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Practical Methodology for Freight Forecasting 

FREDERICK W. MEMMOTT AND RUSSELL H. BOEKEN KROEGER 

A practical and workable technique for preparing freight forecasts, which may 
be used in addressing freight·related problems at the state or subregional level, 
is described . The flexibility of the overall approach and technique is demon· 
strated by examples of the use of the technique drawn from two recent 
studies. The structure of the process involved in using and adapting the tech
nique is described. The importance of following prudent and pragmatic 
research principles is emphasized. Special attention is given to providing 
detailed information on each of the components of the technique. 

Although freight demand forecasting is far from a 
new subject area, the techniques developed to date 
have not generally been in a form suitable for imme
diate application by states to freight-related prob
lems. All too often, the techniques that are avail
able (a) are not directly applicable to the problems 
being faced today by states, (b) require a level of 
education or understanding of modeling and mathemat
ical procedures beyond that typically available 
today within state transportation or highway agen
cies, or (c) are simply not adequately documented 
( 1-6). Furthermore, examples of their application 
t(; real problems are not readily available. Until 
now, it has been felt that such technology and ex
amples would eventually evolve through further re
search and that the main need was for funding (and 
time). 

Meanwhile, the world has not stood still. The 
formation of transportation agencies in a majority 
of states and heightened interest in multistate, 
state, and regional transportation systems planning 
have created a growing need for techniques with 
which to quantitatively address freight-related 
problems. Recent passage of deregulation leg is la
t ion is bringing about unprecedented change as car
riers seek to exploit new opportunities and elimi
nate unprofitable services. At the same time, there 
is an increasing awareness of the need to stop look
ing at problems in an isolated sense (e.g., abandon
ment of a seldom-used rail line) and to address the 
much wider range of potential problems and issues 
ar1s1ng from the greater freedom and competition 
brought about by the deregulation legislation. This 
is virtually impossible without an easily under
stood, practical freight demand forecasting tech
nique. 

PRACTICAL FREIGHT FORECASTING APPROACH 

The freight demand forecasting technique discussed 
in this paper is an adaptation and generalization of 
a rather simple and straightforward methodology that 
we have applied in several recent freight studies. 
It emerges from a philosophy that emphasizes sub
stantive knowledge and understanding of a given sit
uation in interpreting related, practical problems 
rather than relying on interpretations grounded 
solely in economic or econometric theory. The tech
nique is really more a process for systematically 
making a large number of revenue and/or cost calcu
lations than a formal mathematical model. 

First, the methodology--which, for lack of a 
better title, is referred to as a transport costing 
model--is briefly described. Its usefulness and 
flexibility are then illustrated with examples drawn 
from two applications of the technique (1_,~). One 
application involves the conduct of a recon
naissance-level study of an "All-American Navigation 
System" connecting the Great Lakes with the Eastern 
Seaboard to determine maximum potential traffic 

diversion to 13 alternative canal routings or physi
cal configurations from the existing Great Lakes-st. 
Lawrence Seaway inland waterway system and overland 
to a tidewater port. 

The second application involves a grain subter
minal study for the State of Montana to determine 
quantitatively the economic feasibility of moderniz
ing Montana's grain transportation system by using 
subterminals to gain the efficiencies of centralized 
collection and unit-train movements. In this case, 
feasibility depended on whether the proposed sub
terminals could generate sufficient economic bene
fits for grain growers (reduced "charges" for trans
portation resulting in higher prices for wheat) and 
additional profitability for transportation com
panies. This technique has been found to be flex
ible and adaptable to the wide range of problems 
increasingly being encountered by states in dealing 
with freight transportation. 

COSTING MODEL 

Structure 

Conceptually, the freight forecasting procedure or 
costing model presented here is relatively simple 
and straightforward. For each commodity movement or 
flow, the process involves systematically computing 
and then comparing costs and revenues associated 
with two or more routings between points of common
ality. The first routing is the null situation or 
base case. Subsequent routings consist of the hy
pothesized or forecast conditions being examined. 
These routings will never totally displace the 
first, since there will always be some traffic that 
will not be affected. At each stage, information on 
the cost of providing the transport-terminal service 
and the revenues derived therefrom by the transport 
company (or the rates and charges levied on the pur
chaser of the transport service) is developed and 
accumulated. In effect, the costing model is noth
ing more than a systematic procedure for making a 
large number of revenue and cost calculations that, 
in the aggregate, provide insight on the traffic, 
revenue, and cost changes expected to be brought 
about by the hypothesized or forecast condition. 

The basic structure of the model is shown sche
matically in Figure 1. The first component simply 
prepares the data required in applying the model. 
The second and fourth components represent the heart 
of the model and in practice can be performed simul
taneously. Data for each commodity flow are sequen
tially processed, revenues and costs are computed by 
using the base case and each hypothesized or fore
cast alternative, and decisions are made between 
routing possibilities. In the fifth component, in
formation on commodity flow, revenue, cost, dis
tance, and vehicle volume is summarized. The last 
component is likewise optional and involves deter
mining highway impacts caused by potential changes 
in truck volumes expected to occur along the major 
segments of a state's highway system. 

As used in this paper, a model is simply an ob
jective process for determining transport costs, 
revenues, and throughputs under different assump
tions. The focus of this paper is on the principles 
and concepts involved and their general applica
tion. The problems and issues likely to be encoun
tered by individual states vary immensely, which 
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makes it necessary to adapt the principles to the 
particular application at hand, In some cases, this 
involves the preparation of computer programs; in 
other cases, the techniques could be accomplished by 
hand calculations. Which components of the process 
are selected and how the computations are made can 

only be determined once the problem or issue to be 
addressed is known. 

'!'his structure can be modified by adding or com
bining components, as shown by the flowchart of a 
grain transport model in Figure 2 (~). Depending on 
the options selected, the model can have a recursive 
structure (i.e., feedbacks can be used to optimize a 
parameter). This would occur in the model if (a) 
unit costs and revenues are treated as a function of 
throughput volumes, such as would occur in terminal 
operations, and (b) the user is seeking to optimize 
the number and location of terminals. Although an 
optimizing process can be designed, there is no cor
responding guarantee of producing more useful re
sults. Optimizing models can only handle objective 
measures. Consequently, they can only discriminate 
between good and bad terminal locations in terms of 
their physical suitability and site development 
costs. Although it is possible to quantify other 
important criteria such as long-standing commercial 
trading relations and include them in optimizing 
models, the procedures by which this is generally 
accomplished belie the underlying processes involved. 

Figure 1. Costing model struc· 
ture. 
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straightforward, they are not discussed in detail in 
this paper. 

Commodity Flow Matrix 

One of the most time-consuming and troublesome tasks 
occurs right at the beginning: developing the com
modity flow matrix. Conceptually, this step is no 
different from preparing the "trip table" for use in 
highway traffic assignment work. However, the 
freight world introduces complications in the form 
of (a) different commodity types, (b) different 
modes or mode combinations, (c) individual corporate 
entities providing services, (d) stability of mar
keting patterns (i.e., the quantity moved between 
specific origin-destination pairs) , and (e) the ser
vice factor. Yet, a four- or five-dimensional array 
is not a particularly workable solution. 

The most straightforward procedure is to reduce 
the above down to a two-dimensional array in which 
commodity, modal, institutional, marketing, and ser
vice variations have been collapsed into a composite 
attribute vector and are treated as alternative 
routings between points of commonali ty--namely, the 
origin and termination of the movement or flow. 
Roger Creighton Associates, Inc., has found that, 
through consolidation and elimination of minor and 
relatively unimportant movements, enough simpli
fication can be done to make the problem fully man
ageable. Examples of this simplification are pre
sented below. 

In the U.S. Army Corps of Engineers study (2), 
the commodity flow table was set up on a Bureau of 
Economic Analysis (BEA) domestic port to foreign 
port basis, with one port representing a trade 
route. Domestic ports were likewise limited to 
major Great Lakes, river, or tidewater ports. Com
modities were restricted to six generalized group
ings. Modes or mode combinations were limited to 
three: ocean shipping via the St. Lawrence Seaway: 
barge transport to New Orleans and Baton Rouge, 
transferring to ocean shipping; and rail to tide
water port, transferring to ocean shipping. 

In the Montana study (_!!_), the commodity flow 
table consisted of l8S origins (termed grain
producing units) and five mode-destination combina
tions consisting of rail-export, rail-domestic, 
truck-domestic, and two variations of truck-barge
export. In preparing this table, movements that did 
not have subterminal/unit-train potential (i.e., 
nonwestbound wheat and all barley) were first elimi
nated. Movements through each of the 230 county 
elevators were treated as routing alternatives of 
the more basic movement. Movements bypassing county 
elevators ("track buying") were excluded. 

There is no quick, simple method of preparing the 
commodity flow matrix. Much depends on the particu
lar problem at hand and data availability and qual
ity. Preparing a commodity flow matrix is always a 
struggle. Because information on origin and termi
nating volumes is usually more readily available 
then information on the flows themselves, a distri
bution algorithm may have to be used to approximate 
the flows taking place. If there is any key, it is 
to keep the matrix as simple as possible by retain
ing the important movements and rejecting the rela
tively unimportant ones. One always finds problems 
with data that can only be corrected by playing 
detective, applying common sense, and making intel
ligent estimates to fill the gaps. No matter how 
good the data may appear to be, a great deal of time 
must still be spent in supplementing, cross
checking, and reconciling differences among data 
sources. 

Unit Costs and Revenues 

Equally important (and time-consuming) is the pro-
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cess of developing the cost and revenue relations or 
estimating equations to be used in conjunction with 
the commodity flow matrix. The chief ingredients in 
these estimating equations are the unit costs or 
rates developed by the user. 

Cost and revenue relations or estimating equa
tions generally have the following format: 

R1 =(volume) (distance) (unit revenue/charge) 

R2 =(volume) (unit revenue/charge) 

C1 =(volume) (distance) (unit cost) 

C2 =(volume) (unit cost) 

where 

R • revenue or change, 
c cost, 
l a physical movement through space (e.g., 

transport company) , and 

(!) 

(2) 

(3) 

(4) 

2 = terminal, transfer, or warehousing services 
(e.g., grain elevator). 

Variations in these basic relations come primar
ily in the form of differing unit revenues and 
costs, which reflect modes, commodities, competing 
companies, and even service differences. When com
bined together, individual mode relations or esti
mating equations produce an estimate of total reve
nues and costs, such as that used in the Montana 
study: 

Rb=Vb [R1 +R3+Ri+R6+R7] (5) 

Cb =Vb [C1 + C3 + C4 + C6 + C7] (6) 

R.a = V, [R1 + RJ + R4 + R6 + R7] + V, [R2 +Rs + R6 +Rs] (7) 

Cau =V, [C 1 +C3 +C4 +C6 +C7] +V, [C2 +Cs +C6 +Cs] (8) 

where 

Item 
Base case (through GPWs) 
Alternative (GST portion) 
Scenario [GPW portion 

(residual)] 

and where (in Montana, for example) 

Revenues/ 
Mode Cha rges Costs 
Lirie-haul 

Single-car rail R1 C1 
Unit train R2 C2 
Grain truck R3 C3 
Barge R4 C4 

Feeder service 
Collector truck Rs C5 
Farm truck R6 c6 

Terminal services 
GPW R? C7 
GST Rs Cs 

Total 
Revenues 
Rb 
Rs 
Rr 

Total 
Costs 
Cb 
Cs 
Cr 

It is well to remember that the results obtained 
through application of cost and revenue estimating 
equations are only as good as the quality of the 
inputs: hence, there is a need for very careful rea
soning and cross-checking in developing unit charges 
or unit costs to minimize the possibility of unin
tended distortion of the resulting answers. One can 
make the above equations as complex as one likes 
providing that the fiscal and data resources avail
able permit this to be done. We prefer to keep such 
equations as simple as possible, concentrating in
stead on ensuring that the parameters used are cor
rect . Again, what is done depends on the specific 
application. 



4 

For unit revenues, it is rP.comm1mdP.d thi'lt i'l ma-· 
trix of established rates (one corresponding to each 
possible movement in the commodity flow matrix) be 
used where possible rather than develop special 
rate-estimating equations. The reason for this is 
that it accounts for the abnormalities that have 
crept into common-carrier tariffs and rates over the 
years that cannot be reasonably reflected in gen
eralized estimating equations. However, often this 
cannot practically be done and approximatinq rela
tions must at times be used instead. 

For example, in the Montana study (~) single and 
multiple car rates for wheat moving west to Pacific 
North Coast ports were used. Truck rates for line
haul service were derived from the rail rates (un
dercut rail by 3¢ to 3¢/bushel) • Truck rates for 
collector service were obtained from several in
state cooperatives that are literally dictating to 
grain truck owners the maximum they are willing to 
pay for hauls of different lengths. A revenue esti
mating equation was developed for county elevators 
based on "maximums" established by the State for 
storage and handling plus information on storage 
capacity and annual throughput. Barge rates were 
obtained through direct inquiry. 

For unit costs, the following generalized pro
cedure is recommended: 

1. If sufficient time and fiscal resources are 
available, then it is possible to dig out rather 
detailed information on the modal or competitive 
organizations, infrastructure and equipment, and 
general economics involved in providing transport 
services. Such research is typically carried out on 
a sample basis by using in-depth interviews with 
traffic managers and accounting personnel to obtain 
information from which to derive unit costs. 

2. If the transport or terminal services are 
provided by multiple firms, there obviously are mul
tiple unit costs. These costs, known to business
men, are not the type of information that is readily 
furnished to the public sector simply because acci
dental disclosure could adversely affect competitive 
relations. 

3. In such circumstances, additional assumptions 
regarding organization, infrastructure and equipment 
(e.g., age, payload capacity, cost, depreciation, 
labor inputs, energy inputs, and operating effi
ciency), and utilization may have to be made before 
an attempt is made to estimate unit costs. 

4. In developing unit costs within a limited 
budget, one is forced to rely primarily on telephone 
conversations, secondary information, and profes
sional judgment to identify and refine cost compo
nents, which are then combined to produce a unit 
cost. Once a reasonable value has been established, 
it must be carefully cross-checked with related in
formation as well as reviewed and discussed with 
persons who are knowledgeable about such costs to 
obtain outside opinions as to its overall reason
ableness. Only then should the unit cost be used. 

5. Even if the transport service is provided by 
a single firm, it is still usually necessary to in
dependently estimate costs simply because of the 
reluctance of private companies to share such infor
mation with government. 

6. There is a varying amount of published and 
unpublished information available on unit costs-
some good and some not very useful. The tendency on 
the part of those not very experienced in freight 
studies is to latch onto such information and con
sider it as gospel without realizing its true 
source, its strengths and weaknesses, and whether it 
is indeed applicable to the situation at hand. It 
is absolutely necessary to undertake an in-depth 
investigation to modify secondary information before 
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it is used in a cost-estimating equation. Often 
this is not done. 

7. The simplicity or complexity of the unit cost 
is partly determined by whether the components them
selves are being treated as variables. This occurs 
if the costing model must be sensitive to variations 
in the cost of capital, labor, and/or energy. 

In the Corps of Engineers study <l>• we somewhat 
reluctantly used unit cost estimates developed by 
the u. S. Mari time Administration and the Corps of 
Engineers for U.S. and foreign flag vessels of dif
ferent types and sizes. At the time, we did not 
have sufficient fiscal resources to go as deeply as 
we would have liked to in estimating vessel capital 
and operating costs and fleet mix so as to be to
tally comfortable with the derived equations. 
Nevertheless, we were later told by the special 
panel set up by the Corps of Engineers that our unit 
costs were essentially comparable to theirs. For 
barge traffic, we used data we had primarily devel
oped through queries to barge companies that use the 
New York State Barge Canal System. Inland waterway 
unit costs were developed by carefully updating pre
vious estimates prepared by a major railroad in di
rect competition with barge companies on the Lower 
Mississippi. Rail unit costs were derived by using 
standard Interstate Commerce Commission (ICC) pro
cedures. 

In the Montana study (8), farm truck unit costs 
were derived on a per-mile- basis from the ground up 
by using assumptions on mileage, cost, life, fuel 
consumption, price, etc. Grain truck unit costs 
were derived by reworking some fairly good up-to
date operating cost data obtained from a trade or
ganization to fit the Montana situation. Estimating 
truck costs demands extreme care because the infor
mation resources are just not that good and varia
tions in equipment investment, annual mileage, and 
backhaul utilization significantly affect the re
sults. Rail unit costs were estimated by using ICC 
procedures (10) modified to fit a car mix situa
tion. County elevator costs were derived by care
fully reworking an earlier U.S. Department of Agri
culture study (11) and from recent testimony of 
elevator operators seeking regulatory revisions of 
maximum storage and handling charges. 

Computing Transport Costs and Revenues 

The heart of the model lies in a series of basic 
cost and revenue relations or estimating equations-
one applicable for each commodity-flow/routing pos
sibility. A number of variations of this theme are 
described below in generalized form: 

C3mij = vi:nij (D~ij C~ij) 

R~u = V~u (D~ij r~u) 

where 

C total transport costs, 
R total transport revenues or charges, 

(9) 

(10) 

V = volume of commodity moved over some specified 
period of time, 

D distance between i and j, 
c = unit transport costs, 
r = unit transport charges or revenue, 
a a specific commodity or commodity group 

(a = 1 to t) , 
m mode of transport from i to j (m = 1 to s), 
i origin zone (GPU location) (i = 1 to q), and 
j destination zone (market) (j = 1 top). 

In the above equations, V~ij defines the 
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movement of commodity a between origin i and desti
nation j via mode m. With more complex mode and 
routing possibilities, the basic relations must be 
modified to incorporate components or portions into 
a complete movement. 

C~ = f V~ii [(D~ij c~;i) + T~; + T~ i + T"m i] 

Rri = E V~ij [(D~ii r~ii) + T~i + T~i + T"m 1 J 

(II ) 

(1 2) 

where m = 1 to s and T denotes the unit transfer or 
terminal charge or cost that can occur at the ori
gin, termination, or intermediate points of the move
ment (the latter is indicated by the subscript 1). 

Equations ll and 12 depict the total cost and 
total revenue, respectively, for the situation in 
which there is a combination of transport modes 
(hence, the summation over all modes m) with both 
end-point and intermediate terminal operations. 

This can be extended further to account for mul
tiple firms by adding a superscript b, as illus
trated below: 

Cljb = f V;;!'ii [(D;;!'ii c~bii) + T;;!'i + T;;!'i + T"mb1] 

Rljb = fy~bii [(D;;!'ii r;;!';j) + T;;!'; + T"mbi + T~b1] 

(13) 

(14) 

where m = 1 to s, all subscripts, superscripts, and 
variables are as indicated above, and b is a super
script denoting an individual firm. 

Putting it all together, total costs and revenues 
for the state would be computed as the summation 
over firm, commodity, mode, and geographic origin 
and destination: 

C _ ~ ~ .J, ~ ~yab [(D'b ab ) r ab +Tab +Tab ] 
- £1 £. £1.LJ .LJ mij mij Cmjj + mi mj ml (15) 

_ q ' I u p ab ab ab "'3 b ab ab ] 
R - L LL L L V mij [(Dm ij r mij) + i mi + T mj +Tm 1 (16) 

where i = 1 to q, m = 1 to s, a = 1 to t, b = 1 to 
u, and j = 1 to p. 

Fortunately, it is usually possible to simplify 
the general-purpose model presented above by using 
assumptions such as the following: 

1. The commodities involved can be considered 
homogeneous. 

2. Destinations can be limited to the principal 
gateways rather than the markets themselves. 

3. Costs are limited to those occurring between 
points of commonality. 

4. Inventory costs can be ignored based on the 
premise of a temporally uniform demand even though 
one is dealing with a cyclically produced commodity. 

5. The intricacies of the particular business 
can be ignored except for the transport end. 

Alternative Futures, Scenarios, and Conditions 

So far, we have only considered the present or base 
case situation. What has to be done is to construct 
similar arrays to represent hypothesized futures, 
scenarios, or conditions. 

The freight world is in a continual state of 
change with the rise and fall of agricultural, in
dustrial, and extractive industry production. Mar
kets and suppliers change and so do or1g1n and 
destination patterns. Transport technologies, ser
vices, component costs, and efficiencies likewise 
affect modal use. In our previous work on NCHRP 
Project 20-8 (12), we spent a considerable amount of 
time examining the then state-of-the-art methodology 
for demand estimation and modal-choice modeling. In 
the present context, demand estimation can be viewed 
as a linkage between the base case commodity flow 
matrix and one expected at some point in the fu-
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ture. Modal-choice modeling can be viewed as 
changes in market shares beyond those explainable 
through production and consumption changes. Al
though considerable effort has gone into developing 
a methodology for demand estimation and modal-choice 
forecasting in recent years, much of the present 
methodology in these areas remains very elementary 
and is not yet suited for inclusion in an immediate 
application of a statewide freight demand forecast
ing technique. Although development proceeds on 
this front, questions must still be answered. In 
this regard, we prefer simpler, more direct ap
proaches such as those outlined below. 

Projecting Future Origin-Destination Patterns 

Many applications do not require projections to be 
made, since no overall change in the origin-destina
tion matrix is expected. Such was the case with our 
Montana work, where the interest lay in the changes 
resulting from the introduction of a more efficient 
mode (subterminals/unit trains). Sometimes projec
tions can be handled simply by use of a compound 
growth factor, as was done in our Corps of Engineers 
work. There are times, though, when changing condi
tions dictate that a new origin-destination matrix 
be prepared. 

If the problem is large enough , the best way of 
modifying the matrix is to use econometric model 
outputs as a guide in modifying the base commodity 
flow matrix. If such a model is not being used, we 
then encourage the pragmatic approach of informally 
tapping the collective intuition, estimates, and 
judgments of those knowledgeable in the commodities 
being produced or consumed. This is quite workable 
if the projections are relatively short range. 
Given good inputs, the transportation specialist can 
then apply this reasoning and intelligent guesses 
and modify the commodity flow matrix appropriately 
to represent expected conditions. 

The longer the time frame, the more speculative 
is the projection. At times, it might even be 
worthwhile to tap the skills of experts capable of 
assessing where things are headed and the resulting 
impact on the state economy, production and consump
tion, employment, technology, living standards and 
patterns, etc. Rather than attempting to make pro
jections mechanically, we recommend the collective 
"think tank" approach. 

Projecting Modal Choice 

The importance of modal choice will vary with the 
application and so will the procedure for dealing 
with it. Modal-choice decisions partly reflect eco
nomics and partly reflect service: the former lends 
itself to quantitative solutions whereas the latter 
does not. Introducing a new mode or mode combina
tions or a new service is really a routing alterna
tive. If it costs less (revenues represent charges 
to the user) than the existing mode (for service of 
comparable quality), substitution will take place. 
our technique can easily be set up to perform such a 
test and to reorder the traffic among modal alterna
tives. In so doing, the user may wish to impose two 
constraints on such a quantitative process: (a) a 
minimum threshold governing the point at which modal 
diversion will occur (e.g., users rarely divert just 
for a 1¢/ton savings) and (b) a limit on the maximum 
market share. 

