  r e -  
p o r t s  were assumed t o  be s p l i t  on t h e  basis, o f  SMSA share o f  employment i n  i r o n  and 
s t e e l  product ion.  

The second approach (and t h e  one which represented by f a r  t h e  g r e a t e s t  tonnage) 
was t o  ass ign t h e  remaining r a i l  f lows o f  coal  t o  e l e c t r i c  u t i l i t i e s  ( t h e  c h i e f  con- 
sumer, t o  coke and gas p,lants, and t o  r e t a i l  dea le rs )  . to  t h e  SMSA's o f  each s t a t e  on 
t h e  bas is  of each SMSA's &hare o f  t o t a l  SMSA popu la t ion  o f  t h e  s t a t e .  

From t h e  two approaches, o n l y t t h e  f lows t o  network c i t i e s  f rom network c i t i e s  
were noted. The f lows a r e  shown i n  Table V. The l i n k a g e  f lows conta in  a l a r g e  
number of zeros due t o  t h e  l i m i t e d  number o f  o r i g i n s  o f  coal  and t h e  tendency f o r  ,. 
coal  t o  be consumed f a i r l y  near where i t  i s  produced, e.g., most Ind iana coal  i s  

Thus, because 

S p e c i f i c a l l y ,  coal  o r i g i n a t i n g  i n  the  Eastern Pennsylvania D i s t r i c t  ( D i s t r i c t  #1) 

The f i r s t  i d e n t i f i e d  t h e  l o c a t i o n  o f  i r o n  and 

consumed i n  Indiana. 
s t a t e  where i t  i s  produced (and f o r  I l l i n o i s ,  Indiana, and Ohio, coal  product ion 
i s  i n  t h e  southern p a r t  o f  t h e  s t a t e  and many consumption areas are  i n  the  nor thern  
p a r t  o f  the s t a t e ) ,  many(north-south) f lows a r e  excluded from the east-west p i p e l i n e  
network assumed here in.  

Unfor tunate ly ,  such d e t a i l e d  f lows were n o t  a v a i l a b l e  f o r  STCC's 10, 14 and 
a n t h r a c i t e  coal .  However, making the  same presumption as w i t h  coal  concerning t r u c k  
and water movement, if r a i l  movements were a v a i l a b l e ,  an est imate o p i p e l i n e a b l e  
STCC's 10, 40, and a n t h r a c i t e  cou ld  be made. U n l i k e  bituminous coa and l i g n i t e ,  

I n  a d d i t i o n ,  s ince  most coal  consumption occurs i n  t h e  same 
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Table V 

Network Cities Only (Tons) 
Flows o f  Bituminous Coal and Lignite By Rail (1974) 

New York-Philadelphia 
Phi 1 adel phia-Harri sburg 
Harrisburg-Johnstown 
Johnstown-Pittsburgh 
Pittsburgh-Youngstown 
Youngstown-Akron 
Akron-C1 evel and 
C1 evel and-To1 edo 
Toledo-South Bend 
South Bend-Gary 
Gary-C h i cago 

Wheeling-Pittsburgh 
Col urnbus-Wheel ing 
Day ton- Co 1 umbus 
Indianapolis-Dayton 
St. Louis-Indianapolis 

Eastbound 
7 , 650,443 
20,732,038 
22,077,690 
13,954,324 

0 
0 
0 
0 
0 
0 
0 

Westbound 
0 
0 
0 

1,434,043 
5,574,513 
5,071,900 
4,823,850 
3,922,315 
598,860 
437,127 
48 , 904 

8,769,112 1,505,510 
0 3,512,329 
0 2,064 , 778 
0 721,555 
0 79,510 

Source: Calculated by the authors from U.S. Depahent o f  the Interior (8) Table I. 
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a complete enumeration of r a i l  movements was n o t  a v a i l a b l e .  
movements o f  f i v e  d i g i t  STCC's were a v a i l a b l e  f rom t h e  1972 1% w a y b i l l  sample. 
Taking these f lows and expanding them t o  represent  complete enumeration y i e l d e d  
a very rough est imate ( s u b j e c t  t o  t h e  d i f f i c u l t i e s  mentioned above) o f  the  r a i l  
(hence p i p e l i n e a b l e )  f lows o f  minera ls ,  ores, and a n t h r a c i t e  coa l .  

the  coal  assignment. 
many ores and minera ls  i n  t h e  s ta tes .  
the d is tance t r a v e l l e d  by the  shipments cou ld  be made - - c a l l  i t  X. 
o r i g i n  (county o f  product ion o r  p o r t ) ,  t h e  s t a t e  o f  d e s t i n a t i o n ,  and t h e  d is tance 
from o r i g i n  and des t ina t ion ,  l i k e l y  d e s t i n a t i o n s  i n  t h e  d e s t i n a t i o n  s ta tes  cou ld  
be made, i .e . ,  what c i t i e s  i n  t h e  d e s t i n a t i o n  s t a t e  were X m i l e s  from t h e  l i k e l y  
o r i g i n ?  

f lows was made. When both  l i k e l y  o r i g i n  and l i k e l y  d e s t i n a t i o n  were network c i t i e s  
( o r  c lose  t o  a network c i t y )  i n  an east-west al ignment,  t h e  f l o w  was assigned t o  t h e  

However, s t a t e - t o - s t a t e  

The assignment o f  o r i g i n  and d e s t i n a t i o n  was done i n  a comparable method t o  
The Minera l  Yearbook y i e l d e d  p o t e n t i a l  count r ies  o f  o r i g i n  f o r  

From t h e  r a i l  w a y b i l l  sample, an est imate o f  
With t h e  l i k e l y  

Given t h e  above methodology, assignment o f  o r i g i n  and d e s t i n a t i o n  t o  t h e  expanded 

p i p e l i n e  network. Table V I  shows t h e  r e s u l t s .  
l a c k  o f  minera l  and o r e  produc t ion  i n  the  p i p e l i n e  t e r r i t o r y  tended t o  keep t h e  
f lows low. 

North-south movements and the  general 

I 

Table V I 1  shows t h e  sum o f  Table V and V I .  Table VI11 g ives  the  combinat ion o f  
Table I 1  and Table V I I .  
network) area flows. As can be seen, t h e  a d d i t i o n  of t h e  STCC 10, 11, and 14 f lows 
made the  Wheel i n g - P i t t s b u r g h  and t h e  Columbus-Wheeling 1 i n k s  more s i g n i f i c a n t  
( i n  terms o f  14 m i l l i o n  tons per  year  t o t a l  f l o w ) .  
-Columbus l i n k  were la rge ,  t h e  f lows on t h e  Dayton- Ind ianapol is  l i n k  and es- 

feeder r e l a t i o n s h i p  was al lowed d i d  these l a t t e r  two l i n k s  generate s i g n i f i c a n t  
t r a f f i c  volumes. 

Thus i t  represents  the  r e s t r i c t i v e  network ( o r  almost 

While the  f lows on t h e  Dayton 

I 

p e c i a l l y  the  Ind ianapo l is -S t .  Louis . l i n k  remained low. Only when t h e  l e s s  r e s t r i c t i v e  I 
I 
I 

1 

Nevertheless, t h i s  rough c u t  shows t h a t  s i g n i f i c a n t  l e v e l s  o f  t r a f f i c  o f  
p h y s i c a l l y  p i p e l i n e a b l e  goods cou ld  move i n  the  area served by the  hypothe t ica l  
network. 

The Census o f  Transpor ta t ion  Flows 

To date t h e r e  have been t h r e e  Census o f  Transpor ta t ion  taken - - 1963, 1967, and 
1972. 
needed t o  c o n s t r u c t  f lows i s  re leased t o  t h e  p u b l i c .  A t  the  t ime when t h i s  research 
began (June, 1975), the  1972 in format ion was n o t  y e t  re leased. 

There i s  approximately a t h r e e  year  g e s t a t i o n  p e r i o d  before the  i n f o r m a t i o n  

Thus, t h e  1967 n f o r -  
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brs 
Table VI 

Flows of Minerals, Ores, and Coal (Except Bitum 
and Lignite) By Rail (1969) Network Cities 

(Tons) 

New York-Philadelphia 
Phi 1 adel phi a-Harri sburg 
Harri sburg-Johnstown ~ 

Johnstown-Pittsburgh 
Pi ttsburgh-Youngstown 
Youngstown-Akron 
Akron-C1 eveland 
C1 eve1 and-To1 edo 
Toledo-South Bend' 
South Bend-Gary 
Gary- Chi cago 

Pittsburgh-Wheeling 
Wheeling-Columbus 
Col umbus-Dayton 
Dayton- Indianapol i s 
Indianapolis-St. Louis 

Eastbound 
672,200 
847 , 400 
21 8 500 
21 5,500 
206 , 900 
169,200 
169,200 
39 , 000 
13,200 
3,000 

* 13,200 

nous) Coal 
Only 

Westbound 
362 , 700 
736 , 500 

1,333,100 
1 ,270,OOO 
726 , 200 
561,000 
591,800 
433,600 
388,100 
1 48 , 700 
'131,900 

38 800 
54,800 

' 51,700 
51,700 
39 , 600 

414,800 
548 , 000 
346 , 500 
346 , 500 
308 , 000 

Source: Calculated by the authors, from the 1972 1% Rail Wa1,ill 
Sample - 5 digit STCC level 
See text for description ' o f  STCC ' s  considered. - f l F  r ,  
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Flows o f  A l l  Minerals,  Ores, 

(Tons ) 

and Coal To and From 
Hypothet ica l  Network C i t i e s  Only 

New York-Phi l  adel ph ia  
Ph i lade lph ia -Har r isburg  
Harrisburg-Johnstown 
Johnstown-Pittsburgh 
Pittsburgh-Youngstown 
Youngstown-Akron 
Akron-C1 eve1 and 
Cleveland-Toledo 
To1 edo-South Bend 
South Bend-Gary 
Ga ry- C h i ca go 

Wheel ing-P i  t t s b u r g h  
Columbus-Wheeling 
Dayton-Col umbus 
I n d i  anapol is-Dayton 
S t .  Lou is - Ind ianapo l is  

Eastbound 
8,322,643 

21,579,438 
22,296,190 
14 , 169,824 

206,900 
169,200 
169,200 

39,000 
13,200 
13,200 
3 , 000 

Source: Ca lcu la ted  f rom Tables V and V I  

8,807,912 
54,800 
51,700 
51,700 
39 , 600 

Westbound 
362 , 700 
736 , 500 

1,333,100 
2,704,043 
6,300,713 
5,632 , 900 
5,415,650 
4,356,915 

986 , 960 
585,827 
180,804 

1,920,310 
4,060,329 
2,411,278 
1 ,068,055 

387,510 

Note: 1974 and 1972 data were mixed because coal  f lows a r e  known t o  have 
increased over t i m e  due t o  t h e  energy c r i s i s  w h i l e  1972 data was 
t h e  l a s t  year  a v a i l a b l e  f o r  t h e  o t h e r  products.  



Table VI11 
Tonnage Flows on Links of All Pipelineable Comod 

To and From Hypothetical Network Cities Only 
(Tons) 

New York-Philadel phia 
Philadelphia-Harrisburg 
Harrisburg-Johnstown 
Johnstown-Pittsburgh 
Pittsburgh-Youngstown 
Youngstown-Akron 
Akron-C1 evel and 
C1 evel and-To1 edo 
Toledo-South Bend 
South Bend-Gary 
Ga ry-C hi cago 

Wheeling-Pittsburgh 
Columbus-Wheeling 
Dayton - Co 1 umbus 
Indianapolis-Dayton 
St. Louis-Indianapol is 

Eastbound 
20,043,308 
37,768,822 
37,403,188 
28,978,409 
11,762,655 
11,955,379 
12,805,872 
11,271,054 
6 , 989 , 1 79 
7,124,056 
4 , 804 , 7 66 

12,360,864 
3,070,257 
2 , 604 , 1 38 
1,394,271 
'773,811 

Source: Calculated from Tables I1 and VII. 

ties 

West bound 
6,915,661 
10,282,888 
10,957 , 367 
12,181,308 
14,058,684 
13,981,627 
15,191,407 
14 , 026,781 
8 , 383,848 
8,225,983 
5,500,271 

3,886 , 209 
5 , 600,463 
3,769,488 
2 , 105 , 136 
1,329,875 

23 



mat ion was used. As discussed 
commodities ( n i n e )  der ived from 
t r a n s p o r t  demand. 

Dur ing the  research year, t 
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a t e r  i n  Table X V I ,  the f lows o f  se lected p i p e l i n e a b l e  
the  1967 produc t ion  area were u t i l i z e d  t o  est imate 

le 1972 produc t ion  area data were released. Flows 
from t h e  publ ished data f o r  1972 were u t i l i z e d  t o  est imate the  macro demand model 
shown i n  equat ion 2. The f lows o f  STCC 291 (petroleum products)  were omi t ted  from 
t h e  c a l c u l a t i o n s  s ince  they were products which have a l ready been proven t o  be eco- 
nomica l l y  f e a s i b l e  t o  be moved by p i p e l i n e .  Since t h e  Census in format ion excluded 
inovements by p i p e l i n e  f rom i tscoverage, t h e  STCC 291 movements which a r e  excluded 
from t h e  f lows represent  f lows n o t  now moving by p i p e l i n e  b u t  which a r e  amenable t o  
t h i s  mode o f  t r a n s p o r t .  

27 o r i g i n s  and 28 d e s t i n a t i o n s  ( t h e  27 o r i g i n s  and an " a l l  other ' '  category) .  
flows were based on a sampling procedure and were "expanded" t o  represent  t h e  com- 
p l e t e  enumeration. 
f i rms w i t h  g r e a t e r  than 20 employees. Any f l o w  of manufactured' products from ware- 
houses and d i s t r i b u t i o n  centers  were excluded f rom t h e  ana lys is .  
were l i k e l y  t o  be over  s h o r t  d is tances (a l though t h i s  was by no means necessary), 
t h e i r  absence may n o t  be c r u c i a l  from t h e  f r e i g h t  p i p e l i n e  p o i n t  o f  view. 
a p o r t i o n  o f  t h e  count ry  was inc luded i n . t h e  27 produc t ion  areas, some movements 
which o r i g i n a t e d  and/or terminated on t h e  network c i t i e s  were excluded from t h e  data 
base. I n  t o t o ,  n e g l e c t i n g  sampling v a r i a b i l i t y  problems, i t  appeared t h a t  t h e  Census 
would understate manufactur ing flows i n  t h e  study area. 
aggregated commodity-wise, some f lows were n o t  g iven  due t o  d i s c l o s u r e  problems ( t h e  
Census w i l l  n o t  re lease data i n  a form which w i l l  enable the  operat ions o f  an 
i n d i v i d u a l  f i r m  t o  be d i s t i n g u i s h e d ) .  

Using' the  publ ished 1972 data, a 27 by 28 o r i g i n - d e s t i n a t i o n  m a t r i x  f o r  a l l  com- 
mod i t ies  (except STCC 291) was const ructed.  
Census were much l a r g e r  o r  covered d i f f e r e n t  j u r i s d i c t i o n s  than the  area used i n  the  
Reebie study ( S )  ana lys is  above, e.g. , t h e  Ph i lade lph ia  p roduc t ion  area inc luded 
Wilmington; the  Cleveland produc t ion  area inc luded Akron, Youngstown, and Er ie ;  t h e  
P i t t s b u r g h  produc t ion  area inc luded Wheeling; t h e  D e t r o i t  p roduc t ion  area inc luded 

The Census o f  Transpor ta t ion  was l i m i t e d  i n  i t s  coverage. The 1972 Census had 
The 

The f lows o n l y  accounted f o r  manufactured goods f l o w i n g  from 

Since such hauls 

Since o n l y  

I n  a d d i t i o n ,  as one d i s -  

Some o f  t h e  produc t ion  areas used i n  the  

F l i n t ,  Toledo, and Ann Arbor; t h e  C i n c i n n a t i  p roduc t ion  area inc luded Dayton and 
S p r i n g f i e l d ;  t h e  Chicago produc t ion  area inc luded Gary; among others.  
area mentioned w i t h  a p roduc t ion  area t i t l e  above were separate areas i n  t h e  Reebie 
a n a l y s i s  (8J. 

The t o t a l  flows i n v o l v i n g  j u s t  the  network c i t i e s  a re  shown i n  Table I X .  
main diagonals were excluded t o  a l l o w  f o r  s t r i c t l y  longer  hauls.  

The a n c i l l a r y  

The 
Table X g ives t h e  

n 



Table IX 
Flows of Manufactured Commodities Between 

the Hypothetical Network Cities, 1972 
(1000's of tons) 

New Phila- Harris- P i t t s -  Cleve- De- C h i -  S t .  Indiana- 
York* delphia burg  burg land t r o i t  cago Louis polis 

X 2565 360 272 344 360 560 129 133 
From Y 
New York 

Philadelphia 

Harri sburgh. 

Pittsburgh 

C1 evel.and 

Detroit 

k4851 X 

693 . 784 

839 732 

1537 824 

1993 907 

Chicago 1138 62 2 

S t .  Louis 359 155 

Indianapolis 224 127 

*Includes North Jersey 

797 

X 

303 

262 

90 

285 

19 

37 

592 

107 

X 

1906 

51 9 

622 

535 

22 

404 

157 

1852 

X 

2447 

1529 

Z 

Z 

469 

190 

1514 

51 69 

X 

3544 

Z 

Z 

404 

132 

1237 

1648 

291 6 

X 

Z 

Z 

132 132 

33 17  

177 177 

Z Z 

Z Z 

Z Z 

X 290 

231 X 

Source: Calculated by the authors from U.S. Department o f  Commerce, 1972 Census 
o f  Transportation, Production Area Series. 
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Table X 

Flows of Manufactured Products on the Hypothesized Pipeline Network Links, 1972 
(1000's of tons) 

New York-Philadel phia 
Philadelphia-Harrisburg 
Harri sburg-Pi ttsburgh 
Pi ttsburgh-Cleveland 
C1 eve1 and-Detroi t 
Detroit-Chicago 

Westbound Eastbound 
4,723 (1067) 11,634 (2629) 
5,088 (1150) 10,934 (2471) 
4,567 (1032) 10,453 (2362) 
7,623 (1723) 10,705 (2419) 
11,683 (2640) 10,152 (2294) 
6,897 (1559) 7,740 (1749) 

Pittsburgh-Indianapolis 930 (210) 1,768 (400) 
Indianapolis-St. Louis 702 (158) 1,358 (307) 

Source: Calculated from Table IX. 
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f lows o f  t o t a l  manufactured goods ( less  STCC 291) on the  var ious l i n k s  o f  the  hypo- 
t h e t i c a l  p i p e l i n e .  O f  course, n o t  a l l  o f  these flows were p h y s i c a l l y  p i p e l i n e a b l e .  

Table XI shows f lows i n v o l v i n g  the  network c i t i e s  and assuming t h a t  the  network 
c i t i e s  a r e  a l s o  feeder c i t i e s  f o r  o f f  network c i t i e s ,  e.g., a Milwaukee t o  Boston 
could go Chicago t o  New York v i a  p i p e l i n e .  
o f  the  hypothe t ica l  p i p e l i n e .  

t h e  data was disaggregated by commodity, a l a r g e  number o f  zeros appear i n  t h e  mat- 
r i x .  Thus, t o  g e t  the  maximum amount o f  f low,  t h e  f lows u n d i f f e r e n t i a t e d  by commodity 
have been presented. Two d i g i t  STCC matr ices could have been constructed, b u t  t ime 
and expense precluded doing so. 

A c l u e  e x i s t e d  as t o  the  p i p e l i n e a b l e  products i n  a paper done by W a l l i n  and 
F r o s t  (23) - f o r  t h e  Forest  Service,  U.S. Department o f  A g r i c u l t u r e .  W a l l i n  and F r o s t  
est imated t h e  n a t i o n a l  percentage o f  the  n a t i o n ' s  manufactured t r a f f i c  which was 
p a l l e t i z a b l e  based on the Census o f  Transpor ta t ion  f o r  1967, ( they  were i n t e r e s t e d  i n  
wood consumption f o r  p a l l e t s ) .  T h e i r  est imate was 20%. The c u r r e n t  bas ic  dimensions 
o f  a p a l l e t  l o a d  are  40" by 48" w i t h  a diagonal  o f  62.5" which w i l l  f i t  i n t o  a 72 
i n c h  pipe1 ine.  

Although t h e  p a l l e t i z a b l e  f low by commodity by o r i g i n - d e s t i n a t i o n  f o r  t h e  1972 
Census was n o t  known, a rough idea o f  t h e  type  o f  commodity which i s  moving can be 
found by l o o k i n g  a t  t h e  i n d u s t r i a l  base o f  each product ion area i n  t h e  p i p e l i n e  
reg ion.  
whole r e g i o n  enabled a determinat ion o f  the  share o f  each commodity t y p e  i n  t o t a l  
flows. 
g iven above. As prev ious ly ,  t h e  idea was a b a l l  park est imate o f  t r a f f i c  f lows.  
When t h i s  percentage (approximately 22.6% f o r  t h e  Midd le  A t l a n t i c  and East Nor th 
Central  reg ions)  was a p p l i e d  t o  Tables X and X I I ,  t h e  r e s u l t s  were t h e  columns i n  
parentheses i n  Tables X and X I I .  

As can be seen, a l though t h e  volume o f  tonnage was c u t  s u b s t a n t i a l l y  f rom t h e  
Reebie flows, t h e r e  was s t i l l  a l a r g e  amount o f  t r a f f i c  which was p a l l e t i z a b l e  i .e . ,  
p h y s i c a l l y  p ipe l ineab le .  
tude, i t  must be remembered t h a t  t h e  data s e t  used f o r  t h i s  exerc ise  was j u s t  a 
subset o f  t h e  Reebie data.  

f lows. 

Table X I 1  shows the  loads on t h e  l i n k s  

I f  What percent  o f  t h i s  t r a f f i c  was p h y s i c a l l y  capable o f  going by p i p e l i n e ?  

