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PREFACE 

This report was prepared by Patricia Malone, an economist and research 

assistant on the IWR Navigation Division Staff. Other professional economists 

of the IWR Navigation Division added to and edited the results so the report 

is a corporate responsibility. We believe that the potential for developing 

projection procedures to estimate induced traffic exists. The major issue is 

whether enough credible induced traffic benefits can be generated to warrant 

the costs of developing this analysis. Without prejudging the outcome, 

additional work appears to be warranted. 

d&Etle2bisE4Y 
Director 
Institute for Water Resources 

iii 



INTRODUCTION  

The purpose of this paper is to review the literature that is currently 
available on induced movement benefit. The reviewer focused on coal and grain 
trade. A wide range of sources were consulted and read in order to find any 
research that had been done on induced movement benefit. Findings are 
summarized, and future research topics on feasible models were identified. 

Induced (or new) movement benefit is defined by the 1983, "Economic and 
Environmental Principles and Guidelines for Water and Related Land Resources 
Implementation Studies" as the increase in producer and consumer surplus. It 
results from new traffic that is due to reductions in transport costs that 
permit a commodity to be produced and shipped if a port or channel is 
deepened. The underlying assumption is that the transport demand function 
shifts outward as a result of increased consumption or of increased production 
(Antle, 1979). The Corps is required to measure new movement benefits when 
they are doing a cost-benefit analysis of a proposed project. It is also, 
however, one of the least documented benefits. 

Although induced movement benefit has proven difficult to measure, it can 
be an important benefit of navigation improvements. A producer will respond 
to a price change. If the cost of transporting his or her product has been 
reduced, the producer will increase production, consumers will increase 
consumption, and transporters will ship the increase in trade. The effects, 
however, will be a function of demand elasticities. The more elastic the 
demand, the greater the induced movement benefits of a navigation project. 
Thus, induced movement traffic can be a major benefit of a project, and it 
should be included in a navigation cost-benefit analysis if the effects are 
great enough. 

LITERATURE REVIEW FINDINGS 

Many navigation cost-benefit analyses have been conducted. Few of these 
analyses have included a measurement of induced movement benefit. In the 
typical analysis of port-deepening benefits, it is believed that the majority 
of benefits are transportation savings associated with the use of deep-draft 
colliers. Induced movement benefits are ignored because they are assumed to 
be negligible. This may or may not be a logical assumption, but nevertheless, 
new movement benefits have rarely been included in a cost-benefit analysis. 

There have been a few exceptions to this general rule, however. One of 
these exceptions is the "Deep River Study Lower Mississippi River" that was 
conducted by Booz, Allen, and Hamilton, Inc. with the aid of Pyburn and Odom, 
Inc. for the Governor's Task Force on Deep Draft Vessel Access the Lower 
Mississippi. The port of New Orleans has been the subject of channel-
deepening proposals for many years. It is a major through-port for grains and 
Southern Appalachian coal. Interested groups have felt that the port of New 
Orleans could capture a greater share of the coal and grain export trade if 
the present channel depths of 40 ft were deepened to 55 or 60 ft. The 
increased channel depth would allow the lower Mississippi River to accommodate 
deep-draft vessels of 100,000 dwt or more (Booz, etc.). 
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The Governor's Task Force hired Booz, Allen, and Hamilton to assess the 
feasibility of deepening the lower Mississippi River channels. Booz, Allen, 
and Hamilton conducted engineering, economic, environmental, and financial 
studies. Included in the economic study was an analysis of the induced 
traffic in coal and grains. To determine the induced traffic benefits for 
grain, a weighted average of the export grain elasticities for wheat, corn, 
and soybeans was developed from data of the USDA Extension Service at Purdue 
University. The decline in ocean freight rates and in the average delivered 
price of U.S. grains was calculated. These figures were used to determine the 
percent change in the induced grain tonnage. Results indicated that induced 
grain tonnage benefits were negligible and were excluded from the study. 

