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Freight Transport on the Mississippi: 
An Analysis of Time Series Data 
H. Wade German, Pullman-Trailmobile, Inc., Chicago 
Larry C. Peppers, Creighton University, Omaha 

The Mississippi River system has enjoyed a unique growth cycle in com
parison with other domestic waterways. In the 1959 to 1973 time period 
freight increased by 140 percent. The problems of water transport have 
been largely neglected, however, as government transportation planners 
have focused on the more readily apparent crises in rail transport. This 
study analyzes the historical patterns of commodity traffic on the Mis
sissippi and presents a set of econometric forecasting equations. Specific 
projections of commodity freight are estimated and analyzed for the 
1977 to 1990 time period; of particular importance is the analysis of 
coal transport and its impact on the Mississippi system. The study also 
discusses institutional changes, such as the controversy over Locks and 
Dam 26 at Alton, Illinois, which may imperil future capacity expansion 
programs on the Mississippi. 

The growth record of freight transport on the Mississippi 
River during the past 15 years is impressive: from 
109.1 million Mg (120.3 million tons) in 1959 to 274.5 
million Mg (302.6 million tons) in 1974, a compound 
growth rate of approximately 5 percent (Table 1) (4). 
During the same period, ocean-going and inland water
way freight showed compound growth rates of 5.6 percent 
and 4.6 percent, respectively. All segments of Mis
sissippi River freight demand have thus significantly 
outpaced the 3. 7 percent growth rate of the real gross 
national product during this time period. Comparing 
the growth differential of Mississippi water transport 
with the economy at large strengthens the theory that 
inroads have been made into the activity of other trans
port modes, such as rail; the information in Table 1 is 
too aggregative, however, to enable us to make con
cluslons about which commodities are propelling growth 
in freight shipments on the Misslssippi. 

The purpose of th.is paper is to analyze the historical 
factors that generated demand for logistic services 
on the Mississippi River system and to develop 
disaggregated projections of future freight on the Mis -
sissippi that can shed some light on current policy 
issues in water transport. Several major reasons can 
be cited for such a study. First, the United States is 
slowly moving towarda national freight tl·ansportation 
plan (1). Upto the present time attention has been focused 
on transportation crises such as the bankrupt condition 
of many eastern railroads and the establishment of the 
Consolidated Rail Corporation (Conrail). Water transport 
may not be at the crisis stage, but research to determine 
likely growth parameters is badly needed. Maintaining 
water transportation as a viable and efficient part of the 
national transportation system requires time for advance 
planning. Both motor caniers and the railroad industry 
have their freight networks, or 1·oadbeds, in existence, 
and only normal maintenance is required. To augment 
system capacity motor freight carriers can add addi
tional power units within 2 to 3 months or expand their 
trailer fleets within 8 to 12 weeks; railroads can add to 
their rolling stock within 6 to 9 months. Development 
oi a new and bigger set o'f locks on the Mississippi, 
however, may take 7 to 10 years (2). 

A second major area of concernthat strengthens the 
need for research in water transport is the political 
one. Congress, the executive branch, and the courts 
are all involved in the controversy surrolUlding the U.S. 
Army Corps of Engineers plan to expand Locks and Dam 

26 at Alton, Illinois. This project, which would greatly 
increase capacity on the upper Mississippi, would 
directly threaten rail dominance in grain transport. 
Congress is also considering legislation that would grant 
the right of eminent domain to coal slurry pipelines. 
Although the immediate threat is to western railroads, 
there is also a potential threat to bulk transport on the 
Mississippi River system. Thus there are both an 
immediate and a long-run need to provide political 
decision makers with information about water freight 
transport. 

DISAGGREGATING GROWTH OF 
MISSISSIPPI FREIGHT TRANSPORT 

The Mississippi River system has enjoyed a unique 
growth cycle in comparison with other domestic water
ways (Table 2) (5). From 1959 to 1973, megagrams at 
point of origin increased by 140 percent on the Mississippi 
but fell by 8 percent and 61 pe1·cent respectively on the 
Great Lakes and the Atlantic and Gulf Coast. Pacific 
Coast carriers experienced steady gains during the 1958 
to 1969 period, ·but the level of traffic has fallen since 
1969. [Because the purpose of Table 2 is to compare the 
relative growth rates of domestic water systems, the 
Mississippi River figures are not directly comparable 
to data in Tables 1 and 3.] The strong performance of 
water transport on the Mississippi raises several ques
tions: What commodities have stimulated this surge in 
Mississippi freight transport? How will future growth 
estimates compare with the past growth pattern? 

Table 3 (4) gives an overview by commodity of the 
composition -of Mississippi River freight (both inland and 
ocean-going for all carriers) during the 1963 to 1974 
period. Comparing the percentage composition of freight 
in 1963 and 1974 (Table 4) reveals a shift toward a rela
tively greater concentration in the areas of grain, coal, 
and chemicals; ores, metal products, and petroleum 
and petroleum products have made up a declining share 
of the total traffic. But there has been an across-the
board increase in the absolute freight levels of all major 
commodity categories (Table 3). Chemicals and fer
tilizer products exhibited a compound growth rate of 
12 .1 percent between 1963 and 1974. Coal and lignite 
also jumped dramatically, climbing by a compound 
annual rate of 9.5 percent. Grain and soybeans was 
close behind with a growth rate of 8. 7 percent. Although 
overall growth was moderated by slower growth in some 
sectors, a dramatic 6.1 percent compound growth rate 
resulted over the 11-year period from 1963 to 1974. 

The data in Table 3 provide a broad picture of the 
commodity base for total growth in freight transport on 
the Mississippi; Table 5 (4) further breaks this infor
mation down by transport route (upper Mississippi in
dicates north of St. Louis, above the confluence of the 
Mississippi and the Missouri) for each commodity category 
and bymegagrams of freight which isolates the divergent 
growth patternfor eachcommodity. The corresponding 
breakdown for aggregate Mississippifreight is also given. 