For example, in Montana the introduction of sub
terminals/unit trains potentially results in a siz
able reduction in transport charges for virtually 
every movement. Were a "modal split" made on the 
basis of user economics, the projected outcome would 
have been near total diversion from the present to 
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the proposed mode. Such drastic shifts are quite 
unlikely. In the end, an approach based on reason
ing out what the maximum market share might be for 
subterminals/unit trains was used rather than an ob
jective process based solely on savings. In this 
case, it was felt that there would always be a 
residual of low-volume, special-destination, or 
high-priority shipments not appropriate to subter
minals/unit trains. Again, we think that it is far 
more important to apply careful reasoning and seek 
information on related or parallel situations rather 
than apply a quantitative modal-split process 
blindly. 

Handling Scenarios and Conditions 

Sometimes the problem is simply one of determining 
how much traffic might divert to one or more alter
natives. This can usually be done quantitatively by 
adding the new alternatives as additional routinqs. 
For example, in the Corps of Engineers study, costs 
via 13 shallow draft barge, deep draft barge, and 
deep draft ship canal alternatives were computed in 
addition to the three existing routings mentioned 
earlier, and the traffic split between the alterna
tive and base case situation was determined through 
determination of the least-cost routing. "What if" 
conditions, which include such possibilities as 
changes in pricing, energy availability, service, 
and regulatory constraints, can often be handled by 
the same basic process of adding and then quanti
tatively evaluating routings. 

Summary of Results 

Whereas the cost and revenue equations must be tail
ored to the specific issue or problem being ex
amined, the outputs from the computational process 
can often be standardized. Concern generally lies 
in efficiency and distributional benefits poten
tially achieved by the alternative being examined in 
comparison with the base case. It is the degree of 
change, rather than the absolute values per se, 
which generally is of greatest interest to those 
affected. 

What we like to do is to first prepare a compre
hensive output record, which can then be summarized 
in a variety of ways. A record containing (a) con
trol information, (b) commodity flows, (c) revenues 
or charges, (d) costs, (e) unit distances, and (f) 
vehicle equivalents would be prepared for each 
unique movement. Revenues/charges and costs would 
be further broken down into those that occur under 
the (a) base case, (bl alternative alone, (cl resid
ual, (d) alternative plus residual, and (e) dif
ference between the alternative and residual and the 
base case. 

For example, in the Montana study, control infor
mation consisted of grain-producing unit, county 
elevator, grain subterminal, and market designations 
and origin county. Grain flow data consisted of 
grain that has subterminal potential and all other 
grains. Revenues and costs were subdivided by com
ponents: line-haul modes (single-car rail, unit 
train, grain truck, and barge), collector modes 
(collector truck and farm truck) , and terminal han
dling (county elevator and grain subterminal). 
These components were then summarized to produce 
line-haul, collection, terminal, grain company, 
grower, and total revenues and costs. Distances 
consisted of farm to elevator, farm to subterminal, 
elevator to market, and subterminal to market mile
age, and vehicles consisted of rail cars (covered 
hoppers), grain trucks, collector trucks, and farm 
trucks • 

. Although the format is admittedly long, the user 
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can divide it into several shorter records, if so 
desired (or for software reasons). Once output rec
ords have been prepared, various reports summarizing 
the results can be prepared. Summary tables can be 
produced either on an aggregate or a unit basis. 
Either detailed or abbreviated revenue and cost sum
maries can be prepared. The former would be appro
priate in determining the projected impact on the 
different modes (distributional effects), whereas 
the latter would be of interest particularly in pre
paring geographic summaries (efficiency benefits). 
In addition to revenue and cost summaries, vehicle
mile and ton-mile summaries could also be prepared. 

Highway Impact Analys is 

The previous section discussed one type of output 
that could be obtained from a computerized version 
of the costing model. The second type of output, 
which is optional, consists of base and alternati.vf> 
commodity flows (in vehicles) over each link of the 
transport system: rail, highways, and waterways. 
It is possible to design the process in such a way 
that programs from the Federal Highway Administra
tion (FHWA) urban transportation planning series can 
be used to determine routings and accomplish the 
necessary accounting, provided that the state high
way and county highway networks have already been 
coded for this purpose. Depending on how a state 
has organized its highway information files, it may 
be possible to directly use segment data on physical 
characteristics, condition, and use, although net
work inputs are usually at a macro rather than a 
micro level. 

Three possible assessments can reasonably be 
made. Their positive and negative points are dis
cussed below: 

1. One approach is to summarize vehicles on a 
1 ink basis and determine the differential between 
the scenarios and the base case. The problem with 
this approach is equating different types of trucks, 
which have different impacts on pavement structure. 
Consequently, a simple change in the number of vehi
cles with the alternative (as compared with the base 
case) is often meaningless. 

2. Determining the change in equivalent annual 
load applications (EALAs) neutralizes the differ
ences between different vehicle types, although it 
requires other assumptions or data on the proportion 
of different wheel-axle configurations, tare 
weights, and loadings. The problem with this ap
proach is that differential EALA does not directly 
relate to pavement life. For example, a 10 percent 
increase in EALAs does not mean a 10 percent de
crease in the remaining pavement life, since the ef
fects of pavement age, design strength, and other 
traffic have not been included. 

3. Another extension to the approach given in 
item 1 is estimating the change in service life. 
The data used in this process can be either very 
detailed information on pavement condition and 
structure contained in a state's highway information 
system files and traffic volume and classification 
information or various assumptions and default data 
developed by FHWA for highway needs studies. The 
problem with the first type of data is that they 
will not be available uniformly across the state and 
involve a level of detail that goes far beyond the 
level of planning and analysis presented in this 
paper. Determination of service life depends on the 
following factors: (a) present pavement condition 
(present serviceability rating or index or the 
equivalent); (bl pavement structure or thickness, 
expressed as a structural number, slab thickness, or 
correlation thereto; (c) soil support value (s) or 
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correlation thereto: (d) number of present 18-kip 
sing le-axle EALAs applied to the roadway: and ( e) 
the average annual rate of traffic growth. 

In considering the above possibilities, we con
clude that most states are primarily interested in 
potential changes in truck volumes or truck loadings 
that are likely to occur in the vicinity of traffic 
generators and along principal truck routes. The 
former can be handled quite readily by reassigning 
vehicles back to the rail and highway networks by 
(a) identifying the specific links involved in mini
mum distance (or time), (b) assigning computed traf
fic vlumes to these links, and (c) summarizing the 
data on a link basis. Normally, this would be done 
separately for the base case and each alternative 
and the final product would be the difference in 
volumes and the relative change projected to take 
place. 

CONCLUSIONS 

The goal of this paper was to present and describe a 
technique that enables users to prepare freight 
forecasts in a simple and straightforward manner, 
deriving insights and related information on changes 
and impacts brought about by hypothesized or future 
conditions. In illustrating the use of this tech
nique with examples drawn from two distinctly dif
ferent problems and applications, it has been demon
strated that the technique is both flexible and 
adaptable. The framework of the technique, which 
consists of basic concepts and principles, permits 
users to organize and structure a process to examine 
the complex issues involved in freight-related prob
lems. Each of the components of the technique may 
be expanded on to meet the particular requirements 
of given situations. 

The approach presented encourages the user to in
corporate substantive knowledge and understanding in 
interpreting a problem or situation as well as 
adapting the technique. Reliance on economic theory 
and econometric networks is not appropriate in 
analyzing many freight-related problems, and a bal
ance must be established between what theory tells 
us and the way the real world behaves. In this 
sense, the technique is more of a process tailored 
to a specific situation than a standardized method
ology in which only a specified set of data inputs 
is required to produce results. 
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Development and Application of Statewide, Multimodal 

Freight Forecasting Procedures for Florida 

DAVID P. MIDDENDORF, MARK JELAVICH, AND RAYMOND H. ELLIS 

The development and application of a goods movement forecasting methodol· 
ogy resulting from the Statewide Multi-Modal Planning Process Project spon
sored by the Florida Department of Transportation are described. The 
methodology involves two steps. First, the generation and distribution of 
freight are projected through a Fratar model that applies growth factors to 
current flows of commodities. In the second step, the projected freight flows 
are distributed among competing modes through modal-split models. The 
Fratar model was successfully applied to produce reasonable projections of 
freight traffic to, from, and within Florida in 1985 and 2000. Efforts to 

develop modal-split models by using the logit formulation were not success
ful. The Fratar model was based on existing secondary sources of data. 
Because these sources exist in the same or an analogous form in other states, 
a similar modeling approach could be developed and applied elsewhere. 

State departments of transportation are becoming 
increasingly involved in multimodal freight plan
ning. The reorganization of railroads in the North-
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east and Midwest, state rail plan requirements under 
the "4-R" Act (Rail Revitalization and Regulatory 
Reform Act of 1976), railroad mergers, regulatory 
changes, branch-line abandonments, increasing energy 
and shipping costs, the availability of all-weather 
roads, and the importance of financially sound 
competitive freight service for the overall economy 
of the states are examples of issues, problems, and 
developments that are giving rise to increasing 
state interest and involvement in multimodal freight 
planning. 

In 1977, the Florida Department of Transportation 
(FOOT) initiated a program to develop a comprehen
sive statewide transportation plan and to update 
this plan on a continuing basis. This planning 
program encompassed all modes of transportation 
serving the movement of persons and goods throughout 
the state. Its purpose was to assist FOOT in evalu
ating and implementing financially sound transporta
tion policies, facilities, and services that would 
promote the social, economic, environmental, and 
development goals of the State of Florida. 

As part of the statewide transportation planning 
program, FOOT sponsored the Statewide Multi-Modal 
Planning Process Project to develop and apply model
ing techniques to forecasting future movements of 
persons and goods by mode to and from as well as 
within the state. These procedures were intended to 
assist FOOT in evaluating alternative transportation 
policies and issues and to facilitate the analysis 
and evaluation of new or improved intercity trans
portation facilities and services. 

This paper describes the development and applica
tion of the goods movement forecasting procedures 
resulting from the Statewide Multi-Modal Planning 
Process in Florida. Although the literature on 
freight forecasting techniques is growing, much of 
it is theoretical. Relatively little has been 
written about the development and use of freight 
forecasting methods in an actual planning situation. 
Therefore, it is hoped that this paper will give 
statewide transportation planners not only a better 
understanding of the problems and issues involved in 
developing a freight forecasting methodology but 
also an idea of what can be done with existing 
secondary sources of data to simulate and forecast 
the movement of freight. 

FLORIDA GOODS MOVEMENT MODELING APPROACH 

A large number of freight demand and modal-choice 
models were reviewed and evaluated early in the 
Florida Statewide Multi-Modal Planning Process 
Project. Prior surveys of freight demand estimation 
and modal-choice techniques were used as sources of 
information and evaluation for this task !lrll . 
Among the models that were given special considera
tion were an adaptation of the abstract mode model 
developed by Quandt and Baumol, the Herendeen model 
(3), the inventory theoretic model developed by 
Townsend <i>, and the integrated freight forecasting 
model developed as part of the 1972 National Network 
Simulation Program. 

One of the conclusions drawn from the assessment 
of existing freight forecasting methods was that, 
with few exceptions, the goods movement forecasting 
methods that have been used with some success have 
been of the sequential type. The exceptions noted 
in the literature are all models that have been 
developed for one or two specific commodities or for 
a special market situation. 

Another important conclusion drawn from the 
survey of freight demand and modal-split models 
derives from the intimate connection between freight 
flows and regional economic development. The diffi
culty of forecasting regional economic development 
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is one of the inherent problems of freight forecast
ing. Very few freight forecasts made to date span 
more than 10 years into the future because tech
nology and the state of the economy are so difficult 
to predict. In addition, freight forecasts become 
less stable and reliable as the geographic level of 
aggregation and the classification of commodities 
become more detailed or smaller. Thus, national 
forecasts tend to be more reliable than state fore
casts, which in turn are more reliable than county 
or substate projections. Contributing to the prob
lem is the fact that states are not closed economic 
systems. 

Clearly, the difficulty of forecasting even 
aggregated goods movements at the state level raises 
questions about the credibility of models that 
purport to predict modal freight movements in de
tail. Thus, the historical emphasis has been on 
dividing the freight forecasting problem into two 
parts: demand estimation and modal split. This 
approach was recommended for the Florida project. 

The simulation and forecasting of goods movements 
to, from, and within the State of Florida were 
accomplished in two steps. In the first step, the 
generation and distribution of freight were pro
jected through a technique known as the Fratar 
method, which applies growth factors to current 
flows of commodities. Projections were made for 
each of 13 groups of commodities. In the second 
step, the projected flows of each group of commodi
ties were distributed among competing modes through 
modal-split models. A separate modal-split model 
was necessary for each commodity group. 

FREIGHT GENERATION AND DISTRIBUTION GROWTH FACTOR 
MODEL 

Figure 1 is a diagram of the freight generation and 
distribution growth factor model. The input to the 
model consists of two sets of growth factors--one 
for the production of goods and one for the consump
tion of goods--and a set of base year origin-desti
nation (0-D) volumes of freight for each group of 
commodities. The growth factors themselves are 
calculated from forecasts of personal income and 
earnings and the results of the U.S. Department of 
Commerce national input-output model. The Fratar 
technique is then used to apply the growth factors 
to the base year 0-D volumes to obtain tables of 0-D 
freight volumes for a future year. The development 
of each of the inputs to the growth factor model is 
discussed below. 

Base-Year Fre ight Flows 

The first step in the development of the base-year 
freight flows was to classify the many thousands of 
types of commodities into a manageable number of 
meaningful commodity groups. The definition of the 
commodity groups depended heavily on how detailed 
were the available data on the production, consump
tion, and transportation of various commodities. 
Almost every source of data examined in this project 
had its own system for classifying commodities. One 
of these classification systems, the Standard Trans
portation Commodity Code (STCC) used in the Inter
state Commerce Commission (ICC) annual percent 
sample of railroad waybills, is very detailed. Most 
of the classification systems, however, were much 
broader than the STCC. Fortunately, many of them 
were related to the STCC and the Standard Industrial 
Classification (SIC) system, although at a very high 
level of aggregation. 

To determine the principal commodities hauled to, 
from, and within Florida by each mode, freight 
volume data from the following sources were analyzed: 
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1. ICC l percent sample of railroad waybills for 
19751 

2. The Federal Highway Administration (FHWA) 
Nationwide Truck Commodity Flow Study, conducted 
between July 1972 and June 19731 and 

3. Waterborne commerce statistics published by 

Figure 1. Freight generation and distribution growth factor model. 
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Table 1. Commodity groups selected for freight forecasting in Florida. 

Group No. 

1 
2 
3 
4 
5 
6 

7 
8 
9 

10 
11 
12 
13 

Description 

Citrus fruit 
Farm products, except citrus fruit 
Coal 
Crude petroleum 
Phosphate rock 
Dimension stone 
Crushed or broken stone 
Gravel and sand 
Food and kindred products 
Lumber and wood products 
Pulp, paper, and allied products 
Chemicals and allied products 
Petroleum and coal products 
Clay, concrete, glass, and stone products 
Miscellaneous manufactured goods 

Textile mill products 
Apparel 
Furniture and fixtures 
Rubber and miscellaneous plastics products 
Leather and leather products 
Primary metal products 
Fabricated metal products 
Nonelectrical machinery 
Electrical machinery and equipment 
Transportation equipment 
Instruments and photographic goods 
Miscellaneous products of manufacturing 

aExc1u ding citrus fruit (STCC 0121 ). 

STCC 

0121 
01 8 

ll 
13 

14714 
141 
142 
144 
20 
24 
26 
28 
29 
32 

22 
23 
25 
30 
31 
33 
34 
35 
36 
37 
38 
39 
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the U.S. Army Corps of Engineers in 1975. 

Two of the principal commodities--nonmetallic min
erals and farm products--were further subdivided. A 
more detailed analysis of the truck and rail data 
revealed that the motor carriers and the railroads 
were transporting different kinds of nonmetallic 
minerals. The motor carriers were primarily hauling 
stone, sand, and gravel, and the railroads were 
mostly hauling phosphate rock. Because phosphate 
mining is an important industry in Florida, phos
phate rock was selected as a separate commodity 
group. For the same reason, citrus fruits were 
separated from other farm products to form two 
groups of agricultural commodities. 

The commodity groups finally selected and ap
proved by FOOT are given in Table l along with the 
corresponding STCC. The last commodity group given 
is a conglomeration of 12 manufacturing industries, 
none of which is extremely large in Florida. To
gether, however, these industries account for a 
significant percentage of the freight shipped to, 
from, and within Florida. 

1975 0-D Freight Flow Tables 

Once the commodity groups were specified, the next 
task was to determine the volume of freight trans
ported between each origin zone and destination zone 
in the base year 1975 by mode of transportation and 
by commodity group. The results of this task were 
several sets of freight flow 0-D tables similar to 
the trip tables developed in urban transportation 
planning. 

The 0-D freight flow tables indicated the volume 
of freight in hundreds of tons shipped in 1975 
between each origin zone and each destination zone 
by a particular mode of transportation. Each Flor
ida county and each state outside of Florida consti
tuted a zone. This resulted in a total of 67 inter
nal zones (counties) and 49 external zones (other 
states) • A separate freight flow 0-D table was 
developed for each of the 13 commodity groups and 
for each of three modes--truck, rail, and water. 

Four sets of truck freight 0-D tables were pro
duced: true 0-D truck freight volumes, truck 
freight volumes to ports, truck freight volumes from 
ports, and total truck freight volumes. 

The true o-n freight flow tables consisted of the 
volumes of freight shipped from the zones where the 
goods were produced (production zones) to the zones 
where the goods were consumed (consumption zones). 
These freight flow tables, therefore, did not in
clude truck shipments to and from ports, since ports 
are places where goods are transferred between modes 
of transportation. 

The volumes of freight shipped by truck to and 
from ports were determined separately and stored in 
separate 0-D tables. For truck shipments to ports, 
the orig in zone was the zone of production and the 
destination zone was the Florida county containing 
the port. Similarly, for truck shipments from 
ports, the origin zone was the Florida county con
taining the port and the destination zone was the 
zone of consumption. The truck-to-port and truck
from-port freight flow 0-D tables included only 
domestic goods. Foreign imports and exports were 
excluded because the true origin and destination 
zones of these goods could not be determined from 
the data that were available. 

The total truck freight o-n tables were simply 
the sum of the true o-n, truck-to-port, and truck
from-port freight flow tables. 

The truck freight 0-D volumes had to be synthe
sized from a large number of secondary sources of 
data. The sources used are given in Table 2. All of 
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Table 2. Sources of data for 
development of true 0-D truck 
freight flow tables. 
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Commodity 
Group• Source 

1-2 Florida Department of Agriculture and Consumer Services 
Florida Agricultural Statistics: Citrus Summary, 1975 
Florida Agricultural Statistics: Vegetable Summary, 1975 
Florida Fresh Fruit and Vegetable Shipments: 1974-1975 Season 
Florida Agricultural Statistics: Poultry and Livestock Summary, 1975 

U.S. Department of Agriculture 
Fresh Fruit and Vegetable Unloads by Commodities, States, and Months (4 volumes) 
Fresh Fruit and Vegetable Shipments by States, Commodities, Counties, Stations 

U.S. Bureau of the Census, 1974 Census of Agriculture 
3-4 
5 

FHWA Nationwide Truck Commodity Flow Study 

6 
7-13 
II 

Central Florida Phosphate Industry, Draft Areawide Environmental Impact Statement 
Bureau of Mines, U.S. Department of the Interior, Minerals Yearbook 
U.S. Bureau of the Census, 1972 Census of Transportation Commodity Transportation Survey public use tapes 
Florida State Energy Office, Monthly Florida Motor Gasoline Consumption 

Table 3. Sources of data for 
development of total rail 
freight 0-D tables. 

3From Table 1. 

Commodity 
Group• Source 

U.S. Department of Agriculture 
Fresh Fruit and Vegetable Shipments by States, Commodities, Counties, Stations 

5 
1-13 
1-13 

Fresh Fruit and Vegetable Unloads by Commodities, States, and Months: Southern Cities (Volume 3) 
U.S. Army Corps of Engineers, Waterborne Commerce of the United States: Parts I and 2 
Federal Railroad Administration, magnetic tapes of 1975 ICC rail waybill sample 
Florida Public Service Commission, State Statistics Section from annual report forms R-1 and R-2 submitted 

by individual Class I and Class II railroads to ICC 

3 From Table 1. 

these sources, with two exceptions, are produced 
periodically by the agem.:ies listed in the lable. 
The two exceptions are the FHWA Nationwide Truck 
Commodity Flow Study and the environmental impact 
statement of the Central Florida Phosphate Industry. 
The Census of Transportation is conducted every five 
years by the federal government. All of the other 
sources given in Table 2 are produced annually. 

Four sets of freight flow 0-D tables were also 
developed for the rail mode. These 0-D tables 
correspond to those developed for the motor car
riers. In the true o-o rail freight flow tables, 
the zone of origin was the county or state in which 
the commodities were produced and the zone of desti
nation was the county or state in which the commodi
ties were consumed, either by households or by 
industries. The rail-to-port and rail-from-port 
freight flow tables contain 0-D volumes for freight 
shipped by rail to and from a port, respectively. As 
noted earlier, ports are not considered to be the 
true origin or the final destination of freighti 
rather, they are points of transfer among modes. The 
total rail freight 0-D tables were the summation of 
the above three o-o tables. 

In the case of truck freight, the true 0-D 
freight flow tables were developed from the second
ary sources of data. The total truck freight 0-D 
tables were then generated by simply adding the 
truck-to-port and truck-from-port tables. Because 
of the nature of the data on rail freight, it was 
easier to develop the total rail freight o-o tables 
first. The true o-o rail freight tables were then 
obtained by subtracting the rail-to-port and rail
from-port 0-D tables. 

Table 3 summarizes , the sources of data used to 
develop the total rail freight flow 0-D tables. The 
principal source was the ICC rail waybill sample 
tape, which consists of a 1 percent sample of way
bills collected each year by the ICC. Each record 
on this tape represents a sampled waybill. The ICC 
waybill sample was supplemented by annual reports 
prepared by the rail carriers for the ICC. The 
annual reports provided independent estimates of the 

tons of freight originating and terminating on each 
carrier's line in Florida. 

Additional data were needed to adjust the 0-D 
volumes of citrus fruits and phosphate rock. These 
data were obtained from reports issued annually by 
the U.S. Department of Agriculture and the U.S. Army 
Corps of Engineers. 

Two sets of waterborne freight 0-D tables were 
developed. One consisted of tonnages among ports. 
In these tables, the orig in was the zone in which 
the shipping port was located. The destination was 
the zone containing the rece1v1ng port. In the 
other set of waterborne freight o-o tables, the 
origin was the zone in which the commodity was 
produced and the destination was the zone in which 
the commodity was consumed. The first set of tables 
was referred to as the port-to-port freight flow 
tablesi the second set was referred to as the true 
o-o waterborne freight flow tables. 

The most basic source of data on waterborne 
freight was the information reported to the Corps of 
Engineers by all operators of vessels on the inland 
and intracoastal waterways. This information repre
sented a complete enumeration of the movements of 
all vessels and their cargo at the ports and harbors 
and on the waterways and canals of the United 
States, the Commonwealth of Puerto Rico, and the 
Virgin Islands. The data collected on each shipment 
included the originating dock, the destination dock, 
the type of commodity, and the weight in tons. The 
Corps of Engineers maintains these data on magnetic 
tapes. Because these tapes contain proprietary 
data, they are not available to the states. Each 
year, the Corps of Engineers summarizes the informa
tion in a series of five reports entitled Waterborne 
Commerce of the United States. Although they are 
useful, these reports do not include data linking 
origins and destinations. 

