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been? Projections that included separate commodity 
classifications proved to be sufficiently reliable for use 
in planning, initial phasing, design, and construction of 
facilities. Freight projections were generally much too 
conservative. Projections on the rate of sale or lease 
of land have been rare but relatively reliable. 

2. What general range of reliability is required? 
Because the responses offered little useful information 
on this question, what follows is based on our own per
sonal observations. 

Facilities planning usually falls into two distinct cat
egories: (a) public (gene1·al-purpose) terminal and (b) 
associated waterfront industrial park. The public ter
minal by its nature must be planned for a wide range of 
commodity classifications and, once the original water
front facilities are constructed, expansions can rapidly 
be made to fit unexpected increases in certain commodi
ties. In addition, wharf and mooring capacity usually 
exceeds other terminal capacity by so much that expan
sions do not require the per-meg·agram resources of 
original design and construction. Projections of amount 
of freight are more likely to be used to justify financing 
than to clarify detailed design and planning decisions for 
the public terminal. 

From a planning viewpoint, the related waterfront 
industrial park resembles ordinary industrial subdividing 
except that it is also oriented to waterway transport. 
Both waterfront and nonwaterfront sites are essential. 
Planning, therefore, is more likely to focus on the sale 
or lease of the land than on commodity and freight pro
jections, although these projections do constitute a broad 
indicator. Obviously, then, commodity freight projec
tions need not be very precise from a planning view
point. Instead, they should indicate a median projection 
with a stated wide variation above and below that median, 
and this should in turn create a demand for physical 
plans that indicate minimum anticipated development as 
well as possible expansions. 

The question of the general range of reliability re
quired for purposes of physical planning merits additional 
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research, including a larger sampling, more detailed 
responses, and the construction of a historical base for 
review at various time intervals. 

3. To what source would the experienced port oper
ator look today for reliable data on which to base pro
jections of commodity freight? There appears to be no 
single reliable source for such data or, if there is one, 
it has not yet been proved by real-world testing. Port 
operators did not provide any new answers. Although 
this is a topic that does not currently merit any additional 
research, it would be appropriate to ask the question 
again because port operators are continuously gaining 
experience and exposure on the front line of the inland 
waterway transportation industry. 

The center of gravity of research in commodity 
classes and freight projections is invariably national 
policy and how to influence it. But it is the local deci
sion maker who must use projections because he or she 
must live within specifically or vaguely stated national 
policy. Local decision makers need more help than they 
are getting in this area. 

4. Is more detailed investigation justified? We rec
ommend researching a simple system for one federal 
agency, bureau, commission, association, or business 
to provide frequently updated box scores on projections. 
The how, who, what, and where would be part of the re
search. The initial cost should be low-perhaps 
$ 85 000-to encourage simplicity. Funding should be 
by a nonoperating research organization, one that cannot 
suggest it assume the updating role following initial re
search. The project should (a) suggest a format for 
minimum projection tabulatiort so that updated box scores 
can be meaningfully assembled, (b) show singly or in 
combination the sources of data and opinion that have 
proved most reliable, and (c) indicate a general range 
of projection development costs that has proved optimum, 
perhaps as a percent of project construction costs, to 
determine whether there is a point at which additional 
projection costs produce rapidly diminishing returns in 
the form of useful projections. 

Transportation Analysis for Inland 
Waterway Planning 
Mark T. Veith and Michael S. Bronzini, CACI, Inc., Arlington, Virginia 

The inland navigation systems analysis program of the U.S. Army Corps 
of Engineers is an integrated system of models, data, and planning pro
cedures designed to explain, predict, and plan for U.S. inland waterway 
transportation. The program forecasts future waterway traffic by means 
of commodity-flow and multimodal network models. The commodity
flow model is similar to a multiregional input-output model with variable 
coefficients, in which market behavior and transportation costs determine 
location, composition, pricing, and level of output and the interregional 
commodity flows derived from them. The multimodal network model 
allocates these commodity flows to the several modes, based on transpor
tation cost and performance criteria, and the allocations, as applied to 
the inland waterway system, constitute the waterway traffic forecast. 