Aggregat ing major f low items ( a l b e i t  w i t h o u t  regard t o  d e s t i n a t i o n )  f o r  t h e  

W a l l i n  and F r o s t ' s  percent  p a l l e t i z a b l e  was then a p p l i e d  t o  the  f low f igures  

While t h e  magnitude was nowhere near t h e  Reebie data magni- 

Wall i n  and F r o s t  gave an ac tua l  o r i g i n - d e s t i n a t i o n  m a t r i x  f o r  1967 p a l l e t i z a b l e  
These a r e  shown i n  Table XI11 ( f o r  j u s t  the  network c i t i e s )  and i n  Table X I V  

(23 )  - Wall in ,  W. and R .  Frost ,  Product ion Flow i n  a Nat ional  P a l l e t  Exchange Service,  
Nor theastern Forest  Experiment S ta t ion ,  Forest  Products Market ing Laboratory,  
U.S. Department o f  A g r i c u l t u r e ,  Pr inceton, West V i r g i n i a ,  1973. 
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Table XI 

Flows of  Manufactured Commodities Involving the Hy o thes i zed  Network Cities 
As Generators  and Feeders,  y972 

(1000's o f  Tons) 

To 

From 

New York* 

P h i  1 adel - 
phia** 

Har r i s -  
burg*** 

P i  t ts-  
burgh**** 

C1 eve1 and 

D e t r o i t  

C h i  cago' 

New* 
York 

X 

6632 

1048 

1367 

21 37 

2707 

2690 

ci nci n a t t i  ++ 599 

Indianapol i s  321 

S t .  Louis'" 3498 

Phila-** Har r i s -  
del phia  burg*** 

301 3 48 1 

X 797 

784 X 

934 787 

974 674 

997 404 

1117 891 

204 277 

142 477 

1181 343 

P i  t t s -  C1 eve- 
burgh**** 1 and 

382 

675 

296 

X 

1906 

51 9 

1370 

292 

141 

1004 

569 

518 

32 1 

1852 

X 

2447 

1764 

2 

2 

z 

+ ++ De- C h i -  Cinci- Indiana- St? 
t r o i t  cago 

563 1664 

614 a63  

266 751 

1514 2377 

5169 2510 

x 4646 

4700 x 

2 2 

z 2 

2 2 

* Includes N.Jersey, Har t fo rd ,  Boston 
** Inc ludes  Allentown 
*** Includes Bal t imore,  Syracuse 
**** Includes Buffalo 
t 

++ Proxy f o r  Dayton 
+++ 

Inc ludes  Milwaukee, Minneapolis,  S e a t t l e ,  San Francisco 

Inc l  udes Dall a s  , Houston , Denver , Los Angel es , Kansas C i t y  

Source: Ca lcu la t ed  by the a u t h o r s  from U.S. Department o f  Commerce, 
T r a n s p o r t a t i o n ,  Production Area S e r i e s .  

n a t t i  

233 

24 1 

21 5 

587 

2 

2 

2 

X 

328 

795 

p o l i s  

202 

132 

35 

243 

2 

2 

2 

321 

X 

552 

1972 Census o f  

Louis 

1497 

1013 

797 

1 a54 

2 

2 

2 

1023 

75 

X 
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Table XI1 

Flows of Manufactured Products on the Hypothetical Pipeline Network Links, 1972 
i 

New York-Philadelphia 
Philadel phia-Harrisburg 
Harrisburg-Pittsburgh 
Pi ttsburgh-C1 eve1 and 
Cleveland-Detroi t 
Detroi t-Chicago 

Pi t t s bu rg h-Dayton 
Dayton-Indianapol is 
Indianapolis-St. Louis 

Less Restrictive Unad 'usted 
(1000's o f  Tonsj . 

Westbound 
8,604 (1945 
10,444 (2360 
11,847 (2677 
11,872 (2683 
16,291 (3682 
12,811 (2895 

Eastbound 
20,999 (4746) 
20,700 (4678) 
22,721 (51 35) 
16.386 (3703) 

7,049 (1593) 8,479 (1916) 
7,117 (1608) 8,230 (1860) 
6,259 (1415) 7,373 (1666) 

Source: Calculated from Table XI. 



Table XI11 

M i l l i o n s  o f  Tons of P a l l e t i z a b l e  Product 
Network C i t i e s  Only, 1967 

Phi 1 a- H a r r i s -  P i  t t s -  C1 eve- 
N.Y. de lph ia  burg burgh l a n d  D e t r o i t  Chicago 

New York X .62 .06 .10 .07 .10 .12 

Ph i lade lph ia  1.31 X .16 .13 .12 .ll .10 

Har r isburg  .13 .18 X .04 .02 . O l  .02 

P i t t s b u r g h  .61 .30 .10 X .64 .29 .27 

C1 evel  and .31 .!6 .04 .34 X .76 .27 

D e t r o i t  .27 .29 .02 .26 .48 X .61 

Chicago .25 .07 .03 .08 .23 .67 X 

S t .  Louis  .10 .04 . O l  .02 z 2 .  2 

Loads on L i n k s  o f  Hypothet ica l  P i p e l i n e  

Westbound Eastbound 
New York-Phi ladelph ia 1.10 2.98 
Ph i lade lph ia -Har r isburg  1.11 2.71 
Har r isburg-P i t tsburgh .98 2.50 

Cleveland-Detroi  t 2.05 1.98 
P i  t tsburgh-C1 evel  and 1.96 2.12 

D e t r o i  t-Chicago 1.39 1.37 
P i t tsburgh-St .  Louis  .09 .17 

x = no movement repor ted  due t o  c lose  p r o x i m i t y  
z = no movement repor ted  due t o  c i r c u i t y  

S t .  
Louis 

.03 

. 01 

. 00 

.05 

Z 

Z 

z 

X 

Source: Calcu lated by t h e  authors f rom W a l l i n  and Frost ,  1973,pp. 68-69. 
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3. . 

Table X I V  

M i l l i o n s  o f  Tons o f  P a l l e t i z a b l e  Product 
With t h e  Hypothesized Network C i t i e s  as Feeders, 1967 

Ph i la -  H a r r i s -  P i t t s -  Cleve- De- , Chi-  Cinc in-  S t .  
N .Y. ' ' de lph ia  burg burgh l a n d  t r o i t  cago n a t i  Louis 

New York X 

Phi lade lph ia  1.84 

Har r isburg  .20 

P i t t s b u r g h  .78 

C1 eve1 and .43 

D e t r o i t  .37 

Chicago .70 

C inc in -  .19 
n a t i  

S t .  Louis  .70 

.78 

X 

.18 

.34 

.20 

.35 

.33 

.03 

.27 

.09 

.16 

X 

.30 

.ll 

.12 

.26 

.05 

.ll 

.14 

.14 

.ll 

X 

.34 

.26 

.22 

.05 

.06 , 

.13 .15 .43 

.14 .12 .18 

.06 .03 -19  

.64 .23 .54 

X .76 .38 

.48 X .80 

.33 .92 x 

z 2 z 

Loads on L inks  o f  Hypothet ica l  P i p e l i n e  

Westbound 
New Y ork-  Phi 1 adel p h i  a 2.04 
Phi ladelph ia-Harr isburg 2.14 
H a r r i  sburg-Pi t t sburgh 2.41 
P i  t tsburgh-Cleveland 2.90 

3.07 
2.52 

Cleveland-Detroi  t 
D e t r o i  t-Chicago 

.82 
P i t tsburgh-C inc innat i  
C inc innat i -S t .  Louis  

1;09 , 
1 . ,  ! 

Eastbound 
5.21 
5.07 
5.64 
3.69 
3.42 
2.76 
,1.46 
1.40 

. .  
x = 'no movement repor ted  due t o  c lose  p r o x i m i t y  
z = no movement repor ted  due t o  c i r c u i t y  

.05 

.03 

.02 

.25 

z 

z 

Z 

X 

-26  

Source: Calcu lated by the authors from W a l l i n  and Frost ,  (23),pp68, 69, 70. - 

.27 

.ll 

.ll 

.25 

Z 

z 

Z 

Z 

X 



32 

(for  the network c i t  es as feeders). 
the 1972 flows shown i n  Tables X and XII. 
1967 and  1972 (Allen - 24) ,  these resul ts  indicated t h a t  disaggregation by production 
area and commodity type (1967) i s  l ikely t o  resul t  i n  larger flows than regional 
average pal le t izable  (1972). 

would incur costs per ton mile of 4-5d for  the lowest t r a f f i c  volumes and 1.5d for 
the highest t r a f f i c  volumes i f  a l l  such , t ra f f ic  were moved by pipeline. 
modes currently offer  some service a t  lower rates than those assumed for  pipeline, 
whether pipeline can win t r a f f i c  will be a function of pipeline's  service vis-a-vis 
the other-modes. 
extent t h a t  the pipel ine cannot capture some of the physically pipel ineable products , 
pipeline cost will r i se .  This, in turn, will reduce t r a f f i c  diverted' to pipeline. 
Therefore an i t e ra t ive  process will be necessary t o  determine the final t r a f f i c  vol- 
ume t h a t  the pipeline can sustain.  The process of sp l i t t ing  modes will be spelled 
o u t  in a l a t e r  section. 

I n  general , the 1967 flows were greater t h a n  
Since t r a f f i c  flows have grown between 

The Census d a t a  indicated that  pipelineable flows existed such t h a t  pipeline 

Since other 

Since the pipeline showed pronounced economies of scale,  t o  the 

Macro Demand Model s ' 

Once an understanding existed w i t h  regard t o  the estimated s ize  of the total  
t r a f f i c  physically pipelineable f re ight  t r a f f i c  pie, a determination of the potential 
share of that  pie which'could be reasonably expected to be carried by pipeline was 
made. This entailed a modal s p l i t  analysis. Such analysis was necessary since 
although the flows under observation were assumed pipelineable, they are also r a i l -  
roadable, truckable, containerizable, e tc .  To understand modal s p l i t  behavior, i t  
was he1 pful t o  understand something abou t  demand behavior. 

i s  meant an aggregation over commodity type, over geographical area, and/or over 
shipper. This analysis contrasts w i t h  the micro demand analysis below which i n -  
vestigates transportation behavior of individual shippers, shipping specific com- 
modities from specific origins t o  specific destinations. The intention of the micro 

shipper's behavior, ( 2 )  compare and contrast the individual behavior with the be- 
havior found ' i n  the macro analysis, (3) build a linkage between the micro and macro 
models, and ( 4 )  s p l i t  the macro f lows between pipeline and other modes. 

(24)  . Allen, W.B. , "Some Observations on Improving Railroad Productivity", Trans- 

The goai of t h i s  section is  t o  analyze several macro demand flows. By macro 

emand modal s p l i t  sections of the report was t o  (1) model individual 

portation Research Forum Papers, Richard B. Cross & Company, Oxford, Indiana, 
1976. 
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i 
The f i r s t  attempt a t  a macro demand model involved an  aggregation of a l l  manu- 

factured commodities i n  the production area ser ies  of the 1972 Census of Transporta- 
tion. The model to  be tested was a basic gravity model of the form 

PAPB 1 j  
T i j  = K c 

D i j  

Where 
T i j  = Number of tons flowing from o r i g i n  i to destination j 

Pi  

'j 
D i j  = Distance from i to j (the a i r l i ne  distance from the c i t i e s  which 

= Population of Region i (or manufacturing employment or  value added) 

= Population of Region j (or  manufacturing employment or value added) 

identify i and j )  

K , A , B , C  = Parameters estimated from the data 

A basic discussion of the gravity model was found i n  Isard (a). In short ,  Pi  
i s  a push  variable (generating flows from o r i g i n  i ) ,  P .  i s  a pull variable (a t t rac t -  
i n g  flows to  destination j ) ,  and D i j  i s  a proxy fo r  transportation costs,  which t e n d  
t o  i n h i b i t  movements from i and j .  

related (.92 l eve l ) ,  they a l l  basically gave the same resul ts  when estimated i n  
equation (1). 
t a k i n g  the logarithm of both sides of equation ( l ) ,  yielded equation ( 2 ) .  

J 

Since population, manufacturing employment, and value added were a l l  highly cor- 

Equation ( l ) ,  estimated i n  the log l inear  form of equation ( 2 )  i . e . ,  

( 2 )  log T i j  = log K + A log Pi  ;t. B log P - C log D i j  
j 

w i t h  resul ts  of 
( 2 ' )  log T i j  = -2.099 + .799 log P i  + .823 log P j  - .919 log D i j  

(.720) I ?  (.063) ( .060) ( ,033) 

C were as expected and a l l  coefficients 
where the values i n  parentheses are the standard' errors.  
As can be seen,the signs of A; B y  I 

were s t a t i s t i c a l l y  sibgnificant ;at the 1 
i . e . ,  R 2  was .655 meaning tha t  65% of t h e '  i n  the flow data was explained 
by the three gravity-model variables. .a significant 357. T h u s  the 
basic gravity model explained total  flows quite well and yielded a rudimentary under- 
s t a n d i n g  of the demand for transportation. 

The coefficient of determination 

While no general rule exis ts  w i t h  re- 

(25) - Isard, W .  , "Regional Commodity Balances and Interregional Commodity Flows", 
American Economic Review, Vol . 43, 1953, pp.  167-180. 
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r 

gard t o  the magnitude of R2 with the exception of 1.00 which s ignif ies  a perfect f i t  
o f  the da ta  and .OO which s ignif ies  no relationship of the dependent and independent 
variables, casual inspection o f  the l i t e r a tu re  ut i l iz ing such s t a t i s t i ca l  estimation 
techniques will show that.. an R2 of .65 i s  quite a good resul t .  

These resul ts  basically confirmed the - a pr ior i  theory t h a t  the demand for  trans- 
portation t r a f f i c  volume was a derived demand (since the numerator variables had 
positive signs) and was negatively influenced by transportation costs (since the dis- 
tance variable had a negative sign).  

20 (food) flows by O'Sullivan and Ralston (26) - and on total  flows for 1967 by Black 
The gravity model had been estimated ( i n  the constrained sense below) on STCC 

(27) - 
The O'Sullivan and Ralston model was r u n  on a constrained form, i . e . ,  

(3) T i j  = B.0.D.d -6 
~ i ~ i j  

where B j  =kOidi;]-' 

O i  = tons originating from origin i 

= tons terminating i n  destination j Dj  

d i  j 
B 

= distance from i t o  j 

= parameter t o  be estimated 
As shown by Wilson (28) and as in equation ( 3 ) .  

the authors 
A doubly constrained program (Wilson, 28), has recently been made available t o  

( 4 )  T i j  = A.B.O.D.dmB i j i j i j  

where Ai = k D  d !]- 
and the second year report wil 1-present i t s  resul ts  on the 1972 d a t a .  

population centers i n  cases where actual flow information did not  ex is t .  
These gravity models enabled the authors t o  estimate t r a f f i c  volumes between 

As Byler and O'Sullivan (29)  - show, gravity model parameters t end  to be f a i r ly  

(26) O'Sullivan, P.  and 6. Ralston, "Forecasting Intercity Commodity Transportation 
i n  the USA. Regional Studies," Vol.. 8 ,  No. 2 ,  1974, pp.  191-195. 

(27) Black, kl. , "Interregional Commodity Flows: Some Experiments with the Gravity 
Model", Journal of Regional Science, Vol. 12 ,  #1, 1972, pp. 107-118. 

(28) Wilson, A.G. ,  Entropy i n  Urban and Regional Modeling, Pion Press, London, 1971. 
(29) - Byler, J .  and P.  O'Sullivan, "The Forecasting Ability and Temporal Stabi l i ty  

of the Coefficients of Gravity Models Applied t o  Truck Traffic",  Traffic 
Engineering Control , 1974. 
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s t a b l e  over t ime. 
t u a l  s t a b i l i t y  i n  t h e  economy. 
f u t u r e  (which i s  p o t e n t i a l l y  r i s k y  due t o  p o s s i b l e  f u t u r e  s t r u c t u r a l  changes i n  the  
economy), the  g r a v i t y  method cou ld  be a use fu l  f i r s t  approximation. 

Dynamical ly s t a b l e  g r a v i t y  model parameters tend t o  suggest s t r u c -  
Hence i f  t r a f f i c  f lows were t o  be p r o j e c t e d  i n t o  t h e  

A Disaggregated Macro Approach 

The n e x t  s tep  was t o  take macro data and in t roduce t r a n s p o r t a t i o n  modes and a t -  
tempt t o  e x p l a i n  the  t r a f f i c  volumes by modes between o r i g i n  and d e s t i n a t i o n .  As 
expla ined above, t h e  o n l y  i n f o r m a t i o n  which conta ined numerous f lows by commodity 
and a l s o  conta ined modal s p l i t  i n f o r m a t i o n  was t h e  Census o f  Transpor ta t ion  ( i n  
p u b l i c  use computer tape form).  
s t r a t e g y  had t o  be decided upon f a i r l y  e a r l y  i n  t h e  p r o j e c t .  A l a r g e  number o f  
p o t e n t i a l  commodities e x i s t e d  t h a t  were p h y s i c a l l y  p i p e l i n e a b l e .  I f  o r i g i n - d e s t i n a -  
t i o n  matr ices were const ructed by mode f o r  a l l  such commodities, the  computer budget 
f o r  t h i s  p r o j e c t  would have been overspent many t imes. 
t o  achieve commodity d e t a i l ,  m a t r i x  c e l l s  w i t h  zero e n t r i e s  s t a r t e d  t o  p r o l i f e r a t e .  

i n v e s t i g a t e  n i n e  p i p e l i n e a b l e  commodities on a t h r e e  and f o u r  d i g i t  STCC basis .  
While t h r e e  d i g i t s  was. f a i r l y  aggregat ive the  t r a d e - o f f  i n  going t o  f i v e  ( o r  i n  some 
cases even f o u r )  d i g i t s  was an unacceptab e number o f  zeros i n  t h e  f l o w  m a t r i x .  
n i n e  th ree  d i g i t  STCC's had a s i g n i f i c a n t  number o f  o r i g i n s  and d e s t i n a t i o n s  i n  the  
nor theas t  and midwest reg ion,  a s i g n i f i c a n t  number o f  shipments g rea ter  than 10,000 
pounds ( t o  i n s u r e  reasonable p i p e l i n e  conta iner  loads)  and a s i g n i f i c a n t  number o f  

shipments g rea ter  than 75 ( t o  i n s u r e  a reasonable l i n e  haul d is tance) .  I n  a d d i t i o n ,  
these commodities were se lec ted  t o  be s i m i l a r  w i t h  t h e  mic ro  demand/modal s p l i t  i n -  
t e r v i e w i n g  w i t h  sh ippers which was undertaken and descr ibed below. 

and j by mode h)  on the  bas is  o f  the  assumed a b s t r a c t  t r a n s p o r t a t i o n  c h a r a c t e r i s t i c s  
o f  each. 
shippers e x h i b i t  i d i o s y n c r a t i c  percept ions o f  t h e  t r a n s p o r t a t i o n  modal serv ices  and 
a l s o  e x h i b i t  i d i o s y n c r a t i c  corporate goals.  
d isaggregate than t h e  data o f  t h e  l a s t  s e c t i o n  b u t  s t i l l  e n t a i l e d  d i f f e r e n t  products  
and/or d i f f e r e n t  shippers,  t h e  model developed and est imated h e r e i n  i m p l i e d  t h a t  
i n d i v i d u a l  shippers could be assumed t o  have s i m i l a r  dec is ion  c r i t e r i a  f o r  modal se- 
l e c t i o n .  While i n d i v i d u a l  shippers do., i n  f a c t ,  have f a i r l y  systemat ic d e c i s i o n  
c r i t e r i a ,  the  modal s p l i t  o f  an aggregat ion o f  such shippers as i n  t h e  Census o f  

Since i t  was expensive t o  use t h e  tape, a research 

I n  a d d i t i o n ,  i f  one at tempted 

Thus, i n  c o n s u l t a t i o n  w i t h  the  p i p e l i n e  technology group, i t  was decided t o  

The 

I n  t h i s  model, t h e  o b j e c t i v e  was t o  e x p l a i n  the  f lows T i j h  (tonnage between i 

There were inherent  problems w i t h  t h i s  approach. As expla ined below, 

Since the  data u t i l i z e d  h e r e i n  was more 
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Transpor ta t ion  Data, w i t h  d i f fe ren t ,  b u t  systemat ic,  c r i t e r i a  may n o t  appear t o  be 
o r d e r l y .  

Given t h e  modal choice explanat ions f o r  these commodities, the a d d i t i o n  o f  t h e  
p i p e l i n e  mode as an a l t e r n a t i v e  t o  t h e  shippers (who chose between t r u c k  and r a i l  i n  
the  above data)  was hypothesized. The modal choice model hypothesized choice based 
on modal c h a r a c t e r i s t i c s  ( i d e a l l y  sh ipper  and shipment c h a r a c t e r i s t i c s  should a l s o  
be considered -- see A l l e n  and Moses, (5 ) ;  - Gilmour, (30) - -- f o r  a l i s t  over 30 moda 
choice var iab les ,  and A l l e n  (5 ) .  - 
y i e l d e d  values f o r  comparable modal c h a r a c t e r i s t i c s  f o r  p i p e l i n e  (e.g. , r a t e ,  t r a n s i t  
t ime) .  
s p l i t  between the  t h r e e  modes us ing  t h e  methodology o f  Quandt and Baumol(31). - 
o f  the  models and t h e  modal s p l i t t i n g  a r e  g iven below. 

Consu l ta t ion  w i t h  t h e  p i p e l i n e  technology group 

The modal s p l i t  a n a l y i s  a l lowed t h e  determinat ion o f  how t h e  t r a f f i c  would 
The d e t a i l s  

The Abst rac t  Mode Model 

The a b s t r a c t  mode model was f i r s t  proposed by Quandt and Baumol and has been 
used t o  est imate demand f o r  passenger t r a n s p o r t a t i o n  (31). 
has been devoted t o  app ly ing  t h i s  approach f o r  e s t i m a t i n g  demand f o r  f r e i g h t  t ranspor-  
ta . t ion (32) .  - 
the p o t e n t i a l  demand f o r  a new mode o f  t r a n s p o r t a t i o n  (such as t h e  f r e i g h t  p i p e l i n e ) .  
The a b s t r a c t  mode approach viewed t h e  in termodal  demand f o r  var ious  t r a n s p o r t a t i o n  
modes n o t  d i r e c t l y ,  b u t  as be ing der ived  from a demand f o r  the  " a t t r i b u t e s "  o f  these 

R e l a t i v e  y l i t t l e  work 

However, as w i l l  be seen l a t e r ,  t h i s  approach was idea f o r  e s t i m a t i n g  

(30) - Gilmour, P. , "An Eva lua t ion  o f  the  Market ing St ra tegy  f o r  Transpor ta t ion  Ser- 
v ices" ,  Mimeo, Department o f  Economics, Monash U n i v e r s i t y ,  Melbourne, A u s t r a l i a ,  
1975. 

(31) - See R.E. Quandt and W.J. Baumol , "The Demand f o r  Abs t rac t  Transpor t  Wodes: 
Theory and Measurement", Journal  o f  Regional Science, Vol. 6 #2, 1966, Reuben 
Gronau and Roger E .  Alca ly ,  "The Demand f o r  Abs t rac t  Transport  Modes: 
Misg iv ings" ,  - JRS, Vol. 9 #1, 1969, R.E. Quandt and W.J. Baumol, "The Demand f o r  
Abs t rac t  Transpor t  Model: Some Hopes", JRS, Vol. 9 #1, 1969, E. P h i l i p  Howrey, 
"On the  Choice of Forecast ing Models f o r m r  Travel " ,  JRS, Vol 9 #2, 1969, and 
Kan Hua Young, "The Abst rac t  Mode Approach t o  t h e  Demad-for Travel " ,  Trans- 
p o r t a t i o n  Research, Vol. 3, 1969. 