The U.S. Maritime Administration has aggregated 
the basic data collected by the Corps of Engineers 
to avoid disclosing information about individual 
companies. Computer printouts of the aggregated 
data were obtained for waterborne freight to, from, 
and between Florida's ports and waterways in 1975. 
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Each listing in the printouts gave the names of the 
shipping and receiving ports, the commodity, the 
type of vessel, and the tonnage. 

The process of developing the various 0-D freight 
flow tables for the three modes was too long and 
complicated to be described or summarized adequately 
in this paper. Numerous secondary sources of data, 
many assumptions, and a considerable amount of 
judgment were involved. Each combination of commod
ity group and mode had to be treated separately. In 
some cases, different procedures had to be followed 
for interstate and intrastate freight flows. A full 
description of the derivation of the 0-D freight 
flow tables can be found in two reports prepared for 
the Florida Statewide Multi-Modal Planning Process 
Project (~,.§_). 

Production Growth Factors 

Production growth factors were defined as the ratio 
of the amount of the commodity produced in a zone in 
a future year to the amount of the commodity pro
duced in the same zone in the base year of 1975. 
They were calculated for each county in Florida, 
each state outside of Florida, and each commodity 
group. The most recent Office of Business Eco
nomics/Economic Research Ser•1ice (OBERS) forecasts 
of earnings (wages and salaries) by industry were 
used to calculate these factors. These forecasts 
were prepared by the Bureau of Economic Analysis 
(BEA) of the U.S. Department of Commerce. The state 
forecasts were contained on a magnetic tape pur
chased by FOOT during the study. Forecasts for each 
Florida county were obtained from BEA projections 
<2>. 

It was assumed that the rate of increase in 
earnings in a particular industry was the same as 
the rate of increase in production. Thus, the 
production growth factors were calculated as follows: 

where 

production growth factor for zone i 
(either Florida county or another state) 
and commodity group k; 

(1) 

OBERS forecasted earnings for zone i and 
industry k (corresponding to commodity 
group k) in a future year (in 1967 
dollars); and 

OBERS estimated earnings for zone i and 
industry k in the base year, 1975 (in 1967 
dollars) • 

Note that both the forecast and base-year earnings 
were expressed in constant dollars. Production 
growth factors were computed for the years 1980, 
1985, and 2000. 

Consumption Growth Factors 

Consumption growth factors were defined as the ratio 
of the amount of the commodity consumed in a zone in 
a future year to the amount consumed in the zone in 
the base year of 1975. The total consumption of a 
commodity is composed of two parts--industrial and 
personal. Industrial consumption is simply the 
amount purchased by an industry in order to produce 
its own goods. Personal consumption is the amount 
purchased by consumers. 

To calculate the industrial and personal consump
tion of goods in each commodity group and zone, the 
following sources of data were used: 
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1. OBERS forecasts of earnings by industry, 
prepared by BEA; 

2. OBERS forecasts of personal income, also 
prepared by BEA; 

3. The 1974 Annual Survey of Manufacturers; 
4. The 1976 Statistical Abstract of the United 

States; and 
5. The national input-output model developed by 

BEA. 

Industrial Consumption 

The first step in the calculation of industrial 
consumption was to determine the value of the goods 
produced by each industry. The value of output in 
the base year and the forecast value of output were 
determined by the following equations: 

vo?~ = Eik5 x VERk 

vofk = Efk x VERk 

where 

(2) 

(3) 

value of goods produced in 1975 by industry 
k (corresponding to commodity group k) in 
zone i (in 1967 dollars), 

forecast value of goods produced in a 
future year by industry k in zone i (in 
1967 dollars) , 

OBERS estimated earnings in industry k and 
zone i in 1975 (in 1967 dollars), 

OBERS forecast earnings in industry k and 
zone i in a future year (in 1967 dollars), 
and 
ratio of the value of output to earnings 
in industry k. 

The ratios of value of output to earnings were 
calculated from data in the 1974 Annual Survey of 
Manufacturers and the 1976 Statistical Abstract of 
the United States. The former source was used for 
manufactured goods and the latter for goods from 
agriculture and mining. The ratios of value of 
output to earnings have been quite stable for a 
number of years. Therefore, it was assumed that 
they would not change significantly in the future. 
These ratios are given below: 

Commodity Group 
Farm products (including citrus) 
Phosphate rock 
Stone, sand, and gravel 
Food and kindred products 
Lumber and wood products 
Pulp, paper, and allied products 
Chemicals and allied products 
Petroleum and coal products 
Clay, concrete, glass, and stone products 
Other manufactured goods 

Ratio 
2.58 
4.74 
2.38 

10.03 
4.22 
4.67 
8. 08 

11.52 
5.29 
3.65 

After the value of each industry group's output 
had been calculated, the amount and types of commod
ities purchased by each industry group to produce 
this output were determined. The basis for this 
computation was the national input-output matrix 
developed by BEA. This matrix, also known as a 
transaction tabloid or a direct requirements coeffi
cients table, is given in Table 4. Each column of 
this table indicates how much of each commodity 
listed in the first column of the table is needed by 
the industry group at the top of the column to 
produce $1 worth of output. For example, to produce 
$1 worth of food products requires $0. 2929 worth of 
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Table 4. National input-output matrix. 

Input Production Commodity Group• 
Commodity 
Group• 2 5 6 7 8 9 10 11 12 13 

1 0.0317 0.2807 0.0000 0.0000 0.0769 0.0057 0.0000 0.0020 0.0000 0.0000 0.0034 
2 0.0975 0.1676 0.0000 0.0000 0.2929 0.0468 0.0000 0.0006 0.0000 0.0000 0.0013 
3 0.0000 0.0001 0.0000 0.0025 0.0004 0.0003 0.0016 0.0022 0.0004 0.0039 0.0022 
4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0010 0.4284 0.0000 0.0000 
5 0.0004 0.0000 0.0594 0.0008 0.0000 0.0000 0.0006 0.0132 0.0000 0.0031 0.0001 
6 0.0042 0.0001 0.0068 0.0268 0.0001 0.0001 0.0013 0.0017 0.0093 0.0566 0.0002 
7 0.0000 0.1687 0.0000 0.0000 0.1658 0.0000 0.0030 0.0133 0.0011 0.0004 0.0010 
8 0.0038 0.0005 0.0010 0.0000 0.0013 0.1767 0.0268 0.0014 0.0001 0.0059 0.0038 
9 0.0005 0.0041 0.0049 0.0089 0.0344 0.0046 0.1280 0.0250 0.0060 0.0333 0.0075 

10 0.0805 0.0044 0.0263 0.0204 0.0085 0.0111 0.0226 0.2508 0.0269 0.0261 0.0257 
11 0.0317 0.0059 0.0029 0.0314 0.0024 0.0055 0.0038 0.0429 0.0679 0.0075 0.0025 
12 0.0009 0.0001 0.0000 0.0000 0.0112 0.0093 0.0008 0.0064 0.0022 0.1039 0.0064 
13 0.0231 0.0104 0.0516 0.1019 0.0392 0.1086 0.0366 0.0594 0.0119 0.0627 0.3345 

Note: Each entry indicates the fraction of a dollar spent on goods in the commodity group at the left to produce $1 worth of goods in the commodity group 
at the top of the column. 

a From Table 1. 

citrus fruit, $0.0004 worth of coal, $0.1658 worth 
of other food products, and so on. The amount of 
goods in a particular commodity group purchased by 
an industry is simply the value of the industry 
group's output multiplied by the appropriate input
output coefficient. The total consumption of goods 
in a commodity group by all industry groups is then 
given by the following equations: 

ICM = ~(V0~5 x cik) 
J 

ICf k = ~ (VOfi x Cik) 
j 

where 

(4) 

(5) 

IC75 
ik total amount of goods in commodity group k 

purchased by all industries in zone i in 
1975 (in 1967 dollars), 

total amount of goods in commodity group k 
purchased by all industries in zone i in a 
future year (in 1967 dollars), 

vo'.~ 
l.J 

value of goods produced by industry group 
in zone i in 1975 (in 1967 dollars), 

vof 
ij 

value of goods produced by industry group 
in zone i in a future year (in 1967 
dollars) , and 
input-output coefficient corresponding to 
industry group j and commodity group k. 

Personal Consumption 

Coefficients from the national input-output model 
used to determine personal consumption in each zone 
are given in the table below. The coefficients 
indicate how much consumers spend on goods in each 
commodity group out of each dollar of disposable 
income. 

Commodity Group 
Ci tr us fruit 
Other farm products 
Coal 
Natural gas 
Stone, sand, and gravel 
Food and kindred products 
Lumber and wood products 
Paper and allied products 
Chemicals and allied products 
Petroleum and coal products 
Clay, concrete, glass, and stone 

products 
Other manufactured goods 

Coefficient 
0.0077 
0.0051 
0.0002 
0.0091 
0.0004 
0.1255 
0.0091 
0.0143 
0.0169 
0.0227 
0.0015 

0.1240 

Total personal consumption was computed from the 
following equations: 

PCfk = 0.75 x If x Ck (7) 

where 

f 
I. 

l. 

amount of goods in commodity group k pur
chased by consumers in zone i in 1975 (in 
1967 dollars) , 

amount of goods in commodity group k pur
chased by consumers in zone i in a future 
year (in 1967 dollars), 

OBERS estimated personal income in zone 
in a future year (in 1967 dollars), 

OBERS estimated personal income in zone 
in 1975 (in 1967 dollars), and 
input-output personal consumption coef
ficient for commodity group k. 

The factor 0.75 was used to convert personal income 
to disposable income. It was assumed that the 
overall effective tax rate on personal income is 25 
percent. 

Total Consumption 

The total consumption of goods in a particular 
commodity group was the sum of the industrial con
sumption and personal consumption. The consumption 
growth factors were simply the ratio of total con
sumption in the future year to total consumption in 
the base year, 1975. Consumption growth factors 
were computed for each zone for the years 1980, 
1985, and 2000. 

Fratar Model 

As Figure 1 shows, the production and consumption 
growth factors as well as the 1975 true 0-D freight 
flow tables became the input to a distribution model 
known as the Fratar model. The Fratar model was one 
of the earliest trip distribution techniques used in 
urban transportation planning. A discussion of the 
theory behind this model and its mathematical for
mulation can be found in the FHWA publication de
scribing the FHWA PLANPAC battery of computer pro
grams for transportation planning (8). 

The output of the model was a set of 0-D freight 
flow tables for a future year. The FHWA PLANPAC 
battery of computer programs contains a program for 
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Table 5. Total tons of domestic freight by type of commodity by all modes 
combined. 

Tons (OOOs) 

%6. 
Commodity Group 1975 1985 2000 1975-2000 

Citrus fruits" 9 578 10 544 12 872 34 
Other farm productsa,b 4 664 5 178 6 146 32 
Coal 5 967 8 567 13 048 119 
Crude petroleum 1 102 I 066 I 621 47 
Phosphate rock 36 695 NA NA NA 
Stone, sand, and gravel 67 401 92 773 145 562 116 
Food and kindred 14 054 17 803 23 922 70 
products 

Lumber and wood 7 674 9 879 14 518 89 
products 

Pulp, paper, and allied 5 151 7 191 11 074 89 
products 

Petroleum and coal 25 002 30 727 38 319 53 
productsc 

Chemical and allied 14 084 20 097 32 667 132 
products 

Clay, concrete, glass, 9 118 18 031 35 573 290 
and stone products 

Other manufactured 6 875 8 824 12 190 77 
goodsd 

Note: Tonnages given represent tonnages between the origins (the zones of produc
tion) and true destinations (the zones or consumpUon) and were obtained by 
adding the true 0-D freight flow tables for truck, raH, and water. Therefore, 
they do not include truck and rail shipments to and from Florida's ports. 
Only domestic shipments were used; international shipments are not included. 

3Excludes truck .shipments into Florida except those to Ml&arnl . 
bExcludes truck shipments of all farm products except princiJ>al fruits and vegetabJes 

and feeder ca]ves. 
CExcJudes intrastate I ruck shipments B.nd Interstate truck shipments rrnr.n Florld . .a . 
dExcludes truck shipme nts of lcJi:tiles U;nd apparel, furniture and fixtu rll:S, rub b<:ir ·and 

plastics products, leather products, primary metal products, nonelectrical ma
chinery, instruments, and photographic goods originating in Florida. 

distributing freight by the Fratar method. 

MODAL-SPLIT ANALYSIS 

The analysis of the base-year freight flow 0-D 
tables revealed very little apparent competition 
between the motor, rail, and water carriers. For 
most of the commodity groups, one mode was predomi
nant, hauling at least three times as much tonnage 
as the other modes. The analysis, however, also 
indicated that a more detailed examination of the 
modal split between truck and rail might be war
ranted for four of the commodity groups: (a) food 
products, (b) lumber and wood products, (c) chemi
cals and allied products, and (d) clay, concrete, 
glass, and stone products. 

Consequently, an attempt was made to develop 
mathematical models of the modal split between truck 
and rail for each of these commodity groups. These 
models were to be sensitive to changes in shipping 
times and shipping costs by truck and by rail. The 
logit equation was selected as the formulation of 
the modal-split models. 

Many separate formulations of the logit model 
were attempted. In each case the pseudo R-square 
statistic, a measure of how well the logit model 
accounts for the variation in the modal split, was 
extremely low. Although the signs of the coeffi
cients for shipping time and shipping cost should 
have been positive, in many cases one or both of the 
signs were negative because of the high correlation 
between the two explanatory variables. 

The fact that a mathematical relation between 
modal choice and shipping costs and times could not 
be found for the four commodity groups was most 
likely due to the high level of aggregation of the 
commodities. The four commodity groups chosen for 
the modal-split analysis were very heterogeneous. 
They included bulk commodities as well as packaged 
goods and commodities with a low unit value as well 
as commodities with a high unit value. It is possi-
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ble that a more detailed breakdown of the commodi
ties in each of the four groups would have revealed 
that the motor carriers and the railroads were 
hauling different kinds of food products, wood 
products, chemicals, and clay, concrete, glass, and 
stone products. Shipping costs could also be deter
mined more accurately if a more detailed breakdown 
of these commodities could be made, Unfortunately, 
the existing secondary sources of truck data did not 
permit a more disaggregate approach to modeling the 
modal split of freight. 

GOODS MOVEMENT FORECASTS FOR FLORIDA 

As mentioned earlier, the Fratar model was used to 
project the generation and distribution of freight 
to, from, and within the State of Florida. Table 5 
presents the projected tonnages of domestic freight 
for all modes combined in 1985 and 2000. The com
modity groups that showed the largest percentage 
increases were (a) clay, concrete, glass, and stone 
products; (b) coali (c) chemical and allied prod
ucts; and (d) stone, sand, and gravel. Projections 
of phosphate rock tonnages were not developed be
cause of uncertainties associated with environmental 
impacts of future mining operations in central 
Florida. The draft areawide environmental impact 
statement for the central Florida phosphate industry 
was considered to be a better source of phosphate 
production estimates. 

Although projected increases in citrus fruit and 
other farm products were relatively modest, the 
growth in tonnages of food and kindred products 
(i.e., processed products that use sizable quanti
ties of citrus fruit and other farm products) was 
estimated to be on the order of 70 percent between 
1975 and 2000. The projected 67 percent increase in 
the state's population between 1975 and 2000 appears 
to be promoting major increases in the use of con
struction-related commodities such as stone, sand, 
and gravel and clay, concrete, glass, and stone 
products. 

Intrastate movements of virtually all commodities 
were projected to increase more significantly then 
interstate movements to and from Florida. This 
appears to be attributable to the large growth in 
population and economic development projected for 
the state through the year 2000. The percentage 
increases in interstate commodity movements to and 
from Florida were similar to the intrastate projec
tions. The state is likely to continue to "import" 
more goods than it "exports" to other states. 

Projections of freight tonnages by mode were made 
under the assumption that the current modal choice 
of freight shipments in Florida will continue in the 
future. For many commodity groupings, truck ton
nages were estimated to increase more significantly 
than rail and water tonnages. Both rail and water 
were estimated to experience large increases in 
tonnages of bulk commodities and products, including 
lumber and wood products, chemical and allied prod
ucts, and clay, concrete, glass, and stone products. 

Intrastate shipments of virtually all commodity 
groups by both truck and rail were estimated to 
increase dramatically over the 25-year forecast 
period. These intrastate movements are generally 
increasing by several hundred percent as a result of 
projected economic development in the state. 

Interstate shipments by truck, rail, and water 
were projected to increase but at a more modest rate 
than intrastate shipments. The percentage increases 
in truck movements into Florida were larger than 
those for movements out of the state. This finding 
also applied to rail and water movements. 
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ASSESSMENT OF FLORIDA FREIGHT 
FORECASTING PROCEDURES 

The Fratar model for forecasting future goods move
ment flows by commodity group, mode, and geographic 
area (i.e., county in Florida and state outside of 
Florida) produced reasonable projections based on 
the demographic and economic forecasts formulated by 
FDOT. The goods movement model can be used to 
identify the potential demands for freight services 
by mode and geographic area. The methodology is 
sensitive to important state economic factors, such 
as personal income and earnings by type of industry. 

It should be recognized that external governmen
tal policies may have a significant impact on future 
freight flows. For example, national energy policy 
with regard to the fuels used in power plants may 
have a significant impact on coal movements. Envi
ronmental policy may have a significant impact on 
the mining and transportation of phosphate rock. 

The Floridi'I modPl Wi'll'< built for lon')-rang~ plan
ning purposes. Because the model was built on 
secondary data sources, it is both feasible and 
advisable to update its base-year freight flows. For 
instance, the 1977 Census of Transportation could be 
used, with other sources, to construct a 1977 data 
base. The 1967 input-output coefficients could be 
replaced with 1972 coefficients. Finally, by up
dating the base year, the "old" model can be run on 
the "old" base-year data set to forecast the new 
base year. Any major discrepancies can be used as a 
check on the soundness of the model. 

The FDOT model does not contain capacity con
straints and does not i'lssign frei']ht flows over 
particular routes. However, the model can be used 
to indicate potential congestion points in the 
state's transportation infrastructure. In particu
lar, the model can be used to determine (a) which 
ports will experience substantial increases in 
waterborne activity, (b) which county pairs will 
experience significant growth in truck traffic 
between them (and thus possible congestion on the 
highway system linking the pairs), and (c) which 
city pairs will experience significant increases in 
rail traffic. 

In this manner, state DOT officials can ascertain 
where transportation bottlenecks may occur, where 
increased road construction and maintenance may be 
expected, and, based on the economic forecasts used, 
when in the future these problems will probably 
occur. Such information gleaned from the model's 
results can then be used for long-range local and 
state capital budgeting plans. 

One aspect of statewide goods movement that was 
not addressed in the development of the Florida 
freight forecasting methodology and data base was 
the movement of goods that neither originate nor 
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terminate within the state. Through traffic is 
relatively minor in a peninsular state like Florida. 
However, in most states, particularly those in the 
Midwest, through traffic is quite significant. A 
national network analysis is needed to analyze this 
portion of freight traffic. 

The Florida model and data base also did not 
cover international traffic. In Florida, interna
tional goods movements are either waterborne or 
airborne. In states bordering Canada, international 
truck and rail traffic could also be significant. 
More research is needed on the generation and dis
tribution of international freight. 

The FDOT model was built on existing secondary 
data sources. Most of those sources exist in the 
same or analogous form in other states. Thus, the 
same set of exercises could be repeated to construct 
a freight transport model in another state. 
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Model for Statewide Freight Transportation Planning 

T. JOHN KIM AND JERE J. HINKLE 

A planning model for statewide freight transport systems planning is pro
posed that is a modification of the existing and readily available Urban 
Transportation Planning System (UTPS) package. The model is modified in 
such a way that it can be used for the analysis of multicommodity freight 
flows by highway, rail, water, and pipeline for a region and/or a state. The 
issues and problems that can be analyzed by using the model include the 
identification of the anticipated impacts of deregulation, rail mergers, a shift 
in the economic base of an area, and changes in population, transportation 
rate, energy availability, and service. 

The state of the art of analyzing freight demand at 
the state level is primitive, and techniques are not 
readily available to state agencies for direct ap
plication (.!l. Because of this paucity of analytic 
techniques, as well as a lack of freight flow data, 
state agencies have not been able to adequately ad
dress and identify the anticipated impacts of dereg
ulation, rail mergers, shift in the economic base of 
an area, and changes in population, transportation 
rate, energy availability, and service. 

The purpose of this paper is to propose a multi
commodity, multimodal statewide freight transporta
tion planning model by modifying the existing Urban 
Transportation Planning System (UTPS) package devel
oped by both the Federal Highway Administration 
(FHWA) and the Urban Mass Transportation Administra
tion (2). 

Little effort, if any, has been devoted to the 
use of UTPS for freight transport planning and/or 
regional transportation planning. This is not sur
prising since the main thrust of UTPS was urban 
transportation planning in general and passenger 
transportation planning in particular. A number of 
studies, however, explored the similarities and dis
similarities between freight and passenger trans
portation modeling processes in the late 1960s 
<l-_.?.l. At the same time, Peat, Marwick, Livingston, 
and Company (~) has attempted to assign aggregate 
commodity traffic into geocoded freight networks and 
the Office of Systems Analysis and Information of 
the Office of the Secretary of Transportation initi
ated a pilot study to develop a network analysis 
methodology (7). 

The Federal Railroad Administration (FRA) devel
oped a computer network model in 1973 specifically 
for railroad planning, using the FHWA highway as
signment program package as the basis. 

These studies resulted in models that used par
tial phases of the entire urban transportation plan
ning (UTP) processes. A number of studies have sug
gested the integration of goods movement into the 
appropriate phases of the UTP processes (8-10). 

The first known application of network analysis 
techniques to freight movement by a state was per
formed in 1975 by the Pennsylvania Department of 
Transportation (PennDOT) (11). Although a system
atic process was developed for assigning interzonal 
traffic flows, the assignment procedure does not 
rely on theory or algorithms for route decision
making and thus could possibly be influenced by sub
jective biases (!_). 

In a step toward building a comprehensive inter
regional commodity flow model, Boyce and Hewings 
( 12) recently developed an entropy formulation for 
interregional commodity flows, including · specific 
functions for modal split and route choice that are 
comparable to existing entropy models for passenger 
transport planning. 

The models in the studies cited above remain 

either urban in scope, nonnetwork in nature or sin
gle-mode, or a model yet to be tested. However, a 
network model for interregional freight transport 
was developed by CACI-Federal for the Transportation 
Systems Center (13) ~ Benefits that can be obtained 
from the model developed by CACI are acknowledged, 
but it is not the purpose of this paper to develop 
"another" network model to be applied for the evalu
ation of the statewide transportation system. 
Rather, the main purpose of the study is to use the 
existing program package as much as possible at the 
minimum cost of operation. The familiarity of many 
state transportation planners with UTPS will pre
clude the need for extensive training to use the 
modified UTPS model. 