The Inland navigation systems analysis (INSA) program 
of the U.S. Army Corps of Enginee1·s (1) is an integrated 
system of models, data, and planning procedures de
signed to explain, predict, and plan for U.S. inland water
way transportation and to help planners reach thoroughly 
examined investment, operation, and maintenance decisions 
for inland waterways. The models are designed to mimic 
the national market system and the role of inland water
way transportation within that market system by simu
lating both inland waterway transportation and transpor
tation markets within the national market system. The 
purpose of this paper is to descr.ibe the models and to 
explain how they are used to estimate demand for in-



land waterway transportation. 

BACKGROUND 

Figure 1 shows a schematic of the INSA structure. 
Forecasts of demand for commodity transportation are 
provided by commodity-flow analysis; then these fore
cast commodity flows are allocated to various modes by 
means of multimodal analysis, based on transportation 
cost and performance criteria. Allocations to the in
land waterway system are input to the INSA waterway 
analysis and enable detailed estimates of future fleet 
requirements for the towing industry and operating char
acteristics of waterway systems. The cost and perfor
mance results of both the multimodal and waterway anal
yses are then used to evaluate systems and projects. 
Feedback from the multimodal analysis to the 
commodity-flow analysis indicates that INSA allows 
transportation cost and level of service to influence the 
spatial patterns, mixes, and quantities of commodity 
flows. 

INSA commodity flow and multimodal analysis to
gether constitute a model of transportation demand, 
which can be viewed at several levels during the analy
sis. Some of the dependent variables involved are de
fined as follows: 

S1 = quantity shipped from region i, 
DJ = quantity shipped to region j, 

Q1J = quantity shipped from region i to region j, 
Q1 J• = quantity shipped from region i to region j by 

modem, 
Q,Jmr = quantity shipped from region i to region j by 

mode m via route r, and 
Q,Jmr~ = quantity shipped from region i to region j by 

mode m over netwo1·k element (node or link) 
p of route r. 

Simultaneous equation models and direct demand 
models that directly predict any of these variables can 
be formulated. A more typical approach is to take ad
vantage of the hierarchical structure shown above by de
veloping a chain of sequential models. Demand hier
archy and its implication for model building are dis
cussed by Manheim (2) and Brand (3). 

INSA uses the sequential approach, The first three 
variables, s,, DJ, and Q1 J, are predicted by the 
commodity-flow model. Predictions of the other three 
variables are made in the mulllinodal network model, 
given interregional commodity flows (Q1J). A discussion 
of both model systems follows. 

COMMODITY-FLOW ANALYSIS 

Model 

The INSA commodity-flow model, accurately termed a 
regional economic activity and commodity-flow model, 
makes use of already well-known theory and empirical 
evidence but integrates them in a way that has been at
tempted only once (4). Typical of the overall structure 
of the model is the multiregional input-output approach 
(5, 6, 7). The elusive monetary coefficients normally 
present, however' are not relied on; instead, physical 
technical coefficients (8) are evaluated from regional 
production functions (9-;-10). Given economic activity by 
region, flow patterns are analyzed by use of multire
g ional general equilibrium logic (11). The false security 
provided by some accepted models,"" such as physical 
analogs of mass attraction (12, 13), is avoided. 

In the INSA commodity-flow model, the U.S. economy 
consists of a set of regions, each of which contains a 
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set of economic sectors or industries. Each industry 
produces a product to satisfy domestic consumer de
mand, export demand, or demand from other industries. 
The production process requires that each industry com
bine raw materials, labor, and capital goods to produce 
its product; each industry, therefore, seeks the optimum 
combination of input. The mix and sources of items used 
in production depend on delivered input prices, including 
the price of transportation. Commodity flows occur 
within this system as raw materials travel to the indus
tries demanding them and as what those industries pro
duce travels to locations of domestic consumer demand, 
export demand, and other industrial demand. 

The commodity-flow model is similar to a multire
gional input-output model, in which market dynamics de
termine the location, composition, and pricing of output 
and the behavior of economic aggregates determines the 
level of output. Within this system firms and households 
select commodity suppliers and producers compete for 
customers on the basis of delivered price, which includes 
the price of transportation from supplier to consumer and 
the transportation cost built into free-on-board (FOB) 
price because of the transportation charge for gathering 
raw materials. The INSA commodity-flow model, there
fore, generates a demand for transportation that depends 
in part on transportation price. 