By using the data in Table 4, one can develop a more 
adequate information base for use in analysts. For ex
ample, between 1963-and 1974 the total 92 percent increase 
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in all commodities can be linked to an increase of 89 percent 
for ocean-going and 94 percent for inland traffic; the latter 
figure can, in turn, be related to a 100 percent increase in 
upper inland freight and a 91 percent increase in lower 
inland freight. Analysis of the 1963 percentage composition 
reveals that the amount of grain and soybeans carried 
on the upper Mississippi rose by 185 percent between 
1963 and 1974, providing over half the gain in upper 
Mississippi freight for this time period. As a direct 
result, grain and soybeans now comprise 40 percent 
of the freight handled on the upper Mississippi. 

1990 FREIGHT FORECAST 

Any attempt to develop long-run forecasts is difficult, 
especially so when one examines individual segments 

Table 1. Growth of freight transport on the Mississippi, 1959 
to 1974. 

Index 
(1959 • 100) 

Mississippi~ 
Upper Total Upper 

Ocean- Inland Miss is- Missis- Miss1s-
Year Going Waterway Total sippib Slppl Slppl 

1959 36,3 72.7 109.1 23,5 100 100 
1960 41.6 74.6 116,4 24.9 107 106 
1961 44.7 79,0 123.7 25,5 113 109 
1962 52.5 83.4 136.0 27,7 125 118 
1963 54.2 88.9 143.1 28.0 131 119 
1964 57.1 92.0 149.4 30.9 137 132 
1965 58.1 101.6 159.8 34.3 147 146 
1966 67.7 108.3 176.0 37.5 161 160 
1967 74.1 119.2 193.3 40.5 177 173 
1968 73.1 125.7 198.8 41.8 182 178 
1969 74.2 134.0 208,2 45.0 191 192 
1970 85.1 142.4 227.5 49.0 209 209 
1971 83.8 147.8 231.5 47.9 212 204 
1972 84.5 162.2 246.7 55.1 226 234 
1973 92.B 157.B 250.6 52.7 230 224 
1974 102.3 172.l 274.5 56.0 252 239 

Note : Amounts are in millions of megagrams 1 Mg .. 1, 1 tons 
1 2939 km f18ll mllt\l. from, Minneapolis to the Head of Passes 
b1060 km IOOl tullinl, fr ou1 M1~1pCh1 to lhe mouth of the Missouri River Over 99 5 percl1flt of 

IIILJ l•ei1}111 WAI lftl.lNJ 'Wl'l tii!, "~v IIA1Uc tn 1974. 

Table 2. Growth rates of domestic water systems by 
freight originations of class A carriers. 

Mississippi Great PacUic Atlantic and 
Year River Lakes Coast Gulf Coast Total 

1959 43.1 18.2 10.5 9.9 81.7 
1960 44.8 23.5 11.3 9.5 B9.3 
1961 47.6 20.4 10.4 B.2 86.6 
1962 52.4 17.3 11.3 9.5 92.2 
1963 55.7 20 ,9 11. 3 9.4 98.8 
1Qfi4 MQ 15 1 to 8 9.2 92.6 
1965 56.B 15.5 12.2 9.1 95.2 
1966 69 .4 19 ,9 17 . B 6.3 113.6 
1967 73.8 20.5 16.6 6.5 11B.9 
1966 77.1 20.1 17.9 5.5 121.9 
1969 B3.4 17 .2 lB.5 3.2 122.3 
1970 94.5 17 .6 14.0 3.2 129 . 4 
1971 88.8 16.1 12.6 3.0 120.7 
1972 107.3 16.0 14.4 3.0 140.9 
1973 103.3 16.8 14. 3 3.8 138.4 

Note : Amounts a,e tn millions of megagn1ms, 1 Mg"' 1. 1 Ions. 

of the total freight transport network. Preparing a 
freight forecast for the Mississippi means implicitly 
making an aggregate rail, truck, and barge projection. 
Thus the task quickly expands into a global forecast. 
Ideally, an integrated regional forecasting system would 
be available that was capable of translating macroecon
ometric scenarios into a commodity-flow grid, but the 
present state of regional model building is crude com
pared to the technological capabilities of macroecon
ometric models. We have been forced, therefore, to rely 
on a system of equations that directly link macroecono
metric output variables (e.g., production indexes for 
steel, petroleum, and other commodities)tomegagrams 
of Mississippi freight. 

The building blocks for this study are the six com
modity categories given in Table 4. The major problem 
in developing freight estimates for the Mississippi is 
the scarcity of data. We have developed a two-directional 
forecast approach. First, aggregate (top-down) equa
tions were constructed for upper Mississippi inland, 
lower Mississippi inland, and lower Mississippi ocean
going traffic. Data were collected for the 1959 to 1974 
time period (Table 1). (As expected, 15 data points are 
insufficient for an elaborate model.) The aggregate 
equations are listed below. 

LMI = -106.02 + 182. 73JMI + 0.91 FPI 
(-7 .15) (10.37) (2.81) 

LMO = 0.70 + 35.5313 3 + 0.65EX72 
(0.12)(2.74) (3.64) 

UM!= -29.9 + 23 .9511 2 + 49.85JGAS 
(-5.3) (2.10) (8.20) 

where 

R2 = 0.94 
D.W. =2 .11 
S.E. = 5.9 1 

R2 = 0.95 
D.W. = 1.50 
S.E. = 4.57 

R2 = 0.98 
D.W. = 2.84 
S.E. = 8.20 

(I) 

(2) 

(3) 

LMI lower Mississippi inland freight (millions of 
megagrams/ year ), 

LMO = lower MissiSsippi ocean-going freight (mil
lions of megagrams/ year), 

UMI "' upper Mississippi inland freight (millions of 
megagrams/year), 

JMI =- Federal Reserve Board (FRB) production 
index for mining, 

FPI = farm oroorietors income (billions of 1972 

J33A 
EX72 

J12 
JGAS 

dollar-s ), -
=- FRB production index for primary metals, 
= Exports in 1972 dollars, 
=- FRB production index for coal, and 

FRB production index for gasoline. 

These equations were simulated by using the long-term 

Table 3. Freight transport on the Mississippi for six commodity categories, 1963 to 1974. 