MODIFICATION OF UTPS FOR STATEWIDE FREIGHT 
TRANSPORT PLANNING 

The overall flows of the proposed model, as well as 
appropriate modification and addition to UTPS, are 
shown in Figure 1. The proposed model is divided 
into five submodels as follows: 

1. Network analysis models, 
2. Freight transport demand analysis models, 
3. Vehicle requirements models, 
4. Assignment model, and 
5. Evaluation model. 

Network Analysis Models 

The geography assumed for the model is either the 
Bureau of Economic Analysis (BEA) areas, counties, 
or subcounty units. Preference should be given to 
the smaller unit if the flow data can support this 
level of detail. 

Coding and Building Networks 

Freight is shipped by three main transport modes: 
highway, rail, and waterway. In addition, it is an
ticipated that pipelines will play an increasing 
role in shipping commodities. In coding and build
ing networks for the freight transport system, the 
UTPS.HR program will be modified and used. 

At first, it might seem that the rail network 
should be built by using the UTPS.UNET program. 
However, this program implies the representation of 
transit lines that have the following properties: 

1. A transit line is served by vehicles operat
ing at regular intervals. In general, freight rail 
movements are not regular. 

2. Transit lines imply two-way movements of ve
hicles on the same route. This does not correspond 
to freight rail operating practice. 

Railroad, pipeline, and waterway networks for 
freight are built by UTPS.HR by specifying area 
types and facility types for each link, as shown in 
Figure 2. Speed by lane, area, and facility type 
should be provided by "look-up" tables in UTPS.UROAD 
for corresponding modes. 

Path Building and Skimming 

The network will be processed by UROAD to yield 
zone-to-zone impedance for the different modes under 



16 

consideration. The derived impedance will be a 
function of travel time, including transfer times 
and travel costs. Different values of composite im
pedance may also be calculated by using the weight
ing options of UROAD for travel time, travel costs, 
and toll facilities. 

Freight Transport Demand Analysis Models 

As in standard UTPS procedures, freight transport 

Figure 1. Modification of UTPS 
for statewide transportation plan
ning. 

A. Networks 

B. Freight Transport 
Demand Analysis 
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demand analyses will be divided into four steps: 
freight volume generation, interzonal commodity dis
tribution, modal split, and freight volume assign
ment. The basic decision unit will be metric tons 
in each step except in the final assignment stage, 
where the volume in metric tons will be converted 
into vehicle equivalents for each mode (trucks of 
different sizes, rail cars, barges, etc.). 

Freight volume origin-destination (0-D) data be
tween BEA regions are available ( 14 ,.!2_) • These are 
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Figure 1. Continued. 
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Figure 2. Sample repre
sentation of different 
modes by type of area 
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part of data that were prepared for DOT, and thus no 
extensive data collection efforts are necessary for 
the analysis of BEA regions. Data by county for 
some commodities are available in many states. For 
example, in Illinois, coal (~) and grain movements 
( 17, 18) by rail, highway, or water are available. 
Data on fertilizer and petrochemical shipments at 
the county level were collected by the Illinois DOT 
and its Bureau of Railroads and Bureau of Planning. 

For calibration of modal split and commodity dis
tribution, UTPS.ULOGIT and UTPS.AGM will be used 
without much modification. For freight volume gen
eration, either existing UTPS models (UMODEL and/or 
UFIT) will be used or a separate program can be 
developed if necessary according to the need of each 
state. For interzonal commodity distribution, 
UTPS.AGM will be used without significant modifica
tion. For modal split, UTPS . ULOGIT will be used. 

Vehicle Requirements Models 

Truck Backhaul 

A backhaul model, which is not provided in the stan
dard UTPS package, is essential to the modeling of 
highway freight movements because backhaul directly 
affects the traffic to be carried by the highway 
networks and also truck operating efficiency. A 
probabilistic type of model can be developed that 
calculates the probability of t r uck backhauling, de
pending on volume to be carried, distance, truck 
size, and cost of backhauling. If such data are un
available, a few sample weight station surveys or 
truck company surveys will be sufficient and only 
six variables will have to be identified: origin 
and destination, volume carried, commodity carried, 
distance, truck size, and cost of backhauling. 

Empty Rail Cars 

Conventional transportation planning models provide 
estimates of the number of loaded cars required to 
carry freight in each direction. However, freight 
flows will be different in opposite directions, and 
there will be a requirement for the movement of emp
ty rail cars in order to equalize their supply and 
demand locally. These empty-car movements must be 
estimated since they require system capacity and 
c ontribute to the operational costs of the railroad. 

A separate linear programming type of cost mini
mization model can be developed, the concept for 
which is expressed as 

Min z ; L .~. CuEu 
ifj ,,, 

subject to Eij ~ 0: 

1: (F·· + E··) ; 1: (F·· + E -) 
j f i IJ lj jf=i Jl JJ 

where 

number of empty cars to be hauled from 
i to j, 
number of full cars required to be hauled 
from i to j, and 
cost of hauling one empty car between 
i and j. 

Assignment Model 

After inter zonal commodity flow tonnages are con
verted into fronthaul and backhaul trucks or rail 
cars, the application of UTPS.UROAD will result in 
the assignment of trucks or cars to the different 
networks. 
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Evaluation Model 

An evaluation model is not available in UTPS, even 
for the passenger systems. This model is necessary 
for the evaluation of the impact of such policies as 
deregulation on freight transportation systems from 
the state's perspective as well as from the ship
per's. A separate evaluation model will include, 
but not be limited to, the following criteria: (a) 
benefits to the public (consumer surplus), (b) ac
cessibility, (c) vehicle utilization, and (d) energy 
consumption. 

IMPLICATIONS FOR STATEWIDE FREIGHT 
TRANSPORT PLANNING 

The modified UTPS model suggested in this paper for 
statewide freight transport purposes was applied for 
the national comprehensive transportation study for 
Korea (19). No application has been made, however, 
to any state in the United States as yet. Notwith
standing the fact that UTPS is an urban and passen
ger-oriented model, the potential and practical 
benefits of modifying it for statewide freight 
transport purposes are as follows: 

1. No extensive development work will be neces
sary. 

2. Many transportation planners, including those 
in state agencies, are familiar with UTPS. This im
plies that the modified model would not involve ex
tensive dissemination costs. 

3. Once statewide transport networks are coded, 
the network can be used for both freight and pas
senger transportation analyses since the network 
will be coded and built in UTPS frameworks. 

4. The results of the proposed study can be used 
as a basis for the development of a "Statewide Com
prehensive Transportation Systems" package within 
the UTPS framework. 
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Importance of Empty Backhauling and Special 
Services to Cost of Exempt Truck Service 

T.H. MAZE 

Exempt motor carriers often provide a number of special services I such as 
multiple pickups, paying for loading and unloading, and multiple deliveries) 
at little or no charge. These services allow greater flexibility in the shipping 
of agricultural commodities. However, these services carry a significant cost 
for the carrier, and, because the truck service buyer does not bear these costs 
through an additional charge, he has no incentive to limit the number of 
services he requires. Because these practices are uncommon in other sectors 
of trucking, it is proposed that much of the cost of these services represents 
a resource misallocation. Empirical evidence taken from the Florida produce 
truck service market is used as an example of the significance of these costs. 
A second issue addressed is the cost of empty backhauling by returning ex
empt carriers. In the market studied lthe Florida produce market), regulation, 
rather than a natural commodity flow imbalance, appears to be causing empty 
backhauling. Although empty backhauling inefficiently increases the average 
cost of truck service, more importantly, it distorts the values paid for agri
cultural truck service. Empirical evidence collected from the Florida market 
is used to show that the distortion of prices is much more important than 
the average costs of inefficient empty backhauling. 

It is common for carriers of perishable agricultural 
commodities to provide multiple pickups and deliver
ies with tractor-semitrailers. In addition, car
riers often provide loading and unloading services 
by hiring freelance labor at shippers' and/or re
ceivers' docks. The willingness of agricultural 
carriers to provide such "special services" at no 
charge or little charge has been hailed as a benefit 
of agricultural exemption from motor carrier regula
tion <!l. On the other side of the coin, on return 
trips agricultural carriers often have to backhaul 
empty. The problem of empty backhauling is often 
attributed to too much regulation, the argument 
being that carriers without regulated authority who 
haul exempt agricultural commodities cannot return 
with regulated commodities <ll. The fact that most 

commodities bound for agricultural areas are regu
lated promotes an imbalance in flows of commodities 
that agricultural carriers may haul on their front
hauls and backhauls. 

The intent of this paper is twofold. The first 
purpose is to show that the existing pr icing struc
ture of produce truck service is causing a resource 
misallocation. Because each additional special 
service is not priced at its cost, the buyers of 
truck services do not bear the cost of requiring 
added special services. Hence, buyers are not being 
given the proper pricing signals to make efficient 
choices and a resource misallocation results. 
Furthermore, estimates of the costs of special 
service will be used to show that these costs are 
quite significant. The second purpose of the paper 
is to shed new light on the costs of regulatory 
constraints that cause empty backhauling. Typi
cally, the costs of empty backhauling are assumed to 
be equal to the average costs of truck travel times 
the empty miles traveled. However, the situation is 
more complex than this. Regulation causes an arti
ficial scarcity of truck suppliers bound for agri
cultural areas and results in a distortion of truck 
service markets in both directions (inbound and 
outbound) • An example is used to show that the 
distortion of the markets causes a greater burden on 
agricultural truck-service buyers than just average 
costs of empty backhauling. 

FREIGHT MARKET 

The area investigated was the Florida produce truck
service market. During 1978-1979, Florida produce 
shippers depended almost totally on truck transpor-
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Table 1. Interstate produce truckload shipments: 1978. 

No. of Truckloads 

Region Total Yearly Largest Weekly Weekly Avg 

Florida 165 499 7 I 57 3 183 
U.S.total 1083379 26615 20892 

Week of Yearly High 

First week of June 
Third week of May 

tation. Only a few shipments of dense, high-sale
volume commodities were made by piggyback or rail 
car during 1978 (3). Annually, approximately 
165 000 truckloads of produce are shipped from 
Florida, or about 15 percent of all interstate 
produce shipments (see Table 1). The size distribu
tion of firms that haul Florida produce is similar 
to that of all agricultural carriers (_!): 

No. of Firms 
Tr ucks J.!l_ 
1 45 
2-5 35 
6-10 7 
;. 11 13 

Seventy-three percent of Florida produce truckloads 
are arranged by truck brokers compared with 51 
percent nationally (~). Thus, brokers play a domi
nant role in the Florida market. 

Because a trucking firm may move its equipment 
around the country to meet needs for truck transpor
tation, the trucker sometimes has to lead a gypsy
like life. Random truck operating patterns create 
confusion for those attempting to investigate the 
operations of these truck~rs. Therefore, this 
discussion proposes three simplifying generaliza
tions about truck operating patterns: 

1. When the truck leaves Florida with a load of 
produce, the truck is on its fronthaul trip. 

2. When it returns to Florida, the truck is on 
its backhaul trip. 

3. The sum of the two legs is a truck cycle tour. 

Thus, the smallest unit of output of the trucking 
firm is a complete tour. During the tour, the 
trucking firm supplies service in both directions, 
and hence the firm's expected revenue for its output 
is the sum of the prices the firm expects to receive 
in both directions. However, the price received for 
service in either direction may not be greater than 
the firm's marginal costs for that leg. This is 
obviously true when a truck backhauls empty; the 
cost of empty backhauling must then be covered by 
the fronthaul revenue. By viewing the prices in 
both directions as being dependent on one another, a 
relation between the markets in each direction can 
be established. 

By viewing truck service in terms of a tour, one 
can isolate the fraction of the output, and hence 
the cost of service, devoted to each special service 
or empty backhaul within the tour. Specifically, in 
the analysis a ratio is developed of the average 
revenue received to the average output of the tour 
(miles traveled) • As special services or empty 
backhauling is incrementally removed from the tour, 
the change in the ratio indicates the percentage of 
the average revenue (cost) that covers the portion 
of the tour removed. 

The analysis estimates the quantity of special 
services rendered by truckers while hauling Florida 
produce based on field surveys of Florida produce 
haulers. The expected revenue to be received during 
a tour must at least cover the marginal cost of the 
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service rendered during the tour. This means that 
the sum of the expected prices to be received in 
both directions must at least equal the marginal 
cost of the tour and that neither price necessarily 
has to be equal to the cost of that particular leg. 
Instead, prices for truck service in the direction 
of the greatest commodity flow are expected to be 
greater than in the reverse direction, which would 
cover the costs of those that are forced to return 
empty due to the directional commodity flow im
balance. Thus, by viewing service in terms of a 
two-way tour, buyers in both directions can be 
allocated their relative share of the cost of truck 
service. 

ANALYSIS 

The analysis uses the results of written surveys 
given to Florida produce haulers during the winter 
of 1978-1979 to characterize their truck cycle 
tn1.1rs. The di&cui;;i;;ion of the resulto io divided 
into three sections. The first section uses infor
mation taken from the surveys to estimate the quan
tity of special services rendered by truckers while 
hauling Florida produce. The second section uses 
the same information to estimate the quantity of 
empty backhauling accrued by returning produce 
haulers. Finally, the truck cycle tours of Florida 
produce haulers are coupled with revenue estimates 
to estimate the average costs of special services 
and empty backhauling and the market distortion 
caused by regulatory constraints placed on the 
commodities that returning produce carriers may haul. 

Speciai Services 

When hauling Florida produce, it is quite common for 
a trucking firm to supply special services. During 
the collection of field data, many operators com
plained that they supplied special services but that 
the prices offered them were insensitive to the 
quantity of the services they render. For example, 
a trucker who accepts a load that requires few 
special services (fewer stops and loading-unloading 
charges) receives the same price as a second trucker 
who is going to the same destination and rendering 
more special services (more stops and loading-un
loading charges) • This was no1:ed as a common com
plaint by Taff Cil· In a study of national produce 
trucking by Manalytics, Inc. (7), it was found that 
any payment for supplying special services was quite 
uncommon and, when an additional sum is paid, it 
amounts to "little more than token recognition of 
the expenses involved". Thus, special services 
rendered by produce haulers are not priced with 
respect to the cost of each additional service. 

Two questionnaires were distributed to facilitate 
the estimation of the average quantity of special 
services rendered on Florida produce fronthauls: (a) 
a mail-out questionnaire and (b) a hand-out front
haul questionnaire. The mail-out questionnaire 
asked trucking firms general questions about their 
normal experiences when hauling Florida produce and 
specific questions about their last Florida produce 
haul. A total of 290 mail-out questionnaires were 
distributed and 131 were completed and returned. The 
hand-out fronthaul questionnaire was given to pro
duce haulers as they stopped for inspection at one 
of Florida's three interstate portals (I-95, I-75, 
and I -10). This questionnaire asked specific ques
tions about the Florida produce f ron t haul the driver 
was on at the time. A total of 355 questionnaires 
were distributed and 67 were completed and returned. 
These two bodies of data are merged to provide the 
information on special services presented here. 

In loading, the accumulation of a full truckload 
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of produce often requires multiple pickups. Table 2 
gives the number of loading stops made by trucks 
when accumulating a load of produce. Boston, New 
York, and Philadelphia are the only destinations 
with more than 10 fronthaul samples. The remainder 
is spread across 32 other U.S. and 4 Canadian cities. 

The mean number of loading stops was 2. 32, and 
the number of stops varied from 1 to 9. The way in 
which trucks were routed from pickup to pickup 
caused the truck to travel an average of 65 miles 
out of the way of the line-haul trip path for every 
pickup beyond the first. Because few of the respon
dents indicated that they were charged to load, 
charges for loading averaged only $6/load. 

In unloading, there were often multiple delivery 
stops. Table 3 gives the number of stops made while 
delivering Florida produce. The mean number of 
stops was 1.51, and the number of stops varied from 
1 to 7. The way in which trucks were routed between 
delivery stops caused the trucks to travel an addi
tional 28 miles out of the way for every additional 
stop beyond the first. 

When produce trucks are making deliveries, un
loading fees of some kind are often paid by the 
trucker. Terminals sometimes charge to let trucks 
enter, often the trucker will have to tip or pay off 
platform workers to expedite unloading, and the 
trucker is frequently coerced into hiring labor at 
the terminal to unload. To estimate the frequency 
and total cost of these unloading practices, the 
mail-out questionnaire asked operators, with regard 
to their three most common destinations, (a) whether 
they are charged to enter or leave the unloading 
area, (b) whether they tip or pay off platform 
workers, (c) whether they are required to hire labor 
to unload, and (d) what the usual total cost of 
these expenses is. 

The distribution of responses as to whether the 
trucker encountered unloading charges is given in 
Table 4 for the three practices individually and for 
all combinations. Values are given for all destina
tions that received more than 10 responses, and the 
rest are spread across 13 other U.S. and 4 Canadian 
cities. Table 5 gives the responses sununed for each 
charging practice and the mean and total costs of 
these charges. At all unloading destinations, the 
trucker was charged to enter 50 percent of the time, 
tipped or paid off platform workers 49 percent of 
the time, and was required to hire labor to unload 
42 percent of the time. The distribution of the 
total cost of all three charging practices is given 
in Table 6. The average total charge for all desti
nations is $33.40. 

To compare these results with practices in regu
lated truck service, it must first be understood 
that the regulated service is terminal oriented. 
When a truckload of regulated commodities is made up 
of packages from different origins [less than truck
load (LTL)] , a full load is usually consolidated at 
a terminal and truck service is charged at an LTL 
rate that is higher than a truckload (TL) rate. Even 
if an LTL load is picked up from different origins 
but not consolidated at a terminal, it still 
receives an LTL rate. If a TL shipment requires 
more than one delivery (split deliveries), the 
shipper is usually charged a flat rate per stop. 
Hence, in the scheme of the regulated trucking 
industry, multiple pickups and deliveries bear a 
price. 

Loading-unloading charges are uncommon in other 
sectors of trucking. The Interstate Conunerce Com
mission recently surveyed 156 owner-operators trip 
leased to regulated carriers; when asked about their 
experiences on their last trip, none reported being 
charged to enter or leave the loading-unloading 
area, 3 percent reported tipping or paying off 
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platform workers, and 3 percent were required to 
hire labor to unload (~). This may be compared with 
the responses of 50, 49, and 42 percent, respec
tively, when Florida produce haulers were asked the 
same questions. 

Empty Backhauling and Backhaul Special Services 

Empty backhauling is a fundamental problem of most 
haulers of agricultural conunodities (1). Typically, 
greater amounts of freight originate in agricultural 
areas than are delivered there. This imbalance 
causes a greater need for transportation services 
out of agricultural areas, and naturally some trucks 
must return empty. Another factor that tends to 
aggravate the problem of empty backhauling is that 
unmanufactured agricultural conunodities are exempt 
from regulation and returning manufactured commodi
ties are regulated. This means that, even if manu
factured commodity loads are available, firms with
out regulated authority (exempt trucking firms) 
cannot carry manufactured conunodities back unless 
the firms are leased to a regulated trucking firm. 
The natural imbalance between inbound and outbound 
conunodity flows coupled with the imbalance between 
exempt and regulated goods has caused the problem of 
empty backhauling. 

Recently, Ramirez (~) studied the conunodity flows 
carried by truck between Florida and the remaining 
47 contiguous United States. He found that Florida 
was a much greater sink for truck freight than a 
source, even during the height of the produce ship
ping season. Therefore, if trucks were matched to 
loads, disregarding regulatory constraints, trucks 
should be leaving Florida empty instead of the 
reverse. Hence, there is at least no natural im
balance of truck freight that would cause trucks to 
return to Florida empty. 

To facilitate the estimation of the quantity of 
empty backhaul encountered (and of special services 
rendered) by returning produce haulers, a hand-out 
backhaul questionnaire was given to returning pro
duce haulers when they were stopped for inspection 
at one of Florida's three interstate portals (I-95, 
I-75, and I-10). This questionnaire asked specific 
questions about the produce hauler's return trip. A 
total of 327 questionnaires were distributed to 
truck drivers, but only 55 were returned. 

Although Ramirez's findings show that truck 
freight originating from all points entered Florida 
at a faster rate than loads leaving Florida to each 
point, the responses to the questionnaire showed 
that 20 percent of the trucks sampled returned 
empty. This presents an ironic circumstance. As 
Ramirez discovered, because Florida is a greater 
receiver of regulated freight than it is a generator 
of all kinds of truck freight, even under optimal 
conditions, there should be trucks traveling out
bound empty. Because existing conditions are 
clearly less orderly than the optimal matching of 
trucks to loads, there must be trucks that currently 
travel empty out of Florida. In contrast, some 
produce haulers now travel empty inbound. Thus, 
there are trucks traveling in both directions empty. 
It would appear that this gross inefficiency is due 
primarily to regulatory constraints that prohibit 
exempt trucking firms from participating directly in 
regulated inbound freight markets. 

On backhauls, loaded trucks also supply special 
services. The mean number of loading and unloading 
stops and the mean loading and unloading charges are 
given in Table 7. The magnitudes and frequencies of 
special services are much less on backhaul loads 
than on fronthaul loads. This is largely because 
special services are almost exclusively rendered for 
exempt loads or regulated perishables (meat and 
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Table 2. Frequencies of multiple 
No. of Pickup Stops Required pickup stops. 

Avg No. No. of 
Destination 2 3 4 6 7 8 9 of Stops Samples 

Boston 2.23 13 
Samples 6 2 2 2 1 0 0 0 0 
Percent 46.2 15.4 15.4 15.4 7.6 0 0 0 0 

New York 1.71 17 
Samples II 3 I I I 0 0 0 0 
Percent 64.7 17.6 5.9 5.9 5.9 0 0 0 0 

Philadelphia 1.92 12 
Samples 5 4 2 1 0 0 0 0 0 
Percent 41.7 33.3 16.7 8.3 0 0 0 0 0 

Other 2.53 89 
Samples 37 19 14 6 4 4 3 1 I 
Percent 41.7 21.3 15.7 6.7 4.5 4.5 3.4 I.I I.I 

All 2.32 131 
Samples 59 28 19 10 6 4 3 I 1 
Percent 45.0 21.4 14.5 7.6 4.6 3.0 2.3 0.8 0 .8 

Table 3. Frequencies of multiple 
No. of Stops Required delivery stops. 

Avg Nu. Nu. uf 
Destination 2 3 4 5 6 7 of Stops Cases 

Boston 1.38 13 
Samples 9 3 I 0 0 0 0 
Percent 69.2 23 . l 7.7 0 0 0 0 

New York 1.33 17 
Samples 12 4 1 0 0 0 0 
Percent 70.6 23.5 5.9 0 0 0 0 

Philadelphia 1.33 12 
Samples 10 I 0 1 0 0 0 
Percent 83.3 8.3 0 8.4 0 0 0 

Other 1.58 89 
Samples 62 15 4 5 2 0 I 
Percent 69.7 16.9 4.5 5.6 2.2 0 1.1 

All 1.51 131 
Samples \13 23 6 6 2 0 I 
Percent 71.0 17.6 4.6 4.6 1.5 0 0.7 

Table 4. Distribution of types of unloading charges. 