Brief descriptions of some of the major features of 
the model follow. 

Economic Activity 

Commodities are identified as output from an economic 
activity. Each activity consists of a production function 
type, a mix of required input commodities, and a unit of 
measure. 

Sector 

The basic unit on which the model operates is the regional 
sector for each activity. Each sector in a region has 
initial prices for labor, capital, and material and may 
have unique parameters for production function. Real
istic levels of production may be set by placing output 
constraints on each sector. (Output constraints may re
flect depleted mineral reserves or constraints imposed 
for environmental reasons.) 

Region 

The study area may be divided into regions by a standard 
approach such as that used by the Bureau of Economic 
Analysis (BEA), or by a variety of other means. If data 
needs are simple, states may be appropriate regional 
units, or counties can be used if greater detail is de
sired. A mix of definitions, such as BEA regions in the 
Mississippi and Ohio valleys and whole states on the At
lantic and Pacific coasts, can be used if economic ac
tivity near inland waterways is of primary interest. 

Demand 

All categories of demand for commodity requirements
foreign export, domestic final, and intermediate-are 
measured in physical units, such as tons or kilowatt
hours, rather than in monetary units. (The INSA model 
is based on U.S. customary units, and thus no SI equiv
alents are given.) 

Because foreign export demand is given externally to 
the model throughout simulation, price elasticity of 
foreign demand must be exogenously estimated. Domestic 
demand, as estimated by the model, is assumed to be 
unitarily elastic with respect to price, but the analyst 
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may use values based on alternative assumptions for 
estimated domestic demand. 

Production Function 

The aggregate production and consumption behavior of 
firms in a given sector is described by a production 
function, the form or type of which is activity specific, 
although the parameters may vary between regions to 
reflect technologkal diller el1Ces. Firms with in a region 
are treated ai, a group because (a) the lilcely beJiavior of 
every firm in the nation cannot be computed and (b) data 

Figure 1. INSA system. 
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needed to fit production functions for individual firms 
are generally not available. 

A production function represents the quantity, cost, 
or price of output in relation to the quantity, price, or 
mix of input. In the commodity-flow model, it is as
sumed that the sector will produce the quantity consum
ers desire. Demand, however, depends on price mech
anisms. Two fundamental types of production functions 
are available to the analyst using the model: fixed input 
proportion and a wide range of variable substitutions. 
Fixed proportion is the easiest to estimate because the 
only data needed are those such as the ratio of labor in
put to unit of commodity output and units of material in
put per unit of commodity output. Thus, when demand 
is given for a commodity in a sector, the factors and in
dividual materials required are solved directly. 

Model Organization and Logic 

The commodity-flow model iterates through a series of 
calculations to arrive at predicted annual commodity 
flows for the current year and demand estimates and new 
parameters for the following year. Organization of the 
model is shown in Figure 2. 

Because calculations of regional economic activity and 
flow allocation fluctuate for every sector, the logic for 
both calculations is shown in the same box. The model 
uses successive approximations to forecast commodity 
flows and tests for convergence between the last two ap
proximations; failure to converge leads to additional 
processing. A successful test computes domestic com
modity demand for the coming simulated year. 

The main features of model logic are as follows: 

1. Calculating minimum cost and location-The model 
first calculat es minimum delivered price of each com
modity by consumer 1·egion and supply region (delivered 
price is defined as FOB price plus transportation cost). 

2. Allocating demand-Demand or purchasing regions 
(aggregations of individuals and fir ms) are treated as 
rational, economic decision-making units. Domestic or 
foreign market demand by location is satisfied by pro
duction regions offering the lowest delivered price. The 
allocation of demand to production regions defines a por
tion of commodity flow as well as the demand for the 
output of each regional sector. No direct checks are 
made to determine if new demand exceeds the capacity 
of a sector; in such a case, the model increments FOB 
price until demand does not exceed capacity. 