1963 1966 1968 1969 1970 1971 1972 1973 1974 
1963 to 1974 

Commodity Amt. s Amt. 1 Aml. i Amt. s Amt. 1 Amt. 1 Amt. 1 Amt. 4 Aml. $ Increase { 1) 

Grain, grain 
products, and 
soybeans 26, 4 18.4 33.2 18.9 37.8 19.0 38.6 18.6 43.0 18.9 42 , 5 18.4 57.4 23 ,3 63.6 25.4 65.9 24.0 150.0 

Metallic and non-
metalli c ores 
and metal 
products 15.5 10.8 16.2 9.2 18.3 9.2 18.2 8.8 21.2 9 . 3 19.5 8.4 17.3 7.0 17.4 6.9 20.0 7.3 28.7 

Petroleum and 
petroleum 
products 62 ,7 43. 6 66.5 37.6 78.4 39.3 80.7 37.6 84.1 35,4 85.2 36, 3 79.1 34.5 61.8 33.3 90.9 33.1 45.0 

Coal and lignite 9 .2 6. 4 13.2 7 .5 17.1 8.6 17. 6 8.5 20 .0 8. 6 19 5 8.4 24. 1 9 ,8 21 .4 8,5 24.9 9, 1 171.3 
Chemicals and 

fertilizers 9.3 6.5 13 .2 7.5 15.7 7.9 17.9 8.6 20,5 9.0 26.5 11.4 31. l 12.6 30.1 12,0 32.6 11 ,9 252.0 
Other ~ 14.1 ~ 19.0 -1!:! 15.9 ~ 16.9 ~ 16.5 ~ 16.5 ..1.'.!'2. 15.3 2!!2. 14.5 ~ 14.7 100.9 

Total 143.2 100.0 175.7 100 .0 198.9 100.0 206, 1 100.0 227.5 100.0 231.5 100.0 246.6 100,0 250.6 100,0 274.8 100.0 91.8 

Note: Amounl~ are i11 millions or megagrams 1 Mg :: 11 tons 
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Table 4. Changing freight commodity 1963 1974 
mix on the Mississippi, 1963 to 1974. Commodity Increase 

Category Route Amount Percent Amount Percent (percent) 

Grains and soybe:rns Total 26.4 18 65.9 24 150 
Ocean 14.2 26 33. 6 33 136 
Inland 12.2 14 32.4 19 166 

Upper 7.9 28 22 . 5 40 185 
Lower 4.3 7 9.9 8.$ 132 

Coal Total 9.2 6 24.9 9 171 
Ocean 0.7 1 4.0 4 450 
Inland 8.4 9 20 .9 12 147 

Upper 4.4 16 6.9 12 58 
Lower 4.1 7 14.0 12 242 

Petroleum and petroleum Total 62.7 44 90.7 33 45 
products Ocean 23.9 44 32.4 32 35 

Inland 38.7 44 58,3 34 51 
Upper 8. 7 31 10.6 19 22 
Lower 30.0 49 47.7 41 59 

Construction materials Total 15.5 11 20.0 7 29 
and metals Ocean 6.0 11 8.9 9 48 

Inland 9.5 11 11.l 6 16 
Upper 3.4 12 4. 5 8 35 
Lower 6.2 10 6. 5 6 6 

Chemicals and Total 9.3 6 32.6 12 252 
rertilizers Ocean 3.0 6 12.2 12 309 

Inlanrl 6.3 7 20,3 12 225 
Upper" 1.3 5 5.0 10 321 
Lower 5.0 8 15.3 13 207 

Other commodities Total 20.1 14 40.5 15 101 
Ocean 6.3 12 11.2 11 77 
Inland 13.8 16 29.2 17 112 

Upper 2.4 9 6.1 11 148 
Lower 11.3 19 23.l 20 104 

All commodities Total 143.1 100 274. 5 100 92 
Ocean 54.2 100 102.3 100 89 
Inland 88.9 100 172.1 100 94 

Upper 28.0 100 56.0 100 100 
Lower 60.9 100 116. 2 100 91 

Note: Amounts are in millions of megagrams l Mg =- 1 1 Ions 

Table 5. Forecast of growth of freight transport on the 
Mississippi, 1974 to 1990. 

1974 to 
1990 In-
crease 

Item 1974 1980 1985 1990 (percent) 

Commodity category 
Grain 65.9 86.0 107.0 140.4 112 ,9 
Coal 24.9 37.3 52,2 73.1 194.2 
Pelroleum 90.7 105.6 125.0 149.4 64,7 
Construction 20.0 20.7 22.0 23.7 18. 6 
Chemicals 32.6 50.0 69 .7 95.6 193. 6 
Other ..!2..:.:?. ~ ~ ~ 96,6 

Total 274 ,5 353.8 441 ,7 561.7 104.7 

Route 
Total 274,5 353.8 441 ,7 561.7 104.7 

Ocean 102.3 129.l 161.2 205.0 100. 4 
Inland 172. 1 224.8 280.5 356.7 107.2 

Upper 56.0 74.8 93. 3 118.7 112 .2 
Lower 116. 1 149 .9 187.2 238.0 104 .8 

Note : Amounts are in millions of megagrams 1 Mg = 1,11ons 

economy model developed by Data Resources, Inc., 
which provided a top-down set of freight projections. 
An alternative bottom-up set of estimates was con
structed by using the six commodity categories listed 
in Table 5. Equations constructed for each commodity 
category linked, for example , megagrams of petroleum 
on the Mississippi to the FRB production index for 
petroleum products (FRB 29). These equations were 
then simulated and aggregated to find total megagrams 
of freight. As might be expected, the top-down and 
bottom-up projections differed (by about 10 percent in 
aggregate). The final figures in Table 6 are, there
fore, a hybrid set. 

Table 5 represents a business-as-usual projection 
for the Mississippi: Aggregate freight grows at a com
pound rate of 4. 5 percent over the forecast period from 
1974 to 1990, which is lower than the 5 percent rate 
experienced from 1959 to 1974. Commodities in Table 5 
show diverse growth patterns , from an 18 percent in
crease in construction to a 194 percent increase in both 
coal and chemicals. A detailed commodity-by-commodity 
approach is therefore necessary in any intelligent dis
cussion of future Mississippi growth. 

Coal projections in Table 5 illustrate the uncertain
ties that must be considered in developing long-run 
forecasts. On the one hand, Project Independence has 

created some optimism in the coal sector. On the other 
hand, the level of national coal production in 1985 is 
unpredictable. The following table gives forecasts of 
national coal production and demand, in millions of 
megagrams, as developed by various private and govern
ment sources (1 Mg = 1.1 tons). 