Some 

(32) - See B r i a n  C. Kullman, " A  Model o f  Rai l /Truck Compet i t ion i n  t h e  I n t e r c i t y  
F r e i g h t  Market", Volume 15 i n  Studies i n  Ra i l road Operations and Economics, 
prepared f o r  the  Federal Ra i l road Admin is t ra t ion ,  December, 1973, and James H. 
Herendeen, "Theore t ica l  Development and P r e l i m i n a r y  Test ing o f  a Mathematical 
Model f o r  P r e d i c t i n g  F r e i g h t  Modal S p l i t " ,  Pennsylvania Transpor ta t ion  and 
T r a f f i c  Safety Center, Pennsylvania S ta te  U n i v e r s i t y ,  1969. 
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modes (33). For example', a shi3pper 's dec is ion  t o  u t i J i z e  r a i l  o r  t r u c k  d i d  n o t  de- .., )* :,% s c 

pend on what these modes were c a l l e d .  Rather, h i s  d e c i s i o n  t o  s h i p  by a p a r t i c u l a r  
mode was based on t h e  l e v e l s  o f  s e r v i c e  (e.g., r a t e s ,  t r a n s i t  times, r e l i a b i l i t i e s ,  
p r o b a b i l i t i e s  o f  l o s s  ,and damage, 

An a b s t r a c t  mode model of the  intermodal demand f o r  f r e i g h t  t r a n s p o r t a t i o n  can 
be formulated as 

e t c . )  prov ided by t h a t  and o ther  modes. 

x where T i j k  was t h e  f l o w  o f  commodity R by mode k from o r i g i n  i t o  d e s t i n a t i o n  j; Xi 
and X .  were vectors  of exogeneous v a r i a b l e s  represent ing  produc t ion  and consumption J 
a t  o r i g i n  i and d e s t i n a t i o n  j ( i . e .  ,, populat ion,  manufactur ing employment, value- 
added i n  manufacturing, e tc . ) ,  Rk was t h e  r a t e  charged by mode k between i and j, Rb 
was t h e  r a t e  charged by t h e  bes t  (cheapest) mode between i and j, TTk was t h e  t r a n s i t  
t ime prov ided by mode k between i and j, TTb was t h e  bes t  ( f a s t e s t )  t r a n s i t  t ime be- 
tween i and j, Relk was t h e  t r a n s i t  t ime r e l i a b i l i t y - p r o v i d e d  by mode k between i and 
j, Relb was t h e  t r a n s i t - t i m e  . .  r e l i a b i l i t y  between i a n d - j  o f  the  best  (most r e l i a b l e )  
mode, and A, al, a2, bl., b2,- b3, b4, b5, and b6 were t h e  parameters t o  be est imated. 
Equation ( 5 )  accounted for, b o t h , f r e i g h t  generat ion and model s p l i t .  The f r e i g h t  
generat ion model couldebe w r i t t e n  as: 

where T!j was t h e  t o t a l  f low of commodity R f rom o r i g i n  i t o  d e s t i n a t i o n  j .  
form of t h i s  model was very s i m i l a r  t o  t h a t  f o r  g r a v i t y  model fo rmula t ion .  
between o r i g i n  i and d e s t i n a t i o n  j <was a f u n c t i o n  o f  the  r e l a t i v e  a t t r a c t i v e n e s s  of 
the  o r i g i n s  and d e s t i n a t i o n s  (Xi, X . )  and f the  " f r i c t i o n "  between them (Rb, 

in t roduced t h a t  reduced, t h e  " f r i c t i o n "  between 

The 
The f l o w  

J 
us,;if a new mode 

" f l o w  would be expected 
s p l i t  toge ther  (as i n  

here. Instead, we 
2 ,  

remembered t h a t  t h e  i n t r o d u c t i o n  o f  a new mode w i l l  l e a d  n o t  
o f  e x i s t i n g  flows 
l a t e n t  demand). 

ease i n  _I t o t a l ,  f lows (by s t i m u l a t i n g  
. \  

Here, we were i n t e r e s t e d  i n  e s t i m a t i n g  ,the modal s p l i t  between t r u c k  and r a i l .  

(33) Lancaster, K., "A  New Approach t o  Consumer Theory", Journal  of P o l i t i c a l  
Economy, 74, 1966, pp. 132-157. - 



38 

It i s  impor tant  t o  note t h a t  t h i s  was e s s e n t i a l l y  a b i n a r y  mode choice. 
i n  the  s p i r i t  of t h e  a b s t r a c t  mode model, t h e  f o l l o w i n g  equat ion was formulated: 

Consequently, 

(7)  (Per t ruc) i j  R = (Const.) (TR/RR)yj (RT/TT)ij B (RRel/TRel)r j  

R where(Pertruc)i j  was the  percent  of t h e  f l o w  o f  commodity R going by t r u c k  between 
o r i g i n  i and d e s t i n a t i o n  j, (TR/RR)ij was t h e  t r u c k  r a t e  r e l a t i v e  t o  the  r a i l  r a t e  
between i and j ( t h e  r a i l  r a t e  was almost always the  l e a s t  cost ly) , .  (RT/TT)ij was 
the  r a i l  t ime r e l a t i v e  t o  the  t r u c k  t ime between i and j ( t r u c k  t ime was almost 
always the  f a s t e s t ) ,  (RRel/TRel)ij was t h e  r a i l  r e l i a b i l i t y  r e l a t i v e  t o  t r u c k  r e l i a -  
b i l i t y  b'etween i and j ( t r u c k  r e l i a b i l i t y  was almost always t h e  best ) ,  and (Const.),  
0 1 ,  B ,  and y were the parameters t o  be est imated. Various surveys have i n d i c a t e d  
t h a t  r a t e s ,  t r a n s i t  t ime, and t r a n s i t  t ime r e l i a b i l i t y  were t h e  th ree  most impor tant  
f a c t o r s  i n  the modal dec is ions made by shippers (a). 
i nc luded i n  equat ion (7 ) .  
t h a t  a sh ipper  t raded off r e l a t i v e  r a t e s ,  t r a n s i t  t imes, and r e l i a b i l i t i e s  i n  making 

Thus, these v a r i a b l e s  were 
Also the  m u l t i p l i c a t i v e  form o f  t h i s  f u n c t i o n  i m p l i e d  

h i s  modal se lec t ions .  Thus; t h e r e  appeared t o  be a b e h a v i w a l  bas is  f o r , t h i s  
mu1 t i p 1  i c a t i v e  fo rmula t ion .  

m u l t i p l i c a t i v e  e r r o r  and tak ing ' the  logar i thms o f  bo th  sides, i .e., 
Equation (7 )  can be est imated us ing  o r d i n a r y  l e a s t  squares (OLS) assuming a 

Ln(Per t ruc) '  = Ln(Const.) + aLn(TR/RR) + BLn(RT/TT) ( 8 )  
\ 

+ y Ln(RRel/TRel) + ~ . l  

where i s  a random e r r o r .  It i s  w e l l  known t h a t  est imates o f  (Const.),  a , 
B , y , obta ined by a p p l y i n g  OLS t o  equat ion (8) w i l l  be a s y m t o t i c a l l y  unbiased. 
However, these est imates w i l l  n o t  be a s y m t o t i c a l l y  e f f i c i e n t  ( l e a s t  var iance o f  a l l  
es t imators ) .  
100, and thus one o f  the  bas ic  assumptions o f  l e a s t  squares regress ion,  homos- 
c e d a s t i c i t y ,  was v i o l a t e d .  
var iances o f  t h e  est imated c o e f f i c i e n t s  were biased and t h e r e f o r e  the  usual s i g -  
n i f i cance t e s t s  cannot be appl ied.  
by t a k i n g  t h e  l o g i s t i c  t rans format ion  of t h e  dependent v a r i a b l e ,  o b t a i n i n g  

This  was because t h e  dependent v a r i a b l e  (Per t ruc)  was bounded by 0 and 

It can a l s o  be shown i n  these est imates t h a t  the  est imated 

However, t h i s  problem can e a s i l y  be avoided 

(34) - For example, see t h e  surveys i d e n t i f i e d  by Kullman, B.C., "A  Model of R a i l /  
Truck Compet i t ion i n  t h e  I n t e r c i t y  F r e i g h t  Market", Vol. 15 i n  Studies i n  
Ra i l road Operations and Economics, prepared f o r  Federal R a i l  road Admin is t ra t ion,  
December, 1975. 
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(Pertruc/100 - Per t ruc) ,  and us ing  the  l o g a r i t h m  o f  t h i s  v a r i a b l e  as t h e  dependent 
v a r i a b l e  i n  equat ion (8 ) .  The dependent v a r i a b l e  w i l l  now be unbounded, and the  
est imated c o e f f i c i e n t s  w i l l  be bo th  a s y m t o t i c a l l y  c o n s i s t e n t  and unbiased. Once 
equat ion ( 7 )  had been estimated, the  a b s t r a c t  s e r v i c e  c h a r a c t e r i s t i c s  o f  the  
f r e i g h t  p i p e l i n e  ( ra tes ,  t r a n s i t  t ime, r e l i a b i l i t y )  could be s u b s t i t u t e d  i n  t o  
p r e d i c t  the  percentage o f  commodity R t h a t  would go by t h i s  new mode. This  w i l l  
be i l l u s t r a t e d  i n  a l a t e r  s e c t i o n  o f  t h e  r e p o r t  e n t i t l e d  P o t e n t i a l  Demand f o r  the  
F r e i g h t  P i p e l i n e .  

2 ,  * *  * 

The Data and Var iab les - Manufactured Commodities 

Data f o r  t h e  dependent v a r i a b l e  i n  equat ion ( 7 )  was obta ined from the  1967 
Census of Transportation--Commodity Transpor ta t ion  Survey p u b l i c  use tapes. The 
Census data showed f lows from 25 produc t ion  areas (one o r  a combination o f  SMSA's) 
t o  59 d e s t i n a t i o n  areas (one o r  a combination o f  SMSA's and n i n e  geographic reg ions)  
of manufactured commodities by Standard Transpor ta t ion  Commodity Code (on t h e  2, 3; 
4, and 5 d i g i t  l e v e l s ) .  
four and f i v e  d i g i t  l e v e l s  were a v a i l a b l e  on o n l y  a few o r i g i n - d e s t i n a t i o n  p a i r s .  
Thus, t h e  g r e a t e s t  poss ib le  d isaggregat ion by commodity was on the  t h r e e  (sometimes, 
four)  d i g i t  STCC l e v e l .  
t r u c k l o a d  shipments ( l e s s  than 10,000 pounds), and d i v i d i n g  t r u c k l o a d  tonnage by 
t o t a l  tonnage ( t r u c k l o a d  and r a i l  car load)  i n  a g iven o r i g i n - d e s t i n a t i o n  p a i r .  
c a l c u l a t i o n  was performed f o r  n i n e  t h r e e  d i g i t  commodity groups which were deemed 
" p i p e l i n e a b l e "  (cou ld  p h y s i c a l l y  move by a f r e i g h t  p i p e l i n e  (35)). 
commodity groups t r a n s p o r t a t i o n  by r a i l  and t r u c k  was dominant-water, a i r ,  and o t h e r  
modes were extremely i n s i g n i - f i c a n t .  The n i n e  commodity groups chosen i n  t h i s  
ana lys is  by STCC were 208 (Beverages o r  F l a v o r i n g  E x t r a c t s ) ,  264 (Converted Paper 
o r  Paperboard Products) ,' 265 (Containers o r  Boxes ,' Paperboard) , 283 (Drugs and 
Medicines) , 284 (Soaps and o t h e r  Detergents) ,'.285 (Pa in ts  and A1 1 i e d  Products) , 
307 Miscel laneous P l a s t i c  Products)', 346 (Metal Stampings) , and 364 ( E l e c t r i c  
L i g h t i n g  o r  Wire Equipment) . '  
and r a i l  r a t e  by commodity groups. 
est imated on data f rom t h e  1969 Carload Waybi l l  S t a t i s t i c s  (36).  - 

Unfor tunate ly ,  because o f  d i s c l o s u r e  problems, da ta  on t h e  

Per t ruc  was c a l c u l a t e d  by e l i m i n a t i n g  a l l  less- than-  

This  

Among these 

I 

For each o r i g i n - d e s t i n a t i o n  p a i r ,  i t  was necessary t o  c a l c u l a t e  the  t r u c k  r a t e  
R a i l  r a t e s  were c a l c u l a t e d  f rom n i n e  regress ions 

Parameters f o r  

(35) - 

(36) - 

This was determined i n  c o n s u l t a t i o n  w i t h  the  Technology Group. 

1969 Carload Waybi l l  S t a t i s t i c s ,  U.S. Department o f  Transpor tat ion,  Federal 
R a i l  Admin is t ra t ion ,  O f f i c e  o f  Economics, 



the fol lowing equation were estimated for each commodity group: 

bl b2 RR = A(SS) (Haul) 

40 

where R R  was the ra i l  ra te  i n  cents per hundredweight, SS was the shipment s ize  i n  
tons per carload, and Haul was the shipment distance i n  miles. The multiplicative 
form of this  function allowed b o t h  a quant i ty  and distance taper i n  the ra te  structure.  
As shipment size increased, the ra i l  ra te  was expected t o  decrease a t  a decreasing 
rate--bl was expected t o  be negative. As Haul increased, the rail rate was expected 
t o  increase, b u t  a t  a decreasing rate--b2 was expected t o  be positive. This equation 
was estimated on a sample of s ta te- to-s ta te  movements by five d i g i t  STCC w i t h i n  
each commodity group. 
A ,  b l ,  and b2 were estimated using ordinary leas t  squares. 
regressions are presented i n  Table XV. 
these regressions was f a i r ly  h i g h ,  the estimated coefficients were usually significant,  
and bl and bp always had the expected signs. 

Truck rates were calculated from the following equation which was estimated-in 
three shipment size groups on da ta  provided i n  Morton (37) .  - 

The logarithm of b o t h  sides of  equation ( 9 )  was taken, and 
The resul ts  of these 

I t  can be seen t h a t  the explanatory power of T 

J 

TR = A ' +  b (l/Haul) 

where TR was the truck rate  i n  cents per ton-mile, Hau1,was the length o f  haul i n  
miles, and A and b were the parameters t o  be estimated. 
implied no distance taper i n  average rates  ( i . e . ,  i n  cents/ton).  
seen i n  Table XV, the three regressions f i t t e d  the d a t a  extremely well. 
f i c i en t  b was always positive and significant ( a t  the 1% leve l ) .  
were estimated on d a t a  f o r  the Northeast d u r i n g  1967'. 
t o  calculate truck rates for the ent i re  country from these equations. 
(10) was not estimated by commodity groups as were the ra i l  ra te  regressions. 
Morton has shown that  truck rates  vary significantly w i t h  the commodity shipped(37). 
S t i l l ,  the regressions had to be used because they were estimated on the best 
(and i t  seems only) available d a t a  concerning truck rates .  

To calculate rail  and truck rates (and r a i l  and truck times) i t  was necessarj 
t o  o b t a i n  data on distance between the 25 production areas and the 50 destination. 
areas by rail and  highway. The nine geographical regions were not  included i n  this 

(37) - Morton, A . L .  , "Competition i n  the Interci ty  Freight Market", Office o f  Systems 
Requirements , Plans , and Information , Department o f  Transportation , Washington, 
D . C . ,  1971. 

The form o f  th i s  equation 

The coef- 
However, as can be 

These regressions 
Thus, i t  may n o t  be valid 

Also, equation 
However, 



Commod t y  Group 

STCC 208 
Beverages, e tc .  

STCC 264 
Converted Paper, 
e tc .  

STCC 265 
Containers,  e tc .  

STCC 283 
Drugs, e tc .  

STCC 284 
Soap, e tc .  

STCC 285 
Pa in t ,  e t c .  

STCC 307 
Misc. P l a s t i c s  

STCC 346 
Metal Stampi ngs 

Table X’ 
Rate Regressions 

R a i l  Rate Regressions 

F 
- b2 - bl A - - 

2.654 -0.131 0.567 
(1.79) (-1.18) (9.77)** 48.17** 

13.343 -0.662 0.602 
(5.49) (-4.46)** (11.41)** 66.01** 

13.158 -0.765 0.662) 
(1 0.28)** (-1 2.42)**( 1 6.31 )** 1 59.00** 

16.119 -0.476 0.520 
(6.801 )** (-4.89)** (1 3.87)** 106.03** 

1.583 -0.463 0.851 
(0.98) (-3.97) ** ( 1 5.72) ** 123.56** 

1.972 -0.133 0.663 
(2.15)* (-0.188) (16.78)** 141.59** 

33.717 -0-737 0.525 
(1  4.21 )** ( 1  5.61 )** (14.701 )** 21 0.78** 

17.374.  -0.556 0.559 
(11.56)** (-10.73)**(14.26)** 122.62** 

. . . . . . . 

R2 
- 

.60 

.63 

.86 

.77 

.85 

.84 

.81 

.81 

.83 

41 

N= 
- 

67 

.79 

53 

65 

46 

17.392 -0.751 0.659 
( 9.47) ** ( - 9.89) ** ( 1 5.85) ** 149.44** STCC 364 

E l e c t r i c  L i g h t i n g  

56 

100 

62 

64 

Truck Rate Regressions 

- A - b - F - R2 SS Group 

10-12.5 tons 3.151** 939.218** 1656.70** .99 

N= 
22 
- 

.98 21 

.99 21 
12.5-15 tons 3.038** 762.683** 11 63.33** 
15-20 tons 2.470** 684.973** 1 565.65** 

Figures i n  parentheses a r e  t - s t a t i s t i c s  
* S i g n i f i c a n t  a t  t h e  f i v e  percent l e v e l  
** S i g n i f i c a n t  a t  t h e  one percent l e v e l  
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analysis. 
largest  c i ty  i n  each production or destination area. Rail short l ine  miles were 
obtained from the 1967 Rand McNally Commercial Atlas because ra i l  distance would 
not be expected to  change greatly between 1967 and 1976. 
highway distances have changed d u r i n g  this  period mainly because of the construction 
of the Inters ta te  Highway System. 
from the 1970 Rand McNally Highway Atlas. The average circui ty  over short l ine 
miles i n  the United States has been estimated to  be 16 percent by r a i l  and 6 
percent by truck (38). - 
multiplying truck short l ine  miles by 1.06 and u s i n g  the rate  regression which 
includes the average truck shipment size (39) - i n  tha t  commodity group. 
were calculated from the rate  regressions reported i n  Table X V  by multiplying 
ra i l  short l ine  miles by 1.16 and inserting for  shipment s ize  the average for  t h a t  
commodity group (40) .  - B o t h  ra i l  and truck rates were converted t o  dollars per ton. 

was estimated by Martland (41): 

Both ra i l  and highway distances were measured from the center of the 

On the other hand, 

T h u s ,  highway short l ine  miles were obtained 

T h u s ,  truck rates were calculated from equation (10) by 

Rail ra tes  

Rail t r ans i t  times were calculated from the following regression which 

Days = 1 . 2  + 0.0007 Miles + 0.72 Hump + 0.63 Flat  + 0.39 Inter + 0.45 Unrel 

(11) R 2 = .55, F = 30.3 

(All coefficients significant a t  the f ive percent level ,  F significant a t  the 
one percent level)  where Miles was the r a i l  miles (again ra i l  short  l ine  miles 
were multiplied by 1.16 t o  account for  c i r cu i ty ) ,  Hump was the number of hump 
yards (one every 250 miles, the national average was assumed), Flat was the 
number of f l a t  yards (two assumed), Inter was the number of railroad interchanges 
(one assumed), and Unrel was a measure of t r ans i t  time unrel iabi l i ty .  Unrel 
equal led (100-Re1 ) , where Re1 was t r ans i t  time re1 iabi l  i ty  measured as the per- 

(38) - Bureau of Accounts, I.C.C., Rail Carload Cost Scales, 1973, Statement No, ICI- 
73, p. 131, and Bureau of Accounts, I.C.C., Cost of Transporting Freight by 
Class I and I1 Motor Common Carriers, 1971, Statement No. XI-71. p .  4.  

(39) Average truck shipment s izes  obtained from Freight Commodity S ta t i s t i c s  of 
Motor Carriers of Property, 1967, I.C.C., Bureau of Accounts. 

(40) Average r a i l  shipment sizes obtained from the 1969 Carload Waybill Stat is-  
- t i c s ,  U.S. Department of Transportation, Federal Rail Administration, Office 
of Economics. 

(41) Martland, C . D .  , Rail T r i p  Reliabil i ty:  Evaluation of Performance Measures and 
Analysis of T r i p  Time Data, Studies i n  Railroad Operations and Economics, Vol. 
2 ,  prepared for  the Federal Railroad Administration, DOT, June 1972, p .  87. 
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centage o f  shipments t h a t  a r r i v e  d u r i n g  t h e  bes t  th ree  day p e r i o d  (80 percent,  
the n a t i o n a l  average was assumed). 
the  f o l l o w i n g  equat ion:  

Truck t r a n s i t  t imes were c a l c u l a t e d  from 

Days = Mi les/450 (12) 

where M i l e s  was the  highway s h o r t  l i n e  m i l e s  m u l t i p l i e d  by 1.06 t o  account f o r  
c i r c u i t y .  
t r u c k  would t r a v e l  a 45 m i l e  p e r  hour ( t h e  n a t i o n a l  average) (42) - f o r  t e n  hours 
per  day. 

th ree  most impor tant  fac to rs  i n  the  sh ipper 's  modal choice.  I n  f a c t ,  r e l i a b i l i t y  
may be the  most impor tant  f a c t o r  i n  t h i s  dec is ion .  
surveys c i t e d  by Kullman (34),  73 percent  o f  the shippers i n d i c a t e d  dependab i l i t y  
of d e l i v e r y  as very impor tant  i n  t h e  s e l e c t i o n  o f  t h e i r  t r a n s p o r t  mode. 
was compared t o  67 percent  o f  the  shippers who c i t e d  t o t a l  t r a n s i t  t ime, 55 
percent  who c i t e d  f r e i g h t  ra tes ,  and 40 percent  who c i t e d  loss and damage as 
very impor tan t  i n  t h e i r  modal s e l e c t i o n .  
re1  i a b i l i t y  (as mentioned be fore)  was the  percentage o f  shipments t h a t  a r r i v e  d u r i n g  
the b e s t  t h r e e  day per iod.  
f o r  t r u c k  and 80 percent  f o r  r a i l .  
est imate t h i s  v a r i a b l e  f o r  each o r i g i n - d e s t i n a t i o n  p a i r .  
r e l i a b i l i t y  had t o  be excluded from the  a b s t r a c t  mode model. 
was w r i t t e n  as 

The demoninator i n  the  above equat ion was obta ined by assuming a 

As mentioned before, t r a n s i t  t ime r e l i a b i l i t y  appeared t o  be one o f  the  

I n  one o f  the  sh ippers '  

Th is  

One p o s s i b l e  measure of  t r a n s i t  t ime 

N a t i o n a l l y  t h i s  f i g u r e  appeared t o  be about 95 percent  
Unfor tunate ly  t h e r e  seemed t o  be no way t o  

Thus, t r u c k  and r a i l  
Equat ion (8) 

R 
Ln(Per t ruc)  = L n  (Const . ) '  + a'.ln(TR/RR) + B'Ln(RT/TT) + p ' (13) 

C l e a r l y  equat ion (13) was mis -spec i f ied  s ince  the  v a r i a b l e  r a i l  r e l i a b i l i t y  r e l a t i v e  
t o  t r u c k  r e l i a b i l i t y  was n o t  inc luded.  
w i t h  the inc luded var iab les ,  r e l a t i v e  r a t e s  and r e l a t i v e  t r a n s i t  t imes, the  
est imates of a' and B '  w i l l  be biased. However, i t  seemed t h a t  t h i s  was probably  
n o t  t h e  case. 
i n d i v i d u a l  (sh ipper )  behavior, i t  was est imated on extremely aggregate data.  
Thus, a l though the  range o f  modal r e l i a b i l i t i e s  f a c i n g  the  sh ipper  may be ex- 
t remely  l a r g e ,  the  r a t i o  o f  r a i l  r e l i a b i l i t y  t o  t r u c k  r e l i a b i l i t y  may have very l i t t l e  

I f  t h i s  excluded v a r i a b l e  was c o r r e l a t e d  

It must be remembered t h a t  a l though equat ion ( 7 )  was based on 

(42) I n t e r s t a t e  Commerce Commission, Cost o f  Transpor t ing F r e i g h t  by Class I and I 1  
Motor Common C a r r i e r s  o f  General Commodities , 1971, Statement 2C1-71, Washington, 
D.C., 1972, p. 51. 
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variance over the extremely aggregate origin-destination pairs. 
case, the constant term would pick up the r e l i ab i l i t y  advantage of truck. 