Distribution (%) 

Tips or Hired Entry Tips or Tips or Entry Charge Tips or Payoffs, 
No Payoffs Labor Charge Payoffs and Payoffs and and Hired Hired Labor, and 

Destination Charge Only Only Only Hired Labor Entry Charge Labor Entry Charge 

Atlanta 10 JO 0 0 0 30 10 40 
Boston 12 0 0 8 0 56 12 12 
Buffalo 37 9 18 0 0 27 0 9 
Chicago 21 7 14 4 18 14 4 18 
ancinnati 37 27 9 0 9 18 0 0 
Cleveland 30 8 23 0 15 8 8 8 
Detroit 30 5 0 10 0 10 20 25 
New York 6 4 0 6 4 30 29 21 
Philadelphia 16 JO 21 3 JO 21 16 8 
Raleigh 60 0 30 0 JO 0 0 0 
Washington, D.C. 5 JO 15 0 15 25 20 JO 
Other 33 10 19 3 6 16 I 12 
All 23 8 12 6 7 21 10 13 

Table 5. Unloading charges per 
Trucks(%) Avg Total Unloading Area trip. Charges• ($) 
Paid Tips or Pay- Required Charge to En-
offs to Platform to Hire ter Unloading Lower Upper No. of 

Destination Workers Labor Area Limit Mean Limit Responses 

Atlanta 90 50 70 20.77 31.29 41.81 10 
Boston 68 24 84 31.80 39.29 46.77 25 
Buffalo 46 27 36 15.87 28.14 40.41 11 
Chicago 57 54 39 19.27 34.29 49.31 28 
ancinnati 54 18 18 14.09 25.91 37 .73 II 
Qeveland 38 46 23 21.13 33.23 45.33 13 
Detroit 50 45 65 15.46 27.04 38.62 20 
New York 60 54 83 38.88 45.21 51.54 47 
Philadelphia 45 55 47 30.54 38.96 47.38 38 
Raleigh 10 40 0 5.50 22.00 38.50 JO 
Washington, D.C. 60 60 55 39.58 46.70 53.82 20 
Other 39 34 39 23.79 26.84 32.94 122 
All 49 42 50 31.15 33.40 35.65 355 

awwer uml uppt:r lirnils art' thus" uf lh"' 90 V"'n:1o111l confilltmc"' inlt:rYHl. 
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T•ble 6. Distribution of unloading charge amounts. 
No. of Respondents in Charge Category 

Destination $0 $1-$25 $26-$50 $51-$75 $76-$100 $101-$125 

Atlanta 1 2 5 2 0 0 
Boston 3 2 17 2 1 0 
Buffalo 4 0 6 1 0 0 
Chicago 6 4 13 4 I 0 
Cincinnati 4 1 5 1 0 0 
Oeveland 4 1 6 2 0 0 
Detroit 6 5 5 2 2 0 
New York 3 6 26 8 3 I 
Philadelphia 6 2 23 4 3 0 
Raleigh 6 0 3 0 I 0 
Washington, D.C. 1 I 9 8 I 0 
Other 42 22 50 7 5 0 
All 86 46 168 41 17 I 

Table 7. Backhaul special services. 

Loading Charge• ($) Unloading Charge• ( $) 
Avg No. of Stops 

Lower Upper Lower Upper No. of 
Category Pickup Delivery Limit Mean Limit Limit Mean Limit Responses 

All backhauling trucks 1.09 1.12 5.04 14.40 55 
All backhauling trucks 1.36 l.40 2.85 6.30 9.74 15.29 20.44 25.59 44 
returning with a load 

8Lower and upper limits at 90 percent confidence interval. Confidence intervals are not included when empty backhauling trucks are included in the semple 
because the loading-unloading charges arc strictly zero (or undefined) when no load is carried and thus their variance is zero. Adding th.em into the esti
mate of the confidence interval of the mean charge would be meaningless. 

frozen foods), which tends to support Taff's finding 
that the practice of charging for loading and un
loading is generally only found in the food industry 
(10). 

Truck Cycle Tour 

To estimate the average cost of each special service 
and of empty backhauling, it is necessary to know 
the total average price paid for truck service and 
the portion of the average work effort devoted to 
each. In the preceding sections, quantities of 
special services rendered and of empty backhauling 
were estimated. These estimates are coupled with 
estimates of the miles traveled (output) and pr ices 
paid to estimate the average cost (average price 
paid) per unit of output for the average truck cycle 
tour. 

The average revenue estimates and other loading
unloading charges are given in Table 8 ( 1979 dol
lars). Average estimates are given, including and 
excluding those trucks that returned empty. Note 
that the average revenue received by all returning 
trucks after loading and unloading charges are 
subtracted is approximately half the fronthaul 
revenue. Even those that returned loaded average 
less than 70 percent of the average revenue received 
on fronthaul loads. 

The average number of fronthaul miles traveled is 
given below (all values are rounded off to the 
nearest mile, and lower and upper bounds are at the 
90 percent confidence interval) : 

Avg Fronthaul Miles 
Segment Lower Bound Mean UeEer Bound 
Pickup 73 86 99 
Delivery 10 14 18 
Line-haul 1181 1189 1297 
Total 1289 

Total fronthaul miles was defined to be the mileage 
traveled between the first fronthaul pickup until 
the last fronthaul delivery. Total backhaul mileage 

is a little less straightforward. For instance, if 
a trucker obtains a backhaul load, he must first 
move the truck from the last fronthaul delivery 
point to the point where the backhaul is to be 
loaded. This load may be bound for an area outside 
of the Florida produce-growing region. After drop
ping off the backhaul load, the truck will have to 
deadhead into Florida's produce-growing areas. 
Defining the total backhauling distance as the miles 
traveled between the last fronthaul delivery and 
repositioning for the next fronthaul resulted in the 
estimates given in Table 9. 

Those trucks that backhauled empty averaged a 
total trip length of 554 fewer miles than those that 
found a load. This difference is partly due to the 
fact that empty trucks could return directly to 
Florida whereas trucks that obtain a load are some
times forced to take a circuitous route. But most 
of the difference is due to the fact that the major
ity of empty backhauling is done by trucks returning 
from nearby urban areas such as Birmingham, Alabama, 
Savannah, Georgia, and Columbia, South Carolina . 

Approximately 13 percent of the returning miles 
are traveled by empty backhauling trucks. However, 
even those that obtained loads traveled approxi
mately 11 percent of their return trip empty while 
repositioning to accept a return load, and approxi
mately 11 percent of their return miles were spent 
deadheading into a Florida produce-growing area. If 
all the empty miles are considered, approximately 32 
percent of all returning miles are traveled empty. 

Costs of Sp_ecia l Services and Empty Backhauling 

In the analysis, the incremental changes in the 
trucking firms' revenue per unit of output (miles 
traveled) are calculated under six conditions. The 
incremental change is assumed to be the average cost 
(to the buyer) of each special service or empty 
backhaul or some combination under the condition 
specified: 

1. Average revenue per mile is calculated under 
existing conditions. 
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Table 8. Average revenue 
and loading and unload
ing charges. Fronthaul (1979 $) 

Lower Upper 
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Backhaul (1979 $) 

All Returning Trucks Loaded Trucks Only 

Lower Upper Lower Upper 
Source Bound Mean Bound Bound Mean Bound Bound Mean Bound 

Freight rate 1137 1213 1289 527 643 759 718 828 938 
Loading charge 6 14 22 2 5 8 3 6 10 
Unloading charge 31 33 36 10 14 18 15 20 26 

Revenues - charges 1166 624 802 

Note : AJI values are rounded to the nearest dollar. Lower and upper limits are at 90 percent confidence interval. 

Table 9. Average back-
Avg Backhaul Miles haul miles by segment. 

All Returning Trucks 

Lower Upper 
Segment Bound Mean Bound 

Pickup 7 12 17 
Repositioning for load 81 120 159 
Delivery 0 2 4 
Deadheading in Florida 87 116 145 
Line-haul 911 1009 1107 
Total 1259 

Loaded Trucks 

Lower 
Bound Mean 

G 15 
104 150 

0 3 
104 144 
938 1057 

1369 

Upper 
Bound 

24 
196 

6 
184 

1175 

Empty Trucks 

Lower 
Bound 

647 

Mean 

815 

Upper 
Bound 

983 

Note : All values are rounded to the nearest mile. Lower and upper bounds are at 90 percent confidence interval. 

2. Average revenue per mile is calculated under 
the condition that all loading and unloading-area 
charges would no longer be paid by the trucking f i rm. 

3. Average revenue per mile is calculated under 
the condition that, through better management, 
trucks hauling exempt commodities would no longer 
need to make multiple pickups and deliveries. 

4. Average revenue per mile is calculated under a 
combination of conditions 2 and 3 above. 

5. Average revenue per mile is calculated under 
the condition that all trucks obtain revenue loads 
on backhauls. 

6. Average revenue is calculated under a combina
tion of conditions 2, 3, and 5 above. 

The average price paid per mile is used as a 
basis for comparison. With existing conditions as 
an example, the ratio is calculated by using Equa
tion 1 below. The values derived in the preceding 
sections are placed in Equation 1 to derive the 
calculation in Equation 2. 

[(Average tour revenue) - (loading and unloading charges)] 

.;- average truck cycle tour mileage 

[($1213 + $643) - ($14 + $33 + $5 + $14)] /(1289 + 1259) 

= $0.703/mile 

where 

$1,213 average fronthaul revenue, 
$643 = average backhaul revenue, 

(1) 

(2) 

$14 average fronthaul loading charge for all 
stops, 

$33 average fronthaul unloading charge for 
all stops, 

$5 average backhaul loading charge for all 
stops, 

$14 average backhaul unloading charge for all 
stops, 

1289 a average fronthaul total miles, and 
1259 average backhaul total mi les. 

The average cost per mile of a truck cycle tour 
under existing conditions is $0.703. All five 
remaining improved conditions were calculated in the 

same manner. The average cost improvement for each 
is given in the third column of Table 107 the fourth 
column gives the percentage average cost improve
ment. To arrive at the total annual cost of truck 
service under each condition, the price paid for the 
entire tour under each condition is multiplied by 
the annual number of Florida produce truck shipments 
made. For instance, under existing conditions, 
$1856 is paid for the average tour. Florida shipped 
165 449 truckloads of produce during 1978, for an 
approximate total cost of $307 million/year for 
truck service on tours originating with a Florida 
produce load. The changes in yearly cost from 
existing conditions are reported for the five im
proved conditions in the last column of Table 10. 

Notice that the total average cost of special 
services (policy 4) is 8. 5 percent of the cost of 
truck servicesi annual special services costs to 
buyers of Florida truck service are $26 .1 million. 
In other sectors o f trucking where such costs of 
services are reflected in the buyer's pr ice, these 
services are uncommon. Thus, it is not unreasonable 
to believe that many of these services would not be 
requested if truck-service buyers were forced to 
bear their costs. Hence, the major part of the 
costs of providing special services appears to 
represent a resource misallocation caused by a 
pricing system that is insensitive to the number of 
special services required. 

It should also be noted that empty backhauling 
only accounts for 5.3 percent of the average cost of 
truck service even though 20 percent of the trucks 
returned empty. However, those trucks that obtained 
a load traveled an average 1370 miles whereas those 
that did not obtain a load backhauled empty from 
closer cities (on the average) and backhauled empty 
an average of 815 miles. Trucks that were loaded on 
their backhauls traveled farther, received less 
revenue than they would on a comparable fronthaul, 
and incurred loading-unloading charges. Because the 
loaded returning truck goes farther, incurs more 
charges, and receives meager revenues, it should be 
expected that the average revenue per mile would not 
be changed greatly by removing the 20 percent of the 
returning trucks that backhauled empty. However, 
much more important than the average cost of empty 
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Table 10. Yearly costs of special 
services and empty backhauling. Policy 

No. Policy 
Cost per Truck 
Mile3 ($) 

Portion of Total 
Cost of Service• (%) 

Yearly Cost 
($000 OOOs) 

25 

2 
3 
4 
5 
6 

Elimination of loading and unloading charges 
Elimination of multiple pickups and deliveries 
Combination of policies 2 and 3 

0.025 
0.042 
0.060 
0.037 
0.0101 

3.6 
6.0 
8.5 
5.3 

! I.I 
18.4 
26.l 
16.3 
44.2 

Elimination of empty backhauling 
Combination of policies 2, 3, and 5 

3Relative to existing conditions. 

backhauling is the disproportion between fronthaul 
prices and backhaul prices that is caused by the 
empty backhauling. 

As Ramirez's findings showed, under optimal 
conditions where regulatory constraints are ignored 
in matching trucks to load, more inbound capacity 
would be required from all points during all times 
of the year than would be required in the reverse 
direction. Then the excess truck service needed for 
inbound commodity flows would require some trucks to 
travel outbound empty, and, if the market worked 
properly, buyers of excess inbound service would 
bear the costs of empty travel. However, under the 
current regulatory system, loads are not matched to 
trucks, trucks return empty to Florida, and the 
average cost of truck service for a truck that 
fronthauls produce is increased by 5.3 percent. It 
should be noted, however, that the average revenue 
received for Florida-originating truck service 
($1213) is nearly double the revenue received, on 
the average, for all truck service bound for Florida 
($643). Even when only the average backhaul revenue 
is considered for only loaded trucks ($828) , the 
average fronthaul revenue received is approximately 
1. 5 times greater. Although the 5. 3 percent addi
tion in average costs of empty backhauling is arti
ficially caused by regulatory constraints, it causes 
the agricultural buyer to bear a larger portion of 
the tour cost than simply the average cost of empty 
backhauling. 

CONCLUSIONS 

By using the Florida produce truck-service market as 
an example, it was shown that the cost of truckers 
paying loading-unloading fees and making multiple 
pickups and deliveries with over-the-road trucks is 
quite significant. Because these services are not 
priced at their cost, buyers of truck service have 
no incentive to conserve on the special services 
they require, and hence a resource misallocation 
results. Because these services are not common 
types of truck service where buyers pay for each 
service, the resource misallocation is probably 
nearly equal to the cost of these services. Fur
thermore, this creates interesting means for those 
fi r ms that can avoid loads requiring special ser
vices to accrue lower costs and earn greater returns 
(11). 

Greater efficiency could be achieved by pricing 
each special service equal to its cost. Buyers of 
truck service who require few special services would 
accrue lower costs through reduced prices, and 
buyers who require special services would be forced 
to bear their costs. Presumably, once the cost of 
special services is passed directly to the truck
service buyer, such questionable and atypical prac
tices as coercing truckers into paying off or tip
ping platform workers would be stopped through 
pressure by the buyers. Furthermore, shippers and 
receivers would obtain incentives to find more 
efficient means to accumulate and disperse loads. 

In the Florida example, exempt produce haulers 
were found backhauling empty even though Florida is 

14.4 

a greater receiver of truck freight from all po i nts 
in the United States than it is a source of truck 
freight. Thus, it appears that empty backhauling by 
Florida produce haulers is largely due to regulatory 
constraints. But in the Florida sample, empty back
hauling accounted for 5.3 percent of the average 
costs of truck service. In contrast, on the average 
the revenue truck-service suppliers receive from 
agricultural loads is approximately twice what they 
receive for backhaul service. The allocation of 
empty travel costs that distorts the burden more 
greatly toward the agricultural buyer (through 
higher prices) is probably due to the fact that (a) 
freight transportation demand is generally inelastic 
( 12) and hence transportation buyers are generally 
insensitive to prices and (b) a backhaul is a joint 
output of a fronthaul and any revenue received, no 
matter how meager, will help to cover costs or in
crease profit margins. In the case of Florida, how
ever, because there is more truck freight flowing 
into than out of the state, the distortion in the 
share of empty travel costs is probably caused by 
regulatory constraints that preclude produce haulers 
from participating in regulated return truck-service 
markets. Thus, at least in the Florida case, the 
cost accrued by agricultural truck-service buyers 
through regulatory constraints is far greater than 
simply the average cost of empty backhauling. 
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Price Response of Truck-Service Suppliers in an 

Unregulated Market 
T.H. MAZE 

The unregulated Florida produce truck-service market is studied to determine 
whether truck-service suppliers respond to competitive signals. Each year, 
Florida has two produce shipping peaks-one in winter and one in spring. Al
though weekly shipping volumes for the two peaks are approximately the same, 
the predominant truck-service buyers in the two peaks have very different price 
bidding behavior. The prices bid in the winter fluctuate with the quantity of 
truck service supplied, and there is a strong statistical relation between the two. 
The prices bid during the spring remain rigid, and spot shortages in truck service 
are generally observed in the spring. By using the winter shipping season as an 
example, truck-service supply is found to respond efficiently to competitive 
price signals. This implies that, if spring prices were bid with respect to market 
conditions instead of at rigid levels, shortages could be alleviated. This finding 
also provides an example of the efficient response of unregulated truck service 
to price signals. 

Studies in favor of trucking-industry deregulation 
have generally found that on the average prices will 
fall and truck services will improve through de
regulation. In a previous paper, I postulated that 
there were two trucking-industry regulation-deregu
lation issues that have not been investigated (1). 
Because these areas have been overlooked, argume;ts 
for less regulation of the trucking industry are 
based on a simplified view of average traits of un
regulated service. Furthermore, the fact that 
traits are based on averages could lead to the mis
conception that generally prices will fall and ser
vice will improve through deregulation. 

The purpose of this paper is to determine whether 
truck-service buyers will be able to barter for 
truck-service quantity and quality through an un
regulated market. Pricing determined through an 
open market is generally ignored in the existing 
literature. This can best be seen in studies of 
prices of exempt agricultural truck service (2) and 
prices of localized, unregulated truck service (1_) 

that are modeled with a nonmarket variable (dis
tance). The use of distance rather than relative 
scarcity of truck service assumes that prices in un
regulated sectors are a function of average costs, 
much the same as truck-service prices in the regu
lated sector. Of course, this is not true. 

It is important to know whether truck-service 
suppliers react to price fluctuations (a) for the 
purpose of making estimates of the benefits (cost 
savings) of not regulating currently exempted mar
kets and (b) for making forecasts of the benefits of 
deregulating currently regulated markets. Clearly, 
if unregulated truck-service supply does not respond 
to price fluctuations, this must be accounted for in 
benefit estimates and forecasts. However, because 
~tudies of unregulated markets view prices as being 
a function of average costs, the performance of sup-

ply, in an unregulated context, has not been exam
ined. Therefore, benefit studies implicitly assume 
that, once markets are deregulated, suppliers will 
efficiently adjust equipment allocations with re
spect to price fluctuations. Yet this has not been 
shown to be true. Thus, this paper investigates the 
truck-service supply response to prices in an un
regulated market and specifically models the unregu
lated Florida produce truck-service response to 
fluctuations in competitive prices. 

1''LUR1DA MARK.h:'l' 

The volumes of Florida produce truck shipments 
change dramatically throughout the year. As can be 
seen in Figure 1, Florida has a large and lengthy 
peak in the late spring. In 1978, the spring ship
ments peaked during the first week of June with a 
weekly volume of 7157 truckloads. The spring peak 
is largely caused by a peak in vegetable and melon 
harvesting. For instance, in 1978, Florida ship
ments of sweet corn, cucumbers, potatoes, and toma
toes peaked in May and watermelon shipments peaked 
in June (_!) • Shipping volumes fall off sharply in 
late June as the harvesting season moves northward. 

Florida also has a winter shipping-volume peak in 
December. Al though the winter peak is more short
li ved than the spring peak, shipment volumes during 
the respective peak weeks are almost the same. The 
winter peak is largely due to increases in the ship
ments of fresh citrus. For instance, 1978 shipments 
of oranges, tangerines, and tangelos all peaked in 
December (_!) • 

Although both peaks have approximately the same 
intensity and shippers during both peaks use the 
same pool of trucking firms, the predominant truck
service buyers in the market behave quite different
ly during the two seasons. The winter season nor
mally passes smoothly, and all shipments are gen
erally hauled without major commodity losses. This 
is not the case in the spring. The spring shipping 
peak generally passes with a number of spot short
ages of truck service. In expectation of the spring 
peak, the state government usually puts on an adver
tising campaign to make trucking firms aware that 
the Florida peak is coming. In the spring of 1979, 
the governor even declared a state of emergency and 
rolled back the state weight laws. In addition, the 
Florida Farm Bureau generally sets up a station at a 
freeway rest stop to direct trucks to areas in need 
of truck service. In spite of such efforts, there 
generally are at least spot shortages in truck ser
vice. 
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Figure 1. Florida weekly shipments by truck: 1978· 1979. 
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Figure 2. Weekly produce shipments by truck: 1978-1979. 
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On the surface, there seems to be a very simple 
reason for the cause of Florida's spring dilemma. 
The end of Florida's spring peak overlaps shipping 
peaks in southeastern states to the north. Truck 
shipments for Florida and those for Florida plus the 
southeast region are plotted in Figure 2. Note that 
just after Florida's peak the entire southeastern 
area peaks, and, because Florida is farthest south, 
it is believed that trucks that would have returned 
to Florida stop at states farther north and thus a 
shortage results in Florida. 

This explanation would seem logical and straight
forward, but in fact the situation is more complex. 
The buyers of truck service for commodities whose 
shipments peak in the winter and commodities whose 
shipments peak in the spring exhibit completely dif
ferent buying behavior, and it is believed that this 
difference is the cause of the problems in the 
spring. 

BUYING BEHAVIOR 

In investigations of Florida produce truck-service 

buyers, it became apparent that not all buyers 
showed the same pr ice bidding behavior. Buyers of 
truck service for commodities whose shipments peak 
during the spring appeared to be bidding a rigid 
price throughout the year. In contrast, buyers of 
truck service for commodities whose shipments peak 
during the winter appeared to be bidding nonrigid, 
competitive prices. 

To illustrate the difference, monthly Florida 
freight rates taken from U.S. Department of Agricul
ture (USDA) reports and converted to an approximate 
price per mile are given in Table 1. The table gives 
monthly freight rates for a commodity that peaks in 
winter--oranges from the Lakeland area--and a com
modity that peaks in spring--celery from southern 
Florida. Shipments of Florida oranges typically in
crease during November, peak in December, and de
crease from January into the spring months (,!). 
Shipments of Florida celery typically increase dur
ing the late winter months, peak during April or 
May, and fall off sharply in June. 

Uniform freight rates were reported for celery in 
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Table 1. Monthly truck service rates: 1976. 

Commodity Origin Destination 

Oranges Lakeland, Florida Atlanta 
Chicago 
New York City 
Pittsburgh 

Celery Southern Florida Atlanta 
Chicago 
Dallas 
New York City 
Washington, D.C. 

Note: No prices were listed for JuJy through October. 

Figure 3. Relation between rigid and 
competitive prices. 

RP 

PRICE 

Rate ($/mile) 

January February 

0.66 0.66 
0.75 0.75 
0.79 0.80 
0.86 0.86 

1.51 1.51 
1.00 1.00 
0.96 0.96 
0.96 0.96 
I.II I.II 

I 
I 
I 
I 
I 
I 
I 
I 
l 
I 

March 

0.66 
0.75 
0.80 
0.88 

1.51 
1.00 
0.96 
0.96 
I.II 

April May June 

0.70 0.91 
0.77 0.90 
0.83 0.98 
0.88 1.05 

1.51 1.51 1.51 
1.00 1.00 1.00 
0.96 0.96 0.96 
0.96 0.96 0.96 
I.II I.II I.II 

I I 
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November December 

0.83 0.83 
0.75 0.79 
0.77 0.80 
0.84 0.88 

1.51 
1.00 
0.96 
0.96 
I.II 

price 

I 
Period of Surplus I Period of Shortage l Period of Surplus 

1--------<•-11'411----.---.... : .. 4----------1 

every month of 1976 and are given in Table 1 (~). 