Forecast 
Source 1980 1985 

Temp le, Barker and Sloane (fil 669 932 
Off ice of Coal Research (l) 

5 percent growth 797 1017 
3.5 percent growth 712 844 

Project Inde pendence (8) 
Business as usua l - 812 998 
Intermediate 862 1088 
Accelerated 1248 1871 

National Petroleum Council (QI 766 908 
Task Group on Coal Supply Pot ent ial (1.Q) 776 
Mitre Corporation (11) 775 882 
U.S. Bureau of Mines (.ll) 731 905 

Even if there is a rapid increase in coal production, the 
location of mines and market areas is important to any 
forecast for the Mississippi. It is dangerous to conclude 
that, because average barge costs are 1.875 mills/ Mg• 
km (3 mills / ton-mile) compared to 5.6 to 7. 5 mills (9 
to 12 mills) for railroad, the boom in western coal will 
automatically cause an increase in megagrams of coal 
carried on the Mississippi (3 ). 

As pointed out in a recent study by the Hudson In
stitute (3 ), the western coal fields are 644 and 966 km 
(400 and-600 miles) from the nearest navigable river 
(the Missouri). The Hudson study also mentions that 
the Burlington Northern is considering a potential in
termodal link at St. Louis that would directly affect 
freight on the lower Mississippi. An alternative means 
of rail-water access to the East is the Great Lakes . 

Table 5 forecasts 1990 coal freight at 73 .1 million Mg 
(80,6 million tons), a level almost triple that of 1974. 
To put this in historical perspective, however, Missis
sippi coal freight increased from 9.2 million Mg (10 .1 
million tons) in 1963 to 24 .9 million Mg (27.4 million 
tons) in 1974-a period of stagnation in national coal 
production-which indicates that even these coal 
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projections are conservative. 
Grain and soybean transport is also unpredictable. 

As given in Table 4, this category experienced the 
largest absolute growth-more than 39 million Mg (43 
million tons)-in the 1963 to 1974 period. With a fore
cast increase of 74.5 million Mg (Table 5), it again 
provides the largest absolute impetus for growth. 

As in the case of coal, barge transport of grain 
offers significant savings to shippers. But, because 
of the seasonal nature of the commodity, capacity can 
be a critical problem, particularly in view of the 7 to 
10-year lead time required for major water improve
ment projects. A study recently carried out for the 
Illinois Department of Transportation estimated that 
the proposed expansion of capacity at Locks and Dam 
26 on the Mississippi River near Alton, Illinois, would 
divert $70 million/ year of traffic (mostly grain) from 
the Illinois Central Gulf Railroad to the Illinois water
way and that a significant portion of that traffic would 
make its way to the Mississippi (2). Environmentalists 
have, for the time being, blocked-the dam expansion 
project through legal action. By itself this controversy 
may seem unimportant; as a precedent, however, it 
could bring expansion of capacity on the Mississippi to 
a halt. 

Projected growth in grain transport is lower than 
that experienced during the 1963 to 1974 period. Most 
excess agricultural capacity has now disappeared, and 
it is unlikely that the historical pattern of growth will 
persist. Strong domestic and world demand for grain, 
however, will continue to buoy grain shipments on the 
Mississippi. 

Historical shipments of petroleum and petroleum 
products on the Mississippi have shown steady growth, 
comprising roughly 40 percent crude oil, 18 percent 
gasoline, 17 percent residual fuel oil, 11 percent dis
tillate fuel oil, and the remainder in products such as 
naphtha and tar. Over half of the crude petroleum is 
ocean going, and about 75 percent of the refined product 
is inland; the entire range of petroleum products is thus 
sensitive to shifts in energy policy. We have linked 
future growth in transport of petroleum on the Missis
sippi (Table 5) to national output of petroleum and 
petroleum products, as forecast by the macroeconomic 
model of Data Resources, Inc. 

Construction materials and metals have lagged far 
behind other commodity sectors (Table 4). Megagrams 
of sand, gravel, and crushed rock amounted to 5,8 
million (6.4 million tons) in both rn63 anct 19·14. After 
peaking at 21.2 million Mg (23.4 million tons) in 1970, 
construction materials and metals have fluctuated 
around 18 to 21 million Mg (20 to 23 million tons). The 
slow growth of this sector is reflected in the forecast 
in Table 5. 

Chemicals and fertilizers generated the best track 
record in percentage growth during the 1963 to 1974 
period (Table 4). The major subcategories of this sector 
include dry and liquid sulfur (14 percent of total), fer
tilizer and fertilizer materials (40 percent), and chem
icals and products (46 percent). Nearly half of the fer
tilizers, 40 percent of the sulfur, and 25 percent of the 
chemicals represented ocean-going traffic in 1974. 
Fertilizer traffic has grown from 2 .3 million Mg (2. 5 
million tons) in 1963 to 12.7 million Mg (14 million tons) 
in 1974. Phosphate, a critical input to fertilizer pro
duction, is the source of a mining boom in Wyoming, 
which should contribute to future traffic on the Missis
sippi. Chemicals and fertilizers are projected to reach 
95.6 million Mg (105 million tons) in 1990, approximately 
three times the 1974 traffic level (Table 5). 

The commodity category labeled other contains all 
remaining products, such as molasses, lumber, and 

automobiles. Historically this category closely 
paralleled the economy; we have therefore based its 
future movements on projected values of key economic 
indicators. 

The aggregate outlook, according to the projections 
contained in Table 5, is for sustained growth propelled 
by coal, chemicals, and grain. Because of the dispro
portionate share of coal going inland, ocean-going traffic 
lags slightly behind. Overall, the picture is for rela
tively balanced growth between upper and lower Missis
sippi traffic. 