If t h i s  was the 

Empirical Results - Manufactured Commodities 

Before presenting the resul ts  of the estimation of our abstract mode s p l i t  
model for  the nine commodity groups, the implications of the aggregation problem 
in th i s  case i s  briefly discussed. The dependent variable (Pertruc) represented 
an aggregation over many shipments of various commodities w i t h i n  each commodity 
group. On the other hand, rail ra tes ,  truck rates ,  r a i l  t r ans i t  time, and truck 
t r ans i t  time a l l  represented average values i n  that  commodity group and for a 
particular origin-destination pa i r .  
being shipped within each commodity group varied greatly over the origin-des- 
t i n a t i o n  pairs. Since shippers of different  commodities were expected t o  respond 
very differently t o  re la t ive rates  and re la t ive t r ans i t  times, t h i s  m i g h t  lead t o  
lower explanatory power for the mode s p l i t  equation. Also the Census production 
and destination areas resulted from aggregation over large l a n d  areas. 
w i t h i n  these areas shippers in the central c i ty  migh t  be b ased towards u t i l i z ing  
ra i l  because of the avai labi l i ty  of r a i l  sidings, while in the suburbs shippers 
m i g h t  be biased towards truck. 
tion of production and consumption among the origins and destinations m i g h t  
also lead t o  lower explanatory power i n  the mode s p l i t  equations. 
(13) the sign of a’ was expected t o  be negative--the greater the r a t io  of truck t o  
r a i l  rates the smaller would be the percent shipped by truck. 
was expected t o  positive--the greater the r a t io  of r a i l  t o  truck t r ans i t  times 
the greater would be the percent shipped by truck. The resul ts  of the estimations 
of equation (13) u s i n g  b o t h  the logarithms of Pertruc and o f  the log is t ic  trans- 
formation (Pertruc/100-Pertruc) as the dependent variables are presented i n  Table 
XVI. The resul ts  of both  versions appeared to be abou t  the same, although the 
explanatory power of the equations u s i n g  the log is t ic  transformation as the dependent 
variable were generally s l igh t ly  less .  
100-Pertruc) was, of course, much greater t h a n  t h a t  of Pertruc. 

equation except STCC 283 (Drugs) a t  l eas t  one of the coefficients was significant 
( a t  the one percent leve l ) .  
(Beverages), 264 (Converted Paper Products) , 285 (Paints) and 307 (Misc. Plas- 
t i c s ) ,  the coefficients associated w i t h  b o t h  re la t ive rates and re la t ive t r ans i t  
times were significant ( a t  the one percent level) .  The calculated values of r a i l  

I t  was very possible t h a t  the mix of commodi,,?s 

However, 

Thus, a large va r i a t ion  i n  the spatial  distribu- 

In  equation 

The sign of 6 ’  

This was because the variance of (Pertruc/ 

The estimated coefficients always had the expected signs. Also, i n  every 

I n  four of the estimated equations, STCC’s 208 
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C.906 1 - 0 . 9 6 0  
( 1 . 0 9 )  ( - 0 . 4 2 )  
4 .179  - 5 . 0 7 5  
( 0 . 5 0 )  ( - 1  - 6 8 )  

- Table X V I  
A b s t r a c t  Mode R e s u l t s  

8 .51* *  1 3 4  
I 2.034 

( 3 . 6 2 ) * *  '12 1 
1 .760  .24  I 8 . 7 0 * *  I 5 9  

1 
( 1 . 8 6 )  

Commod i t y  
STCC 208  
a e v e r a g e s ,  e t c .  
STCC 264  
C o n v e r t e d  p a p e r ,  

-I_-- 

( - 3 . 1 2 ) * *  
- 6 . 5 3 8  
(-3.03)*;*  
- 7 . 7 3 0  
(72.47),** 
-3 .242  
(-0.61.) Os 

e t c .  
STCC 2 6 5  
C o n t a i n e r s .  e t c .  

(4 .68 ) * *  
1 . 9 3 0  
( 3 . 2 6 ) * *  
0 .761  

- (  0). S O )  
4.108 
( 3 . 3 3 ) * *  

STCC 283 
D r u g s ,  e t c .  
STCC 284  
Soap, e t c .  
STCC 285 
P a i n t ,  e t c .  
STCC 307 
M i s c .  P l a s t i c s  
STCC 346  
M e t a l  S t a m p i n g s  
STCC 3 6 4  
E l e c t r i c  L i g h t i n  

De 

C o n s t .  
8 .619  
( 3 . 3 0 ) * *  
5 . 9 3 0  
( 2 . 4 5 ) *  

9 .602 
( 5 . 2 9 ) * *  

3 5 . 9 4 5  
( 2 . 5 1  ) *  
3 .171  
i 3 . 2 6 )  ** 

54.762 
( 9 . 8 2 )  ** 

1 0 . 0 3 4  
( 4 . 5 6 ) * *  
2 4 . 1 1 9  

0 .436  
( 0 . 8 2 ) '  

__ 

( 3 . 7 4 ) * *  

3nden t V a r i  a b 

R 

-3.301- 
( - 4 . 7 2 ) * *  
- 3 . 6 9 9  
( - 3 . 2 5 ) * *  

- 0 . 7 2 2  
( - 0 . 6 7 )  
- 2 . 7 0 4  
( - 1 . 7 4 )  
-1 .551  
( - 1 . 5 9 )  
- 2 . 7 2 5  
( - 3 . 4 8 ) * *  
- 2 . 9 6 0  
( - 2 . 7 5 ) * *  
- 4 . 3 1 9  
( - 2 . 8 9 ) * *  
- 2 . 1 3 0  
( - 0 . 7 8 )  

! -  - P e r t  r u  c-- 

B R2 

. 3 9  1 . 8 1 6  
( 9 . 9 4 ) * *  
i . n o '  
( 6 . 1 5 ) * *  ,.28 

1 .004  . 
( 3 . 7 9 ) * *  .12 
0 .734 .  
( 1 . 5 1 )  * 2 1  
1 . 8 0 6  
( 4 . 6 3 ) * *  ' l6 
0.839  
( 5 . 1 1  ) **  ' 1 5  
0 .820  
( 2 . 7 8 ) * *  *'" 

( 0 . 8 9 )  * ,  

2 .052 
( 3 . 2 6 ) * *  * 2 1  

0.362 

D e p e n d e n t  V'ar iab le- - (Per t ruc / ( lOO-Per t ruc) )  
STCC208 
B e v e r a g e s ,  e t c .  
STCC 264  
C o n v e r t e d  P a p e r ,  
e t c .  
STCC 265  
C o n t a i n e r s ,  e t c .  
STCC 283  
D r u g s ,  e t c .  
STCC 284  
Soap, e t c .  
STCC 285  
P a i n t ,  e t c .  
STCC 307 
M i s c .  P l a s t i c s  
STCC 346 
M e t a l  S t a m p i n g s  
STCC 364 ' 
E l e c t r i c  L i  q h t i  ng 

F 
~ 

1 0 5 . 0 5 * *  

30 .88* *  

8 . 7 8 * *  
7 .36* *  

2 4 . 9 1  ** 
15 .34* *  

15 .46* *  

7 .54* *  

6 .01**  

- 
N =  

339  

1 6 4  

- 

1 3 4  
59 

264 

181 

127 

108 
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0 . 0 7 5  

( 1 . 4 2 )  

0 .054 
( 4 . 0 3 ) * *  

20 .005  

0 .405  
( 0 . 8 9 )  
2 . 3 2 1  
( 0 . 4 7 )  
0 .002  

-( 3.1'7 )**  

( 3 . 3 3 ) * *  

. 1 6  

.13  

. 2 4  

. 1 0  

.21  -- 

24 .66* *  

20.01**  

5 .90* *  

6.09**, 

264 

1 8 1  

1 2 7  

1 0 8  

4 9  

1 

- 0 . 4 6  

C o r r  1 2  

-0 .24  

0 . 5 6  
- 0 . 6 4  

-0.57 

0 .27  

-0 .51  

- 0 . 4 8  

- 0 . 1 3  

- 
-0.46 

- 0 . 2 4  

0 . 5 6  

- 0 . 6 4  

-0 .57  

0 . 2 7  

- 0 . 5 1  

- 0 . 4 8  

- 9 . 1 3  

I S i m p l e  c o r r e l a t i o n  b e t w e e n . L n  (a RT 

* * S i g n i f i c a n t  a t  t h e  one  p e r  c e n t  l e v e l .  I 

* S i g n i f i c a n t  a,t t h e  f i v e  p e r c e n t  l e v e l . ,  i+ I 

T T )  a n d  Ln  (TR / R R )  

F i g u r e s  i n  p a r e n t h e s e s ,  a r e  t - s t a t i s t i c s .  ,* 



46 

r a t e s  and t r a n s i t  t imes, and t r u c k  r a t e s  and t r a n s i t  t imes were e s s e n t i a l l y  l i n e a r  
( o r  n e a r l y  l i n e a r )  funct ions r e s p e c t i v e l y  o f  r a i l  s h o r t  l i n e  m i l e s  and t r u c k  s h o r t  
l i n e  mi les .  
r e l a t i o n  between them was .977), m u l t i c o l l i n e a r i t y  problems i n  t h e  es t imat ion  o f  t h e  
mode s p l i t  models were a n t i c i p a t e d .  
r a t e s  and l o g a r i t h m  o f  r e l a t i v e  t r a n s i t  t imes were f a i r l y  h i g h l y  c o r r e l a t e d  (See 
Table X V I ) ,  c o l l i n e a r i t y  problems appeared t o  be severe o n l y  i n  t h e  e s t i m a t i o n  of 
the  Drugs (STCC 283) equation. The explanatory  power of each o f  t h e  equat ions e s t i -  
mated was n o t  high, e.g., t h e  R ' s  were much below 1.00. This  migh t  i n  p a r t  r e f l e c t  
t h e  problems i n  aggregat ion discussed before.  
s u b j e c t  t o  a l a r g e  sampling e r r o r  s ince  the  Census was based on a 1 i n  100 sampling 
r a t i o .  
would n o t  b i a s  t h e  est imated c o e f f i c i e n t  i f  t h e  random v a r i a t i o n  i n  t h e  dependent 

Since r a i l  and t r u c k  s h o r t  m i l e s  were h i g h l y  c o r r e l a t e d  ( the s imple cor -  

Al though i n  some cases t h e  l o g a r i t h m  o f  r e l a t i v e  

2 
- 

Also, t h e  Census o f  Transpor ta t ion  was 

This  would lead t o  lower  explanatory  power i n  t h e  node s p l i t  equations, b u t  

v a r i a b l e  was normal l y  d i s t r i b u t e d  (33).  - 
From these est imated equat ions i t  was p o s s i b l e  t o  ca 

o f  s u b s t i t u t i o n  between r e l a t i v e  r a t e s  and r e l a t i v e  t rans  
would (TR/RR) have t o  change g jven a change i n  (TT/RT) t o  
Per t ruc.  This  concept i s  i l l u s t r a t e d  g r a p h i c a l l y  i n  F ig .  

c u l a t e  t h e  marginal  r a t e  
t t ime- - tha t  i s  how much 
s t a y  on t h e  same l e v e l  of 
1. -' (Where Kli K2 and K3 

a r e  constants  and K3>K2>K1). 
t i m e  i n  terms of (RT/TT) w h i l e  here we a r e  d iscuss ing  t h e  marginal  r a t e  o f  s u b s t i t u -  
t i o n  between (TR/RR) and (TT/RT). 
e f f i c i e n t  assoc iated w i t h  (TT/RT), had i t  been inc luded i n s t e a d  o f  (RT/TT) i n  equa- 
t i o n  (13), would be -6. 
t o t a l  d e r i v a t i o n  of equat ion (13) and s o l v i n g  f o r  d (TR/RR) / d (TT/RT). Thus, 

Not ice  our  equat ions were est imated on r e l a t i v e  t r a n s i t  

However, i t  can be e a s i l y  shown t h a t  t h e  co- 

The marginal  r a t e  o f  s u b s t i t u t i o n  was obta ined by t a k i n g  t h e  

It can be seen from t h i s  equat ion and from Figure 1 t h a t  t h e  marginal  r a t e  o f  sub- 
s t i t u t i o n  was n o t  constant,  b u t  was a changing f u n c t i o n  of r e l a t i v e  r a t e s  and r e l a -  
t i v e  t r a n s i t  t ime. Table X V I I  p resents  t h e  c a l c u l a t e d  marginal  r a t e s  o f  s u b s t i t u t i o n  
i n  e i g h t  o f  t h e  commodity groups ( a l l  except STCC 283, Drugs). These marginal  r a t e s  
o f  s u b s t i t u t i o n  were c a l c u l a t e d  a t  t h e  mean values of (TR/RR) and (RT/TT) and a r e  
shown f o r  t h e  regress ions us ing  Per t ruc,  and those us ing t h e  l o g i s t i c  t rans format ion  
(Pertruc/100-Pertruc) as t h e  dependent v a r i a b l e .  From t h e  t a b l e  i t  can be seen t h a t  
t h e  marginal  r a t e  o f  s u b s t i t u t i o n s  c a l c u l a t e d  from t h e  l o g i s t i c  model were consis-  
t e n t l y  l a r g e r  i n  abso lu te  value than those c a l c u l a t e d  from t h e  equat ions us ing Per- 
t r u c  as t h e  dependent v a r i a b l e .  Also, f o r  those equations i n  which r e l a t i v e  t r a n s i t  
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I 

T a b l e  X V I I  
M a r g i n a l  Rates o f  S u b s t i t u t i o n  

Commodity Group 

STCC208 
Beverages ,  e t c .  

STCC264 
Converted Paper  

STCC 265 
C o n t a i n e r s ,  e t c .  

S T C C  284 
Soap,  e t c .  

STCC 285 
P a i n t s ,  e t c .  

S T C C  307 
Misc. P l a s t i c s  

STCC 346 
Metal Stampings 

Dependent V a r i a b l e  
Per t ruc 

',/ a 

-0.550'  

1 

2 

-0.414 

-1.391 

2 -1.164 

1 -0.308 

-0.277 1 

3 -0.084 

2 -0 .963 

MRS 

-6.187 

-4.135 

-1 4.788 

-1 0.297 

-3.251 

-1.722 

-0.605 

-4.313 

Dependent V a r i a b l e  
P e r t u c / ( l o O - P e r t r u c  

B/a - 
1 -0.843 

1 - 0 . 4 9 5 ,  

2 -2.120 

2 -2 .605  

1 -0.31 6 

1 -0 ,295  

-0 .098 3 

2 -1 .267 

MRS 

-9.412 

-4.944 ' 

-22.539 

-23.045 

-3.335, 

-1.834 

-0.706 

-5.676 STCC 364 
E l e c t r i c  L i g h t i n g  

' B o t h  r e l a t i v e  r a t e s  a n d  r e l a t i v e  t r a n s i t  t ime s i g n i f i c a n t  
a t  t h e  one per c e n t  l e v e l .  

' R e l a t i v e  t r a n s i t  time s i g n i f i c a n t  a t  t h e  one per  c e n t  l e v e l .  

3 R e l a t i v e  r a t e s  s i g n i f i c . a n t  a t  t h e  one per c e n t  l e v e l .  

48 
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irl time was s ignif icant ,  the margina 

49 

ra te  of substitution between relat ive rates  and 
re la t ive time was very large ( in  absolute value). 
in re la t ive t r ans i t  time would require a very large change in re la t ive rates t o  keep 
Pertruc a t  the same level. On the other h a n d ,  for t h a t  equation i n  which relat ive 
rates were significant ( a t  the one percent level)  and re la t ive t r ans i t  time was n o t ,  
the marginal ra te  of substitution between relat ive rates and relat ive t r ans i t  time 
was very small ( i n  absolute value). 

In other words, a very small change 

Empirical Results - Agricultural Commodities 

Equation (13) was also estimated on d a t a  obtained from the 1974 Fresh Fruit and 
Vegetable Unload S ta t i s t i c s  (43). - Most of these fresh f r u i t s  and vegetables were 
extremely perishable and only three were deemed t o  be "pipe1 ineable'l--dry onions , 
potatoes and  cabbage. 
from s ta tes  t o  41 c i t i e s  by truck and ra i l  i n  ra i l  car lot  equivalents. Thus, in 
th i s  case the dependent variable Pertruc was calculated by dividing ra i l  car lot  equi- 
valents t h a t  went by t ruck by total  car lots  (by truck and r a i l ) .  From the 1969 Cen- 
sus of Agriculture i t  was possible t o  identify the major counties in which these 
agricultural commodities were grown in the origin s t a t e s .  
were then measured from a c i ty  in or near these origin counties t o  the 41 destination 
c i t i e s .  This information was obtained from the 1976 Rand McNally Road Atlas. 
highway and r a i l  short l ine  miles were assumed t o  be very similar,  r a i l  short l ine  
miles were n o t  measured. 

load Waybill S t a t i s t i c s  allowing for  c i rcui ty  as previously described. These e s t i -  
mated regressions are (44) - : 

These d a t a  show shipment of various agricultural commodities 

Highway short l ine  miles 

Since 

Rail ra tes  were calculated f rom regressions estimated on d a t a  from the 1972 Car- 

On i ons 
RR = (0.383) (SS) -0'335 (miles) 0'7.93** R? = 0.83 F = 138.58** N = 60 
Potatoes 
RR = (0.331) (SS) 0.017 (miles) 0*759** R2 = 0.85 F = 272.40** N = 98 

** Significant a t  the one percent level 
Truck rates were calculated from the truck ra te  equations reported in Table X V  

again allowing for circuity.  The calculated truck rates were then multiplied by 1.3 

(43) - 

(44) 

U.S. Department of Agriculture, Agricultural Marketing Service, Fresh Fruit and 
Yegetable Unload Totals for 41 Cities,  1974. 
For reasons explained below, cabbage were dropped from the analysis. 
ra te  regression for  cabbage i s  n o t  given. 

Thus a 
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t o  bring them u p  t o  the 1972 level (45). 
r a t e  equations was that  many agricultura 
motor carr iers  w h i c h  tend t o  charge much 

One major problem w i t h  u s ing  these truck 
commodities move by agricultural exempt 

lower rates than common carriers--the truck 
ra te  equations , however, were estimated on common car r ie r  rates.  
seems to  be l i t t l e  information on rates  charged by agricultural exempt carr iers .  
T h u s ,  the r a t io  of truck rates  t o  r a i l  ra tes  probably overstate the true ra te  r a t io  
relationship. Also, no information on truck and r a i l  ra tes  was available fo r  1974. 
This ra t io ,  however, probably had not changed much between 1972 and 1974. Rail and 
truck t r ans i t  times were calculated (allowing for  c i rcui ty)  from equations (11) and 
(12) respectively. 

Equation (13) was estimated for  the three agricultural commodities us ing  the 
logarithms of Pertruc and of the Logistic transformation (Pertruc/100-Pertruc) as the 
dependent variables. 
and Ln(RT/TT), the cabbage equations were n o t  successful. 
for  onions and potatoes were: 
Onions 
Ln (Pertruc) = 18.826 - 10.364 Ln(TR/RR) t 3.013 Ln(RT/TT)  

Ln (Pertruc/100-Pertruc) = 36.622 - 24.867 L n ( T R / R R )  + 8.251 Ln(RT/TT) 

Nevertheless , there 

However, because of extreme mu1 t i co l l  iner i ty  between Lii(TR/RI?) 
The estimated equations 

R2 = 0.42, F = 75.39, N = 213 

R2 = 0.58, F = 146.90 
Potatoes 
L n  (Pertruc) = 10.306 - 9.173 L n ( T R / R R )  + 2.700 Ln(RT/TT) 

n 

RL = 0.33, F = 54.00, N = 218 

R2 = 0.30, F = 46.92 
Ln (Pertruc/100-Pertruc) = 10.282 - 14.551 Ln(TR/RR) + 5.133 Ln(RT/TT) 

All coefficients and F s t a t i s t i c s  were s ignif icant  a t  the one percent level.  
Note t h a t  these estimated equations have much greater explanatory powers t h a n  

the mode s p l i t  regressions for manufactured comodities.  This was probably partly 
due t o  the greater commodity disaggregation i n  the agricultural  commodities. 

substi tution between relat ive rates  (TR/RR) and re la t ive  transit times ( T T / R T ) .  These 
calculated marginal ra tes  of substi tution are: 
Onions 
Dependent variable is  Pertruc MRS -5.689 
Dependent variable i s  (Pertruc/100-Pertruc) MRS = -7.632 

As before i t  was possible t o  calculate from equation (14) the marginal ra tes  of  

(45) - From "A Brief Summary of MAC General Territory-Wide Changes fo r  Class and Com- 
modity Rates", Middle Atlantic Conference, Maryland. 
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Potatoes 
Dependent variable Pertruc MRS = -3.099 
Dependent variable i s  (Pertruc/lOO-Pertruc) MRS = -3.721 
Again note that  the marginal rates of substitution obtained from the models 
using the log is t ic  transformation (Pertruc/100-Pertruc) as the dependent variable 
were s l ight ly  larger ( i n  absolute value) than  those using Pertruc. The marginal 
rates of  substi tution obtained from the onions and potatoes models indicated 
t h a t  re la t ive t r ans i t  time was a very important  variable. 

Conclusions 

There appeared t o  be several problems i n  attempting t o  estimate abstract  mode 
models for f re ight  transportation from aggregate d a t a .  
market share d a t a  ( for  example the Census of Transportation) included under 
one commodity group several different  types of  commodities. Since modal decisions 
m i g h t  be made very differently for  various commodities, aggregate modal s p l i t  

2 models may n o t  be expected 'to yield h i g h  R ' s  and significdnt coefficient estimates. 
Also, aggregate d a t a  tended t o  u t i l i ze  large land areas as origins and destinations. 
Partly for these reasons our mode s p l i t  equations (especially for the manufactured 
commodities) d i d  n o t  have very h igh  explanatory powers. Second, i t  was necessary 
t o  estimate values for truck rates ,  r a i l  ra tes ,  truck t r ans i t  times, rail  t r ans i t  
times, e tc . ,  from several sources of secondary d a t a .  These estimates represented 
( a t  best)  only broad averages for a given origin-destination pa i r .  
pecul iar i t ies  of  each origin-destination p a i r ,  these estimates ( a t  worst) may 
n o t  have reflected the actual values a t  a l l .  Finally, even t h o u g h  the abstract  
modal was based on individual (shipper) behavior, i t  was estimated on extremely 
aggregate d a t a .  These models were n o t  t r u l y  behavioral. T h u s ,  i t  m i g h t  n o t  
be jus t i f ied  t o  use these models for predictive purposes. However, these d i s -  
advantages of the aggregate approach must be weighed against the major problem 
of the micro approach, generalizing from the micro t o  the aggregate level ,  which 
wi l l  be discussed i n  the next section. 