3. Estimating transportation cost-Detailed models 
such as the INSA multimodal network model may be used 
to estimate transportation cost because cost is entered 
into the model externally. Any set of costs may be en
tered to analyze potential policies or unusual ev;ents. 

4. Forecasting economic activity- Production in any 
sector is composed of and driven by export demand, do
mestic final demand, and demand created by other eco
nomic activities. Given prevailing production price, a 
minimum cost mix is used to produce desired demand, 
which defines, by sector, such production factors as the 
amounts of commodities the sector requires from other 
sectors. The price and amount of what is consumed de
termine the FOB price of that sector's commodity. 

5. Allocating commodity flow-Materials required 
for production by a sector are allocated to other sectors 
for production. The criterion used is minimum delivered 
cost-FOB price in the producing sector plus transporta
tion cost between regions. 

6. Computing consumption-Wages paid by each sec
tor contribute to the income of consumers in a region. 
Household income, derived from distributed returns on 
capital, is allocated to regions on the basis of per capita 



earned income. Regional income is then spent or con
verted to demand for commodities and services by using 
a function for aggregate household consumption. 

The principal output of the model is a set of region-to
region commodity flows that can be used in the planning 
process, and additional outputs include regional eco
nomic activity, national income, and value added. 

MULTIMODAL ANALYSIS 

Figure 1 shows the pivotal role of multimodal analysis 
in the INSA model. One of the major purposes of INSA 
multimodal analysis is to translate interregional esti
mates produced by the commodity-flow model into esti
mates of port-to-port waterway traffic. Because inland 
waterways are only one element of a multimodal trans
portation network in which waterways compete for 
freight traffic with other modes, forecasts of waterway 
transportation demand must be made within this com
plex framework. Analysis of intermodal competition is 
necessary if forecasts of waterway commodity flows are 
to be accurate. 

Network Model 

The INSA multimodal network model is based on standard 
techniques of transportation systems analysis (14, 15, 16, 
17, 18). The model dillers, however, from mosf freight 
transport demand models, such as those developed by 
Silberberg (19), Sasaki (20), Baumol and Quandt (21), 
Herendeen (22), and the National Bureau of standards. 
The difference is that the INSA model does not use a 
separate modal-split model but combines modal share 
and network routing analyses. A complete treatment of 
the theoretical base and logical structure of the model 
is available elsewhere (1). The main features of the 
model are described below. 

Transportation Network 

The multimodal transportation network is a set of con
nected links and nodes for which the descriptive format 
is similar to that developed by the U.S. Department of 
Transportation (24l. Links representing line-haul trans
portation facilities are described by nodes at each end 
of the link, length, transport mode, capacity, and tran
sit time and cost parameters. The nodes have attributes 
such as name, number, location (coordinates), mode, 
capacity, and time and cost parameters. A special class 
of links called access links represent local transporta
tion and connect commodity origin and destination re
gions to the network. Another special class of links 
representing intermodal transfer facilities and opera
tions unite the modal subnetworks into an integrated 
multimodal network. 

Performance Functions 

The operating characteristics of links and nodes are 
represented in abstract form as functions that relate the 
cost of traversing a link or node to the amount of traffic 
that uses that link or node. These costs are intended to 
be fully allocated and may not equal the transportation 
rates paid by shippers. (Because the formulation of the 
model is general, rates can be used if desired.) Capac
ity functions are similar functions that relate transit 
time to shipment volume. Cost and capacity functions 
for intermodal transfers and for regional access are 
also used. 
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Commodity Movements 

Each item for transportation is described by region of 
origin and destination, commodity type, and tonnage. 
Optional specifications of historical or estimated modal
split percentages and desired route from origin to des
tination are also permitted. Commodity types are de
fined by two-digit classification, value, and inventory 
factor (sensitivity to shipment time). 

Routing Cost 

Least cost routes (from the shipper's viewpoint) from 
origin to destination are found for all shipments. Both 
perceived and economic costs are allowed to vary with 
shipment volume on each link, and features that help to 
achieve equilibrium are included. 

Model Organization and Logic 

Figure 3 shows the organization of the multimodal net
work model. The main operations of the model, which 
consist of algorithmic processes that select paths and 
assign traffic, are described below. 