The percent change in induced coal tonnage was determined differently. 
The researchers were unable to identify a U.S. steam coal price elasticity 
source after conducting a thorough literature review. As an alternative to 
using price elasticities, the researchers used two facts about the U.S. coal 
export market to develop a linear extrapolation. An average price of $9.00 to 
$10.00 per ton more for U.S. steam coal over other world suppliers and a 
constant 25% share of the world export coal market suggests a generally 
inelastic market (Booz, et al.). To develop the linear extrapolation, the 
researchers established a maximum U.S. market share of 50% (due to non—price 
factors) at a price of $38.50 per ton for U.S. steam coal. A minimum market 
share of 25% at the current U.S. steam coal price of $54/ton was established 
as the second end point (Booz, et al.). The researchers then did a linear 
extrapolation between these two endpoints; the resulting relationship was used 
to estimate the potential induced coal tonnage levels. Using this approach, 
the researchers estimated that channel deepening could induce coal exports, 
and the total export tonnage would increase by 10% to 22% (Booz, et al.). 

Although the researchers did obtain an estimate of the induced coal 
tonnage, the method used was "quick and dirty." There are several criticisms 
of the method. First, as even the researchers pointed out, steam coal demand 
is not just a function of market conditions. Among the non—economic factors 
that influence coal importers are the following: 

1) the perception of the U.S. as a cooperative trading partner; 

2) the security and reliability of the U.S. coal supply; 

3) the prime position of the U.S.' vast coal resources. 

These factors will affect the extrapolation's upper and lower bound. 

Second, coal demand is derived. It is a function of coal use in other 
industries such as steel, electrical generation, and cement. The market for 
these goods will affect coal use and, ultimately, coal demand. It is not 
theoretically correct to assume that coal demand is simply a function of coal 
price and quantities. Any estimate of induced coal export tonnage should deal 
with the derived  coal demand and its resulting elasticities. 

Herman G. Vander Tak and Anandarup Ray deal theoretically with benefit 
measurement of road transportation projects in a paper entitled "The Economic 
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Benefits of Road Tr.ansportation Projects." The authors' goal was not to 
generate actual benefit measurements; rather, their purpose was to show how 
these benefits relate to changes in supply and demand for transported 
commodities. This expository paper provides an analytical framework for 
benefit measurement. A key idea dealt with in the paper was induced benefits. 

Figure 1, the transport demand function, illustrates two kinds of 
transportation project benefits. 

A Err. 	=benefits on normal traffic (reduced 
.transport costs) 

Vaie -r =benefits on induced traffic 

Demand for transport 

-r 
V 1( -r' 

Volume of transport between A&B 
(Vander Tak and Ray) 

The first, indicated by1010 , are the transport savings that accrue to normal 
traffic with a price change. It is the sum of the consumer's cost savings and 
the producers' increased profits. The triangle, 1/240r, is a measure of 
induced traffic benefits; it is the sum of A's consumer surplus and B's 
producer surplus. This theoretical measure of induced benefits does not, at 
first, appear to agree with the Army Corps of Engineers' definition of new 
movement benefits. However, if the demand curve represents total 
transportation demand rather than waterway transportation demand, it becomes 
valid. The Corps uses a demand curve for waterway transportation that defines 
the triangular area (1/2AeT) as traffic diverted from another mode. 

Transport demand, in this model, is not a direct demand measure. The 
authors derived the transport demand curve from the volume of trade between 
the points A and B. The demand curve is actually the locus of different 
equilibrium trade volumes; it is a scalar transformation with mileage held 
constant. This demand curve reflects the supply and demand conditions in 
regions A and B. 

Therefore, the transport demand curve's slope and elasticity depend upon 
specific commodity demand and supply functions in the two regions. It follows 
that transportation improvements lead to lower transport costs, production and 
consumption changes, and more trade and transport between A and B. Part of 
the increase in trade will be induced movement as producers and consumers 
respond to a transport price change. Induced movement benefits are relatively 
more important to a transportation project cost-benefit analysis the larger 
the percentage decrease in transport costs and the more elastic the transport 
demand. 
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The authors conclude that the social surplus measure (producer plus 
consumer surplus) is intuitively simple to measure. Unfortunately, it is 
difficult to apply in a real situation. Gains and losses associated with a 
transport project have to be weighed, and the benefit measure estimation 
requires knowledge of the factors that affect supply and demand for the 
transport mode and its services. Thus, induced benefits can be measured, but 
it is a difficult task requiring both caution and ingenuity. 