FREIGHT DEMAND AND INSTITUTIONAL 
CHANGE 

It is relatively easy to translate next year's increase in 
gross national product into freight demand. One can 
safely assume no radical institutional changes in such 
a short time. This is obviously not the case in a long
run forecast. It is possible, as mentioned above, that 
environmental concerns will lead to capacity restric -
tions on the Mississippi. It is also increasingly likely 
that the government will start to charge user fees for 
those governmentally financed projects, such as Locks and 
Dam 26, that produce direct benefits to users of the 
Mississippi. Whatever affects the railroads (for ex
ample, slurry pipelines) will also have undetermined 
spillover effects on water transport. It is conceivable 
that the government will develop subsidies for railroads 
in the West to match its aid to eastern railroads, and 
that might have the effect of distorting the rate structure 
and altering the relative cost advantages of the different 
transport modes. None of these contingencies has been 
factored into our analysis. To the extent that significant 
institutional change does take place we should expect to 
depart from a business-as-usual forecast. 
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Reliability of Commodity Freight 
Projections for Inland 
Waterway Ports 
Marvin L. Jacobs, Winsett-Simmonds, Consterdine and Jacobs, Inc., Memphis 
Wallace A. Gieringer, Pine Bluff-Jefferson County Port Authority, Arkansas 

Feasibility studies recommending construction of ports, terminals, or in
dustrial complexes along U.S. inland waterways rely heavily on projec
tions of commodity freight. Tabulated results of projections versus re
alized results obtained from 12 ports on the inland waterways navigation 
system indicate that projections of commodity freight made in connec
tion with port development have almost always been too low. Reliable 
projections of freight by commodity classification are essential in phys
ical port planning, and projections of the amount of freight can be help
ful when they indicate a median projection and a stated wide variation 
above and below that median. 

Inland waterway port planning has invariably been based 
on projections of commodity freight. The use of such 
projections in benefit-cost justification of inland water
way or canal development dates from the early years of 
this century, and their use to justify the navigation as
pect of a single inland waterway port and waterfront in
dustrial park dates from the end of World War II. At 
least one case has been examined of actual use versus 
initial projections for a waterway or canal that had been 
in use for several years. To our knowledge, however, 
no such examination has ever been done for individual 
ports. 

This paper investigates the reliability of freight pro
jections for inland waterway ports by examining 12 ports 
along the Mississippi River system. The objective is to 
provide answers to the following questions: 

1. If projections were made, how reliable have they 
been? 

2. What general range of reliability is required? 
3. To what source would the experienced port oper

ator look today for reliable data on which to base pro
jections of commodity freight? 

4. Is more detailed investigation justified? 

QUESTIONNAIRE 

A questionnaire (Figure 1) sent to the directors or 
managers of 12 inland waterway ports was designed to 
test the reliability and usefulness of commodity freight 
projections as a tool in planning waterfront facilities and 
associated industrial parks. Although the questionnaire 
was not to be used as a planning and justification tool for 
navigation improvements, as it frequently is in the case 
of U.S. Army Corps of Engineers projects for individual 
ports and related harbors, Corps of Engineers figures 
proved to be the only ones available for the oldest ex
isting inland waterway ports and were therefore used. 

There was a 100 percent response from the 12 port 
directors contacted. Some responses were detailed, 
some required further research, and some provided 
only sketchy information. There was no time to repeat 
inquiries or to request further information; this, along 
with other factors, resulted in our decision not to iden
tify the ports involved. Table 1 gives a summary of the 
responses to the questionnaire. 

Diversity of Ports 

The 12 ports responding to the questionnaire were all on 
the Mississippi River system: three on the free-flowing 
(lower) Mississippi, four on the Ohio River system, three 
on the Arkansas River system, and two on the upper 
Mississippi system. All except the three from the lower 
Mississippi River were in lock and dam river areas. The 
oldest port had opened its doors to business in 1952, the 
newest in 1975. (Only projections for substantial im
provements were considered for ports in locations that 
had continuing histories of waterway transportation ac
tivity, which in some cases extended back more than a 
century.) The gross size of port and waterfront indus
trial areas ranged from 121.4 to 283.3 km 2 (30 000 to 
70 000 acres). Systems of organizational control in
cluded private, city, county, city-county, and state. 
Financing methods for landside and waterfront facilities 
and industrial land sale or lease activities included pri
vate, city, and county general obligation bonds, revenue 
bonds, direct city and county funds, a variety of state 
taxing and bonding assistance, and various types of fed
eral assistance including recent revenue sharing. 

Realized Versus Projected Activity 

After establishing the year in which the last projections 
were made (before the port opened for business or sub
stantial improvement) and requesting information about 
who made the projections and what method was used, we 
posed the central question: What is the reliability of 
river-port commodity freight projections? The responses 
were reduced to a ratio of actual to projected reliability 
{Table 1). Information was also requested on actual ver
sus projected sale or lease of industrial lands, and six 
positive responses were received. There were no useful 
responses to a request for information on actual versus 
expected phasing of public terminal expansion. 

Utilization of Resources 

The surveyed ports were asked to indicate (a) whether, 
as a result of port projections, resou1·ces had been ex
pended for facilities th.at were never used and (b) whether 
resources that should have been expended were not be
cause of incorrect projections. Only two respondents 
completed that section, and both answered in the negative. 

Opinions 

Statements of opinion were requested. Eight of the 12 
respondents gave such statements. 

RESULTS 

A wide range of responses to the questionnaire had been 
anticipated. The actual response to critical questions 
was about 40 percent, with different respondents partici
pating on different questions. Because the subject matter 
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Figure 1. Inland waterway port questionnaire. 

(Ploo1c be brief. You may wish to jot the answers on this !.heel or reply in 
lcHct form. Use lhe form of re~ponse lhat will be eosiesl for you,) 

I .. GENERAL PORT INFORMATION 
1. Whal is the structure of your port orgcnizolion 

b, ;~i~:e -------
( 1) Port Authority __ 

( ) City 
( ) County 
( ) 01her 

(2) Oiher ____ _ 

2. Size of port area acres 
o, ___ acres of waterfront prcperty 
b, ___ feet of wolerfront properly 

J, How was porl financed initially? (Please identify lypesond combirclions -
i.e. local government financing; state fircncing; federal assistance; bank 

loons; elc.) -------------------

II. COMMODITY/TONNAGE PREDICTIONS 
I. Pleose provide o copy or lhe original commodities/tonnage predictions for your 

port (if more 1hon one was m::ide, send the one which was used for decision f'T1lk
ing purposes), 

2, Year projecls were node 

3. If projections were based on questionnaire, please provide a sample copy and 
indicate 

~: ~~~:::~t;o~i~7l~~~o:~ returns _____ _ 

c. Supplemented by interviews: Yes__ No 

" · Were any methods used to modify the summ::1tion of queslionnaire/interview results 
such as use of common sense, independept evaluation or various resources, elc, 

5. Any olher information which is pertinent about the method used,----

6, Who m::ide the study? 
Consultonl 

b. Chamber of Commerce 
Port Authority 

d, Other 

Ill. RELIABILITY 

Table 1. 