Path Selection 

A principal function of the model is to determine the 
least cost path for each commodity movement by using 
data that include definitions of the multimodal network 
in terms of nodes and links and, for each commodity 
movement, origin and destination regions, tonnage, com
modity type, and route restrictions, if any. The problem 
is to find the minimum cost path between the origin and 
destination regions for each commodity movement, a 
path being defined as a sequence of connecting nodes and 
links. 

Determining routes between two points in a network 
is a familiar problem in transportation analysis, and the 
multimodal network model uses standard solution tech
niques (26, 27, 28) developed for finding the least time, 
or in this case least cost, route. The cost of trave1·sing 
a network element is defined as the shipment cost (de
termined from the element's cost function) plus the cost 
of delay as perceived by the shipper, which is defined as 
the product of transit time, commodity value, and com
modity inventory factor where transit time is determined 
from the element's capacity function. 

The minimum path algorithm finds the path from ori
gin to destination that minimizes the cost incurred for 
traversing the nodes and links making up that path. De
centralized shipper decision making is assumed; i.e., 
paths that minimize cost from the individual shipper's 
viewpoint are generated rather than paths that minimize 
total systemwide cost. The aggregate result of individ
ual decisions should converge toward a global optimum 
if all parts of the modeled market system are truly com
petitive. 

Path Constraints 

If commodities are restricted as to transportation mode, 
nodes and links of the modes not used are not considered 
in the path selection process (e.g., noupetroleum prod
ucts at'e not shipped by peh·oleum pipeline). Individual 
shipments may also be restricted to a specified route 
from origin to destination. Links and nodes are limited 
to carrying flows below their capacities. 

Circuity Constraint 

To lessen computational problems, a constraint is im-
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posed on the number of routes considered in the path
selection process by assuming that the location of each 
node is given in terms of geographic coordinates. An 
ellipse of given eccentricity is then constructed about 
the origin and destination regions for a particular com
modity movement; the major axis of the ellipse is 

Figure 3. Organization of INSA multimodal network 
model. 
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the straight line connecting the centers of the two regions. 
The path-selection algorithm then considers only those 
routes between the two regions that lie totally within the 
ellipse. In effect this ellipse constitutes a circuity con
straint that greatly shortens the amount of computer pro
cessing time required, although the price paid is that 
circuitous routes that may be less costly than the se
lected route are ignored. 

Inertia Effect 

An optional inertia effect included in the model may be 
used to constrain a specified portion of any commodity 
shipment to observe modal-share percentages input by 
the user for that shipment. Least cost paths are built 
for tonnage constrained by mode by using only nodes and 
links of the specified mode. The remainder of the ship
ment is free to select the best route. This feature re
flects the realities of long-term shipper contracts and 
other commitments and also prevents the modal results 
from oscillating in response to small cost differentials 
among modes. 

Assignment Algorithm 

An iterative procedure is used to assign shipments to the 
network. For a base-year case, link and node costs are 
set by entering the performance functions with flow vol
umes equal to the practical capacity of each element 
(volumes for which delays ar e no1·mal) or some either 
user-supplied estimate of volume. Shipments with fixed 
routes are assigned by increasing the loadings on each 
link and node in the route by the amount of shipment. 
Shipments with a fixed mode choice are assigned by using 
the path selection routine. All elements in the path must 
be of the selected mode. All other shipments are as
signed by using normal minimum path logic, and all costs 
are updated to correspond to the total assigned traffic. 
This process is repeated in an ite1·at ive fashion until as
sumed and final volwnes (and costs) agree within some 
specified tolerance. For succeeding time periods, vol
umes and final costs from one period are used as the 
base volume and cost estimates for the next period. 

Output Processing 

Standard types of output reports produced by the model 
artJ iis ltJd bdow. 