FUTURE INDUCED BENEFIT MEASURES 

The literature review revealed few examples of attempts to actually 
measure induced movement benefits. In the majority of navigation project 
cost-benefit analyses, new movement benefits are rarely considered. The one 
study (Booz, et al.) that did attempt to calculate new movement benefits in 
this review was theoretically shaky. The "Principles and Guidelines" state, 
however, that induced movement benefits are to be measured when conducting 
deep- and shallow-draft navigation cost-benefit analyses. 

The question, then, is how are we to develop a theoretically sound, 
relatively simple method of measuring these benefits? In this section of the 
paper, research directions in derived demand will be reviewed in an attempt to 
answer this question. 

Whenever we deal with transportation demand, we must estimate derived 
demand curves for various transportation modes. Transportation is an input  
into a final good, such as steel or electricity, and it is the demand for the 
final good that determines input demand. Discriminant analysis is one method 
used to estimate a derived demand curve. The study, "An Application of 
Discriminant Analysis to the Division of Traffic Between Transport Modes", by 
Lloyd G. Antle and Richard W. Haynes is an operational application of 
discriminant analysis to transportation modes. Antle later estimated demand 
curves for waterway traffic on the Ohio and Arkansas rivers (1979). The 
procedure was advocated in the substantial research project conducted at 
Northwestern University in 1970. 

Discriminant analysis statistically weighs transportation characteristics 
to determine their influence on choice of mode. The first step is developing 
a function by dividing normally distributed mode populations into groups that 
minimize classification errors. This function reflects the defining 
characteristics of each mode. Using the function, the next step is to 
estimate transportation demand for each mode by holding all characteristics, 
except rate, constant and iterating through rate increases until traffic drops 
to zero (Antle). The demand curve could then be used to calculate demand 
elasticity measures for a given transportation mode. 

The empirical studies by Antle showed that demand for waterway transport 
was generally price inelastic to a substantial degree, except where unit 
trains could operate easily. Existing work has focused on tracing the demand 
schedule above current barge rates, although estimates of induced benefits 
could be generated by simulating downward adjustments in barge rates. 
However, the case of new transport users does not necessarily follow since 
existing users are the base. 

Another method was developed by Lenze and Goodman to measure export coal 
demand elasticities. The thrust of the paper was determining the importance 
of supplier diversification and deriving transportation service demand. Using 
economic theory to establish the relationships in coal export demand, the 
authors developed a matrix algebra model. 
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To estimate coal export demand for U.S. goal, the authors considered the 
identity that the exports (X) of a country are equal to total demand over (i) 
buyers in its export market minus the amount of demand met by other suppliers 
(j). 

-.FS:J 	(1) (Lenze and Goodman) 1 	I  

Differentiating this equation with respect to the U.S. coal price yields 
demand and supply elasticities. Finally, the authors ran regression analyses 
of their theoretical models. 

The authors' results indicated a price—responsive long—run demand for 
coal and a very moderately elastic demand for port services. The implication 
of these elasticity measures is that port improvements have the potential to 
generate sufficient extra coal demand to make some improvements worthwhile. 

Several user models have been developed by the Corps in an attempt to 
measure project benefits. The Ohio River Division Model CORD) and the General 
Equilibrium Model (GEM) are optimization models using linear and non—linear 
techniques to arrive at waterway equilibrium optimal use solutions. They do 
not, however, provide an explicit measure of new movement benefits. 

The Multi—Regional Multi—Industry Model (MRMI) and the Multi—Regional 
Variable Input/Output Model (MVIO) are user models developed for the Corps 
that incorporate modified input—output analysis. These models evaluate • 
regional and national development impacts of various waterway related 
activities (Liew and Liew). Among these activities is the transportation cost 
savings. A study of transportation cost savings between barges and the next 
best alternative needs to be conducted. The savings are divided by shipment 
values on each trading route, and a percentage of transportation cost savings 
is computed. This percentage enters the models to evaluate regional and 
national development impact of the waterway (Liew and Liew). Thus, these 
models do not measure new movement benefits, but they can evaluate a 
waterway's impact if such a measure were to be provided. 