However, the monthly freight rates for citrus were 
not uniform. It is evident that freight rates for 
celery were rigid but freight rates for oranges were 
not. This contrasting behavior in freight rates be
tween commodities that peak in spring and those that 
peak in winter was also observed in all years ex
amined. In addition, in all months except May 1976, 
truck-service prices for oranges to New York City, 
Chicago, and Atlanta are greater than truck-service 
prices for celery to the same cities. The only time 
they come close to the same level is during the late 
spring months, which is the period when the spring 
peak usually falls (_!) • 

Two important characteristics of the buying be
havior of buyers of truck service for spring-peaking 
commodities and winter-peaking commodities are il
lustrated through the USDA truck rate reports: 

1. Buyers of truck 
commodities are bidding 
buyers of truck service 
ties are not. 

service for spring-peaking 
a rigid price, whereas the 
for winter-peaking commodi-

2. The prices of truck service for spring-peak
ing commodities were always higher than those for 
winter-peaking commodities except when they rose to 
nearly the same level around the late spring months. 

Because of these characteristics, the prices bid for 
truck service for winter-peaking commodities are be
lieved to be competitive (the lowest value the mar
ket could bear and still clear) whereas pricei; bid 

I I 
I I 
I I 
I 

TP 

TIME 

for truck service for spring-peaking commodities 
appear to be set with respect to something other 
than competitive considerations. 

Figure 3 shows the differences in buying behavior 
and what these differences mean with respect to the 
Florida truck-service market. The horizontal axis 
shows the time of the peak in shipment volume (TP), 
and the vertical axis shows the rigid price (RP). As 
time approaches the peak, more and more truck ser
vice is needed. To attract more truck service, the 
competitive price increases. The competitive price 
reaches a peak at TP, when the largest quantity of 
truck service is needed. If the rigid price is 
above the competitive price throughout the peak, 
then enough trucks are attracted to carry all 
Florida produce shipments even during the peak. If 
the rigid price were to fall below the competitive 
price, as shown in Figure 3, a shortage would result 
around the time of the shipping peak. 

The differences in buying behavior are largely 
caused by the widespread use of rate sheets by truck 
brokers who work as middlemen for vegetable and 
melon truck-service buyers. Rate sheets list the 
prices of truck services that can be obtained 
through the truck broker and are given to customers. 
Once these sheets are published, the prices of truck 
services are fixed until another superseding sheet 
is published. The practice of rate-sheet pricing 
has quite questionable antitrust implications and, 
although the U.S. Department of Justice investigated 
truck brokers and indicted a few, rate sheets in the 
industry still persist. However, the subject or 
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this paper is to investigate the supply response to 
price changes and not the reasons for price rigidity 
in the spring-peaking truck-service market. 

Regardless of the cause of price rigidity, it is 
fairly safe to conclude that the spring season is 
not indicative of competitive conditions. Non
competitive buyer behavior (including truck brokers) 
precludes the truck-service market from performing 
with competitive efficiency even if it could. 
Therefore, it is impossible to ascertain whether 
truck-service suppliers will respond efficiently to 
prices by using the spring market as an example. 
Instead, the winter market is used to determine 
whether truck-service suppliers respond efficiently 
to competitive price signals. However, if winter 
truck-service suppliers are responsive to price 
signals, it would appear that the cause of spring 
truck-service shortages is the rigidity of prices 
for truck service for spring-peaking commodities. 

AGGREGATE SUPPLY-RESPONSE RELATION 

Two characteristics of truck-service supply make the 
decision to respond to prices with equipment alloca
tions different from the typical decision to supply 
a good or service. First, the trucking-firm de
cisionmaker must judge the desirability of accepting 
a price bid in one direction with respect to the 
desirability of the origin of the reverse trip. For 
instance, a firm might accept an offer to haul a 
load from a northern city to Florida (a produce 
hauler's backhaul); the acceptance of this load also 
implies an allocation of equipment to the destina
tion region (Florida) for a fronthaul load. The 
decision to haul in one direction must be made not 
only in light of the desirability of the current 
haul but also in light of the joint output of the 
reverse haul. Therefore, trucking-firm decision
makers must judge the profitability of accepting one 
load based on the outcome of a truck cycle tour (a 
fronthaul plus a backhaul). Second, Florida buyers 
of truck service forecast prices to a number of 
destinations. The response of allocating equipment 
to Florida may partly be a result of any one of 
these prices. Furthermore, the supplier may be 
equally willing to accept loads going to a number of 
destinations. These two characteristics make truck 
service unlike most goods or services, whose sup
pliers need to consider only one sale price for 
their output. 

Because of these atypical characteristics, supply 
modeling structures typically used to study the 
supply of most goods and services are not appli
cable. Hence, a conceptual structure tailored to 
the unusual nature of trucking is constructed to 
give guidance to the empirical modeling of a truck
service supply response to competitive prices. In 
structuring the conceptual model, a theory on how 
the individual trucking-firm decisionmaker reacts to 
price stimulus in equipment allocation decisions is 
defined, and it is proposed that trucking-firm 
decisionmakers in the aggregate will react similarly 
to the same stimulus. The variables used in the 
hypothesized individual decision process are thus 
used in modeling the aggregate equipment allocation. 

The development of the equipment allocation pro
cess is based on the neoclassical theory of the 
firm, which assumes that firm decisionmakers act as 
if they are maximizing profits. Decisionmakers are 
assumed to judge the profitability of accepting a 
load in the light of the revenue and costs expected 
in both directions. In other words, a load is ac
cepted based on the expected outcome of a complete 
truck cycle tour. Since the object of the model is 
to investigate the truck service supplied to Flor
ida, the conceptualization of the process must start 
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at the point in a truck cycle tour where the 
decisionmaker decides to allocate his or her equip
ment to Florida. The decision to enter Florida must 
be made at the beginning of the trip immediately 
preceding the acceptance of a Florida load (the 
backhaul trip) • 

Not all truck cycle tours take the same length of 
time, and the total expected profit for a short tour 
may not be as great as that for a longer tour. To 
find a common measure for tours of different 
lengths, the decisionmaker is assumed to judge back
hauling options on the expected profit per time pe
riod. Thus, decisionmakers will allocate equipment 
to Florida based on the expected profitability per 
time period of a truck cycle tour that starts with a 
Florida-bound backhaul. 

Once attracted to Florida, the decisionmaker 
faces the problem of deciding exactly which pr ice 
bid to accept. A trucking-firm decisionmaker will 
accept a Florida bid price to one destination in
stead of another only because one destination's ex
pected profit per time period is greater. If Flor
ida buyers need more service to one destination, 
they will bid up pr ices to that destination to at
tract more service and thus increase the expected 
profits per time period. Higher expected profits 
will attract trucks to serve that destination until 
the expected profits per time period of the last 
firm to enter are only a small increment greater 
than its anticipated profits from serving another 
destination. 

In aggregate, the expected profits per time pe
riod of serving a destination may be considered to 
form a distribution. If buyers bid up the price of 
servicing one destination, then the mean expected 
profits per time period (expected value) of firms 
already servicing that destination will be tempo
rarily adjusted upward. New firms that found the 
new expected profits per time period greater than 
those for other destinations would enter. New firms 
would continue to enter until expected profits per 
time period, on the average, were no greater than 
those of other destinations. In terms of the dis
tribution of expected profits per time period, after 
all new firms have entered, the mean of expected 
profits per time period will be no greater at the 
destination with an increased bid price than that of 
other destinations. 

If it is assumed that bid price changes take 
place in small increments and that firm decision
makers respond instantly, the quantity of service to 
each destination would change in relation to the 
quantity of service to other destinations. However, 
the expected values of the anticipated profits of 
serving all destinations adjust together. This prop
erty is called "intramarket equilibrium". 

This relation should be quite sensitive to rela
tive price changes for two reasons: 

1. In view of the fact that the services offered 
by and the operating characteristics of these trucks 
are quite standard, the differences in the,decision
makers' expected truck-cycle-tour profit per time 
period to be earned by starting the next truck cycle 
tour with carrying a truckload to any one destina
tion should be quite similar among decisonmakers. In 
other words, the distribution of decisionmakers' 
expected profits per time period should be narrow. 
Thus, it should take only small increases in ex
pected profit per time period to make that destina
tion more attractive compared with other destina
tions for a great many trucking firms that serve 
Florida. 

2. Intuitively, it can be seen that because of 
the tremendous flexibility of truck service it 
should require little incentive (increased price) to 
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cause decisionmakers to choose to serve one destina
tion over another, especially those destinations 
that are quite similar in terms of service char
acteristics (i.e., location and length of haul). 
Therefore, the linkage between the number of truck
ing firms serving Florida to one destination and the 
number of firms serving all other destinations 
should be quite sensitive (elastic) to changes in 
their relative profitability. 

ABSTRACT CONCEPTUAL MODEL SPECIFICATION 

It is hypothesized that decisionmakers respond to 
the expected profit per unit of time when allocating 
equipment. The individual decisionmaker is assumed 
to calculate the difference between expected truck
cycle-tour revenue and costs to arrive at an ex
pected prof it per truck cycle tour for all available 
backhaul alternatives. The expected prof it per 
truck cycle tour is divided by an anticipated dura
tion for each alternative, and the decisionmaker 
selects the alternative that offers the greatest ex
pected profit per time period. In the aggregate, 
these expected profits can be described by the mean 
expected profits per time period. Thus, the quan
tity of truck service supplied (equipment allocated) 
to Florida depends on the mean expected profit per 
time period of allocating equipment to a Florida
bound backhaul versus the mean expected profit per 
time period of allocating equipment to other areas. 
The dependence on these variables of truck service 
supplied to Florida is expressed by the following 
equation: 

(1) 

where 

Q quantity of truck service supplied (equipment 
allocated) to Florida, 

F abstract aggregate supply function, 
PB mean profit per unit of time expected from 

allocating equipment to a truck cycle tour 
starting with a Florida-bound backhaul, 

PA mean profit per unit of time expected from 
allocating equipment to a truck cycle tour 
starting with a backhaul bound for an area 
competing for truck service with Florida, 

i time period over which all variables are mea
sured, and 

n = number of areas competing with Florida for 
truck service. 

EMPIRICAL ESTIMATION OF SUPPLY-RESPONSE RELATION 

By using the abstract model for guidance, an em
pirical econometric model can be derived that is 
suited to satisfying the original objective in 
studying the supply-response relation. Specifically, 
do truck-service suppliers adjust equipment alloca
tions with respect to changes in competitive 
pr ices? Because there were few available data, the 
development of the empirical model is also partly 
constrained by the data sets that could be collected 
during the research effort. 

Some of the var !ables specified in the abstract 
conceptual model are not measurable (expected prof
its) , and data are unavailable for others (backhaul 
price and prices in agricultural transportation mar
kets outside of Florida). Furthermore, because an 
econometric model relates changes in the dependent 
variable (in this case, the quantity of truck ser
vice supplied to Florida) that result from changes 
in the value of the independent variable or vari
ables, only those variables of the conceptual model 
or inputs to the conceptual variables that do not 
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remain unchanged over the data collection period are 
useful in describing changes in the dependent vari
able during the same period (6, p. 200). This does 
not mean that variables that- remain unchanged are 
unimportant in modeling the quantity supplied; 
rather, it means that, within the context of econo
metric modeling and during that particular data col
lection time period, unchanged variables are not 
useful in describing changes in the dependent vari
able. In light of these data considerations, a 
model structure has to be defined that satisfies the 
original modeling objective. But first, the time 
period over which the quantity of truck service sup
plied is to be modeled has to be specified. 

Price bids of buyers of truck service for spring
peaking commodities are generally above competitive 
levels and rigid. Because the response to competi
tive prices is of interest here, noncompetitive 
prices bid by buyers of truck service for spring
peaking commodities would not be useful in describ
ing changP.fl in t.hP c'IPpPnc'IPnt. v11ri 11hl P. 'l'herpfore, 
the competitive prices of buyers of truck service 
for winter-peaking commodities are targeted for 
analysis. Prices were collected from buyers 
beginning at the start of the seasonal increase in 
shipments in the fall and ending weeks after the 
typical winter peak (7). The resulting data collec
tion period covered 2l weeks of the 1978-1979 winter 
Florida shipping season (October 1978 through 
February 1979) • 

To determine the impact, if any, of dropping some 
of the abstract variables or inputs to the abstract 
variables from the empirical model, assumptions were 
made regarding economic conditions at the time: 

1. Inflation was less than 1 percent/month (_!!.) • 
Because the data collection period preceded the 
Cart~r Administration's deregulation of petroleum 
fuel pr ices and because inflation was insignificant 
compared with other model inputs (e.g., Florida 
shipments varied from 460 to 7010 truckloads/week), 
costs are assumed to have remained nearly constant. 

2. Most of the firms that carry Florida produce 
were found to be small owner-operator firms Cl>· The 
predominant business option for these firms, other 
than hauling produce, is to lease themselves to 
regulated carriers. Although the prices under which 
leases are arranged are unregulated, the prices paid 
to lessors are generally set by the lessee at a 
fraction of the regulated price or with respect to 
the length of haul ( 9) . Thus, pr ices paid to les
sors are set with respect to the regulated revenue 
the lessee receives or with respect to nonmarket 
considerations (distance). Because aggregate regu
lated commodity flows are fairly uniform throughout 
the year, it is reasonable to assume that lease 
pr ices are uniform throughout the data collection 
period (10). 

3. Exempt produce truckers have two options when 
they obtain a return load (backhaul) : (a) lease to a 
regulated carrier or (b) carry an exempt commodity. 
Although lease prices should be uniform throughout 
the data collection period, prices for truck service 
for exempt loads into or toward Florida may change 
over time. This change in prices is due to the 
dramatic changes in the volume of shipment of agri
cultural freight flowing toward Florida. Examples of 
commodity flows toward Florida that fluctuate would 
be iceberg lettuce from California or apples from 
Washington. During the winter data collection pe
riod, only minor quantities of agricultural commodi
ties were shipped from areas near those midwestern 
and northeastern cities that consume the majority of 
Florida produce. Thus, trucks returning to Florida 
from these destinations should be unaffected by 
price fluctuations of agricultural return-trip 
freight markets. 
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Based on these assumptions, minimum data require
ments necessary to model the supply response can be 
defined. First, because expected values are not 
measurable, actual changes in independent variables 
must be used. The changes in actual profits are the 
changes in the relative values of expected revenues 
(price bids) and costs. Costs are assumed to remain 
constant throughout the time of data collection; 
thus, changes in price bids should define changes in 
profit per time period, and costs can be dropped 
with little impact on the results. Second, price 
time-series data from backhaul and regulated markets 
are unavailable. However, prices in these markets 
are assumed to remain uniform throughout the period 
of data collection, and not having these data avail
able for modeling should have little impact on the 
results. 

By using these minimum data requirements, the in
formation necessary to investigate the supply re
sponse to prices can be summarized. The changes in 
each area's agricultural bid prices are used in lieu 
of mean anticipated profits per time period. Drop
ping variables from the empirical specification will 
affect how much of the variance of the dependent 
variable is accounted for in the resulting model and 
the bias created in its estimates of parameter vari
ance (11). If some of the variance in the dependent 
variable is explained by a variable that is dropped 
from the model, then that variance is not accounted 
for. The lost explained variance will affect the 
magnitude of the percentage of account for variance 
(the coefficient of determination). Bias is the 
difference between the mean of a given parameter 
estimate and the true value of the parameter. When 
a variable that should be included is dropped from a 
model, the variance of the dropped variable becomes 
part of the residuals (error). Greater model error 
will put a greater load on the variance of the 
parameter estimates for the remaining variables. 
Thus, the estimates of the variance of model param
eters will be biased upward, and the result will be 
conservative tests of the significance of parameter 
estimates. Once the empirical model is estimated, 
the impact of dropping variables can be determined 
by investigating the model statistics. 

Weekly price information for Florida produce 
truck service was derived by asking Florida busi
nesses what they paid to have produce shipped by 
truck. However, information on the amount paid per 
week to ship agricultural commodities by truck from 
origins outside Florida was unavailable at the time 
of the study, and there were no resources to permit 
the collection of data outside Florida. A number of 
proxy variables were used in lieu of unobtainable 
bid prices from sources outside the state. However, 
all attempts to account for the variability of 
prices outside Florida failed, and thus prices bid 
from other sources had to be omitted from the 
model. Again, the effect of the omission will be 
reflected in estimate bias and a loss in accounted
for variance. 

DATA 

Interstate shipments of fresh fruit and vegetables 
from all states and shipments enterinq the United 
States fcom Canada and Mexico are monitored by the 
Market -~ews Branch, Fruit and Vegetable Division, 
USDA. rhe shipment data supplied by this organiza
tion are in the form of a preliminary compilation of 
shipme 1ts of produce from all shipping origins by 
all mCJdes (truck, rail, air, and boat). The avail
ability, service quality, and price of service of 
modes other than trucking would affect the demand 
for truck service. However, because the focus of 
this study is on the supply of truck service and not 

31 

the demand for truck service, the other modes are 
ignored. 

Prices actually paid for truck service during the 
1978-1979 winter peak shipping period were solicited 
from truck brokers, receivers, and shippers. The 
sources of prices used in this study indicated dur
ing the introductory contact or in follow-up con
tacts that they priced with respect to "what the 
market would bear". Because the pr ices of these 
sources fluctuated with respect to the buyers' per
ception of market conditions, they were assumed to 
be indicative of competitive, market-clearing 
pr ices. However, a problem arose regarding how to 
treat the slight variations in freight rates. This 
is dealt with by weighting sources with respect to 
the share of shipments estimated by produce industry 
observers from the Florida Department of Agriculture 
and Consumer Services. The freight rates are esti
mated to be the truck-service prices for at least 50 
percent of Florida fresh citrus shipments. 

EMPIRICAL MODEL ESTIMATES 

The objective of the empirical model is to determine 
whether there is a relation between competitive 
prices and the quantity of truck service supplied 
and, if such a relation exists, to determine its 
sensitivity. A relation of this nature is known as 
a supply-response relation (13). This is the quan
tification of supply's respo~ to price change when 
other things are not held constant. However, the 
problem remains of determining which prices to which 
destinations or combination of destinations are most 
indicative of the price changes in the Florida mar
ket. 

The prices thought to be bid at competitive 
levels were for truck service to six eastern and 
midwestern cities and one southeastern city: At
lanta, Boston, Chicago, Cleveland, Montreal, New 
York, and Washington, D.C. Earlier in the discus
sion, intramarket equilibrium defined the linkage 
between prices to all destinations. It was hypothe
sized that prices to various destinations should be 
closely linked and that, if in fact there is a 
strong relation between price changes, then the 
change in all prices should equally describe the 
change in quantity supplied. Thus, one model was 
specified by using the price to each city as the in
dependent variable in a linear regression with the 
aggregate quantity of truck service supplied to 
Florida as the dependent variable. The results of 
the regressions, in which a Cochrane-Orcutt itera
tive technique was used to correct for autocorrela
tion, are shown in Equations 2-8. Another similar 
model is estimated with prices weighted by the pro
portion of the total produce loads delivered to all 
seven destinations that were delivered to those 
particular destinations during the 21 weeks. This 
model is shown in Equation 9, where the weekly 
prices for truck service to the seven cities are 
multiplied by their fraction of deliveries to all 
seven cities from Florida--10, 17, 11, 6, 9, 33, and 
14 percent, respectively--and are totaled for each 
week (.!,!) • The result is used as the independent 
variable of the regression, and the aggregate quan
tity of truck service supplied to Florida is used as 
the dependent variable Ct-statistics are shown in 
parentheses below the parameter estimates) : 

01 = -2331.l + 6161.5 X1,1 

(1.01) (2.74) 

Q1 = -22 954.5 + 25 711.0 X1,2 

(2.33) (2.73) 

R2 = 0.68 
DW= 1.66 

R2 =0.69 
DW= 1.60 

(2) 

(3) 
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Qt = -22 632.1 + 24 226.1 X1, 3 R2 = 0.77 (4) 

(3.70) (4.43) DW=2.62 

Q1 = -13 105.6 + 14 954.0 Xt,4 R2 = 0.69 (5) 

(2.17) (2.83) DW= 1.62 

Qt= -16 125.3 + 16 750.5 Xt,s R2 = 0.69 (6) 

(2.32) (2.89) DW=l .66 

Q1 = -12 679.2 + 15 109.9 Xt,6 R2 = 0.70 (7) 
(2.25) (2.95) DW= 1.61 

Qt= -22 728.4 + 21 773.3 Xt,7 R2 = 0.75 (8) 
(3.38) (3.96) DW= 2.25 

Q1 = -18 965 .5 + 20 632.6 AXt R2 =0.77 (9) 
(3.17) (3.83) DW= 1.54 

where 

Q equilibrium quantity of truck service sup-
plied, 

t time period (week) , 
x • competitive price from Florida to each city 

($/mile), 
1 Atlanta, 
2 Boston, 
3 = Chicago, 
4 Cleveland, 
5 = Montreal, 
6 • New York, 
7 Washington, D.C., and 

AXt O.lOXt,l + 0.17Xt,2 + O.llXt,3 + 0.06Xt,4 
+ 0.09Xt,5 + 0,33Xt,6 + 0 . 14Xt, 7 , 

INTERPRETATION OF FINDINGS 

All regressions account for 68-77 percent of the 
variance in the independent variable, which indi
cates that competitive pr ices account for most of 
the change in the quantity of truck service sup
plied. The omitted variables and error account for 
the remaining variance in the dependent variable. 
Therefore, competitive Florida price changes are by 
far the most important determinant of the quantity 
of truck service supplied. Furthermore, because in 
all eight regressions the independent variable 
parameter estimate is significant at the 98 percent 
confidence interval or greater, the bias of omitting 
other variables does not appear to have affected the 
estimates of the relation. The relatively good 
statistical properties of the estimates are inter
preted to mean that supply does respond to competi
tive price signals and that truck-service buyers can 
express their desires for truck service through an 
unregulated market. 

The price elasticities of each supply-response 
fUnction are elastic and vary at the midpoint (3701 
truckloads/week) from a low of 1.6 when Atlanta 
prices are used to a high of 7.2 when Boston prices 
are used. The supply-response function with 
weighted prices has a price elasticity of 6.1. An 
elastic supply would tend to agree with the results 
of trucking-industry cost studies1 that is, in a 
competitive industry the supply curve of one firm 
will be that firm's marginal cost curve (13). An 
aggregate supply curve (all firms) is the summing, 
with respect to quantity, of the marginal cost 
curves of all firms (15, p. 251). Although some 
studies have found no----;conomies of scale in the 
trucking industry (constant average costs) (16-18) 
and some have found slight economies of scale 
(19-21), there do not appear to be diseconomies of 
scale. Therefore, at a minimum, marginal cost curves 
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should be constant (flat) and certainly not increas
ing. The summing of flat marginal cost curves should 
result in a relatively elastic supply curve. 