1, How reliable did lhose projeclions prove lo be looking bock from today's siluotion 
By commodilies. Please show commodilics projecled and commodilies 
handled, (Suggest you use rro(or commodily groupings rather lhan deloils; 
i.e. fuels and lubriconls, ogricullurol producls, building malcriols, 
melolic ores, manufactured producls .• paper, slruclurol steel, pla1e 1 etc, 
(jntf 01h.a 1,) 

Ptoice•il!d Ac.h,IQ I 

Responses to the questionnaire. 

b. Tonrcges {£iross ond by commodities) 

~ P10\ct:1c~ ~ 

C: , Prolflctions on rote of lease and/or '>Clle of land 
P,o itc;l i::d J..i::h.al ______ _ 

d, Proiections of type and rote of focilily conslruclion 
PtCllic°t'.li:d Ac-1111.11 ______ _ 

Projections regarding private ver!us public financing and developmenl 
Projec1c-d A.~t\,JCII ______ _ 

IV. USES 
1, Were any resources expended or other action taken as o rcsull or the proieclions 

which actions or resources sub<.Cquently proved to be unneeded? Yes No 
Pleose o;irplo ,n __________________ _ 

£, Were any resources or directions suhsequently token which had been inilially re-
jecled because of lhc project ions? Yes No 
Please explain __________________ _ 

V. YOUR OPINION 
I. Whal is your presenl apinion concerning lhe subject of commodily/tonnoge pro

jections including any of lhe above implied rnclhods and uses? 

2. What businesses or professions constilute the lest source of reliable inforrrotion 
for commodily/tonnoge projcclions? 

3. Whal method would you use now ? ____________ _ 

4, Any olher pertinenl comments. 

VI. BEFORE - AFTER 
I. If possible, please supply o slide or picture of the initial facilily on::! one of the 

present day focility , 

Reliability Ratio 
Year 

Organizational Year of Port 
Port Control Size Projectionb Openedb 

A City-county 2 1966-67 1968 
B Private 2 1975 1975 
C City 3 1962 1969 
D City Unknown Unknown Unknown 
E Private I 1971-72 1974 
F City-county 3 1964 1971 
G County 2 Unknown 1959 
H County I 1955 1958 
I City-county Unknown Too recent 
J City-county Unknown Too recent 
K City- county 3 1945 1952 
L State Unknown None 

Note: 1 km 2 = 247 1 acres, 
3 1 =<04 km 2• 2=04 to4kmLand3= >4km 2 

uApplies in so~e cases to major ~ort improvement rather than port opening, 
c Actual divided by projected 

Commodity Annual 
Classes Freight Land Sale or Lease 

6:4 4: 1 All costs recovered, 60 percent unsold 
Unlrnown Unknown 5 to 10 years 
5: 5 1: 1 Projected exceeded actual 
Unknown Unkown Unkown 
4:4 3: 1 NA 
Unknown <1: 1 14: 15 
Unknown 3: 1 20: 8 
Unknown 10: 1 5: 3 

Unknown 40: 1 Not projected 



does not lend itself to selective sampling from among a 
large number of respondents, the usual methods of sta
tistical sampling analysis could not be applied. On the 
other hand, the approximate 40 percent response (in 
some cases, much more) to critical que·stions did have 
a consistency that offset the small sample size. There 
is evidence that a more intense investigation might 
change certain specifics of the responses but would not 
change their general nature. 

Diversity 

The greatest number of port organization structures 
were combined city and county, with most of the remain
ing ports being city only or county only. Private control 
and state control were exceptions. [ Private control re
fers in this paper to privately owned public (general-
1JU.l'pose) terminals and associated lands and not to pri
vate ownership or privately controlled special-purpose 
terminals or riverfront industry terminals.] Enough 
information was supplied in each category to support the 
conclusion that the reliability of projections is essen
tially the same regardless of the type of organizational 
control or the size of the port facility. 

In the formulation of projections, the age of a port is 
a general indicator of its degree of sophistication, the 
oldest ports being the least sophisticated. At the oldest 
of the ports we surveyed, local civic leaders used pro
jections principally to justify navigation improvements 
by the federal government. Projected freight appeared 
as a single gross item in the federal project report, and 
there was no indication of the years to which the pro
jection might apply or the types of commodities involved. 
These responses did not indicate whether freight pro
jections were subsequently used in planning, phasing, 
layout, or design of landside facilities. 

It should be noted that the civic and professional 
leaders who participated in the initial development of 
these older ports are probably no longer actively en
gaged in port operations. The fact that the second port
management generation must now research the projec
tion process to obtain and provide answers creates an 
urgent need for more detailed research. Repeating 
surveys every 10 years, for example, could ensure 
getting accurate data from those actually involved in 
port management during the period surveyed. 

Ports under a governmental control structure now 
consider detailed projections a normal requirement. 
Many of the more recently used methods of financing for 
governmentally controlled ports, such as revenue bonds, 
general obligation bonds, and state and federal develop
ment funds, require detailed projections without regard 
to whether or not these projections are needed in proj
ect planning, phasing, design, and construction. Data 
obtained from private ports indicate that they tend to be 
informal concerning projections. 

Realized Versus Projected Activity 

As previously mentioned, the oldest of the ports used 
projections of gross freight without indicating classes of 
commodities. Only three respondents to the question
naire stated that their port projections included com
modity classifications. However, the experience of all 
three was essentially the same: Reliability for com
modity classifications was excellent, ranging from a 
projected-to-actual ratio of 3 :2 to 1: 1. Projections of 
commodity classes are generally quite reliable for the 
following reasons: (a) They are invariably an easily 
derived function of local economic conditions, es
pecially concerning commodities that are traditionally 
susceptible to the economies and benefits of water trans-
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portation; and (b) even unexpected increases or decreases 
in the classification span by one commodity have no major 
effect on the reliability of a projection stated as a ratio. 