First, most aggregate 

Because of 

The Micro Demand Modal Spl i t  Model 

The demand analysis took s t i l l  another approach a t  demand/modal s p l i t .  
Much analysis has been done o f  late on behavioral modelling o f  transportation 
choice. The b u l k  o f  th i s  research has been developed i n  the context of urban 



passenger demand/modal s p l i t  (see Watson (46),  - 
Domencich and McFadden (48),  - Lisco (49) ,  - Warner (50), - Ben Ak va (51), - t o  name 
b u t  a few o f  a v a s t l y  growing l i t e r a t u r e ) .  Only a few examples e x i s t e d  on t h e  
f r e i g h t  s i d e  (Kullman, (341, - Hartwig and L i n t o n  (9 ) ,  - M i k l i u s  and Casavant(52), - 
Watson (53),  - Reebie ( 8 ) .  - Some research on behaviora l  model l ing of mode choice i s  
i n  progress concur ren t ly  w i t h  t h i s  p r o j e c t ,  i .e. , a t  M I T  (54) - by Paul Roberts and 
Alan Stenger a t  Pennsylvania S ta te  U n i v e r s i t y .  Despi te the  at tempts , t h e  f r e i g h t  
s i d e  o f  demand a n a l y s i s  was v i r t u a l l y  unexplored. 

The o b j e c t i v e  of t h i s  sect iomwas t o  develop a disaggregate model o f  sh ipper  
modal s p l i t .  Th is  model was based on observat ions o f  ac tua l  modal choices f o r  
i n d i v i d u a l  shipments under the  t r a n s p o r t  c h a r a c t e r i s t i c s ,  i .e . ,  r a t e ,  t ime, 
r e l i a b i l i t y ,  etc. ,  f o r  bo th  the  chosen and a l t e r n a t i v e  modes from a s p e c i f i c  o r i g i n  
t o  a s p e c i f i c  d e s t i n a t i o n .  
g u i t y ,  the  e f f e c t  o f  shipment s ize ,  the  use o f  average t imes and r a t e s  a l l  
disappeared i n  t h i s  ana lys is .  The need f o r  a l l  aggregates was e l im ina ted .  A l l  
averages were rep laced by t h e  a c t u a l  values o f  s e r v i c e  a t t r i b u t e s  which confronted 
the  dec is ion  maker when t h e  dec is ion  was made. 

Charles R iver  Associates (47) - 

The commodity ambigui ty  and t h e  geographical ambi- 

Watson, P., The Value o f  Time: Behaviora l  Models o f  Modal Choice, D.C.  
Heath and Co., Lexington, Mass., 1974. 

Charles R i v e r  Associates, Compet i t ion Between R a i l  and Truck i n  I n t e r c i t y  
F r e i g h t  Transpor tat ion,  NTIS, S p r i n g f i e l d ,  VA, 1969. 

Domencich, T. and D. McFadden, Urban Travel  Demand: A Behavioral  Analysis,  
American E l s e v i e r ,  N.Y. , 1975. 

L isco,  T., "The Value o f  Commuters' Travel  Time--A Study i n  Urban Trans- 
p o r t a t i o n " ,  unpubl ished Ph.D; d i s s e r t a t i o n ,  Department o f  Economics, Uni-  
v e r s i t y  o f  Chicago, 1967. 

Warner, S. , Stochas t ic  Choice o f  Mode i n  Urban Trave l :  ' A  Study i n  B inary  
Choice, Evanston, I L ,  Northwestern U n i v e r s i t y  Press, 1962. 

Ben Aki  va , M. , " S t r u c t u r e  of Passenger Demand Model s "  , Highway Research 
Record, #526, 1974. 

M i k l i u s ,  W. and K. Casavant, "Es t imat ion  of  Demand f o r  Transpor ta t ion  o f  
A g r i c u l t u r a l  Commodities" , Mimeo, Department o f  A g r i c u l t u r a l  Economics, 
Washington Sta te  U n i v e r s i t y ,  Pullman, C i rca  1974. 

Watson, P., Urban Goods Movement: A Disaggregate Approach, D.C. Heath Co., 
Lex ington , Mass. , 1975. 

MIT, F r e i g h t  Demand Model l ing:  A P o l i c y  S e n s i t i v e  Approach, Center f o r  
Transpor tat ion Studies,  CTS Report #75-6, A p r i l ,  1975. 

52 



53 

drl 

u 

By observ i  g modal choice when t h e  sh ipper  was confronted by var ious "bundles" 
o f  modal s e r v i c e  c h a r a c t e r i s t i c s  v is-$-v is  t h e  c h a r a c t e r i s t i c s  of t h e  goods he was 
sh ipp ing  (and h i s  own o b j e c t i v e s  and c h a r a c t e r i s t i c s  o f  the  o r i g i n  and d e s t i n a t i o n ,  
e t c .  ) , shipper  t rade-of fs  between the  var ious independent (explanatory)  var iab les  
cou ld  be determined. I f  the  model expla ined the  ac tua l  choice w e l l ,  the  a d d i t i o n  
of  the  p i p e l i n e  c h a r a c t e r i s t i c s  might  enable the  determinat ion t o  be made whether 
a shipment i n  quest ion was l i k e l y  t o  move by p i p e l i n e  ( the l i k e l i h o o d  w i l l  be 
expressed i n  p r o b a b i l i t y  terms). Performing the  ana lys is  f o r  a l l  shipments would 
determine the  1 i k e l y  percentage o f  t h a t  s h i p p e r ' s  shipments which were 1 i k e l y  
(economic) candidates f o r  f r e i g h t  pipe1 i n e .  

w i t h  the  Reebie study (8 )  - 
w i t h  the  f o l l o w i n g  type o f  quest ion:  column headings o f  s p e c i f i c  
t r a n s p o r t a t i o n  s e r v i c e  l e v e l  changes and w i t h  row headings o f  s p e c i f i c  t r a n s p o r t a t i o n  
r a t e  l e v e l  changes, e.g., suppose e n t r y  i. j read a t r a n s p o r t  r a t e  increase o f  
5% accompanied by a s e r v i c e  increase o f  lo%, i f  event i, j occurs,would you change 
your  shipment? Using sh ipper  responses t h e  m a t r i x  c e l l s  were then f i l l e d  o u t  w i t h  
percentage d i v e r s i o n  under the  circumstances i n d i c a t e d  by t h e  row and column 
headings . 

The f i r s t  was t h a t  si-nce the  
shippers when in te rv iewed were n o t  making any r e a l  dec is ions,  one had no idea 
whether, they would r e a l l y  s h i f t  as they s a i d  they would. Secondly, t h e  changes 
were s t a t e d  i n  percentage terms and immediately b r o u g h t - t o  mind - percentage o f  what 
l e v e l ?  Constant percentage changes u s u a l l y  imp ly  d i f f e r e n t  behaviora l  responses 
depending on the  base f rom which one s t a r t s .  
the  cumulative4mormal '1s'' shaped modal choice curwe' which predominates i n  the  urban 
passenger modal s p l i t  li hard ' to 'imagine t h a t  the  i , j s i t u a t i o n s  
pos tu la ted  t o  the  s h i p p e r s ' i n  t h e  Reebie s tudy ( 8 )  ana lys is  meant the  same t h i n g  

This  method o f  determin ing the modal s p l i t  o f  a' new*mode can be cont ras ted  
approach where a group of shippers were confronted 

Given a m a t r i x  w i  

Two d i f f i c u l t i e s  e x i s t e d  w i t h  such a format.  

This i s  e s p e c i a l l y  t r u e  i f  one yiews 

t o  each one. 
. I _  . 

. :  '., . . 

To circumvent these d e f i c i e n c i e s ,  t h e  approach taken h e r e i n  i n f e r r e d  t h e  sh ip-  
from' how he . a r e a l  ' l i f e  -. i , j ,  . s i t u a t i o n )  

nd ly ,  a1 though t h e  sh ipp ing  behavior 
i n  t h e  same commodity 

e f f o r t  f o r  a l l  *shippers),  t h e  aggre- 

as opposed t o  how he s a i d  he would be 

. I  

g a t i o n  was n o t  c a r r i e d  across a l l  shippers o f : a l l x  goods.,as i t  C I  was i n  the Reebie 
s tudy(8) .  - It was f e l t ,  there fore ,  t h a t  s ince an i n d i v i d u a l  f i r m ' s  behavior was 
observed from t h e i r  a c t i o n s  i n  the marketplace, t h a t  an understanding o f  t h e  sh 
response t o  a new batch o f  c h a r a c t e r i s t i c s ,  i .e . ,  p i p e l i n e ,  cou ld  be d iscerned 

8 L ,  ,i ' 

being 
pper ' s 
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from his response t o  existing character is t ic  batches. 
approach which suggested that  choices were made based upon modal performance and 
n o t  by what a mode i s  called. 

In order t o  implement th i s  p a r t  of the research, i t  was decided,to survey 
major industries which shipped pipe1 ineable products for  which suff ic ient  macro 
d a t a  was available. The goal was a sample of 500 individual shipment per firm 
with a sample mode s p l i t  indicative o f  the firm's overall mode s p l i t .  
was collected on origin,  destination, type of commodity, s ize  of shipment, value of 
commodity, density of commodity, freight ra te  of chosen mode (truck o r  r a i l ) ,  f r e i g h t .  
ra te  of rejected mode ( r a i l  o r  truck),  time in t r ans i t  by chosen and rejected mode, 
and r e l i ab i l i t y  by the chosen and rejected mode. While loss and damage rates were 
f e l t  t o  be important a p r ior i ,  no shipper was found t h a t  could give anything e lse  I 

b u t  an overall average for r a i l  and truck. S nce each observation o f  modal choice 
would always have the same constant value for ra i l  loss and damage, e.g. ,  x, and the 
same constant value for truck loss and damage e.g. ,  y ,  the loss and damage figures 
had n o  discriminatory power ( i n  a d d i t i o n  t o  being col l inear) .  Thus loss and damage 
was no t  present in the analysis herein. 

Below, modal s p l i t  models will be presented for  three firms. The firms must 
remain nameless because the d a t a  involved in the analysis was regarded as proprietary. 
Suffice i t  t o  say t h a t  these were large, national firms. 
t r a f f i c  and  distribution departments. 

This was the abstract  mode 
' ;, 

Information 

They had sophisticated 
A conscious e f fo r t  was made t o  s o l i c i t  infor- 

mation from more sophisticated firms w i t h  the general notion that  they were leaders 
in the i r  f ie ld  and that  the i r  techniques of today would be the techniques of the 
"followers" tomorrow.' In addition, because of the concentration of economic power, 
a re la t ively small number of big shippers tender a very large percent of the nation's 
total  shipments. Thus the firms included in th i s  study (and firms of the type t h a t  
were 'included in th i s  study) shipped a non-trivial portion of the nation's f re ight .  

or Traffic Manager. I t  was an original intention t o  gather information from a firm 
i n  every two d ig i t  STCC level which was considered pipelineable and which generated 
significant t r a f f i c  flow. 
be surveyed t o  check the hypothesis implicit in the Reebie cri t icism above t h a t  with- 
in STCC behavior was more stable than  between STCC behavior. 

IHowever, such a plan proved t o  be overly ambitious. 

Contact was made w i t h  s ix  firms a t  the level of Vice President Transportation 

In some STCC's i t  was hoped that  a t  l eas t  two firms could 

In a l l  cases the information 
which'was sought was regarded as propriety. In a l l  cases a meeting 
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was r e q u i r e d  w i t h  a Vice Pres ident  of T r a n s p o r t a t i o n L o r  T r a f f i c  Manager so t h a t  
the  prospec t ive  c o n t r i b u t o r  could assess our  i n t e n t i o n s  and t h a t  assurances 
w i t h  regard t o  the  s e c u r i t y  o f  the  in fo rmat ion  cou ld  be made. 
the "product"  which t h e  research team was " s e l l i n g "  had t o  be " s o l d  t o  
management". Th is  was a t ime consuming process, as was t h e  data c o l l e c t i o n  which 
fol lowed (and t h e  t a b u l a t i o n ,  reconf i rmat ion ,  educat ion w i t h  respect  t o  t h e  data, 
e t c . ) .  Thus i t  became c l e a r  t h a t  the  o b j e c t i v e  o f  20 o r  so mic ro  demand models 
cou ld  n o t  be accomplished. 

was w i l l i n g  t o  cooperate b u t  c o u l d n ' t  a l l o w  the  research team t o  process the  
data and cou ld  not ,  a t  t h a t  t ime, p rov ide  manpower t o  process the data f o r  the  
team. Only one f i r m  was unable t o  p a r t i c i p a t e  due t o  management p o l i c y .  

" i  

I n  essence, 

Of t h e  s i x  f i r m s  contacted, data was c o l l e c t e d  from f o u r .  A f i f t h  f i r m  

Not o n l y  d i d  each data s e t  take a l o n g  t ime t o  generate on t h e  p a r t  o f  the 

The process o f  i d e n t i f y i n g  t h e  ac tua l  values on 
research team, but,  i n  a d d i t i o n ,  each s e t  e n t a i l e d  many man-hours o f  t ime f rom 
the cooperat ing f i rms.  
shipments which d i d  n o t  occur ( t h e  non-chosen mode) was n o n - t r i v i a l .  
t ime was spent w i t h  h i g h  rank ing  people i n  the  t r a f f i c  departments l e a r n i n g  t h e i r  
coding systems, d iscuss ing t h e i r  eva lua t ions  o f  the  modes, l e a r n i n g  about company 
po l  i c y  w i t h  respect  t o  t r a n s p o r t a t i o n ,  and o t h e r  mat ters  which i n f l u e n c e d  how 
t h e  modal s p l i t  model f o r  t h a t  f i r m  was const ructed and how t h e  r e s u l t s  were 
i n t e r p r e t e d .  
f i r m s  i n  " s t r a i g h t e n i n g  out ' '  data problems. 
must be expressed t o  the  p a r t i c i p a t i n g  f i r m s .  

t o  p o i n t  o u t  t h a t  the  data was a v a i l a b l e  t o  perform t h e  des i red  research. 
The f i rms were cooperat ive a d recept ive .  
cooperate and spend consider  b l e  amounts o f  t ime w i t h  researchers was most 
gra t i fy i ng . 

was t h e  i d i o s y n c r a t i c  na ture  o f  t h e  f i r m s  t a l k e d  t o .  
X might  n o t  be impor tant  t o  f i r m  Y. 
modal choice were h i g h l y  
q u a n t i f y ,  e.g. , a d v e r t i s i n g ,  pub1 i c  r e l a t i o n s ,  salesmanship o f  a mode; equipment 
a v a i l a b i l i t y ,  spec ia l  l o a d i n g  o r  un loading requirements a t  t h e  o r i g i n  and/or 
d e s t i n a t i o n .  
i n v o l v e  choice, e.g., spec ia l  l o a d i n g  f a c i l i t i e s  a t  a f a c t o r y  might  prec lude 
a p a r t i c u l a r  mode, and such an i t e m  i f  n o t  known t o  t h e  research team might  r e s u l t  
i n  t h e  team's choice o f  another mode i n  t h a t  s i t u a t i o n ,  were e l i m i n a t e d  from the  

Much 

Much t ime was a l s o  spent w i t h  o t h e r  employees o f  t h e  cooperat ing 
A l l  i n  a l l ,  a g r e a t  debt  o f  g r a t i t u d e  

While the  data ga ther ing  and processing was t ime consuming, i t  i s  impor tant  

The almost un i fo rm w i l l i n g n e s s  t o  

i 

P a r t  o f  t h e  l e a r n i n g  process which was obta ined by t a l k i n g  t o  t h e  shippers 
What i s  impor tan t  t o  f i r m  

I n  a d d i t i o n ,  many i tems which i n f l u e n c e  
i d i o s y n c r a t i c  and d i f f i c u l t ;  i'f n o t  impossib le  t o  

To t h e  e x t e n t  poss ib le ,  any modal choices which might  n o t  t r u l y  
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data base which was gathered (except ing i n  t h e  case of  F i rm C ) .  
were no phys ica l  reasons why e i t h e r  mode cou ld  n o t  be chosen i n  the data se t .  
I n  a d d i t i o n ,  emergency rush  orders,  u n t y p i c a l  seasonal demands , and any behavior 
regarded as a t y p i c a l  by t h e  sh ipper  was n o t  inc luded i n  the  data base. 

Nevertheless, the  id iosyncras ies  p r e v a i l e d .  A1 though the  c h a r a c t e r i s t i c s  
faced by each f i r m  were t h e  same, t h e  reac t ions  t o  these c h a r a c t e r i s t i c s  would 
be d i f f e r e n t  and o t h e r  i d i o s y n c r a s i e s  e x i s t  as w e l l .  
personal d i f fe rences ,  why proceed w i t h  t h e  model l ing e f f o r t  o r  why n o t  b u i l d  
the  i d i o s y n c r a s i e s  i n t o  t h e  i n d i v i d u a l  model? 

Thus there  

I f  each sh ipper  had these 

the b e t t e r  the model would be expected t o  c l a s s i f y  sh ipper  X's modal choices, 
i .e.,  p r e d i c t i n g  an ac tua l  r a i l  shipment as r a i l  and an ac tua l  t r u c k  shipment 
as t r u c k .  However, t h e  model would then l o s e  g e n e r a l i t y .  It was the  view 
o f  the  research team t h a t  a l l  the  i d i o s y n c r a s i e s  t h a t  e x i s t e d  could never 
be captured in the model. Certain items, e.g., rates, transit time, etc., 

are  faced by every shipper,  however. I f  a s h i p p e r ' s  modal behavior  could be 
r e p l i c a t e d  reasonably w e l l  based on a model b u i l t  f rom pub1 i c l y  observable data 
i n  a model form which was a p r i o r i  acceptable,  an impor tan t  s tep  would have 
been made. 

Since t h e  goal was t o  take the  i n d i v i d u a l  mic ro  models and s p l i t  t h e  macro 
data and t o  app ly  t h e  mic ro  model t o  o t h e r  secondary source data, i n  o rder  t o  
meet t h i s  o b j e c t i v e ,  the  model had t o  be simple and c o n t a i n  v a r i a b l e s  f o r  the  
r e s t  o f  t h e  universe ( t h e  non-surveyed f i r m s )  which were e a s i l y  access ib le  (which 
i d i o s y n c r a s i e s  were n o t ) .  Thus t h e  t e s t  o f  t h e  models developed here in  w i l l  be 
t h e i r  w o r k a b i l i t y  and n o t  t h e i r  completeness, i .e . ,  d i d  t h e  models r e p l i c a t e  

n the  behavior  even though n o t  every poss ib le  explanatory  v a r i a b l e  was inc luded 
model. 

are g iven be l  ow. 
The theory  o f  demand and the  r e s u l t s  o f  t h r e e  t e s t s  o f  t h e  mic ro  mode 

To the  e x t e n t  t h a t  t h e  i n d i v i d u a l  model b u i l t  i n  sh ipper  X's i d iosyncras ies ,  

Disaggregate Models o f  Modal Choice 

The Demand f o r  Transpor ta t ion  

The demand f o r  t r a n s p o r t a t i o n  . i s  u s u a l l y  viewed as being'  der ived  f rom the 
demand and supply c o n d i t i o n s  i n  var ious reg ions.  
t r a t e d  through a s imple two reg ion  t r a d e  model. 
r e g i o n  B were i n i t i a l l y  each i n  i s o l a t i o n  -- thus, t h e  e q u i l i b r i u m  p r i c e  and 

This  could be e a s i l y  i l l u s -  
I n  F igure 2, r e g i o n  A and 
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f rom h i s  response t o  e x i s t i n g  c h a r a c t e r i s t i c  batches. 
approach which suggested t h a t  choices were made based upon modal performance and 
n o t  by what a mode i s  c a l l e d .  

major i n d u s t r i e s  which shipped p i p e l i n e a b l e  products f o r  which s u f f i c i e n t  macro 
data was a v a i l a b l e .  The goal was a sample o f  500 i n d i v i d u a l  shipments per  
f i r m  w i t h  a sample mode s p l i t  i n d i c a t i v e  o f  the  f i r m ' s  o v e r a l l  mode s p l i t .  I n -  
format ion was c o l l e c t e d  on o r i g i n ,  d e s t i n a t i o n ,  type o f  commodity, s i z e  o f  shipment, 
value o f  commodity, d e n s i t y  o f  commodity, f r e i g h t  r a t e  o f  chosen mode ( t r u c k  
o r  r a i l ) ,  f r e i g h t  r a t e  o f  r e j e c t e d  mode ( r a i l  o r  t r u c k ) ,  t ime i n  t r a n s i t  by 
chosen and r e j e c t e d  mode, and r e l i a b i l i t y  by t h e  chosen and r e j e c t e d  mode. 
While l o s s  and damage r a t e s  were f e l t  t o  be impor tant  a p r i o r i ,  no sh ipper  was 
found t h a t  could g i v e  anyth ing e l s e  b u t  an o v e r a l l  average f o r  r a i l  and t r u c k .  
Since each observat ion o f  modal choice would always have the  same constant  
value f o r  r a i l  l o s s  and damage, e.g., x, and the  same constant  va lue f o r  t r u c k  
l o s s  and damage, e.g., y, t h e  l o s s  and damage f i g u r e s  had no d i s c r i m i n a t o r y  power 
( i n  a d d i t i o n  t o  be ing c o l l i n e a r ) .  Thus l o s s  and damage was n o t  present  i n  the  
a n a l y s i s  here in.  

must remain nameless because t h e  data i n v o l v e d  i n  t h e  a n a l y s i s  was regarded 
as p r o p r i e t a r y .  They 
had s o p h i s t i c a t e d  t r a f f i c  and d i s t r i b u t i o n  departments. A conscious e f f o r t  was 
made t o  s o l i c i t  i n f o r m a t i o n  f rom more s o p h i s t i c a t e d  f i r m s  w i t h  the  general n o t i o n  
t h a t  they  were leaders i n  t h e i r  f i e l d  and t h a t  t h e i r  techniques o f  today would 
be t h e  techniques o f  t h e  " f o l l o w e r s "  tomorrow. 
concent ra t ion  o f  economic power, a r e l a t i v e l y  small  number o f  b i g  shippers 
tender a very  l a r g e  percent  o f  ' the n a t i o n ' s  t o t a l  shipments. 
inc luded i n  t h i s  study (and f i r m s  o f  t h e  type t h a t  were inc luded i n  t h i s  s tudy)  
shipped a n o n - t r i v i a l  p o r t i o n  o f  t h e  n a t i o n ' s  f r e i g h t .  

o r  T r a f f i c  Manager. 
f rom a f i r m  i n  every two d i g i t  STCC l e v e l  which was considered p i p e l i n e a b l e  
and which generated s i g n i f i c a n t  t r a f f i c  f low.  
a t  l e a s t  two f i r m s  cou ld  be survcryed t o  check t h e  hypothesis i m p l i c i t  i n  t h e  
Reebie c r i t i c i s m  above t h a t  w i t h i n  STCC behavior  was more s t a b l e  than between 
STCC behavior.  

i n f o r m a t i o n  which was sought was regarded as  p r o p r i e t a r y .  

Th is  was the  a b s t r a c t  mode 

I n  order  t o  implement t h i s  p a r t  of t h e  research, i t  was decided t o  survey 

Below, modal s p l i t  models w i l l  be presented f o r  t h r e e  f i r m s .  The f i r m s  

S u f f i c e  i t  t o  say t h a t  these were l a r g e ,  n a t i o n a l  f i r m s .  