1. Optional path traceback for each shipment, which 
displays nodes along the selected path through the multi
modal network; 

2. Network flow and cost, .for each link and node in 
the network, including (a) t onnage assigned, (b) t ransit 
time, (c) ave1·age s hitlpil1g cost, (d) average inve11tol'y 
cost, and (e) ave1·age total cost; 

3, Network flow and cost summary, for each mode 
by node and link class, including (a) average kilotons and 
kiloton miles (links only), (b) total kiloton days , (c) cost 
per kiloton mile (links only), and (ct) total cost; and 

4. Network flow and cost summary by commoclity, 
for eacll commodity class by mode, including (a) modal 
share of kilotons, kiloton miles, and kiloton days and 
(b) modal share of shipping, inventory, and total costs. 

In addition, the model provides interface data files for 
input to other models. Average transportation costs are 
generated for each commodity and origin-destination 
pair to be used by the INSA commodity-flow model. For 
any designated mode, the model keeps track of which 
nodes were used to enter and leave that modal subnet
work and produces a file of traffic by node of origin and 



destination and by commodity. This feature may pri
marily be used to produce port-to-port commodity flows 
for input to the INSA inland navigation simulation model. 
It was to determine these prospective waterway traffic 
flows that the model was originally developed. The ad
ditional planning information listed above is generated 
in the process of obtaining these flows. 

INTEGRATED COMMODITY- FLOW, 
MULTIMODAL, AND WATERWAY 
ANALYSIS 

Figure 4, which is an expanded version of Figure 1, 
shows the overall structure of the INSA system in the 
form of a set of interrelated models. In comparing the 
two figures it may be noted that waterway analysis is 
expressed in the form of two models, the inland water
way flotilla model and the inland navigation simulation 
model. In Figure 4 the commodity-flow model serves 
as the main driving force of the other models, prescrib
ing the kinds and amounts of cargo to be transported. 
The multimodal network model allocates commodity 
flows to the four principal modes of intercity cargo 
transportation and represents these modes at equal 
levels of abstraction. Waterway freight traffic, as de
termined by the multimodal network model, is then in
put to the two waterway models. The inland waterway 
flotilla model represents the structural aspects of the 
waterway system in detail but represents waterway traf
fic flows in the abstract. This model is used primarily 
to generate fleet forecasts that are consistent with ex
pected commodity flows and characteristics of the water
way network. Forecasts of fleet and waterway traffic 
are then input to the inland navigation simulation model, 
which in comparison with the other models contains a 
detailed representation of the structure and operation of 
the waterway system. The models collectively provide 
measures of the cost and performance characteristics 
of transportation resources used to satisfy the demand 
for commodity transportation. 

The components of the INSA system described above 
are designed to permit navigation planning to be carried 
out in a multimodal context by providing four general 
capabilities: 

1. Analysis of the effects of transportation costs on 
future commodity flows, 

2. Estimation of the modal split of freight traffic, 
3. Evaluation of the intermodal impacts of waterway 

improvements, and 
4. Comparison of waterway investments with equiv

alent investments in other modes. 

ACKNOWLEDGMENTS 

The work described in this paper was -carried out under 
contract with the U.S. Army Corps of Engineers under 
the direction of the Systems Analysis Applications 
Branch, Planning Division, Office of the Chief of Engi
neers. Branch personnel who contributed to this portion 
of the INSA study included D. Koch, A. Hawnn, and F. 
Sharp. Assistance and advice were also received from 
D. Anderson, Transportation Systems Center, U.S. De
partment of Transportation; R. Schofer, National Bureau 
of Standards; and A. Eickhorst, consultant. Other CACI 
contributors were C. Strack, A. Clark, R. Kistler, M. 
Rahrer, and W. Clark. 

REFERENCES 

1. Inland Navigation Systems Analysis. CACI, Inc., 
Arlington, Va.; Office of the Chief of Engineers, 

U.S. Army Corps of Engineers, Vols. 1-8, July 
1976. 

13 

2. M. L. Manheim. Practical Implications of Some 
Fundamental Properties of Travel-Demand Models. 
HRB, Highway Research Record 422, 1973, pp. 
21-38. 

3. D. Brand. Travel Demand Forecasting: Some 
Foundations and a Review. HRB, Special Rept. 143, 
1973, pp. 239-282. 

4. M. S. Bronzini, J. H. Herendeen, Jr., J. H. 
Miller, and N. K. Womer. A Transportation
Sensitive Model of a Regional Economy. Transpor
tation Research, Vol. 8, 1974, pp. 45-62. 