In summary, the empirical findings show that, on 
a limited basis, truck-service suppliers do respond 
to competitive price signals and supply response is 
relatively elastic. In terms of Florida produce in
dustry policy, these findings indicate that, if 
truck-service prices for commodities that peak in 
the spring fluctuated with respect to current market 
conditions instead of remaining at their rigid 
level, truck-service suppliers would respond. In 
other words, common spring shipment peak-period 
shortages could be avoided by not pricing at rigid 
levels and instead increasing prices to attract ad
ditional truck service. In terms of trucking indus
try regulatory policy, the findings indicate that, 
if suppliers and buyers are left to barter for ser
vices, truck-service markets should allocate re
sources efficiently in response to competitive price 
signals. However, these findings are derived from a 
limited study of aggregate prices and aggregate 
quantity supplied in a market that deals with one 
commodity (produce), where buyers and sellers have 
historically had fair to good market information. 
More study should be done in more diversified mar
kets where market information is not so readily 
available and with greater and more comprehensive 
price, cost, and quantity data. 
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Value of Overweighting to Intercity Truckers 

D.S. PAXSON AND J.P. GLICKERT 

An analysis of the problem of truck overweighting is presented. Legal and il
legal overweighting and current enforcement procedures are discussed. The 
benefits to truckers of overweighting are shown by means of an incremental 
approach (decrease in transport cost per unit with increase in cargo weight) 
and by using specific cargo movements to calculate the incentives to over
weight. The fine and penalty structures of various states are examined and 
are combined with the probability of being weighed to calculate the expected 
value of being weighed to the trucker. The net benefit of overweighting to 
the trucker is then shown by comparing the costs with the incentives. 
Finally, actual permit costs are examined in relation to the cost of additional 
pavement damage caused by overweight trucks. It is concluded that (a) eco
nomic incentives often exceed the expected costs of overweighting to the 
trucker, (b) current enforcement programs in some states are not effective, 
(c) fine structures should take account of both the amount of truck over
weight and the number of miles traveled, and (d) the cost of overweight 
permits does not reflect the additional pavement damage caused by over
weighting. 

There is an ongoing controversy regarding the legal 
weight limits for trucks. An important part of this 
issue that is often overlooked is the problem of en
forcement of weight limit laws. Enforcement pro
grams are a critical part of efforts to control 
overweight trucks. Unless these programs are ef
fective, truck weight limits are meaningless. 

For any enforcement program to be effective, 
truckers must perceive the penalties for exceeding 
the weight limits as being greater than the economic 
benefits of overweighting. If truckers believe that 
the probability of being weighed is low and that the 
penalties for overweighting are low, they are more 
likely to run overweight. This situation will con
tinue until effective disincentives are recognhed 
by the trucker. 

This paper demonstrates that in many cases there 
are economic incentives that far exceed the expected 
costs of overweighting. The analysis is performed 
by using a cost-benefit approach and specific ex
amples. 

The paper first discusses two types of over
weighting: illegal and legal. Illegal overweight
ing subjects the driver to the possibility of fines 
and other penalties. Legal overweighting requires 
permits obtained from the individual states. The 
first section also deals with the enforcement pro
cess and the criteria required in order to assess 
the effectiveness of existing enforcement programs. 

The second section presents an analysis of the 
benefits of overweighting. A general description of 

these benefits shows how transport cost per unit of 
weight decreases as cargo weight increases. This 
demonstrates the incremental advantages of over
weighting to truckers. A second, more in-depth 
approach uses specific cargo movements to calculate 
incentives for the trucker to overweight. 

The next section deals with the cost of illegal 
overweighting. Fines from different states are ex
amined and combined with the probability of being 
weighed to calculate the expected value of weighing 
to the trucker. The costs are then compared with 
the incentives in order to show the net benefit of 
overweighting to the trucker. Other penalties, such 
as forced unloading and suspension of driver's li
cense, are also examined. 

The last section describes legal overweighting by 
the use of state-issued permits. The different 
types of permits and their respective costs are 
presented for 10 states, and an effort is made to 
determine whether the permit costs reflect the addi
tional pavement damage that is caused by an over
weight truck. If the cost of a permit does not re
flect this additional damage, then the trucker is 
not paying a fair share in regard to damage to high
ways and bridges. 

ISSUE OF OVERWEIGHTING 

This paper discusses two types of overweighting: 
legal and illegal. Truckers can load above the max
imum weight limits legally by the use of specially 
granted permits. There are generally two types of 
permits--single trip and annual (multiple) trip. 
The prices and availability of these permits vary 
from state to state. 

Illegal overweighting occurs when the cargo char
acteristics are such that the state will not issue a 
permit. The issuance of permits is controlled by 
the individual statesi therefore, the availability 
of permits varies among the states. Illegal over
weighting subjects the driver to the possibility of 
fines and other penal ties, but the incentives for 
overweighting usually exceed the expected costs of 
the fines. 

An evaluation of permits and fines is important 
in determining disincentives to overweight. Permits 
should reflect the additional pavement damage caused 
by an overweight truck. Fines should be high enough 
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to act as an effective deterrent to overweighting. 
Effective enforcement programs are necessary to 

control the level of illegal overweighting. There 
are two basic components to the enforcement pro
cess: probability of detection and penalties for 
violation. Combined, these two make up the expected 
cost of overweighting to the trucker. The probabil
ity of detection is important as a deterrent. 
Truckers often have substantial experience to aid 
them in calculating the probability of being appre
hended. Based on this probability, they can calcu
late the expected cost (in fines) of overweighting. 

An effective weight enforcement program should 
make the avoidance of weight compliance checks dif
ficult or impossible for the trucker. Given that a 
trucker is traveling a route with scale checkpoints, 
the probability of being weighed should be high 
enough to act as a deterrent . 

Penalties (fines) are the second component of an 
effective enforcement program. If fines are levied 
for overweights, the fine::i muot be u level higher 
than the economic benefit of overweighting. If the 
present fines are not sufficient deterrents, the 
fine system should be changed. This can be accom
plished by (a) increasing the fine level and (b) 
introducing graduated fines where they do not al
ready exist. Graduated fines take into account the 
amount of the overweight, rising incrementally as 
the amount of the overweight increases. 

BENEFITS OF OVERWEIGHTING 

The benefit a trucker receives from overweighting is 
increased financial return11. This results from ne
creasing costs per ton-mile as cargo weight in
creases. This decrease in cos t is illustr;::i_ t~d by 
the table below, which shows how costs per ton-mile 
decrease dramatically and costs per mile increase 

Table 1. Incremental incentives to overweight. 

Vehicle Cargo Rate per 
Weight Weight Pound" Resulting Incentive 
(lb) (lb) ($) Rate($) ($) 

73 000 45 000 0.056 2520 0 
75 ODO 47 000 0.054 2540 20 
80 000 52 000 0.052 2700 180 
90 000 62 000 0.050 3100 580 

100 000 72 000 0.048 3460 940 

Note: Calculated from NMTDB data. 
aA typical rate is $0.056; the decreases in rate per pound are given in an at

tempt to account for the rate reduction that might be offered by a trucker 
planning to overweight. 

Table 2. Incentives to overweight through 
three states. State 

Tennessee 

Indiana 

Iowa 

Gross 
Weight (lb) 

80 000 

80 000 

90 000 
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only slightly as the weight of the load increases 
[based on the 1980 Association of American Railroads 
(AAR) model and data from the 1979-1980 National 

Motor Transport Data Base (NMTDB)]: 

Cargo Weight Line-Haul Cost ($) 
(tons) Per Mile Per Ton-Mile 
10 0.891 0.089 
15 0.895 0.060 
20 0.903 0.045 
25 0.905 0.036 

The example given is the average line-haul cost for 
a typical intercity trucker (an owner-operator 
leased to an irregular-route carrier). It should be 
noted that, while the cost per mile increases only 
10 percent as the weight increases from 10 to 25 
tons, the cost per ton-mile decreases 60 percent. 

The more a truck is overweight, the greater the 
financial benefit that results. For example, a com
modity with a rate of $0 . 056/lh paRRing thrn11gh a 
state with a limit of 73 280 lb will have the esti
mated incentives given in Table 1. The cash in
centive to load 80 000 lb is $390, and the incen
tives increase as cargo weight increases. This 
illustrates the incremental advantage that a trucker 
has as the amount of the overweight increases. This 
example was chosen in order to show that, once 
truckers choose to violate the weight limits, they 
have an incentive to overweight as much as the 
equipment will bear. 

Some specific sample cases can illustrate how 
decreased ton-mile costs can offer the trucker real 
monetary benefits. Tennessee and Indiana are two 
examples of states where the maximum legal truck 
weight limit is 73 2BO lb. Most of the bordering 
states have limits of BO 000 lb. Therefore, a 
trucker hauling BO 000 lb through these states is 
often in violation of state limits only in Tennessee 
and Indiana. 

Sample truck rate data from a privately collected 
field survey (the NMTDB) were assembled to show how 
these weight increases would benefit the trucker. 
These data, given in Table 2, show that the benefit 
of overloading depends on (a) the rate of the com
modity hauled and (b) the length of the trip. For 
example, the incentive to load BO 000 lb (as opposed 
to 73 280) through Tennessee on a machinery movement 
from Pennsylvania to Texas is $300. The incentive 
to load BO 000 lb through Indiana on a movement of 
plastic products from Pennsylvania to California is 
$360. Overweighting can offer the trucker real mon
etary benefits. The purpose of Table 2 is to show 
that there are high incentives to overload for a 

Origin-Destination 

Pennsylvania-Texas 
Florida-Michigan 
Mississippi-Illinois 
Louisiana-New Jersey 
Minnesota-New York 
Pennsylvania-California 

Colorado-New York 
New Jersey-California 
Mississippi-Michigan 
Ohio-California 
California-Illinois 
Wisconsin-California 

Michigan-Idaho 

Ohio-Washington 
Illinois-California 

Commodity 

Machinery 
Fruit 
Fish 
Paper 
Meat 
Plastic prod-

ucts 
Meat 
Chemicals 
Lumber 
Glass 
Produce 
Dairy prod-

ucts 
Automobile 

parts 
Steel 
Chemicals 

Rate per Incentive 
Pound ($) ($) 

0.046 300 
0.041 275 
0.024 160 
0.035 235 
O.Q38 255 
0.054 360 

0.039 260 
0.058 390 
0.027 180 
0.064 430 
0.047 470 
0.041 410 

0.036 360 

0.045 450 
0.043 430 

Note: Calculated from NMTDB data. 
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Table 3. Fine structures for overweight 
trucks for 10 selected states. State Fine 

$25 min, $50 max 
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State Fine 

$15 + $5/1000 lb ow Tennessee 
Indiana 2¢/lb for 1000-2000 lb OW 

4¢/lb for 2000-3000 lb OW 
6¢/lb for 3000-4000 lb OW 
8¢/lb for 4000-5000 lb OW 
10¢/lb for;;. 5000 lb OW 

Colorado 
Connecticut $2/100 lb for 2-5 percent OW 

$3/100 lb for 5-10 percent OW 
$4/1000 lb for 10-15 percent OW 
$6/1000 lb for 15-20 percent OW 
$8/1000 lb for 20-25 percent OW 
$10/1000 lb for >25 percent OW 
$20 min 

Iowa $10 + 0.5¢/lb for.;; 1000 lb OW 

Arizona 

$15 + 0.5¢/lb for 1000-2000 lb OW 
$80 + 3¢/lb for 2000-3000 lb OW 
$150 + 5 ¢/lb for 3000-4000 lb OW 
$200 + 7 ¢/lb for 5000-6000 lb OW 
$200 + 10¢/lb for;;. 6000 lb OW 
From $30 for 1000 lb OW to 

Maryland 

Minnesota 

2¢/lb for .;;SOOD lb OW 
6¢/lb for >5000 lb OW 
$50 for 1000-2999 lb OW 
$100 for 3000-3999 lb OW 
$200 for 4000-4999 lb OW 
$300 for 5000-5999 lb OW 
$400 for 6000-6999 lb OW 
$500 for;;. 7000 lb OW 

$280 for;;. 6000 lb OW 
$300 max 

California From $10 for 1000 lb OW to 
$1000for>12 500 lb Texas $25 min, $200 max 

Note: OW = overwejght. 

wide variety of commodities and origin-destination 
pairs. 

The incentive to overweight increases as cargo 
weight increases. Iowa is used as a sample state to 
demonstrate the economic effects of a load greater 
than 80 000 lb, which is the maximum legal limit in 
Iowa. Table 2 gives some sample incentives to load 
90 000 lb in Iowa. For example, the incentive to 
load .90. 000 lb on a produce movement from California 
to Illinois is $470. 

In a competitive marketplace, some of these fi
nancial benefits might have to be passed on to ship
pers. This would be done through rate reductions 
offered to shippers for heavier loads. Table 1 
demonstrates how a trucker could offer reduced rates 
and still increase revenues. 

COST OF ILLEGAL OVERWEIGHTING 

There are several components that combine to make up 
the cost of overweighting to the trucker. The 
primary cost of overweighting is fines. Table 3 (.!_) 

gives the fine structures for 10 selected states and 
indicates the variation in fines that exists. A 
truck traveling 10 000 lb overweight through Ten
nessee is subject to a maximum fine of $50 if appre
hended. A truck traveling 10 000 lb overweight 
through Iowa, however, is subject to a fine of 
$1200. This inconsistency among fine structures is 
typical. 

An examination of the effectiveness of fines must 
take into account the probability of being caught. 
The expected cost of the fines to truckers is a 
function of the truckers' ability to avoid routes 
that have weigh stations or, if they travel such 
routes, the chance of the weigh stations being in 
operation. Portable scales are sometimes used, but 
their use is nominal at best and usually accounts 
for less than 1 percent of total truck weighings. 
This is illustrated by the following FY 1979/80 data 
for three states: 

Truck Weighings 
No. of with Portable 
Truck Scales 

State We i ghings No. Percent 
Iowa 67 000 3200 0.005 
Virginia 7 500 000 7500 0.001 
California 4 350 000 3400 0.008 

A comparison of the probable costs and benefits 
of overweighting can be made for the Tennessee, In
diana, and Iowa cases already discussed. Enforce
ment officials from each of these three states were 
contacted and asked to give an estimate of the prob
ability of an overweight truck being weighed in the 

state, assuming the trucker was using avoidance mea
sures. These estimates were used to calculate ex
pected costs of the fines, which are presented in 
Table 4. 

The expected cost of the fines can be subtracted 
from the incentives calculated in Table 2 to indi
cate that the trucker has high incentives to over
weight even when the expected costs of the fines are 
taken into account: 

Expected 
Expected Cost of Net Incentive to 

State Benef i t ($) !:' i ne ($ ! Overwei9ht !$) 
Tennessee 245 3 240 
Indiana 325 134 190 
Iowa 425 180 245 

Although many states have provisions for increasing 
the severity of the fine for subsequent offenses, 
inadequate record systems reduce the likelihood of 
enforcing this statute Cl, p. i) • 

Penalties other than fines are also an effective 
deterrent to overweighting. Forced unloading of the 
overweight freight can inflict substantial incon
venience and time cost on the driver. Some of these 
costs include the cost of the truck being idle, the 
transportation cost to pick up the shipment at the 
point of unloading, and also the increased potential 
for loss and damage. 

Unloading policies vary and can be either dis
cretionary (up to the enforcement officer) or man
datory. Analysis of state statutes reveals that 21 
states have mandatory unloading policies, 26 states 
have discretionary unloading, and 3 states have no 
unloading statutes (2, p. 10). Even though 21 
states have mandatory unloading laws, interviews 
with 41 states revealed that only 6 states actually 
practiced mandatory unloading and 2.5 states had dis
cretionary unloading practices Cl, p. 10). Like 
many other states, the states that were used in the 
examples (Tennessee, Indiana, and Iowa) all have 
discretionary unloading policies that result in 
1 i ttle or no forced unloading. The laws are often 
not enforced due to the lack of available storage 
space, the nature of the freight (if perishable), a 
concern for other motor is ts' safety, and the poss i
bili ty of vandalism. 

In those cases where the excess weight is not 
unloaded, the f inane ial impact of the fines is not 
high enough to deter the trucker from overweight
ing. The financial incentives of overweighting in 
these cases exceed the expected costs. Unless the 
current systems are revised so that the disincen
tives to overweight are increased, the truckers may 
continue to overweight when it is in their economic 
interest. Although the difference between incen-
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Table 4. Expected costs of fines for overweighting in three states. 

Amount of Estimated Prob-
Overweight Fine ability of Appre- Expected Cost 

State (lb) ($) hension (%) of Fine($) 

Tennessee 6 720 50 5 3 
Indiana 6 720 670 20 134 
Iowa 10 000 1200 15 180 

Table 5. Permit costs for overweighting in 15 selected states. 

State Cost Maximum Permit Weight 

Tennessee Single trip, $5; annual, $300 Single axle, 18 000 lb 
Tandem axle, 36 000 lb 

Indiana $10 if <40 miles, 25¢ for each NA 
mile above 40, $50 max 

Iowa Single trip, $5; annual, $10 NA 
Arizona Single trip, $10; multiple NA 

(30 days), $30 
California Single trip, $3; annual, $30 No restriction 
Colorado Single and multiple, $5 No restriction 
Connecticut No fees 5-axle vehicles, 12 2 000 

lb gross 
Maryland Single, $150 for book of 10; 900 000 lb for single 

30 days, $40; annual, $350 trips 
Minnesota Single, $5; seasonal, $25; NA 

annual, $50 
Texas Single trip, $5; 30-day permit, Single trip, 45 000-lb 

$10; annual, $50 and ton- axle load 
mile 

tives and costs will be different for other states, 
the main point to be made is that the disincentives 
to overweight will be, to some degree, less than the 
incentives in nearly all states. Therefore, con
tinued overweighting should be expected if enforce
ment programs are not changed. 

COST OF LEGAL OVERWEIGHTING 

A trucker overweights legally by the use of permits 
obtained from individual states. The states control 
the application procedure, er i ter ia for availabil
ity, and the types and fees for overweight permits. 
The permit application can usually be made by ma:i,l, 
telegram, or telephone. 

Most state statutes allow the issuance of over
weight permits only for the movement of indivisible 
loads. These are loads that cannot be reduced to 
meet statutory weight limits. The issuance of per
mits for divisible (reduceable) loads is normally 
not allowed; however, in recent practice some states 
(e.g., Massachusetts, Montana, North Dakota, South 
Dakota, Utah, and Nevada) are issuing permits for 
divisible loads. Permits can be used as a method of 
circumventing maximum weight limits, particularly 
when annual or continuous permits are issued (_£, p. 
ii). 

The sample permit cost for overweight authority 
in 10 selected states is presented in Table 5. 
There are extreme variations in the cost of per
mits. Four states (North Carolina, Massachusetts, 
Connecticut, and Rhode Island) do not charge for 
single-trip permits. Tennessee charges $5 for an 
annual trip permit. Indiana charges $10 for move
ments of less than 40 miles, 25¢ for each mile above 
40, and a maximum charge of $50. Iowa charges $5 
for a single-trip permit and $10 for an annual 
permit. 

The main issue concerning these permits is 
whether the fees collected for the permits cover the 
additional road damage caused by an overweight 
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truck. Fees charged by some states barely cover the 
administrative cost of issuing the permits, much 
less the additional highway damage caused by the 
additional weight. 

Higher weight limits translate directly into 
higher levels of stress on roads, which in turn 
require additional maintenance and rehabilitation 
expenditures in order to maintain road service
ability. A special study was conducted by the State 
of Tennessee in an attempt to quantify the road 
damage caused by overweight trucks in Tennessee. 
The study used a measure of pavement damage de
veloped by the American Association of State Highway 
and Transportation Officials (AASHTO)--the equiva
lent lB 000-lb single-axle loading (ESAL). The 
study found that the additional pavement damage cost 
caused by overweight trucks was 3¢/ESAL mile. 

This figure can be used to estimate additional 
pavement costs resulting from legally overweight 
vehicles. AASHTO equations indicate that an 
80 000-lb five-axle vehicle does approximately 0. 8 
ESALs/mile more than a 73 280-lb vehicle with the 
same configuration. This translates into additional 
pavement costs of 2.4¢/mile. A 90 000-lb five-axle 
truck imposes approximately 1.6 ESALs/mile more than 
an 80 000-lb vehicle of the same configuration and 
4.B¢/ESAL mile more in pavement costs. 

These increased costs per mile can be used to de
termine the appropriate cost for overweight per
mits. By using a 90 000-lb, 250-mile haul through 
Iowa (BO 000-lb limit) as an example, the single
trip permit cost can be calculated to be $12 instead 
of the actual permit cost of $5. An annual permit, 
however, assuming a weight of 90 000 lb and a total 
of 15 000 miles/year traveled in Iowa, should cost 
$720. The actual cost is $10. An BO 000-lb load 
passing 250 miles through Tennessee (73 280-lb 
limit) causes additional pavement damage cost of $6 
compared with the $5 cost of a permit. An annual 
permit, assuming a 90 000-lb load and 15 000 miles 
traveled/year, should cost $360. The actual cost is 
$300. Indiana uses a fee structure for permits that 
takes into account miles traveled, so that the 
trucker is charged a more appropriate fee of 25¢/ 
mile for all miles traveled. 

It is apparent that in some cases, particularly 
in the case of annual or continuous permits, the 
fees charged for overweight permits do not reflect 
the additional pavement damage caused by the over
weight truck. It is concluded that, in order to 
make the fees more appropriate, they should be 
changed to take into account the weight of the vehi
cles and the number of miles traveled. 

SUMMARY AND CONCLUSIONS 

In summary, the main points of this paper are the 
following: 

1. There are economic incentives that often ex
ceed the expected costs of overweighting to the 
trucker. 

2. Current enforcement programs in some states 
are not effective as a deterrent to overweight 
trucks and are in need of revision. 

3. Fine structures should be more realistic, 
taking into account the amount of the overweight in 
the truck and the number of miles traveled by the 
trucker. 

4. The probability of being weighed should be 
increased to discourage truckers from overweighting. 

5. In many cases the cost of overweight permits 
does not reflect the additional pavement damage 
caused by overweighting. This is significant be
cause whenever permits are offered it is clearly in 
the economic interest of the trucker to obtain the 
permit. 
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Several major conclusions can be drawn from these 
points. 

The first conclusion is that, in order for the 
amount of illegal truck overweighting to be reduced, 
the effectiveness of enforcement programs must be 
increased. The probability of being weighed and the 
expected cost of the fine should, when combined, be 
greater than the incentives to overweight. The 
analysis performed in this paper indicates that in 
most cases the present enforcement programs are in
adequate and in need of revision. The fine struc
ture should be more realistic and take into account 
the expected value of being caught, the value of the 
overweight, and the number of miles traveled. The 
probability of being weighed could most effectively 
be increased by making fixed scales difficult to 
avoid and by making greater use of portable scales. 