I n  a d d i t i o n ,  because o f  t h e  

Thus the  f i r m s  

Contact  was made w i t h  s i x  f i r m s  a t  the  l e v e l  o f  V ice Pres ident  Transpor ta t ion  
I t was an o r i g i n a l  i n t e n t i o n  t o  gather  i n f o r m a t i o n  

I n  some STCC's i t  was hoped t h a t  
1: 

I 

However, such a p l a n  proved t o  be o v e r l y  ambi t ious.  I n  a l l  cases t h e  
I n  a l l  cases a meeting 

n 
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e x i s t e d  two modes of t r a n s p o r t  each o f  which were w i l l i n g  
q u a n t i t i e s  o f  t h e  commodity a t  var ious r a t e s  (SI and S2). 
an associated c o s t  curve (A1 and A2). To o b t a i n  the  t o t a l  
f o r  each mode (TC1 + TC2) t h e  supply curve and associatedzcost  
v e r t i c a l l y  summed. The t o t a l  c o s t  o f  t r a n s p o r t a t i o n  (TC) 
t h e  h o r i z o n t a l  summation o f  TC1 and TC2. The e q u i l i b r i u m  

, -  

i 

t o  c a r r y  d i f f e r e n t  
Each mode a l s o  had 
c o s t  o f  t r a n s p o r t a t i o n  

curve were 
was obta ined through 
l e v e l  o f  t r a d e  was 

ou tpu t  i n  each r e g i o n  was determined where demand equals supply (Pa and Qa i n  
reg ion  A and reg ion  B). 

r e g i o n  B.( f rom the  lower  p r i c e  reg ion  t o  the  h igher  p r i c e  one). 
excess supply curve (ESA) was obta ined through t h e  h o r i z o n t a l  s u b t r a c t i o n  o f  
demand from supply. 
through the  h o r i z o n t a l  s u b t r a c t i o n  o f  supply  f rom demand. 
have been t r a n s c r i b e d  t o  F igure  2c. I f  t r a n s p o r t a t i o n  fvom r e g i o n  A t o  r e g i o n  
B was p e r f e c t l y  cost less,  e q u i l i b r i u m  t r a d e  and p r i c e  i n  ]both reg ions would be 
determined by t h e  i n t e r s e c t i o n  o f  the  excess demand and excess supply curves (4, 
and Pe). Note t h e  e q u i l i b r i u m  p r i c e  i s  below t h e  p r i c e  i n  reg-ion B y  b u t  above 
t h a t  i n  r e g i o n  A. 
necessary t o  d e r i v e  the  demand f o r  t r a n s p o r t a t i o n  -- t h i s ?  was s imply  the  v e r t i c a l  
s u b t r a c t i o n  of excess supply f rom excess demand (curve DT i s  obta ined) .  I f  

Obviously, i f  any t r a d e  was t o  be generated, i t  would be f rom r e g i o n  A t o  
Region A ' s  

S i m i l a r l y ,  reg ion  B 's  excess demand 'curve (EDB) was obta ined 
These two curves 

However, i n  r e a l i t y  t r a n s p o r t a t i o n  i s  never f r e e .  Thus, i t  was 

the  t r a n s p o r t a t i o n  r a t e  was T t h e  e q u i l i b r i u m  t r a d e  would obvious 
F igure  3 i s  a blow-up o f  t h e  demand f o r  t r a n s p o r t a t i o n  curve 

E q u i l i b r i u m  t r a d e  was n o t  o n l y  determined by the  t r a n s p o r t a t  
d e r i  ved. , 

Y be QT. 
which has been 

on r a t e ,  b u t  
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conclusions. F i r s t ,  t h e  e q u i l i b r i u m  amount of t r a d e  and the  modal s p l i t  depended 
on t h e  supply curve and the  l e v e l  o f  s e r v i c e  ( t r a n s i t  ' t ime, t r a n s i t  t ime r e l i a -  
b i l i t y ,  e t c . )  prov ided by each mode. For example, i f  mode 1 improved i t s  l e v e l  
o f  s e r v i c e  (and thus reduced i t s  assoc iated cos ts ) ,  n o t  o n l y  would t h e  q u a n t i t y  
c a r r i e d  by mode 1 be increased and t h a t  by mode 2 reduced, b u t  a l so  t o t a l  amount 
o f  t r a d e  would be increased (a new e q u i l i b r i u m  would r e s u l t ) .  
knew the  the  costs  and l e v e l s  o f  s e r v i c e  prov ided by var ious modes ( s h i f t s  i n  the  
supply curve) ,  i t  was poss ib le  t o  i d e n t i f y  the  intermodal demand f o r  t ranspor-  
t a t i o n .  
sh ipper )  had been imp1 i c i  t l y  assumed: 

Second, i f  we 

During the  prev ious d iscuss ion,  the  f o l l o w i n g  demand h i e r a r c h y  (by  a 

1. 
2. 
3. Choice o f  t r a n s p o r t  mode. (56) 

Choice o f  l o c a t i o n  and the  l e v e l  o f  a c t i v i t y ,  
Choice o f  market l o c a t i o n s  and volumes o f  t rade,  and 

These choices ranged from the  very  long r u n  (1 )  t o  the  s h o r t  r u n  ( 3 ) .  
t h i s  paper, we s h a l l  concentrate on the  s h o r t  run,  i .e. ,  d e c i s i o n  three.  
i t  must be remembered t h a t  over the  l o n g  run  the  costs  and l e v e l s  o f  s e r v i c e  
prov ided by var ious modes w i l l  n o t  o n l y  a f f e c t  the modal s p l i t ,  b u t  w i l l  a l s o  
a f f e c t  t h e  d i r e c t i o n s  and t o t a l  volume o f  t r a d e  f lows and u l t i m a t e l y  the  l o c a t i o n  
and l e v e l  o f  economic a c t i v i t y .  

Dur ing 
However, 

A Model o f  Modal Choice 

I n  t h i s  s e c t i o n  we s h a l l  g i v e  an i n t u i t i v e  m o t i v a t i o n  f o r  the  l o g i t  model 
o f  mode choice.  
Suppose a sh ipper  had a cho ice ,o f  u t i l i z i n g  two a l t e r n a t i v e  modes ( t r u c k  o r  
r a i l )  each w i t h  a v e c t o r  o f  " a t t r i b u t e s "  (shipment cost ,  t r a n s i t  t ime, r e l i a -  
b i l i t y ,  e tc . ) .  Assume the p r o b a b i l i t y - % t h e  sh ipper  cho,se t r u c k  f o r  a p a r t i c u l a r  
shipment can be expressed as a l i n e a r  , f u n c t i o n $  o f  t h e > d i f f e r e n c e s  between t r u c k  
and r a i l  shipment costs,  t r a n s i t  t imes, a n d . t r a n s i t  t ime r e l i a b i l i t i e s .  Thus: 

For a more r i g o r o u s  development o f  t h i s  model see McFadden(57). L 

(TT ' -  RT) + ' ~ ( T R ?  - RR) .pT * I .  

(15) 
. .  

(56) - Terziev,  Marc, ,, 
A P o l i c y  Sens i t  
Research Socie Meetling, 1975. I , 

McFadden, Daniel  , "Condi t ional  L o g i t  Analysi's and QuPYi ta t i ve  Choice Behavior", 
i n  P. Zarembka, ed. F r o n t i e r s  i n  Econometrics, Academic Press, N.Y.C. 1973, 
and by the  same author,  A Disaggregated Behavioral  Model o f  Urban Travel  
Demand, Charles R iver  Associates, prepared f o r  t h e  Federal Highway 
A d m i n i s t r a t i o n  , U. S. Department o f  T ranspor ta t ion  , 
1973. 

oshe, and R o ~ e r t s  ,' Paul , "F i g h t  Demand Model l i n g - -  
'I, presented t o *  the  47th Na onal Operations 

(57) - 
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where (TC - R C )  was the truck sh'pment cost  minus the r a i l  shipment cost ,  (TT - 
RT) was the truck transit time m i n u s  the ra i l  t r ans i t  time, [TR - R R )  was the 
truck r e l i ab i l i t y  minus the ra i l  r e l i ab i l i t y ,  PT was the probability of choosing 
truck and a ,  b y  and c were the pirameters of the equation. 

A major problem with this firmulation was t h a t  estimated values of PT could 
f a l l  outside the range of 0 to  1 .  
i t y  of choosing truck f e l l  betwcm 0 and 1, the log is t ic  transformation of PT 
i s  taken, t h u s  obtaining: 

To constrain th i s  equation so t h a t  the probabil- 

Ln ( P T / ( l  - P,)) ,= a(TC - R C )  + b(TT - RT) + c(TK - R R )  (16) 

where (1 - PT)  was the probabil' ty  of choosing r a i l  (P,) . 
From equation (16) the probabil. ty  of choosing truck reduced t o :  

- - exp (a(TC - R C )  - .  b(TT - RT) + c(TR - R R ) )  
'T 1 + exp (a(TC - I C )  + b(TT - RT) + c(TR - R R ) )  

Multiplying the t o p  and  bottom ( I f  equation (17)  by exp(axRC + bxRT + cxRR) 
obtained: 

axTC + bxT? + cxTR 
'T = *[ / i  + CXRR! + exp (axTC + bxTT + cxTR) 

;l 
This was the log i t  model -- sinbe i t s  form was in t r ins ica l ly  non-linear, the 
parameters (a ,  b y  and c )  could [be estimated using the method of maximum likelihood 

j i  ii 
// The Data and the Variables 

li 
The data used for  the empirical analysis consisted of observations of in- 

dividual' shipments by truck and! ra i l  obtained from three( national) large shippers. 
These firms were very cooperatijve i n  allowing us to  use th i s  information. 
return we agreed n o t  t o  reveal Itheir names. 

the shipment observations wereifover a number of origin-destination pairs.  When 
gathering the data from waybill:s, we attempted t o  select  origin-destination pairs 
where the shippers were engaging in active mode sp l i t t ing  (between truck and r a i l ) .  

! I  In 
Thus, for the purposes of th i s  

report, we shall refer  to  themIlas il Firms A, B y  and C .  For a l l  three shippers 

ii 
I t  For each observation we collected (or calculated) the truck and ra i l  shipment 

costs ( i n  dollars per shipment/), and  the truck and ra i l  t r ans i t  times ( in  days). 
Also, from Firm A we were 

I , 

o b t a i n  the truck and ra i l  t r ans i t  time re l ia -  
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I n  a prev ious Unfor tunate ly ,  t h i s  i n f o r m a t i o n  was n o t  a v a i l a b l e  f o r  Firms B and C. 
ana lys is  o f  t h i s  type, Har twig and. L i n t o n  (9) - were abl.e+.to c o l l e c t :  in format ion 
on the  ac tua l  t r a n s i t  t ime f o r  each shipment and then c o n s t r u c t  an index o f  
r e l i a b i l i t y  (s tandard d e v i a t i o n  o f  the  t r a n s i t  t ime)  f o r  a mode over  a g iven 
o r i g i n - d e s t i n a t i o n  p a i r .  However, i n f o r m a t i o n  on a c t u a l  t r a n s i t  t imes a l though 
a v a i l a b l e  f o r  most shipments by F i rm C was n o t  a v a i l a b l e  f o r  t h e  o t h e r  two f i r m s .  
Therefore, the  t r a n s i t  t i m e  f i g u r e s  used f o r  Firms A and 6, and the  r e l i a b i l i t y  
f igures  used f o r  F i r m  A were the  expected values f o r  a g iven o r i g i n - d e s t i n a t i o n  
p a i r  obta ined through d iscuss ions w i t h  t h e  shippers.  
j u s t i f i e d .  I f  a sh ipper  was reasonably informed about a mode's l e v e l  o f  s e r v i c e  
(which ours seemed t o  be),  h i s  percept ions o f  t r a n s i t  t ime and t r a n s i t  t ime 
r e l i a b i l i t y  over  a g iven o r i g i n - d e s t i n a t i o n  p a i r  would r e f l e c t  the  a c t u a l  popula- 
t i o n  values. 
F i rm C t o  c o n s t r u c t  an index o f  modal r e l i a b i l i t y  f o r  each o r i g i n - d e s t i n a t i o n  
p a i r .  

t h e  shipment c o s t  would have been i f  i t  was c a r r i e d  by r a i l  (and v i c e  versa).  
Since these c a l c u l a t i o n s  cou ld  in t roduce a b i a s  i n  the  ana lys is ,  t h e  method 
u t i l i z e d  w i l l  be d e t a i l e d  here. I t  was assumed t h a t  i f  a t r u c k  shipment went 
by r a i l ,  i t  would be combined w i t h  o t h e r  t r u c k  shipments t o  form one r a i l  shipment. 
The s i z e  o f  such a r a i l  shipment was obta ined through d iscuss ions w i t h  t h e  sh ipper .  
For example, f o r  F i rm A t h i s  f i g u r e  was 30,000 pounds. A 30,000 pound r a i l  
shipment almost always "went as 36,000 pounds" ( t h e  r a t e  was charged as if t h e  
shipment was 36,000 l b s . ) .  

Th is  method seemed t o  be 

Also, n o t  enough i n f o r m a t i o n  on t r a n s i t  t imes was a v a i l a b l e  f rom 

For a shipment t h a t  was c a r r i e d  by t r u c k  i t  was necessary t o  c a l c u l a t e  what 

Thus, the  c a l c u l a t e d  r a i l  c o s t  f o r  F i rm A was: 
X I  ._ 

RC = ss ' 36y000 30,000 x r a i l  r a t e  (on a 36,000 l b s .  shipment) (19) 
, . S I  

where SS was t h e  t r u c k  shipment s i z e  in.pounds.. 
by r a i l ,  i t  was assumed t h a t  i t  would be<broken down i n t o  a number o f  t r u c k  
shipments. The number o f  truck1,oaa. shipments r e q u i r e d  was obta ined through 
d iscuss ions w i t h  t h e  shipper.. 
a t  a t r u c k l o a d  r a t e ,  the  usual.calculated, t r u c k  shipment c o s t  was: 

For. a shipment t h a t  was c a r r i e d  

Since t r u c k  shipments were almost always c a r r i e d  

2 -  . 

TC = Truckload Rate x # o f  Trucks r e q u i r e d  (20) 

' ~ I O W  we s h a l l  t u r n  t o  the empi r i ca l  r e s u l t s  f o r  Firms A, 6, and C. 
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The l i k e  
equat ion 

- Empi r ica l  Resul ts  -- F i r m  A 

The maximum l i k e l i h o o d  est imate o f  equat ion (16) f o r  F i r m  A was: 

Ln(PT/ l  - PT) = -0.0199 (TC - RC) - 1.0585 (TT - RT) 

t - s t a t .  (-9.94) (-6.41) 

+ 0.0011 (TR - RR) A = 237.7 

Pseudo R2 = 0.49 
as a t e s t  of t h e  s i g n i f i c a n c e  o f  t h e  est imated 

(0.09) 
ihood r a t i o  (A) was used 
and was c a l c u l a t e d  as: 

x = -2 ( l o g  L 
A 

e = 0 )  l o g  L ( e  = e ) )  (21 )  

where L ( e  = 0)  was the  l i k e l i h o o d  o f  t h e  f u n c t i o n  w i t h  a l l  c o e f f i c e n t s  s e t  equal t o  
zero and L ( e  = i) was t h e  l i k e l i h o o d  o f  t h e  func t i ons  a t  t h e  est imated c o e f f i c i e n t s .  
The l i k e l i h o o d  r a t i o  was assympto t i ca l l y  ch i -squared d i s t r i b u t e d  w i t h  as many degress 
of freedom as t h e  number o f  parameters est imated i n  t h e  equation. 
t he  est imated equat ion was h i g h l y  s i g n i f i c a n t  ( a t  t h e  one 
‘pseudo R gave an i n t u i t i v e  f e e l i n g  f o r  t h e  f i t  of t h e  est imated 
data. It was c a l c u l a t e d  as: 

Using t h i s  t e s t ,  

equat ion t o  the  
percent  l e v e l ) .  The 

2 

2 l o g  L(,e = e )  
l o g  L(e = 0)  Pseudo R = 1 - 

f inother t e s t  o f  t h e  est imated equat ion was i t s  success i n  c l a s s i f y i n g  observa.tions 
i n t o  t h e  r i g h t  group ( t r u c k  o r  r a i l ) .  With a c u t - o f f  p r o b a b i l i t y  o f  0.5, t h i s  model 
s i s c l a s s i f i e d  o n l y  22 observat ions (one t r u c k  and twenty-one r a i l )  o u t  o f  350 obser- 
va t ions .  The per formance-of  an est imated equat ion could a l s o  be analyzed by compar- 
i n g  t h e  t o t a l s  o f  t h e  est imated p r o b a b i l i t i e s  f o r  each group t o  t h e  ac tua l  values i n  
each group. I n  t h i s  case, t he  est imated t o t a l  p r o b a b i l i t i e s  were e x a c t l y  t h e  same as 

2 t h e  ac tua l  values (221 t r u c k  and 129 r a i l  observa t ions) .  From the  pseudo R , i t s  
success i n  c l a s s i f y i n g  observat ions,  and t h e  est imated t o t a l  p r o b a b i l i t i e s ,  i t  ap- 
peared the  est imated equat ion f i t t e d  t h e  da ta  very  w e l l .  

The s igns o f  a l l  t h e  c o e f f i c i e n t s  i n  t h e  est imated equat ion were i n  t h e  expected 
d i r e c t i o n .  The c o e f f i c i e n t  assoc iated w i t h  c o s t  (TC - RC) was expected t o  be nega- 
t i v e  -- l a r g e r  t h e  t r u c k  c o s t  ( o r  sma l le r  t h e  r a i l  c o s t ) ,  t h e  smal le r  was t h e  proba- 
b i l i t y  t h e  shipment would go by t ruck .  The c o e f f i c i e n t  assoc iated w i t h  t r a n s i t  t ime 
was a l s o  expected t o  be negat ive  -- the  l a r g e r  t h e  t r u c k  t r a n s i t  t ime ( o r  smal le r  
t he  r a i l  t r a n s i t  t ime) ,  t he  smal le r  was the  p r o b a b i l i t y  t he  shipment would go by 
t ruck .  F i n a l l y ,  t h e  c o e f f i c i e n t  assoc iated wi.th t r a n s i t  
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time reliability was expected to be positive -- the larger the truck reliability 
(or smaller the rail reliability), the larger was the probability the shipment would 
go by truck. In the case of the logit model, the t-test cannot be used directly to 
test the significance of the estimated coefficients (the sampling distribution had 
a variance greater than the t). Therefore, since the tail o f  this distribution was 
"fatter" than the t distribution, the t-test could be used to test if a coefficient 
was not significant, but not if it was significant. Thus, the best method to test 
the significance of adding explanatory variables to an equation was to look at the 
increase in the likelihood ratio as these variables were added. 
both cost (TC - RC) and transit time (TT - RT) were significant in the estimated 
equation (at the one percent level). However, the addition of transit time relia- 
bility (TR - RR) did not significantly increase the likelihood ratio of the estimated 
equa t i on. 

the time coefficient by the cost coefficient. 
aln (PT/1 - PT))/a (TT - RT) and the cost coefficient (a) equaled aln(PT/(l-PT))/a 
(TC - RC). 
From the estimated equation this figure was approximately $53 per day for the average 
s h i pmen t . 

Table XVIII presents the elasticities of the probability of choosing -truck or 
rail with respect to the various independent variables ( (aPT/pT)/(aX/X) and (aPR/ 
PR)/(aX/x), where pT, PR and were the values of these variables at their means). 
From these figures it was possible to determine the relative importance of the in- 
dependent variables to the shipper in making his modal choice. The most important 
variables (with elasticities greater than one in absolute value) were truck cost, 
rail cost, and rail transit time. Truck cost was extremely important in the shipper's 
modal decision -- a one percent increase in the truck cost would increase the prob- 
ability of choosing rail by 5.14 percent and decrease the probability of choosing 

Using this method, 

An estimate of the value of time by the shipper could be obtained by dividing 
The time coefficient (b) equaled 

Therefore, b/a equaled a(TC - RCY/ a(TT - RT) which was the value of time. 

- - 

truck by 1.64 percent. Both rail cost and relatively long ra 
against the probability of choosing rail. Relatively long ra 
also an important variable working in favor of choosing truck 
truck transit time reliability, and rail transit time reliabi 
very important variables in the shipper's modal decisions. 

+ 
Empirical Results -- Firm B 

Table ..XIX presents the resu 
general the results for this firm 

1 transit time worked 
1 transit time was 
Truck transit time, 

ity did not seem to be 

ts of five estimated equations for Firm B. In 
were far less successful than those for Firm A. 



Vari ab1 e 

Table XVIII. E l a s t i c i t i e s ,  Firm A 

Mode 

Truck Rail  

c o s t  

TC 

RC 

T r a n s i t  Time 

TT 

RT 

T r a n s i t  Time R e l i a b i l i t y  

TR 

RR 

-1.64 5.14 

0.88 -2.76' 

-9.18 0.56 

1.21 -3.78 

0.03 -0.08 

-0.02 0.05 

66 
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Table X I X .  Est imated Equations, F i rm  B 
Id 

1 2 3 4 5 

V a r i a b l e  Both O r i g i n s  Both O r i g i n s  O r i g i n  1 O r i g i n  2 O r i g i n  2 

c o s t  TC - RC -0.0160 -0.0249 -0.0368 -0.3071 -0.0196 
( -4 .70) l  (-7.64) (-5.06) (-2.33) (-5.99) 

T r a n s i t  TT - RT 0.1927 
T i  me (3.30) 

-0.8840 0.2601 
(-6.71) (4.33) 

O r i g i n  City OC1 3.4950 3.1912 
Dummy (10.28) (9.24) 

228.6 119.5 110.0 91.03 L i k e l i h o o d  R a t i o  ( A )  240.1 

.509 .485 .556 .429 .355 
2 Pseudo R 

39 36 14 2 7 25 
Truck 23 21 2 2 7 24 

M i s c l a s s i  f i e d  

Rai 1 16 15 12 0 1 

T o t a l  Est imated P r o b a b i l i t y  

27.7 42.7 Truck 157.2 169.8 , )  127.8 

Rai 1 182.8 170.2 , 27.2 , 157.3 142.3 

. .  
1) t - s t a t i s t i c s  a r e  i n  parentheses . + . 'IC 

8 , " 

* 

L L  

. .  
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Shipments made by F i rm €3 were f rom two o r i g i n s  -- one was the  Middle A t l a n t i c  r e g i o n  
( o r i g i n  1 )  and one was the  Midwest ( o r i g i n  2). 
Table X I i )  i nc luded as variables':  
o r i g i n  c i t y  dummy (0 i f  t h e  shipment was made from t h e  Midwest and 1 i f  i t  was made 
from t h e  Middle A t l a n t i c  o r i g i n ) .  
w i t h  c o s t  had t h e  expected s i g n  and was s i g n i f i c a n t  (a t  t h e  one percent  l e v e l ) .  
f o r t u n a t e l y ,  i n  equat ion 1 t h e  c o e f f i c i e n t  assoc iated w i t h  t r a n s i t  t ime was a l s o  
s i g n i f i c a n t  ( a t  t h e  one percent  l e v e l ) ,  b u t  i t s  s i g n  was i n  the  wrong d i r e c t i o n .  
equat ion 2 t h e  t r a n s i t  t ime v a r i a b l e  has been deleted.  According t o  the  l i k e l i h o o d  
r a t i o  t e s t ,  both equat ions 1 and 2 were s i g n i f i c a n t  ( a t  t h e  one percent  l e v e l ) .  
t h e  explanatory  power 'o f  equat ion 2 was o n l y  s l i g h t l y  l e s s  than equat ion 1. There- 
fo re ,  a l though t h e  a d d i t i o n  o f  t r a n s i t  t ime t o  t h e  equat ion s i g n i f i c a n t l y  increases 
t h e  l i k e l i h o o d  r a t i o ,  i t  appeared t h i s  v a r i a b l e  was n o t  very impor tant  t o  the  sh ipper  
i n  making h i s  modal choice (more about t h i s  when t h e  computed e l a s t i c i t i e s  f rom t h e  
equat ions a r e  discussed). 
t h e  o r i g i n  c i t y  dummy was p o s i t i v e  and s i g n i f i c a n t  ( a t  t h e  one percent  l e v e l ) .  
i m p l i e d  shipments f rom t h e  Midd le  A t l a n t i c  o r i g i n  have a much h igher  p r o b a b i l i t y  o f  
going by t r u c k .  