one could use economic development impact models to generate an estimate 
of induced economic development due to lowered transport costs. The family of 
models developed at IWR all offer a procedure based on economic production and 
consumption by sector and by region to generate impact estimates due to 
transportation costs reductions. While induced traffic has not been studied 
thoroughly via these models, it was traced in studies of the Coosa River 
Waterway. Potential induced traffic was found to be rather modest in that 
case, since the demand curves of the water competitive traffic is not 
substantially price elastic (aggregates for instance), although modal 
diversion potential is relatively substantial. Further exploration is 
warranted before any substantial conclusions can be reached. 
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CONCLUSIONS 

Very little research has been conducted on induced movement benefit 
measures. Most cost-benefit analyses have not dealt with it in even the most 
cursory manner. However, there is theoretical work that indicates that new 
movement benefits could be quite significant. Why is there a seeming 
reluctance to deal with new movement benefits? Part of the reason is 
theoretical in nature. Coal and transport demands are derived demands. This 
poses problems in developing a simple, workable method of measuring induced 
movement benefits. A second reason is the continuing debate about the 
significance of induced movement benefits. Some economists hold out that the 
benefits are insignificant. Other economists feel that new movement benefits 
are an important part of a cost-benefit analysis. The truth probably lies 
between these two extremes. 

One of the reasons that induced movements have not been claimed in many 
deep port studies is the unusual setting of the world coal and grain markets. 
The U.S. holds a substantial share of these world markets with a price 
considerably higher than production and shipping costs of competing countries. 
This U.S. ahsre would not exist if the market is dependent solely on offered 
price. Political stability, a dominant currency, and ample supplies guarantee 
the U.S. share. The induced benefits issue is how much more can the U.S. sell 
if we could reduce costs (in our case, transport costs). Because of the U.S. 
market strength, competing nations extract economic rent from the market, by 
selling coal and wheat at prices substantially above their cost of products, 
but only slightly lower than the U.S. price. One argument is that they would 
follow U.S. cost reductions by exactly the same policy pursued now, reduce 
prices and rent but maintain the same relative equilibrium. In this case, the 
U.S. share may not change, but total world consumption of coal and grain would 
increase to the degree that total demand is price elastic. Given this case 
and the available evidence, fairly small quantities of added U.S. sales would 
result. This conclusion would change dramatically if total U.S. costs 
(products, land haul/water haul) could be decreased before competing nations, 
so that the U.S. share could be increased. To date, most studies have 
followed the logic advanced above and have not claimed induced traffic 
benefits. 

The countering argument to this logic is that it accepts, analytically, a 
policy which reflects at least some degree of monopoly pricing. A more 
aggressive policy stance which deliberately pursues vigorous price competition 
is more in keeping with the rhetoric of the U.S. free trade, vigorous 
competition model. If we follow this argument, then the analysis follows a 
belief that cost and price reduction is the heart of development of strong 
markets; therefore, an estimate of induced traffic would be vigorously sought. 

If we accept the proposition that new movement benefits are significant, 
how can we measure them? It is possible. Ultimately, what we need is the 
export demand elasticity of coal or the demand elasticity of the transpor-
tation mode. The discriminant analysis model, economic development models, 
and Lenze and Goodman's matrix algebra model described earlier are possible 
approaches. Other methods exist as well, and they could be used to develop a 
method of measuring new movement benefits. 
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In conclusion, induced movement benefits can be measured. There are 
several theoretical approaches that can be used to develop measurement 
techniques. We must, however, ask ourselves the following question; will our 
measurement method be simple and economic to use? In choosing to develop new 
movement benefit techniques, we must decide if the advantages of developing 
new methods will outweight the disadvantages. Information has a cost, and we 
must consider the expense associated with attaining it. That is, after all, 
what any economic analysis asks us to consider. 
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adapted the Regional Electricity Model (REM), originally developed at MIT by 
Martin Baughman, Paul Jaskow, and Philip Kamat, to suit their needs. The 
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energy prices, incomes, and population. The industrial sector is similarly 
treated. Regulatory impacts in the electric utility sector are also 
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Finally, metallurgical and export coal are added into the model. 
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The author's general coal demand model could prove useful in developing a 
derived demand model for export coal. As it currently stands, the model will 
not provide coal export elasticities which could be used to measure induced 
traffic benefits. However, it does provide us an illustration of how to 
estimate coal demand. 
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