All but one respondent indicated that projections of 
amount of freight had proved to be greatly understated. 
A federal government feasibility study stated that local 
decision makers at one of the older ports had projected 
an annual amount of freight approximately 4 times the 
amount the government study accepted as accurate. Today 
the actual annual increase in freight for that port is more 
than 10 times the federal estimate. Actual versus pro
jected freight ratios on an annual basis ranged from 
more than 40:1 to 3:1 except in the case of one new port. 
Freight projections have not generally been reliable. The 
professional who must make the final projection tends to 
understate, and properly so. This raises the question, 
Are detailed freight projections a necessary element of 
the port planning process ? 

Most respondents failed to provide useful data on the 
use of projections in phasing and planning either the 
original public terminal construction or expansions. 
Construction of a public terminal is required in most 
cases where federal assistance has been provided and, 
once a terminal is constructed, expansions usually follow 
as a result of successful business activity. Public ter
minal planning, phasing, design, and construction as 
well as subsequent expansions appear to derive more 
from administrative requirements and commodity classi
fications than from amount of commodity freight. Re
liable projections of commodity classifications are there
fore important in public terminal planning but accurate, 
long-term projections of amount of freight are not. 

Projections for sale and lease of land are relatively 
reliable, if we allow for some early years of little ac
tivity. The respondents' projections were, naturally, 
less definitive than those for commodities and amount of 
freight . Three respondents gave definite figures; their 
actual projected ratios ranged fro m 1:1 to 21kl. Some 
responses were qualitative, e.g., "all cost recovered 
with 60 percent of land still unsold." 

Utilization of Resources 

Responses were inconclusive concerning overutilization 
or underutilization of resources because of projections. 

Opinions 

Five of the 12 ports furnished no separately written 
op1mons. Three of the remaining 7 listed experience 
as the best method to use in projections, implying that 
quantitative processes are at best built on specifics de
rived nonspecifically. One respondent said simply that 
"it is difficult to project." Projections into the distant 
future can be drastically changed by one unforseeable 
change. 

Personal contact was emphasized. Port users and 
local producers were mentioned twice in the opinions 
section as good sources of projection data. Chambers 
of commerce, business people, economists, and the 
Corps of Engineers were noted as other sources. The 
use of a questionnaire was listed once as a specific 
method, but research was listed twice and that word 
probably included research by questionnaire as well as 
by other means. 

CONCLUSIONS AND RECOMMENDATIONS 

Responses to the questionnaire provided the following 
answers to the questions originally posed in the study. 

1. If projections were made, how reliable have they 
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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. 

COMMODITY FLOW ANALYSIS 

MUL TIMODAL ANALYSIS 

WATERWAY ANALYSIS 
EVALUATION 

• Operations Analysis 

• Commodity Flows 
• Project Studies 

• Towing lnduslry • System Planning 

• Waterway Network 
• Benefit/Cost Analysis 

• Economic and Environmental 
Impacts 

Figure 2. Organization of I NSA 
commodity-flow model. 

Alterations Input Checks 

Regional ---t----• Flow 
Activity l\iocaliOn 
Logic ------ Loglc 

Demand 
Estimation 

Logic 

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. 
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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 
- - ... .... J .... ----- ----------· --- --- - - "1,-----., -·,1--------- ------------ -·---
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 



suppliers and producers compete for customers on the 
basis of delivered commodity price, which includes the 
price of transportation for inputs and the price of trans
portation from suppliers to consumers. The commodity
flow model then generates a demand for commodities 
that depends on transportation price. 

The commodity-flow model functions as the inter
acting components of production and consumption, which 
generate the demand for transportation based on eco
nomic transactions across geographic space. The re
sult is commodity flow. The information flow for the 
commodity-flow model is shown in Figure 2. Figure 3 

Figure 1. INSA system. 
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shows the elements of the model based on input require
ments, processing procedures, and output reports. 

The following tYPes of economic data and information are 
represented in the model : 

1. Economic activities-Commodities are identified 
as output from an economic activity. Each activity has 
a specified tYPe of production function-either Cobb
Douglas or constant elasticity of substitution-and speci-
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fies its production requirements for raw materials, 
labor, and capital goods as well as prices of those re
quirements. The value of output is given, but output 
level is generated by the model. 

2. Regional attributes-This model uses the U.S. De
partment of Commerce delineation of 173 Bureau of Eco
nomic Analysis (BEA) areas to give commerce flows 
from area to area. Other regional approaches may also 
be used. BEA data are collected on the characteristics 
of an area, including earned income, work force, wages, 
population, return on capital, and consumption expendi
tures. 

3. Demand-Demand is based on domestic and ex
pol'L conditions. Export demand is treated as an exog
enous factor and must be specified by the analyst. Do
mestic demand is estimated by the model and is assumed 
to be of unitary elasticity with respect to price. All de
mand is measured in physical rather than monetary units. 
Domestic conditions must be estimated for first-year 
forecasts; the model then estimates demand for subse
quent years. 

4. Transportation costs-Data on the cost of shipping 
between all regions by commodity must be specified and 
may be obtained from the INSA multimodal model or an 
alternative source. Transportation cost is needed to 
determine delivered commodity price. 

Operations 

The following operations are performed by the model: 

1. Determination of minimum cost and location-Ini
tial calculations are made to determine the minimum de
livered price of each commodity for each supply region 
and for each consuming region. 

2. Computation of consumption-Regional income is 
derived from earned income by area, wages paid by each 
sector, and distributed returns to capital, allocated on 
the basis of per capita earned income. Regional income 
is then spent or converted to demand for commodities 
and services by using a consumer expenditure function. 

3. Determination of demand-The demand for com
modities is based on regional historical evidence and 
augmented by regional consumption patterns. 

4. Organization of transportation costs-Transporta
tion costs, which consist of transport cost of input and 
delivery cost of product, are organized by the model and 
used to determine transportation demand. 

5. Forecast of economic activity-Supply region ac
tivities are generated based on given inputs and prices 
and regional production functions. 

6. Allocation of commodity flow-The selection of 
input materials, based on minimum delivered cost, al
lows the model to determine free-on-boa1•cl (FOB) prices 
and, eventually, transportation cost. 

The following information is output by the model. 

1. Commodity flow report-A list of flow volumes be
tween 01·igin (supply region) and destination (consumption 
region) is compiled for each commodity. Commodities 
destined for export are noted. 