Equations 1 and 2 [see columns i n  
c o s t  (TC - RC), t r a n s i t  t ime (TT - RT) and an 

I n  bo th  these equat ions the  c o e f f i c i e n t  assoc iated 
Un- 

I n  

Also, 

I n  bo th  equat ions 1 and 2 t h e  c o e f f i c i e n t  assoc iated w i t h  
This  

Equation 1 m i s c l a s s i f i e d  39 observat ions (23 t r u c k  and 16 r a i l )  ou t  
t i e s  

( 2 1  
on 

of a t o t a l  of  340 (159 t r u c k  and 181 r a i l ) .  Also, t h e  t o t a l  est imated p r o b a b i l  
were very  c l o s e  t o  t h e  ac tua l  values. 
t r u c k  and 15 r a i l ) .  
were n o t  very  c lose  t o  t h e  a c t u a l  values. 

Equation 2 m i s c l a s s i f i e d  36 observat ions 
However, t h e  t o t a l  est imated p r o b a b i l i t i e s  from t h i s  equat 

n 

It appeared from t h e  i n c l u s i o n  o f  o r i g i n  c i t y  dummy v a r i a b l e  t h a t  shipment de- 
c i s i o n s  f o r  t h e  two o r i g i n s  might  be made d i f f e r e n t l y .  Therefore,  t h e  l o g i t  model 
was est imated f o r  each o r i g i n .  The problem w i t h  t h i s  approach was t h a t  t h e r e  was 
very l i t t l e  mode s p l i t t i n g  f rom each o r i g i n  -- from o r i g i n  1 o n l y  23 o u t  o f  a t o t a l  
o f  155 shipments were made by r a i l ,  w h i l e  f rom o r i g i n  2 o n l y  27 o u t  o f  a t o t a l  o f  
185 shipments were made by t r u c k .  
3 )  appeared t o  be somewhat successfu l .  
and t r a n s i t  t i m e  had t h e  expected s igns and were s i g n i f i c a n t  ( a t  t h e  one percent  
l e v e l ) .  The l i k e l i h o o d  r a t i o  was s i g n i f i c a n t  ( a t  t h e  one percent  l e v e l )  and t h e  
pseudo R was f a i r l y  high. The equat ion m i s c l a s s i f i e d  14. observat ions ( 2  t r u c k  and 
12 r a i l )  -- approximately one-hal f  o f  t h e  r a i l  shipments were m i s c l a s s i f i e d .  
t o t a l  est imated p r o b a b i l i t i e s  f o r  t h i s  equat ion were f a i r l y  c lose  t o  t h e  ac tua l  values. '  
The r e s u l t s  f o r  o r i g i n  two (equat ion 4 and 5 )  were n o t  so successfu l .  Although t h e  
c o e f f i c i e n t  assoc iated w i t h  c o s t  had t h e  expected s i g n  and was s i g n i f i c a n t  ( a t  t h e  
one per-?r l t  l e v e l )  i n  bo th  equations, t h e  c o e f f i c i e n t  assoc iated w i t h  t r a n s i t  t ime 
i n  equat 917 4 had t h e  wrong s i g n  and was s i g n i f i c a n t  ( a t  t h e  one percent  l e v e l ) .  

Despi te t h i s  t h e  r e s u l t s  f o r  o r i g i n  1 (equat ion 
The c o e f f i c i e n t s  associated w i t h  both c o s t  

2 

The 

I n  
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equat ion 5 t h e  t r a n s i t  t ime v a r i a b l e  was de le ted  and t h e  explanatory  power o f  t h i s  

equat ion was n o t  much worse than equat ion 4. 
bo th  equat ions were s i g n i f i c a n t  ( a t  the  one percent  l e v e l ) .  However, equat ion 4 
m i s c l a s s i f i e d  a l l  o f  t h e  t r u c k  shipments, w h i l e  equat ion 5 m i s c l a s s i f i e d  24 o f  them. 
The t o t a l  est imated p r o b a b i l i t i e s  f o r  equat ion 4 were f a i r l y  c lose  t o  the  ac tua l  
values (27 t r u c k  and 158 r a i l ) ,  w h i l e  f o r  equat ion 5 the  t o t a l  est imated pro-  
b a b i l i t i e s  were n o t  very  c lose  t o  the  ac tua l  values. 

Table XX presents  the  e l a s t i c i t i e s  computed a t  t h e  mean o f  t h e  p r o b a b i l i t y  
o f  choosing t r u c k  o r  r a i l  w i t h  respect  t o  the  var ious explanatory  var iab les  f o r  
equat ions 1 (bo th  o r i g i n s ) ,  3 ( o r i g i n  l ) ,  and 4 ( o r i g i n  2): 
appeared both t r u c k  c o s t  and r a i l  c o s t  were very impor tant  i n  the  sh ipper 's  
modal dec is ions - the  e l a s t i c i t i e s  associated w i t h  these v a r i a b l e s  were very l a r g e  
i n  absolute value. On the  o t h e r  hand, t r u c k  t r a n s i t  t ime and r a i l  t r a n s i t  t ime 
d i d  n o t  seem t o  be very  impor tant .  
n o t  as expected, t h e i r  magnitudes were very  small  ( i n  absolute va lue) .  

According t o  t h e  ' l i k e l i h o o d  r a t i o  t e s t ,  

From equat ion 1 i t  

Although the  s igns o f  these e l a s t i c i t i e s  were 
From 

equat ion 3 i t  again appeared t h a t  t r u c k  c o s t  and r a i l  c o s t  were very impor tant  
i n  the  s h i p p e r ' s  modal choice.  Also, r e l a t i v e l y  long r a i l - t r a n s i t  t ime seemed 
t o  be an impor tant  v a r i a b l e  working aga ins t  the p o s s i b i l i t y  o f  choosing r a i l .  
Truck c o s t  and r a i l  c o s t  were a l s o  impor tan t  v a r i a b l e s  i n  equat ion 4. 
a l though the  t r u c k  t r a n s i t  t i m b  and r a i l  t r a n s i t  t ime e l a s t i c i t i e s  d i d  n o t  have 
the  expected signs, the  s i z e  o f  these e 1 a s t i c i t i e s ) w e r e  much smal le r  than those 
associated w i t h  t r u c k  and r a i l  c o s t  ( i n  absolute va lue) .  

Also, 

Thus, i t  appeared t h a t  
o v e r a l l  t r u c k  and r a i l  t r a n s i t  t ime were n o t  very  impor tant  i n  t h i s  s h i p p e r ' s  
modal dec is ions.  This  conclus ion was v e r i f i e d  through d iscuss ions w i t h  the 
s h i p p e r .  
broad geographic reg ions,  and then sh ipp ing by the,cheapest  mode t o  each reg ion.  

Empir ica l  Resul ts  - Fi rm C 

Firm B had a prac t ice  of ,ca lcu la t ing  t r u c k  and r a i l  c o s t  indices  f o r  

Table X X I  presents the  est imated equat ions f o r  F i rm C. Here, c e r t a i n  des- 
t i n a t i o n  c i t i e s  s 
boxcar. Th is  was 
i n  t h e  e s t i m a t e d  

t i e s  t h a t  r e q i e  be seen t h a t  i n  bo th  equat ions 1 
and 2 (o f  Table X X I )  the  pro  g ' b y  t r u c k  was s i g n i f i c a n t l y  lower  
( a t  t h e  one percent  l e v e l )  t o  these d e s t i n a t i o n  c i t i e s .  
f i c i e n t  assoc iated w i t h  c o s t  (TC - RC) had the  expected s i g n  and was s i g n i f i c a n t  
( a t  t h e  one percent  l e v e l ) .  

requested t h a t  shipments t o  them be made by r a i l  
f o r  by i n c l u d i n g  a d e s t i n a t i o n  c i t y  dummy v a r i a b l e  

a i a l u e  of one tu those d e s t i n a t i o n  

I n  equat ion 1 t h e  coef- 

However, t h e  c o e f f i c i e n t  assoc iated w i t h  t r a n s i t  t ime 
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Ta,le XX. E l a s t i c i t i e s ,  Firm B 

1- Both Origins 3- Orig in  1 4- O r i g i n  2 

Variab le  Truck Rai 1 Truck Rail  Truck Rail 

c o s t  

3.08 -1.15 9.87 -3.97 0.60 

4.01 -2.62 1.00 -8.53 3.36 -0.48 

TC -4.71 

RC 

T r a n s i t  Time 

TT 0.06 -0.04 -0.05 0.40 0.11 -0.02 

RT -0.58 0.38 0.43 -3.65 -1.20 0.17 

Orig in  C i t y  

oc 0.96 -0.63 



Table XXI. Estimated Equations, Firm C 

1 2 Variable 

cost TC - RC -0.0235 -0.0209 

(-8.10) (-7.92) 1 

Transit TT - RT 0.2075 

Ti me (4.23) 

Dest. City -2.9187 -3.2755 

Dummy ( -  5.89) (-6.87) 

Likelihood Rat io  ( A )  225.2 201 .. 0 

.615 .549 
Pseudo R 2 

24 29 

14 14 

10 15 

Miscl ass i  f ied 

Truck 

Rai 1 

Total  Estimated Probability 

100.5 115.2 

163.5 148.8 

Truck 

Rai 1 

1) t - s t a t i s t i c s  aye i n  parentheses 

' ,  
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(TT - RT) did n o t  have the expected sign and was significant ( a t  the one percent 
leve l ) .  
power of t h i s  equation was only s l ight ly  less  t h a n  equation 1. According to the 
l ike  ihood r a t io  t e s t ,  bo th  estimated equations were significant (a t  the one percent 
leve ).  Also, the pseudo R associated with bo th  equations was f a i r ly  high. Equa- 
tion l misclassified only 24 observations -- 14 truck o u t  of 104 and 13 r a i l  o u t  o f  
160. 
estimated probabilities for  bo th  equations 1 and 2 appeared t o  be f a i r l y  close t o  the 
actual values (although equation 2 d i d  somewhat worse). 

Table XXII presents the e l a s t i c i t i e s  computed a t  the means from equation 1. Al- 
t h o u g h  the e l a s t i c i t i e s  associated with truck and ra i l  t r ans i t  times did not  have the 
expected signs, truck cost and r a i l  costs were by f a r  the most important variables. 
A one percent increase i n  truck costs would decrease the probability of choosing 
truck by 15.6 percent and  increase the probability of choosing r a i l  by 3.35 percent. 
Conversely, a one percent increase i n  r a i l  costs would increase the p r o b a b i l i t y  of 
choosing truck by 15.9 percent and decrease the probability of choosing r a i l  by 3.41 
percent. 
by truck and r a i l  shipment costs. 

In equation 2 the t r ans i t  time variable had been deleted. The explanatory 

2 

Equation 2 misclassified only 29 (14 truck and 15 r a i l ) .  Finally, the total  

I t  appeared t h a t  mode choices made by th i s  shipper were determined mainly 

Concl us i ons 

The empirical resul ts  from this and other studies (52, 53) had shown t h a t  log i t  

However, a major problem with th i s  approach was how did one 
analysis can be successfully applied t o  model the determinants of f re ight  modal choice 
from disaggregate data. 
generalize from the disaggregate t o  the aggregate level? In  other words, we were n o t  
really interested in how much Firms A ,  B y  or C ship by ra i l  or truck or even by pipe- 
l ine.  
these firms would go by pipeline. For the 
purposes of th i s  report, we shall assume t h a t  these firms were representative of the i r  
respective industries. 
par t  of the o u t p u t  in each of the i r  industries,  th i s  m i g h t  be a jus t i f iab le  assump- 
t ion.  Researchers are ju s t  beginning t o  study how t o  make predictions from a dis- 
aggregate model of mode choice (E). I n  a l a t e r  section of th i s  report (Potential 

Demand f o r  the Freight Pipeline), we shall i l l u s t r a t e  how t o  use one of these dis- 

Rather, we would l ike  t o  know how many tons of the commodity type shipped by 
There was no easy answer t o  t h i s  problem. 

Since our firms were very large and consti tute a significant 

(58) See Westin, Richard, "Predictions from Binary Choice Models", Journal of Econo- 
metrics, 1974, and Talvit ie,  Antti , "Aggregate Travel Demand Analysis with Dis- 
aggregate or Aggregate Travel Demand Models" , Transportation Research Forum. 
1973. 
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Table XXIT. 

Vari a bl e Truck 

cost 

TC -15.6 

RC 15.9 

Transit Time 

TT 0.85 

RT -1.58 

Destination City 

Dummy -0.81 

Elas t ic i t ies ,  Firm C 

Rai 1 

3.35 

-3.41 

-0.18 

0.34 

0.17 
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aggregate models to predict the probability certain shipments will go by pipeline. 

Pipeline Modal Split Analysis 

Given the above macro and micro modal split models combined with a vector of 
expected pipeline performance with respect to rate, time, and reliability, evoking 
the theory of abstract modes (Quandt and Baumol), 12) yielded estimates of potential 
pipeline penetration into the existing truck and rail markets. 

The basic idea behind the applications of the abstract mode theory shown below 
was the following: the existing models explained the existing modal choice between 
truck and rail by our three firms in the case of the micro models or the market 
split between truck and rail in the case of the macro models. For a given shipment 
in the micro case, the modal split model would designate either truck or rail (on a 
probability basis) as the carrier of that shipment. The vector of pipeline charac- 
teristics was now substituted f o r  truck and the equation was calculated as a proba- 
bility of going by rail or pipeline. 
was substituted for rail and the equation was calculated as a probability of going 

Likewise the vector o f  pipeline characteristics 
I 

by truck or pipeline. 
If the probabilities showed truck 

and pipeline greater than truck rai 
rail, and pipeline greater than truck, 
traffic. As shown in the next section 
sample of 20 observations from Firm A, 
1 i beral assumption eight observations 

greater than rail, pipeline greater than rail, 
greater than truck, pipeline greater than 
then pipeline unambiguously was assigned the 
in a selected (chosen for variety purposes) 
under one assumption five and under a more 
ould unambiguously be assigned to pipeline. 

1 

A similar type of analysis was performed with the macro models. Pipeline mar- 
ket shares were thus estimatable. The preliminary results which could be concluded 
from these equations were that pipeline appears capable of penetration of somewhere 
in the vicinity of 20-50% of the market sampled herein (although in one case almost 
total penetration resulted). 
liminary and vary with the commodity investigated. Nevertheless, the acceptability 
to shippers could be shown by the use of the abstract mode methodology. 

have models for all pipelineable commodities, it was only by crude extrapolation that 
we could estimate the total flow potential of thepipeline. 
penetration of the market held up, under the liberal matrix assumption, flows of be- 
tween 10 and 25 million tons could be expected on the most dense links. 

It must be stressed that these results were quite pre- 

Since the origin-destination flows were not available by commodity nor did we 

However, if our 20-50% 
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I 

Potential Demand for the Freight Pipeline 

In this section we shall demonstrate how the estimated micro and macro models 
would be utilized to estimate the potential demand that might exist for a freight 
pipeline system. 
a definitive answer to the question: 
line? However, it was possible to begin to get a feeling for the relative competi- 
tiveness of a freight pipeline system vis-a-vis existing modes o f  freight transpor- 
tation (truck and rail). 

.First, we shall demonstrate the use of one of the disaggregate models of modal 
choice. For purposes of 
comparison, a sample of twenty shipment observations representing a wide range of 
origin-destination pairs and shipment sizes was chosen. 
went by truck and ten by rail. 
pipeline shipment cost, the pipeline transit time, and the pipeline transit time re- 
liability. 
pipeline cost model., The comodity shipped by Firm A was of very low density (about 
seven lbs/cu ft)--pjpeline costs were adjusted upwards to reflect this. 
pipeline costs were calculatgd -7suming one hundred percent truck access at the 
origin and destination. 
obtain the pipeline shipment costs to the shipping firm. 
pipeline rates would be ten percent above the costs to the "pipeline company." 
line transit times were calculated assuming twenty-one hours of terminal time at *rid 

origin and destination (the average o f  18 and 24 hours, see above section) and a 
pipeline speed of 23.3  miles per hour. Both pipeline shipment costs and transit time 
were calculated based on a pipeline circuity-of ten percent over straight line miles. 
Pipeline transit time reliabidity was assumed. t o  be constant at 90 percent (90 per- 
cent of the shipments would arrive during the'best three day period) over all origin- 
dcs ti nat ion pairs . 

pipeline versus truck, and pipe-line versus rail. 
was used. The probability that the shipper would choose pipeline over truck was cal- 
culated for each shipment by substituting (PC-TC), (PT-TT), and (PR-TR) into the 
estimated logit model, where PC, PT, and PR were the pipeline shipment cost, pipeline 
transit time reliability respectively. 
would choose pipeline over rail was calculated by substituting into the estimated 

It must be emphasized that at this point it was impossible to give 
how much tonnage would move by a freight pipe- 

Here, we shall use the logit model estimated for Firm A. 

Of the twenty shipments, ten 
For each shipment it was necessary to estimate the 

Pipeline shipment costs were calculated using figures obtained from the 

Also, the 

Finally, these pipeline costs were multiplied by 1.10 t o  
This, of course, assumed 

Pine- 

For each sample shipment, three modal comparisons were made--truck versus rail, 
For truck versus rail, equation 16 

Finally, the probability that the shippers 

logit model (PC-RC), (PT-RT), and (PR-RR). The results of the calculations are pre- 
sented in Tables XXIII and XXIV. The figures in Table XXIII were obtained using 



Truck v 

Prob. Truck 

0.93 
0.74 
0.99 
0.99 
0.17 
0.03 
0.05 
0.09 
0.46 
0.09 
0.17 
0.01 
0.82 
0.51 
0.04 
0.38 
0.98 
0.77 
0.78 
0.66 
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Table XXIII. Modal Comparisons, Firm A 

(Pipeline annual volume--Five mill ion  tons) 

. Rail 

Mode 'Selected 

Truck 
Truck 
Truck 
Truc k 
Rai 1 
Rail 
Rail 
Rail 
Rai 1 
Rail 
Rail 
Rail 
Truck 
Truck 
Rail 
Rai 1 
Truck 
Truck 
Truck 
Truck 

Pipel i r  

Prob. P ip6  

0.04 
0.16 
0.21 
0.08 
0.60 
0.26 
0.80 
0.99 
0.03 
0.99 
0.84 
0.99 
0.21 
0.79 
0.99 
0.40 
0.39 
0.14 
0.29 
0.99 

vs. Truck 

Yode Selected 

Truck 
Truck 
Truck 
Truck 

P i  pel i ne 
Truck 

P i  pel i ne 
Pipel ine 

Truck 
Pipel ine 
P i  pei i ne 
P i  pel i ne 

Truck 
Pipel ine 
P i  pel i ne 

Truck 
Truck 
Truck 
Truck 

P i  pel i ne 

Pipel i r  

'rob. P i p €  

0.39 
0.35 
0.97 
0.97 
0.22 
0.01 
0.12 
0.48 
0.01 
0.98 
0.49 
0.93 
0.54 
0.78 
0.55 
0.30 
0.97 
0.34 
0.58 
0.96 

vs. Rail 

Yode Selected 

Rail 
Rail 

Pipel ine 
Pipel ine 

Rail 
Rail 
Rai 1 
Rail 
Rail 

P i  pel i ne 
Rail 

Pipel ine 
P i  pel i ne 
P i  pel i ne 
P i  pel i ne 

Rail 
P i  pel i ne 

Rail 
P i  pel i ne 
P i  pel i ne 

S h i pmen t 
will. go by: 

Truck 
Truck 
Truck 
Truck 
Rai 7' 
Rail 
Ra i 1, 
Rai 1 
Rail ~ 

P i  pel i ne 
Rail 

P i  pel i ne 
Truck 

Pipel ine 
Pipel itle 

Rail 
Truck 
Truck 
Truck 

P i  pel i ne 
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Table X X I V .  Modal Comparisons, F i r m  A 

( P i p e l i n e  Annual Volume- Ten M i l l i o n  Tons) 

Truck vs.  R a i l  P i p e l i n e  vs. Truck P i p e l i n e  vs.  R a i l  

Prob. Truc 

0.93 
0.74 
0.99 
0.99 
0.17 
0.03 
0.05 
0.09 
0.46 
0.09 
0.17 1 

0.01 
0.82 
0.51 
0.04 
0.38 
0.98 
0.77 
0.78 
0.66 I 

lode Se lec ted  

Truck 
Truck 
Truck 
Truck 
R a i l  
Rai 1 
Rai 1 
Rai 1 
R a i l .  
R a i l  
Rai 1 
R a i l  
Truck 
Truck 
Rai l  
R a i l  - - 

Truck 
Truck'  
Truck 
Truck 

" .  

Prob. Pipc 

0.07 
0.21 
0.25 
0.11 
0.81 
0.70 
0.99 

r 0.99 
0.10 
0.99 
0.99 
0.99 
0.27 
0.82 
0.99 

' 0.55 ' 
I 0:51 '' 
0; 23 $ I  

' 0.37 ' 

0.99 - 

lode Selected 

Truck 
Truck 
Truck 
Truck' 

P i  p e l  i ne 
P i p e l  i n e  
P i p e l  i n e  
P i  pe l  i ne 

Truc k 
P i  p e l  i ne 
P i p e l  i n e  
P i  p e l  i ne 

Truck 
Pipe1 i n e  
P i  p e l  i ne 
P i p e l i n e  4*' ' 

\ Pipe1 i n e  i -  

Truck' ' ' . 

'' 'Truck 
P i p e l i n e  

J - L  . . : 

Prob. P ip  

0.51 
0.43 
0.97 
0 :98 
0.44 
0.01 
0 .'26 
0.'59 
0.01 
0.97 
0: 63, 
0.98 
0.63 
0.87 
0.81 

0.98 * '  
0.51 . 4  

0.67 
0.98 

* 0.42 

Mode Selected 

P i  p e l  i ne 
R a i l  

P i p e l  i n e  
p e l  i ne 
R a i l  
Rai 1 
Rai 1 
p e l  i ne 
R a i l  

P i  p e l  i ne 
P i p e l  i n e  
P i  p e l  i ne 
P i  p e l  i ne 
P i p e l i n e  
P i p e l  i n e  

Rai 1 
P i  p e l  i ne 
P i  p e l  i ne 
P i  pe l  i ne 
P i  p e l  i ne 

P 

Shipment 

w i l l  go by: 

Truck 
Truck 
Truck 
Truck 
Rai 1 
R a i l  
R a i l  
pe l  ine 
R a i l  

P i  p e l  i ne 
P ipe l  i n e  
P i  pe l  i ne 

Truck 
P i  pe l  i ne 
P i  pe l  i ne 

R a i l  
P i  pel i ne 

Truck 
Truck 

P i  pe l  i ne 
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p i p e l i n e  costs  based on a p i p e l i n e  annual volume o f  f i v e  m i l l i o n  tons, w h i l e  those 
i n  Tabie X X I V  were based on an annual volume o f  t e n  m i l l i o n  tons. 
mate ly  chosen f o r  each shipment was determined through a s e r i e s  of b i n a r y  comparisons. 
For example, , f o r  the f i r s t  sample shipment, t r u c k  would win over r a i l  and t r u c k  would 
win over  p i p e l i n e  (us ing  a cu t -o f f  p r o b a b i l i t y  of 0.50.). Thus, t r u c k  would be 
chosen. 