Abridgment 
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The second major conclusion is that the cost of 
overweight permits does not reflect the additional 
pavement damage caused by overweighting. To provide 
a more appropriate permit fee, the cost of the per
mit should take into account the amount of the over
weight and the number of miles traveled. 
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Impact of Increased Truck Weights 

on Relative Costs of Motor Carriers and Railroads 

and Potential Modal Diversion 

LANA R. BATTS, ROGER W. KOLINS, AND REGINA T. SELVA 

The relatilnn:osts·per ton-mile for rail boxcar, trailer-on-flatcar (TOFC), ir
regular-route motor carriers, and exempt owner-operators for the period 
1977-1985 are examined. A specific rate of inflation was applied to each 
category of cost in 1977 for the four types of transportation service to deter
mine the effect of inflation to 1985. The relative average freight costs per 
unit of output were then compared at truck gross vehicle weight limits of 
73 280 and 80 000 lb. The principal finding of the study is that any shift 
in the average costs per ton-mile resulting from an increase in the truck 
weight limit is influenced by the impact of inflation on the various cost 
components. A comparison of the relative costs by type of service and 
mode suggests that inflation may have a more adverse impact on the rail· 
roads than on motor carriers of truckload freight. The analysis also indi
cates that, over the long term, the position of TOFC relative to truckload 
motor carriage could deteriorate because TOFC costs have been increasing 
faster than comparable truckload costs. Based on the economic factors 
specified and analyzed in this study, TOFC is not the preferred transport 
option over the 1981-1985 period. 

There is a perception held by some people that the 
use of the more productive truck carrying dimensions 
would divert traffic from rail by lowering unit 
costs and thus upset the competitive truck-rail bal
ance {.!_). However, since 1977 rapidly escalating 
prices for all factors of production have affected 
the unit costs of the modes differently. Liberal
ized truck size and weight limits, which allow 
greater productivity to occur (2), will dampen the 
influence of inflation on truck - costs both for the 
motor carrier industry and for that segment of the 
rail industry that depends on truck service--i.e., 
trailer-on-flatcar (TOFC). Thus, such limits will 
benefit the shipping public by way of decreased 
costs without harm or prejudice to any mode. 

STUDY METHODOLOGY 

The analysis presented in this paper is based on a 

cost model developed by the U.S. Department of 
Transportation (DOT) . In a technical supplement 
(1), DOT estimated the values of the various func
tional cost inputs (such as labor and fuel) for sev
eral types of truck and rail service for the year 
1977. The results of the cost model were then used 
by DOT to support its conclusions in its report, "An 
Investigation of Truck Size and Weight Limits" (4). 
(DOT did not account for the terminal and overhead 
costs of irregular-route carriers. Therefore, ad
justments were made in the DOT line-haul expense and 
overhead and terminal expenses were created. DOT 
also did not analyze exempt owner-operator costs. 
Therefore, irregular-route truckload line-haul costs 
were used to approximate these costs. Although ex
empt owner-operators have overhead expenses, they 
act as if they have only line-haul expenses.) 

To project the DOT 1977 costs through 1985, each 
functional cost is inflated at an individual econom
ically and historically justified rate. The esti
mated relative average unit freight costs for 1981 
and 1985 reflect the effect of inflation on truck 
and rail costs. 

The projected unit costs reflect cost relations 
that exist under truck gross vehicle weight (GVW) 
limits of 73 280 lb. To complete the analysis, the 
projected DOT costs were then adjusted to an in
creased payload weight of 80 000 lb. 

The analysis presented in this paper compares 
costs for the following types of service: 

1. Motor carrier--Irregular-route, common car
rier, full-truckload service using 45-ft tractor
semitrailersi 

2. Owner-operator--Full-truckload service using 
45-ft tractor-semitrailers; 

3. Rail carrier--General box carload service; and 
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Table 1. Adjusted cost for various types of carriers. 
Cost($) 

Payload at 20 Tons Payload at 22.5 Tons 

Carrier Type 1977 1981 1985 1977 1981 1985 

Railroad boxcar 
Line-haul ($/ton-mile) 0.015 0,025 0.039 0.015 0.025 0.039 
Terminal ($/ton) 1.689 2.626 3.896 1.689 2.626 3.896 

TOFC 
Line-haul ($/ton-mile) 0.027 0.046 0.071 0,025 0.041 0.064 
Terminal ($/ton) 13.418 18.900 27.159 11.929 16.803 24.145 

Irregular-route truckload" 
Line-haul ($/ton-mile) 0.041 0.064 0.097 0.037 0.058 0.088 
Terminal ($/ton) 1.889 2.436 3.569 1.678 2.164 3.170 

Ex em pt owner-operator" 
Line-haul ($/ton-mile) 0.041 0.064 0.097 0.037 0.058 0.088 

3 Explained in DOT technical supplement (~_). 

4. Rail carr ier--Rail dedicated 40-ft TOFC ser
vice . 

PROJECTIONS 

DOT has estimated functional costs for rail boxcar, 
TOFC, and irregular route for 1977 (,l). For rail 
boxcar and TOFC, costs are presented for three re
g ions: East, South, and West. Irregular-route mo
tor carrier costs are presented for four regions: 
Northeast, South, Midwest, and West . Nationwide av
erage costs were developed by averaging the respec
tive reqions and then projecting the nationwide av
erage cost to 1985. 

Cost projer.tionR wP.rP. based on historical reports 
plus expectations of future changes. In recent 
years the inflation rate has affected the costs of 
the major functional inputs unequally. Some costs, 
notably that of fuel, have increased at rates far in 
excess of others. As a result, the cost projections 
used in this analysis were based on differential in
flation rates for each functional input. For pur
poses of consistency, all rates of change in costs 
were expressed as indices with 1977 as the base year. 

Railroad costs were based on historical records 
published by the Association of American Railroads 
(5). The indices of cost changes were available for 
1969-1979 (and, in some cases, 1980) for each func
tional area. In most instances, cost projections 
were generated by applying the average rate of 
change for the five-year period from 197 5 through 
1980 to the period 1981-1985. Th i s approach assumes 
that the economic conditions for the five-year peri
od of 1975-1980 will follow a similar pattern over 
the next five years. 

Several sources were used to collect historical 
data for each cost function for the two motor car
rier groups. In addition to references cited in 
this paper <i-11) , these sources included the fol
lowing: 

1. Table 799, Producers' Price Index for Inter
mediate Materials, Supplies, and Components, from 
Statistical Abstracts (1967 = 100): 

2. Intercity truckload driver compensation (re
siduals and salaries) r~ported by the National Motor 
Transport Data Base survey conducted by Transporta
tion Research and Marketing of Salt Lake City, orig
inally developed for the Association of American 
Railroads: and 

3. The Comparative Fuel Price Report of the 
Household Goods Carriers Bureau, Arlington, Vi r gin
ia, which is compiled monthly. 

The methodology for projecting future inflation 
rates was the same as that used for rail. 

PROJECTED TON-MILE COSTS WITH AND WITHOUT 
CHANGE IN TRUCK WEIGHTS 

The average cost per mile or per ton provides little 
insight into competitive areas of traffic or poten
tial diversionary effects of increased truck 
weights. In this study, therefore, the comparisons 
among the four service types were based on cents per 
ton-mile at various lengths of haul. 

However, because of the limitations and the in
compatibility of the data, certain adjustments were 
made in the ton-mile costs. For example, adjust
ments were made in the average loadings for TOFC, 
irregular-route carriers, and exempt owner-operators 
to reflect costs at 73 280 and 80 000 lb GVW, Ad
justments were also made in the mileages to account 
for circuity in comparinq lengths of haul. Table 1 
presents the 1977, 1981, and 1985 total costs per 
ton-mile for each of the four carrier types. 

EFFECT OF INCREASED WEIGHT ON TRUCK-RAIL COMPETITION 

To determine the likely extent of modal competition, 
the costs per ton-mile were then computed for var
ious lengths of haul for each carrier group. Sub
sequently, these costs were plotted on graph paper 
to see at what length of haul (if any) the cost 
curves intersect. A more precise way to determine 
whether and where the cost curves intersect was to 
solve simultaneous equations for length of haul. 
Equation 1 was used to determine where, for example, 
the average length of haul of TOFC equals that of 
irregular-route truckload carriers. 

(TOFC terminal cost/X) + TOFC line-haul costs per ton-mile= 
(irregular-route overhead costs/X) +irregular-route line-haul 
costs per ton-mile (!) 

where x is the average length of haul. In 1977, for 
example, TOFC and irregular-route costs intersected 
at 824 miles. 

The lengths of haul at which the cost curves in
tersect for 1977, 1981, and 1985, with and without 
any change in GVW, are given below: 

Category 

TOFC versus irregular-
route truckload 

1977 
1981 
1985 

TOFC versus exempt 
owner-operator 

1977 
1981 
1985 

Length of Haul (mi les) 
At 20 Tons At 22.5 Tons 

824 
915 
907 

968 
1050 
1044 

854 
B61 
874 

994 
988 

lUUb 
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Rail boxcar is not presented because the cost curves 
intersect at extremely short lengths of haul. If 
shippers are using truckload motor carrier service 
instead of rail boxcar service at distances greater 
than 50 miles, it is for reasons other than ton-mile 
costs, such as lower physical distribution costs and 
improved service. 

FINDINGS 

In this analysis, the projected relevant costs of 
rail boxcar, rail TOFC, irregular-route motor car
riers, and exempt owner-operators were determined by 
assuming a change in truck weights from 73 280 to 
BO 000 lb. The analysis considered the impact of 
increased gross weights on ton-mile costs and the 
influence of inflation on the relative costs of four 
carrier groups. 

It was found that inflation has affected motor 
carriers and railroads differently. For example, in 
1977 irregular-route truckload carriers had lower 
costs than TOFC up to 824 miles. By 1981, the 
truckload carriers had a cost-per-ton-mile advantage 
up to 915 miles. However, with increased weights, 
TOFC would be able to overcome, in part, the effects 
of inflation. For example, in 1981, with increased 
weight, the irregular-route carriers and TOFC had 
similar costs at 861 miles rather than 915 miles. 

The analysis also indicated that, although fuel 
costs were lower for TOFC than for truckload motor 
carriers, on both absolute and percentage of total 
cost bases, the long-run total-cost-factor position 
of TOFC is deteriorating in comparison with truck
load motor carriage. For example, by 1985 TOFC 
line-haul costs will have increased by 165 percent 
and TOFC terminal costs will have increased by 102 
percent. The comparable cost-factor increases for 
irregular-route truckload carriage are 139 and 90 
percent, respectively. Over the 1981-1985 period, 
the economic factors examined in this paper indicate 
that TOFC is not the market-preferred investment. 

Finally, it must be remembered that the initial 
assignment of costs to particular functional areas 
was performed by DOT. This paper assumes that those 
costs were properly assigned. In addition, it 
should be noted that both we and DOT rounded certain 
arithmetic values that may have influenced the con
clusions. 
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Truck Forecasts and Pavement Design 

ROBERTJ.HAGE 

The uncertainties associated with making design load estimates for use in 
determining pavement structure requirements are many. A brief discussion 
of the problem of estimating the present or base-year annual average daily 
load on an existing route or alignment is presented. The discussion focuses 
on the five-axle tractor-semitrailer, which is regarded as causing more than 
80 percent of traffic-attributable pavement damage on Minnesota's Trunk 
Highway System. 

The AASHO Road Test provided the basis for relating 

the pavement deterioration resulting from any given 
axle load, single or tandem, to that resulting from 
an 18-kip dual-tire single axle. It also provided 
the basis for the design of both flexible and rigid 
pavement structures in terms of the number of equiv
alent 18-kip single-axle loads the pavement can be 
expected to carry before reaching a preselected ter
minal serviceability level. The Minnesota Depart
ment of Transportation (Mn/DOT) has been using the 
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equivalent 18-kip single-axle load (18-kip ESAL) 
procedure for flexible pavement design for some 10 
years and will soon be designing its rigid pavements 
on that basis. Developing a design load estimate 
(i.e., the total number of 18-kip ESALs expected to 
occur in the design lane of the roadway over the 
analysis period, usually 20 years for new construc
tion) entails estimating the following parameters on 
an individual project basis: 

1. Base-year truck volumes by truck type: 
2. Annual growth rate for each truck type: 
3. Average 18-kip ESAJ, factor, or truck factor, 

for each truck type (ideally reflecting future ex
pectations as well as estimates of current loads) : 

4. Lane distribution of truck traffic, prefer
ably by truck type, based on the estimated average 
annual daily traffic (AADT) for the analysis period: 

5. Variations in the average weight of each 
truck type by lane, reflecting the assumption that 
trucks traveling in the silow lanes are more he11vi ly 
loaded than those in the fast lanes and thus have 
above-average truck factors: 

6. The percentage of equivalent axle loads 
(EALs) occurring during the spring freeze-thaw cycle 
months: and 

7. The percentage of truck traffic expected to 
experience creep speeds during the hot summer months. 

Trucks are defined here as vehicles with six or more 
tir~s, including buses. 

Clearly, a full discussion of the dimensions of 
the problem of forecasting anything encompassing as 
m11ny v11riables 11R t.rnr.k volnmPs and loads for a spe
cific route over a 20-year period would fill "·ol
umes. This brief presentation is thus limited to 
highlighting some of the problems and uncertainties 
associated with simply estimating the base-year de
sign-lane load. Since the five-axle tractor-semi
trailer appears to account for more than 80 percent 
of the traffic-attributable pavement deterioration 
on many sections of Minnesota's Trunk Highway Sys
tem--more than 90 percent on some sections--much of 
the following analysis will focus on that vehicle 
type. 

VARIABILITY IN TRUCK VOLUMES 

The basis for pavement construction or improvements 
is often a single 16-h weekday (6:00 a.m. to 10:00 
p.m.) vehicle classification count taken in the vi
cinity of the proposed project, and very often the 
count is neither current nor ideally located. There 
is strong evidence, however, that a single 16-h 
class count, no matter how recent or well located, 
may be grossly inadequate for estimating base-year 
heavy commercial AADT by truck type. 

There are, of course, the obvious uncertainties 
associated with filling in the uncounted 8 h and the 
weekend traffic and with adjusting the count to re
flect seasonal variations in travel for each major 
truck type. But, whereas one might expect truck 
volumes to vary significantly from season to season 
and perhaps even from week to week, it has now been 
determined that they may also vary markedly from day 
to day. 

Class counts recently taken Monday through Friday 
from 8:00 a.m. to 5:00 p.m. on Trunk Highway 12 
(I-94 traveled way) just east of the Minneapolis-st. 
Paul metropolitan area showed the five-axle tractor
semitrailer volume varying by 30 percent from the 
low day (Friday) to the high day (Wednesday) • At 
this location, the AADT for this vehicle type is 
roughly estimated at 4000, and it accounts for an 
estimated 87 percent of the traffic-associated pave
ment wear. Obviously, the design load estimate made 
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for the Interstate route to be constructed on this 
alignment could have a wide range of values that de
pend simply on the day or days the class count hap
pened to be taken. It should be noted that usually 
two different days are represented in Mn/DOT' s 16-h 
class counts: Typically, the 6:00 a.m. to 2:00 p.m. 
period is counted on one day and the 2:00 p.m. to 
10:00 p.m. period is counted on another. It is not 
known to what extent this ameliorates the problem of 
daily variability in truck volumes nor whether the 
pattern of daily variation at that location tends to 
be repetitive since only a single week was counted. 

In June of 1981, however, Mn/DOT began obtaining 
around-the-clock class count data at a prototype 
weighing-in-motion (WIM) scale installed on I-494 in 
a southwest suburb of Minneapolis. Here, the daily 
variation in the eastbound five-axle tractor-semi
trailer volumes over the course of the five-day week 
appears to average about 25 percent. Friday was the 
low day 23 out of 28 weeks: Monday was most often 
the high day, with o ocorc of 12 out of the 28 
weeks. (Weeks with a holiday and those with incom
plete data were excluded from the analysis.) The 
scale does not monitor westbound traffic. The daily 
two-way five-axle tractor-semitrailer volume at the 
site is averaging about 2000. 

Because truck volumes may vary widely from one 
day to the next, it is inevitable that attempts to 
identify seasonal variations on the basis of a sin
gle 16-h class count taken at different times of the 
year will meet with disappointing results. To pro
vide a basis for adjusting its 16-h class counts to 
an AADT basis, Mn/DOT biennially makes two such 
r.onnts at each of 24 locations on the outstate Trunk 
Highway System. One count, representing the summer 
season, is made in June, July, or August: the other 
count represents the fall and is made in September, 
October, or November. Comparing the 1977 five-axle 
tractor-semitrailer summer-fall counts with their 
1979 counterparts reveals a chaotic pattern at 10 or 
more of the count sites. Not only are the summer
fall relations highly inconsistent from one count to 
the next at these locations, but the summer-to-sum
mer and fall-to-fall comparisons also exhibit a 
highly erratic character. It appears, then, that 
even if Minnesota had only two seasons, which is 
certainly not the case, even two 16-h class counts 
would provide an inadequate basis for estimating 
truck AADT or for establishing year-to-year trends. 

VARIABILITY IN TRUCK FACTORS 

Average truck factors, which express the pavement 
damage associated wil:h .a specific truck type as a 
fraction or a multiple of that associated with an 
18-kip single-axle load, vary widely by route, by 
time of year, and, in the case of tractor-semitrail
ers, by trailer type. Unfortunately, there also ap
pears t°' be a signi(icant degree of unexplained 
year-to-year variability. Over recent years, the 
truck factor for flexible pavement design in Minne
sota--based on portable scale weighing operations at 
15 locations on out-state Trunk Highways--for the 
five-axle tractor-semitrailer has averaged about 
0. 84, but the factor varies significantly from one 
highway to another even on routes with identical 
legal load limits. In 1979, the truck factor ranged 
from a low of 0.62 to a high of 1.46. In making de
sign load estimates, then, Mn/DOT does not rely ex
clusively on statewide averages. 

The range of values is even more pronounced when 
the factors are analyzed by direction. For example, 
on Trunk Highway 2, which runs across northern Min
nesota and carries large numbers of five-axle trac
tor-semitrailer grain trucks to Duluth-Superior 
terminals on Lake Superior, the loaded-direction 
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truck factor for these vehicles averaged 1.95 in 
1979 and on the return trip the average was 0.34. 
Average truck factors for five-axle tractor-semi
trailers also vary markedly by trailer type; grain 
and dump trucks usually exhibit the highest values. 

In comparing truck factors obtained in the 1977 
and 1979 weighing operations, it was found that at 
13 of the 15 weigh sites the "loaded direction" re
mained unchanged, which strongly suggests that, to 
reduce the likelihood of early pavement failures, 
design load estimates should be based on the loaded
direction truck factor rather than on the two-way 
average. If this procedure were used, the average 
out-state truck factor for the five-axle tractor
semitrailer would increase from 0.84 to 1.03. On 
divided highway sections, of course, the pavement 
structure can be differentiated by direction. 

At least part of the year-to-year variation in 
the five-axle tractor-semitrailer truck factor at a 
given location is probably attributable to the pro
portion of grain trucks that happen to be in the 
traffic stream at the time the weighing operations 
are conducted. On a statewide basis, grain trucks 
account for some 20-25 percent of the five-axle 
tractor-semitrailers on the state's highways. But, 
depending on harvest dates and various market 
forces, their volumes fluctuate markedly over the 
months in which weighing operations are conducted. 
Thus, the proportion of grain trucks in the five
axle tractor-semitrailer volumes on a given highway 
during weighing operations may be quite different 
from year to year. And, because these vehicles typ
ically exhibit exceptionally high truck factors, the 
average factor is subject to significant fluctuation. 

TRUCK FACTOR VALIDITY 

Assuming away other problems such as that just dis
cussed, and perhaps biased sampling, the truck fac
tors obtained in portable scale weighing operations 
are probably unrepresentative because of scale
avoidance tactics of overweight trucks. Even though 
truckers may be aware that these weighing operations 
are not directly connected with enforcement, they 
may nevertheless feel that it is not in their best 
interests over the intermediate and long term to be 
weighed when carrying overloads. This suggests that 
the truck factors obtained in these operations un
derstate actual loads. 

on the other hand, the weighing operations are 
conducted in the summer and fall and data collected 
at the WIM site show that five-axle tractor-semi
trailer truck factors drop dramatically during the 
winter months, at least at that location. This drop 
is very likely a result of a disproportionate re
duction in grain truck volumes. 

This evidence suggests that the raw truck factors 
obtained in the portable-scale weighing operations 
should be adjusted to reflect these considerations. 
Further adjustments might be made to reflect (a) the 
probable effects of the state's newly enacted rele
vant evidence law (which permits weight tickets ob
tained at loading and unloading points to be used as 
evidence in prosecuting overweight violations) and 
also (b) the probability that in the future average 
truck weights may be higher because of a lower inci
dence of empty and lightly loaded vehicles. Such 
increases may well occur as a result of higher fuel 
prices and deregulation. 

OTHER AREAS OF UNCERTAINTY 

Although the foregoing analyses are limited to a 
single truck type, the five-axle tractor-semitrail
er, it nevertheless seems clear that, in simply de
veloping a base-year design load estimate, one must 
deal with a significant degree of uncertainty not 
only in estimating truck volumes but also in esti
mating the average damage factor for each truck 
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type. Still further areas of uncertainty are dis
cussed in the following sections. 

Lane Distribution 

A critical step in developing a design load estimate 
is determining the lane distribution of estimated 
truck volumes. Errors here will have the same im
pact as inaccurate estimates of truck volumes or 
damage factors. Mn/DOT is currently conducting a 
field study of lane distribution in which a number 
of four-, six-, and eight-lane sections in the Min
neapolis-St. Paul metropolitan area will be counted 
in the peak hours, at midday, and late at night. 
Undoubtedly, the count data will show substantial 
variability in lane use for each of the route types, 
since lane distribution is a function not only of 
AADT and heavy commercial AADT but also of geomet
rics and turning movements upstream and downstream. 
A limited study, then, cannot be expected to yield 
categorical results. But, in learning something 
about the range of variability in this parameter and 
about worst-case values, the planner will be better 
equipped to make design-lane load estimates. 

Other Variables 

In making 20-year design load estimates, the planner 
has still other variables to consider. For example, 
full-depth asphalt pavement designs for metropoli
tan-area roadways require an estimate of the inci
dence of creep speeds, which in the summer months 
result in a much higher rate of pavement deteriora
tion than free-flow speeds. And, as indicated 
earlier, the planner must also estimate, on an indi
vidual project basis, the percentage of the annual 
load expected to occur during the spring, when flex
ible pavements in Minnesota experience a high rate 
of deterioration. Accurate estimates of this per
centage will result in better predictions of pave
ment performance. Pavement designers are now also 
asking planners to estimate confidence levels 
associated with their design load estimates so that 
designers can weigh the additional costs of pro
viding a "safety margin" in their designs against 
the risk and costs associated with early pavement 
failure. Still another major challenge confronting 
the planner in making a design load estimate is 
forecasting five-axle tractor-semi trailer traffic 
volumes, which have grown at unsustainably high 
rates over recent years. 

CONCLUSIONS 

The dimensions of the uncertainty associated with 
making 20-year design load estimates are indisput
ably enormous. But it is also apparent that simply 
estimating existing loads is highly speculative. 
With the cost of an incremental inch of flexible and 
rigid pavement running at about $6500 and $7500/lane 
mile, respectively, it is imperative that the plan
ner continue to improve each aspect of the design 
load estimating process. But the process will in
evitably continue to be characterized by a high de
gree of uncertainty. Fortunately, the attainment of 
minimum pavement life objectives for critically im
portant high-volume urban routes can generally be 
ensured with relatively small increases in con
struction cost. For example, if the 20-year design
lane load estimate for such a route is 5 million 
EALs, the addition of less than an inch in the de
sign of the asphalt layer will enable the pavement 
to accommodate a load of at least 10 million EALs. 
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