5. W. Leontief and A. Strout. Multi-Regional Input
Output Analys is. In Structural Interdependence and 
Economic Development (T. Barna, ed.), Macmillan, 
London, 1963. 

6. B. G. Hutchinson. Forecasting Inter-Regional 
Commodity Flows. Univ. of Waterloo, Ontario. 

7. J. Mortensen. Forecasting Interregional Freight. 
In Application of Operations Research to Transpor
tation Problems, Western Periodicals, North Holly
wood, Calif., 1973. 

8. L. N. Moses. Outputs and Prices in Interindustry 
Models. Papers, Regional Science Association, 
Vol. 32, 1974, pp. 7-20. 

9. R. J. Moroney. The Structure of Production in 
American Manufacturing. Univ. of North Carolina 
Press, Chapel Hill, 1972. 

10. N. Shakashita. Production Function, Demand Func
tion and Location Theory of the Firm. Papers, Re
gional Science Association, Vol. 20, 1968, pp. 109-
122. 

11. L. Cooper. Solutions of Generalized Locational 
Equilibrium Models. Journal of Regional Science, 
Vol. 7, 1967, pp. 1-8. 

12. P. O'Sullivan and B. Ralston. Forecasting Intercity 
Commodity Transport in the U.S.A. Regional 
Studies, Vol. 8, 1974, pp. 191-195. 

13. A. G. Wilson. Entropy in Urban and Regional Plan
ning. Pion Limited, London, 1970. 

14. M. L. Manheim. Search and Choice in Transport 
Systems Analysis. HRB, Highway Research Record 
293, 1969, pp. 54-82. 

15. E. N. Thomas and J. L. Schofer. Strategies for 
the Evaluation of Alternative Transportation Plans. 
NCHRP, Rept. 96, 1970. 

16. Methodological Framework for Comprehensive 
Transportation Planning. Transportation Research 
Institute, Carnegie-Mellon Univ., Pittsburgh; Penn
sylvania Transportation and Traffic Safety Center, 
Pennsylvania State Univ., University Park, 1968, 

17. R. J. Paquette, N. A. Ashford, and P. H. Wright. 
Transportation Engineering. Ronald Press, New 
York, 1972. 

18. M. Beckmann, C. B. McGuire, and C. B. Winsten. 
Studies in the Economics of Transportation. Yale 
Univ. Press, New Haven, Conn., 1956. 

19. E. Silberberg. The Demand for Inland Waterway 
Transportation. Water Resources Research, Vol. 
2, No. 1, 1966, pp. 13-29. 

20. B. R. Sasaki. Predicting Transporter's Choice of 
Mode. TRB, Transportation Research Record 577, 
1975, pp. 13-18. 

21. R. E. Quandt and W. J. Baumol. The Demand for 
Abstract Transport Modes: Theory and Measure
ment. Journal of Regional Science, Vol. 6, 1966, 
pp. 13-26. 

22. J. H. Herendeen, Jr. Theoretical Development and 
Preliminary Testing of a Mathematical Model for 
Predicting Freight Modal Split. Pennsylvania 
Transportation and Traffic Safety Center, Penn-



14 

sylvania State Univ., University Park, Rept. TTSC 
69D8, April 1969. 

23. J. R. Meyer, ed. Techniques of Transport Plan
ning. Brookings Institution, Washington, D.C., 2 
vols, 1971. 

24. Urban Transportation Planning: General Informa
tion and Introduction to System 360. Federal High
way Administration, U.S. Department of Trans
portation, March 1972. 

25. E. F. Moore. The Shortest Path Through a Maze, 

Proc., International Symposium on the Theory of 
Switching, Harvard Univ., April 1957, Harvard 
Univ. Computation Laboratory Annals, Vol. 30, 
1959, pp. 285-292. 

26. G. B. Dantzig. On the Shortest Route Through a 
Network. Management Science, Vol. 6, 1960, pp. 
187-190. 

27. S. E. Dreyfus. An Appraisal of Some Shortest
Path Algorithms. Operations Research, Vol. 17, 
1969, pp. 395-412. 

Inland Navigation Systems Analysis 
Arthur F. Hawnn and Francis M. Sharp, Office of the Chief of Engineers, U.S. 