Using t h i s  method based on an annual volume o f  f i v e  m i l l i o n  tons, t r u c k  would 
be chosen 8 t imes, ra i l  7 t imes, and p i p e l i n e  5 t imes. 
sample o f  shipment observat ions d i d  n o t  represent  a random sample o f  a l l  t h e  sh ip -  
ments made by F i r m  A .  
ments>made by F i rm A would go by p i p e l i n e .  However, our records d i d  i n d i c a t e  t h a t  
p i p e l i n e  would p robab ly ,capture  a l l  shipments made by F i rm A over about 300 mi les .  
I f  t h e  annual p i p e l i n e  volume was t e n  m i l l i o n  tons, t r u c k  would be chosen 7 times, 
r a i l  5 t imes, and p i p e l i n e  8 times; These r e s u l t s  i n d i c a t e d  t h a t  a t  a f a i r l y  h i g h  
volume p i p e l i n e  would a l s o  be somewhat compet i t i ve  a t  d is tances 100 t o  300 
mi les .  Since t h e  longes t  shipment by Firm A was 550 mi les ,  i t  was n o t  p o s s i b l e  t o  
make any statements concerning t h e  compet i t iveness a t  g r e a t e r  d is tances.  

Here we s h a l l  demonstrate how t h e  aggregate mode s p l ' i t  models cou ld  be u t i l i z e d  
t o  est imate t h e  p o t e n t i a l  demand f o r  t h e  f r e i g h t  p i p e l i n e .  For t h i s  purpose we used 
t h e  est imated equat ions f o r  t h r e e  o f  t h e  commodity groups: STCC 208 (Beverages, e t c ) ,  
STCC 264 (Converted Paper Products),  and STCC 307 (Misc. P l a s t i c  Products).  These 
equat ions were used t o  compare t r u c k  versus r a i l ,  p i p e l i n e  versus t r u c k ,  and p ipe-  
l i n e  versus r a i l  a t  f o u r  d is tances -- 100, 300, 500, and 700 mi les .  To do so i t  was 
necessary t o  c a l c u l a t e  t r u c k ,  r a i l ,  and p i p e l i n e  r a t e s  and t r u c k ,  r a i l ,  and p i p e l i n e  
t r a n s i t  t imes. 
sented i n  Table XV. 
r i v e d  from t h e  p i p e l i n e . c o s t  model (assuming 100 percent  t r u c k  access) by 1.10. 
expla ined be fore  t h i s  assumed p i p e l i n e  r a t e s  would be t e n  percent  above costs .  
l i n e  r a t e s  were ad jus ted  t o  r e f l e c t  t h e  d e n s i t y  o f  t h e  commodity shipped. 
t r u c k  and r a i l  r a t e s  were m u l t i p l i e d  by 1.4 and 1.3, r e s p e c t i v e l y ,  t o  b r i n g  them up 
t o  1973 l e v e l s .  R a i l  'and t r u c k  t r a n s i t  t imes were c a l c u l a t e d  f rom equations (11) 

t i m e  and a p i p e l i n e  speed o f  23.3 m i l e s  per  hour. 
c a l c u l a t e d  assuming c i r c u i t i e s  o f  20 percent  f o r  t ruck ,  25 percent  f o r  r a i l ,  and 10 

The mode u l t i -  

It must be emphasized t h a t  our  

Therefore, i t - w a s  n o t  p o s s i b l e  t o  say 25 percent  o f  a l l  sh ip-  

Truck and r a i l  r a t e s  were c a l c u l a t e d  f rom t h e  r a t e  regress ions pre- 
P i p e l i n e  r a t e s  were obta ined by m u l t i p l y i n g  p i p e l i n e  costs  de- 

As 
Pipe- 

/ 

Also, 

. (12).  P i p e l i n e  t r a n s i t  t imes were obta ined by assuming 21 hours of te rmina l  
These r a t e s  and t r a n s i t  t imes were 

percent  f o r  p i p e l i n e  over  s t r a i g h t  l i n e  mi les .  

l a t e d  P e r t r u c  
(RT/TT) i n t o  t h e  est imated mode s p l i t  models; where TRY RR, TT, and RT were t r u c k  

For t h e  t h r e e  commodity groups we f i r s t  compared t r u c k  versus r a i l  and ca lcu-  
( t h e  percent  o f  tonnage going by t r u c k )  by s u b s t i t u t i n g  (TR/RR) and 
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rate ,  r a i l  ra te ,  t r u c k  t r a n s i t  t ime, and r a i l  t r a n s i t  t ime, r e s p e c t i v e l y .  
compared p i p e l  i n e  versus t r u c k .  
by p i p e l i n e )  by s u b s t i t u t i n g  (TR/PR) and (PT/TT) i n  
t h e  r e s u l t  from 100. 
p i p e  by s u b s t i t u t i n g  (PR/RR) and (RT/PT) i n t o  t h e  mode s p l i t  equations. 
was the  p i p e l i n e  r a t e  and PT was t h e  p i p e l i n e  t r a n s i t  t ime. A problem w i t h  t h i s  
approach was how t o  handle t h e  constant term i n  t h e  mode s p l i t  equat ions.  The con- 
s t a n t  represented a c o n s i s t e n t  b i a s  i n  f a v o r  of t r u c k  over r a i l .  Th is  migh t  r e f l e c t  
i n  p a r t  t h e  r e l i a b i l i t y  advantage o f  t r u c k  compared t o  r a i l .  As was assumed, t h e r e  
would be a constant  b i a s  i n  f a v o r  o f  p i p e l i n e  when compared t o  r a i l  ( p i p e l i n e  would 
be more r e l i a b l e  than r a i l ) .  
a t  each d is tance was c a l c u l a t e d  us ing  t h e  f o l l o w i n g  equat ion:  

Then we 
We c a l c u l a t e d  Perpipe ( the percent  o f  tonnage going 

e: 

these equat ions and s u b t r a c t i n g  
F i n a l l y ,  we compared p i p e l i n e  versus r a i l  and c a l c u l a t e d  Per- 

Here, PR 

The percentage o f  t h e  tonnage t h a t  would go by p i p e l i n e  

(100 - Per t ruck)  X Perpipe (Pipe vs. R a i l )  / l o0  (23)  ? c J 

Percent P i p e l i n e  = (Pertruck)X Perpipe (Pipe vs. Truck) t 

This  assumed the  percentage t h a t  would go by p i p e l i n e  would r e f l e c t  the  est imated 
t r u c k l r a i l  s p l i t  and t h e  percent  p i p e l i n e  would take f rom t r u c k  and from r a i l .  
r e s u l t s  o f  these c a l c u l a t i o n s  f o r  t h e  t h r e e  commodity groups and f o r  two annual p ipe-  
l i n e  volumes ( 5  and 10 m i l l i o n  tons)  a r e  presented i n  Tables X X V ,  X X V I ,  and X X V I I .  

A word of c a u t i o n  should be i n s e r t e d  be fore  at temRting t o  i n t e r p r e t  these r e -  
s u l t s .  
explanatory  powers. They a r e  used here o n l y  t o  g e t  a f e e l i n g  f o r  t h e  r e l a t i v e  com- 
p e t i t i v e n e s s  of p i p e l i n e  versus t r u c k  and r a i l  i n  terms of r a t e s  and t r a n s i t  t imes. 
General ly,  p i p e l i n e  r a t e s  f e l l  i n  between t r u c k  and r a i l  (cheaper than t r u c k  and more 

expensive than r a i l ) .  P i p e l i n e  t r a n s i t  a l s o  ( f e l l  * i n  between t r u c k  and r a i l  
( f a s t e r  than r a i l  and slower than t r u c k  e r e s u l t s  i n d i c  d t h a t  a f r e i g h t  p ipe-  
l i n e  system can be very  compet i t i ve  w i t l i  ‘ t r y c k  ,and s a i l  
might  be most compet i t i ve  a t  d is tances Pipe1 i n e  r a t e s  
r e l a t i v e  t o  r a i l  r a t e s  beg een 500 and 700,mi les and thus, . \  p ipe-  
1 i ne becomes 1 ess Competit ive. A1 so, a t  h igher  annual ‘volumes pjF)el i ne <.rates were 
lower and, therefore,  p i p e l  i n e  was more ,compet i t ive 

The r e s u l t s  from both t h e  mic ro  and macro mode 
be compet i t i ve  w i t h  t r u c k  and r a i l  over  a.,f y wide range commodities .( However, 
i t  was n o t  easy t o  est imate t h e  p o t e n t i a l  demand f o r  a new mode o f  f r e i g h t  t ranspor-  
t i o n  and much more research needs t o  be devoted t o  t h i s  sub jec t .  

The 

It must be remembered t h a t  t h e  est imated mode s p l i t  equat ions had f a i r l y  low 

peared p i p e l i n e  
en ;300. I .  and 500 mi les.  

a l l  d is tances.  
nd ica ted  t h a t  p i  p e l  i ne cou ld  

I , i  

- / .  

G3 
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Miles 

100 

300 

500 

700 

Tab1 e XXV.  Modal Cornpari sons, STCC 264 (Converted Paper Products) 

Rai 1 
Pertruck 

50.93 

23.69 

12.90 

8.02 

Percent by Rail 
Pipe1 ine Pertruck 

32.53 50.93 

38.04 23.69 

29.70 12.90 

23.65 8.02 

Annual Volume--5 Mi 
Pipeline vs. Truck 

Perpipe 

69.67 

95.77 

97.73 

98.33 

Truck 
Perpi pe 

56.98 

93.20 

96.24 

97.19 

Rail 
Perpi pe 

7.15 

20.91 

19.85 

17.25 

l i o n  Tons Pipeline Annual Volume--10 P 
Pipeline vs.  (ruck vs.  I 

Rai 1 
Perpi pe 

10.11 

34.41 

34.20 

28.39 

l l ion  Tons 

Percent by 
P i  pel i ne 

40.44 

48.96 

42.35 

33.98 

03 
0 



c. 
Tab1 e X X V I  . Modal Cmpari sons STCC 208 (Beverages e t c .  ) 

Pipel ine Annual Vol ume--5 Mi 1 1  ion Tons 
Truck vs. Pipeline vs.  

Pertruck Perpipe Perpipe Pipeline 
- Miles Rail Truck Rail Percent by 

100 100.00 23,67 '12.41 23.67 

300 35.20 88.75 26.55 48.54 

500 17.68 93.65 22.65 35.20 

700 9.80 95.32 18.01 25.59 

. ' .  

. . . ,  . .  
. I  . . .  

, . . . , . . . . 

Pipel ine Annual Volume--10 Mi17 ion Tons 

Rail Truck Rail Percent by 
Truck vs. Pigel ine vs. 

Pertruck Perpipe Perpipe Pipel ine 

1QO.00 44.13 17.20 44.13 

35.20 92.69 41.68 59.64 

17.68 95.93 36.38 46.91 

9.80 97.05 29.08 35.74 



Table XXVII. Modal Comparisons, STCC 307 (Misc. Plastics) 

Pipeline Annual Volume--5 Million Tons 
Truck vs. Pipeline vs. 

Rai 1 
Pertruck Perpipe Perpipe 

Rai 1 Truck - M i  1 es - 
100 

300 

500 

700 

87.28 76.40- 36.57 

. 56.85 92.03 70.65 

36.57 94.40 66.45 

26.01 95.51 56.57 

Percent by 
Pi pel i ne 

71.33 

82.81 

76.67 

66.70 

Pipe1 ine Annual Vol ume--10 Mi 1 1  ion Tons 
Truck vs. Pipeline vs.  

Rai 1 
Pertruck 

87.28 

- -56.85 

36.57 

26.01 

Truck 
Perpipe 

81.99' 

94.60 

96.32 

96.99 

Percent by 
Pi pel i ne 

Rai 1 
Perpi pe 

48. 18 77.69 

100.00 96.93 

100.00 98.65 

85.89 88.70 

r 

I 
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we wish to investigate in the second year of research, it can be concluded that the 
market which was economically feasible for freight pipeline to penetrate would be 
of a significant magnitude, e.g., 10-25 million tons/year in the corridor of the 
hypothetical network. However, such conclusions await the results of further re- 
search. 
feasibility of a solid freight pipeline would appear to be assured. 

ability of adequate data needed to carry out the research. 
flow data between origin-destination by commodity was woefully To some 
extent this will be rectified by the 1977 Census of Transportation, which will in- 
crease its commodity coverage from manufactured products to include raw materials. 
However, movements of commodities from warehouses and distribution points still will 
remain uncovered. Although data on the national level was comprehensive, when one 
attempted to investigate specific commodity flows on specific origin-destination 
links, the sampling variability of the Census flows became very high. 
of expanding the sample size should be explored. 
likely vehicle to obtain such flow data. 
sponsored by DOT, and the Bureau of the Census, where the-DOT and other users could 
express the research interests that could be fulfilled by a modified and improved 
Census. 
California and in March, 1977 in Washington. However, the former was a part o f  a 
much larger meeting dealing with Census data. 
many. 

it would seem feasible for the Census to also collect information on the performance 
characteristics of the chosen mode and the best alternative mode for a sample of the 
observations. Modal split modellers would benefit from a common data base (for 
example the results of various model types cou1.d be directly compared against one 
another if a common data base was used). 
veloping a primary source data bank by many different researchers could be avoided. 
The FHWA is currently sponsoring a similar data set construction for urban passenger 
modal split model 1 ing (current FHWA contract with Charles River Associates). 

If such results were substantiated in the second,year research, the economic 

It should be mentioned that the results herein must be conditioned by the avail- 
The current status of 

inadequate. 

The feasibility 
The Census would seem to be the 

Open meetings should be held 

A meeting much like the one suggested above was held in November,.l976 in 

Such a meeting should be the first of 

Since the Census did collect information on mode split of the shipments surveyed, 

In addition, the substantial cost of de- 

The 
task suggested herein should be easier than FHWA's because Census already has the 
contact with the shippers. 

Research such as that described within this volume would also benefit if a 
trucking analogue to the 1% railway bill sample were published. 
already collect such information so the problem is not one of collection but rather 
one of getting the information released and co-ordination. 

Trucking rate bureaus 

DOT coverage or legis- 
I 
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i n  p r o x i m i t y  t o  the  network could s h i p  and/or r e c e i v e  v i a  t h e  network and some con- 
n e c t i n g  mode, upwards of 38 m i l l i o n  tons/year i n  a s i n g l e  d i r e c t i o n  cou ld  be gener- 

I 

I Conclusions 

t h e  commodity shipments could be penetrated by p i p e l i n e  depending on t h e  annual v o l -  
ume assumed f o r  t h e  p i p e l i n e  and d is tance shipped. However, i n  one market, STCC 307, 
almost t o t a l  p e n e t r a t i o n  seemed poss ib le .  

aggregated a n a l y s i s  on s p e c i a l l y  c o l l e c t e d  modal s p l i t  data f rom t h r e e  major  n a t i o n a l  
shippers.  The disaggregate ana lys is  showed t h a t  i n d i v i d u a l  s h i p p e r ' s  modal s p l i t  
dec is ions  between t r u c k  and r a i l  cou ld  be p r e d i c t e d  w i t h  90% accuracy us ing  modal 
ra tes ,  t i m e  and r e l i a b i l i t y .  
sample o f  data o f  one o f  our  t h r e e  f i r m s .  
between 25% - 40% o f  t h e  shipments analyzed. More g e n e r a l l y  t h e  p i p e l i n e  would ap- 
pear t o  penetrate a l l  shipments o f  t h i s  f i r m  g r e a t e r  than 300 mi les .  

To d a t e . t h e  market p e n e t r a t i o n  p o t e n t i a l  of p i p e l i n e  f o r  severa l  o f  t h e  STCC's 
which a r e  p h y s i c a l l y  p i p e l i n e a b l e  had been analyzed on both an aggregate and d isag-  
gregate bas is .  
up our t r a f f i c  volume m a t r i x .  Nor were the  est imates o f  modal s p l i t  f r e e  f rom - *  

c r i t i c i s m  (s ince  the  RZ1s were n o t  always o f  h igh  va lue - due, we hypothesized, t o  
t h e  l a c k  o f  data a v a i l a b i l i t y  on modal c h a r a c t e r i s t i c s  o t h e r  than r a t e  and t ime) .  
Nevertheless, .if t h e  r e s u l t s  thus f a r  obta ined h o l d  up f o r  the  o t h e r  STCC's which 

The above ana lys is ,  c a l l e d  t h e  aggregate analys is ,  was complemented w i t h  a d i s -  

The p i p e l i n e  p e n e t r a t i o n  ana lys is  was performed on a 
T h i s  study showed p i p e l i n e  p e n e t r a t i o n  o f  

' 

Th is  was by no means a complete ana lys is  o f  a l l  commodities t h a t  made 

I . ,  

n 
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l a t i o n  should be explored as a v e h i c l e  t o  o b t a i n  such in fo rmat ion .  &,& (or complete enumeration - i t ' s  been suggested by some t h a t  complete enumeration o f  
r a i l  movements would be no more c o s t l y  than t h e  1% sample s ince  most r a i l r o a d s  com- 
p u t e r i z e  a l l  movements and must a b s t r a c t  from t h e  t o t a l  t o  o b t a i n  the  1%) would en- 
ab le  t h e  c o n s t r u c t i o n  o f  motor c a r r i e r  flows, es t imat ion  o f  t r u c k  ra tes ,  e tc .  

of t h e  e x i s t i n g  o r  p o t e n t i a l  c o l l e c t o r s .  The economic f e a s i b i l i t y  o f  c o l l e c t i n g  such 
i n f o r m a t i o n  should be explored w i t h  a DOT-TRB (Transpor tat ion Research Board) spon- 
sored conference (much l i k e  t h e  TRB conference he ld  i n  March, 1977) as t h e  bes t  
v e h i c l e  f o r  o b t a i n i n g  in fo rmat ion  r e l a t e d  t o  such f e a s i b i l i t y .  

t r a f f i c  flows and l i t t l e  in format ion on t h e  causat ion o f  f r e i g h t  modal s p l i t .  
ou t  knowing e x i s t i n g  flows and t h e  cause o f  e x i s t i n g  modal s p l i t s ,  t r a n s p o r t a t i o n  
i n f r a - s t r u c t u r e  p lanning and the  d e s i r a b i l i t y  of changes i n  t h e  t r a n s p o r t a t i o n  i n -  
s t i t u t i o n s ,  e.g. , r e g u l a t i o n ,  w i l l  be d i f f i c u l t  t o  c a r r y  ou t  and assess. 

Such a sample 

The c o l l e c t i o n  of t h e  above mentioned data i s  w e l l  w i t h i n  t h e  phys ica l  c a p a b i l i t y  

Without such informat ion,  we w i l l  have l i t t l e  r e l i a b l e  i n f o r m a t i o n  on c u r r e n t  
With- 

i 

' I . I  3 .- *b.S. G O V E k  PRINTING OFFICE ; 1977 0-732-014-162 
i 

! 



cj 

' y .  

J :  
I - :  
p :  
9 :  
a: 

- .  .- 
V I .  .- 
c -  

c .  
3. 
0. 

REQUEST FOR FEEDBACK TO 
The DOT Program Of University Research 

DOT-TST-76T-38 
YES NO 
0 0 Did you find the report useful for your particular needs? 

I f  so, how? 

0 Did you find the research to be of high quality? 

0 0 Were the results of the research communicated effectively 

0 

0 

by this report? 

Do you think this report will be valuable to workers in the 
field of transportation represented by the subject area of 
the research? 

0 

0 0 Are there one or more areas of the report which need 
strengthening? Which areas? 

Would you be interested in receiving further reports in this 
area of research? I f  so, fil l out form on other side. 

0 

Please furnish in the space below any comments you may have concerning the 
report. We are particularly interested in further elaboration of the above 
questions. 

- 
+ - -  2 :  

COMMENTS 

Thank you for your cooperation. No postage necessary if mailed in the U.S.A. 



RESEARCH FEEDBACK 
Your comments, please.. . 
This booklet was published by the DOT Program of University Research and 
is intended to serve as a reference source for transportation analysts, planners, 
and operators. Your comments on the other side of this form will be reviewed 
by the persons responsible for writing and publishing this material. Feedback 
i s  extremely important in improving the quality of research results, the transfer 
of research information, and the communication link between the researcher 
and the user. 

FOLD ON TWO LINES, STAPLE AND MAIL. 

Fold ............................................................................................................................. Fold 

DEPARTMENT OF TRANSPORTATION 
OFFICE O F  THE SECRETARY 

Washington, D.C. 20590 

Official Business 

PENALTY FOR PRIVATE USE, SJOO 

Office of University Research 
Office of the Secretary (TST-60) 
U.S. Department of Transportation 
400 Seventh Street, S.W. 
Washington, D.C. 20590 

P O S T A G E  A N D  FEES P A I D  
D E P A R T M E N T  O F  
T R A N S P O R T A T I O N  

DOT 518 (2) 

............................................................................................................................ 
Fold 1 Fold 

IF YOU WISH TO BE ADDED TO THE MAIL LIST FOR FUTURE 
REPORTS, PLEASE FILL OUT THIS FORM. 

Name Title 
Use Block Letters or Type 

DepartmentlOff ice/Room 

Organization 

' Street 'Add r e s  

Cl ty State ZIP 
\ 


	Volume
	Table of  ont tents
	List of Tables
	List of Figures
	List'of Maps
	Introduction
	The Flow Data
	First Cuts with the Flow Data
	The Census of Transportation Flows

	Macro Demand Models
	The Abstract Mode Model
	Thei Data and Variables - Manufactured Commo'dities

	Thei Data and Variables -
	Manufactured Commodities
	Agricultural Commodities
	Conclusions

	The Micro Demand Modal Spl i ti Model
	Disaggregate Model s of Modal Choice
	The Demand for Transportation
	A Model of Modal Choice
	The Data and the Variables
	Empirical Results -- Firm A
	Empirical Results -- Firm B
	Empirical Results -- Firm C
	Conclusions A
	Pipeline Modal Split Analysis
	Potential Demand for the Freight Pipeline

	Conclusions
	Volume

	Table 1 - Containerizable Flows From 18 Origins to 18 Destinations
	(Assuming Res tri cti ve Trans -s hi pment )
	(Assuming Less Restrictive Trans-shipment

	Network Cities Only
	(1969) Network Cities Only
	Network Cities Only
	Network Cities Only
	Network Cities
	Network Links
	Network Cities as Generators and Feeders
	1972 - Less Restrictive Unadjusted

	Table XI11 - Millions of Tons of Palletizable Product Network Cities
	Hypothesized Network Cities as Feeders

	Table XV - Rate Regressions
	Table XVI - Abstract Mode Results
	Rates of Substitution
	Table XVIII - Elasticities Firm A
	Firm C