Department of the Army 

The objectives of the inland navigation systems analysis program are to 
develop within the U.S. Army Corps of Engineers the capability to op
timize the design and schedule for implementation of future improve
ments to U.S. inland waterways and improve the operating efficiency of 
inland navigation. The program is an integrated system of four computer 
models, data, and planning procedures to (a) forecast commodity flows, 
(b) predict modal shares of traffic, (c) simulate and monitor inland water
way transportation, (d) predict economic impacts of inland waterway 
improvements, and (e) select the best size, location, and timing of inland 
waterway improvements. 

The inland navigation systems analysis (INSA) program 
of the U.S. Army Corps of Engineers is designed to help 
Corps planners make the best possible decisions con
cerning the development of the inland waterway system 
and specifically to help them achieve two goals: to op
erate and maintain the inland waterway system as effi
ciently as possible and to select the best size, location, 
and timing of inland waterway improvements. 

INSA essentially provides a planning capability and 
comprises an integrated system of four models, data, 
and planning procedures. Because the program recog
nizes that waterway transportation is a dynamic physi
,,!:IT ci:rch~rn ArnhArlrlP.rl in !'In Pf'ill~lh:r rhrn~mif' rnnltimnrh:tl 
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transportation market and national economic system, 
the system of models is designed to mimic the national 
market system and the role of inland waterway trans
portation within that market system. INSA simulates 
the market forces by use of a commodity-flow model 
and a multimodal model. The commodity-flow model 
is a multiregional input-output model designed to repro
duce the market conditions of the U.S. economy, and the 
multimodal model gives modal transportation supply 
conditions. When these models operate together, they 
simulate the interplay of the national economy and the 
modal transportation system in bulk commodity move
ment. 

Another pair of models simulates inland waterway 
transportation. Interaction among commodity traffic, 
the towing industry, and the waterway are simulated by 
a flotilla model and a navigation simulation model. The 
flotilla model represents the towing industry's response 
to commodity traffic, physical waterway characteristics, 
and operating delays caused by congestion. Given the 
waterway network, commodity traffic patterns, and ex
pected operating delays, the flotilla model generates a 
least cost fleet or mix of towboats and barges required 
for the movement of commodities. The inland naviga-

tion simulation model is intended to represent in
land waterway navigation as a large interacting sys
tem and to test by simulation the local and system
wide performance impact of a replacement structure, 
a new channel configuration, or an entirely new water
way. The navigation simulation model can also test 
new lock operating policies, variations in lock design, 
changes in channel depth, and many other controllable 
factors. Together the two models can estimate water
way network cost and capacity for providing freight 
transportation, and those estimates in turn can be 
used to estimate economic impacts, costs, and ben
efits. 

The four INSA models are shown schematically in 
Figure 1 and described below. These four models can 
be operated together as a unit or as individual models 
by using any means or models other than those of INSA 
as input. 

This paper summarizes the results of several years 
of intensive research. Because of the extent and com
plexity of the study, it is not possible to present more 
than the general concept of the models. 

CO!VT.MOD!TY-FLOW MOnF.T. 

The purpose of the INSA commodity-flow model is to 
forecast the demand for interregional bulk commodity 
transportation. The commodity-flow model is largely 
concerned with predicting the size and shape of particu
lar sectors of an economic system. In the model, . an 
economy consists of a set of regions, each of which con
tains a set of economic sectors or industries. These 
economic sectors produce an output product to satisfy 
perceived domestic and export demand. The production 
proces s in each sector requires using a combination of 
inputs (raw materials, labor, and capital goods) to pro
duce the output product. The mix and sources of inputs 
to the production process depend primarily on delivered 
input prices, including the price of transportation, as 
each sector seeks efficient input combinations. Com
modity flows occur in this system as raw materials 
travel to production sites and commodities move to sat
isfy domestic and export demand. 

The commodity-flow model is ·a multiregional input
output model in which market dynamics determine the 
location, composition, and pricing of output and the be
havior of economic aggregates determines the level of 
output. In this system consumers select commodity 