2. Domestic demand report-Data on wages, work 
force, income, and demand generated as a result of in
come and expenditures are given for each region. 

3. Origin flow report-Each region's market for all 
outputs is displayed. 

MULTIMODAL MODEL 

The basic purpose of the INSA multimodal network model 
is to provide a device for evaluating within a market con
cept the economic benefits obtainable from specified 
capital investments in any one or combination of the fol
lowing transportation modes: inland waterways, rail
roads, highways, and pipelines. In such an evaluation 
the model simultaneously considers all modes and thus 
reflects important interactions among them. Because of 
system complexity, the scope and purpose of the model 
are confined to evaluating particular facility and network 
improvements. In accomplishing this function, however, 
the model indicates which portions of transportation 
modal networks will benefit most from improvement. 
This information is useful in determining gross alloca
tion of transport investment across modes and suballo
cations within modes. 

The chief distinguishing characteristic of the INSA ap
proach to multimodal analysis is its emphasis on trans
portation markets and their interplay with commodity 
markets. In a market context, the transportation system 
is viewed as a connected set of links and nodes, each 
offering transportation according to a supply schedule 
that relates cost to shipment volume. Demand schedules 
for links and nodes are derived by finding for each ship
ment the least cost path through the network. Transpor
tation supply and demand interact to determine jointly 
the equilibrium values of transportation market prices 
and service levels. Predicted changes in market equi
librium caused by changes in commodity-flow patterns 
and by adjustments to the transportation network are the 
principal product of the analysis and can be used to com
pare and evaluate alternative transportation investments. 

A principal function of the model is determining the 
least cost path for each commodity movement. Each 
commodity movement is defined by origin and destination 
regions, tonnage, commodity type, and route restriction, 
if any . (Because the INSA model uses U.S. customary 
units, SI equivalents are not given.) The problem is to 
find, for each movement, the minimum cost path between 
the origin and destination regions, where a path is de
fined as a sequence of connecting nodes and links. Figure 
4 shows the structure of the multimodal network model, 
and Figure 5 shows the model elements. 

The Modal Network 

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 that have been developed for finding the least time 
and least cost route. The cost of traversing a network 
element is defined as shipment cost (determined from the 
element's cost function) plus shipper-perceived cosl of 
delay. The latter cost is defined as the product of tran
sit time as determined from the element's capacity 
function. 

The operations of the path-selection algorithm yield 
the following results: 

1. Identification, for each commodity shipment, of 
the route to which the shipment was assigned; 

2. For each link and node of the network, the number 
of tons assigned; 

3. For each commodity shipment, shipping costs in
curred for the assigned route; and 

4. For each network link and node, shipping costs 
and transit time of assigned traffic. 

To alleviate computational problems, a constraint is 
imposed on the number of routes considered in the path-
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Figure 3. Elements of INSA commodity-flow model. INPUTS PROCESSING OUTPUTS 
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a particular commodity movement; the major axis of the 
ellipse is the straight line connecting the centers of the 
two regions. The path-selection algorithm considers 
only those routes between the two regions that lie within 
the ellipse. The algorithm permits the ellipse to auto
matically increase in size, according to specified cri
teria, to ensure that at least one route is included. This 
inclusion ellipse constitutes a circuity constraint that 
greatly shortens the amount of computer processing time 
required; the price paid is that circuitous routes that may 
be less costly than the selected route are ignored. 

Commodities may also be restricted as to which modes 
of transportation they may use. In this case, nodes and 
links of the disallowed modes are not considered in the 
path-selection process. For instance, nonpetroleum 
products are not shipped by petroleum pipeline. Indi
vidual shipments may be restricted to following a speci
fied route from origin to destination. Links and nodes 
are limited to carrying flows below their capacities. 

An optional inertia effect is also included in the model, 
whereby a specified portion of any commodity shipment 
may be constrained to observe modal-share percentages 
input by the user for that shipment. Least cost paths for 
the mode-constrained tonnage are built by using only 
nodes and links of the specified mode. The balance of 
the shipment is free to select the best route. This pro
cess reflects the realities of long-term shipper con
tracts and other commitments and prevents oscillation 
in the model results in response to small cost differences 
among modes. 

An iterative procedure is used to assign shipments to 
the network. For a base-year case, link and node costs 
are initially set by entering the performance functions 
with flow volumes equal to the practical capacity of each 
element (that flow volume for which delays are normal) 
or some other user-supplied volume estimate. Ship
ments with fixed routes are assigned by increasing the 
loading on each link and node in the route by the amount 
of shipment. Shipments with a fixed mode choice are as
signed by using the path-selection routine and updating 



18 

all costs to correspond to the total assigned traffic. 
This process is repeated in an iterative fashion until 
assumed and final volumes, and thus costs, agree within 
some specified tolerance. Then volumes and final costs 
from one period are used as the initial volume estitµates 
for the next period. 

The outpllt routine organizes the results of the pro
cess ing procedure and presents them in several types of 
reports, includi11g r eports giving the allocations of move
ment requirements to the elements of the network and 
the cost associated with such allocations. Because the 
multimodal network model is designed to interact with 
other INSA models, the output routines also provide data 
interface files. Interregional transportation cost is gen
erated for use by the commodity-flow model, and com
modity traffic flows from origin node to destination node 
for a given mode (e.g., port-to-po1't waterway traffic) 
are output for use by a modal simulation model. 

Features 

The following is a brief description of the features of the 
multimodal model. 

Figure 5. Elements of INSA multimodal 
model. 
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Figure 7. Elements of inland navigation 
simulation model. 
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be fully allocated; they may ther efore not equal the trans
portation r ates paid by s hippers . (The model formula
tion is general; rates can be used if desired.) Similar 
functions, called capacity functions, relate transit time 
to shipment volume. Cost and capacity functions for 
lnter modal transfers and for regional access are also 
us ed. 

Commodity Movements 

Each requirement for transportation is described by ori
gin region, destination region, commodity type, and ton
nage. Optional specifications of historical or estimated 
modal- split pe1·centages and desired r oute from or igin 
to destination ar e a iso pe1·mitted. Commodity types a re 
defined by two- digit classification, value , and i nventory 
factor (sens itivity to s hip ment time). 

Transportation Equipment 

Individual power units, cargo vehicles, and other trans
portation equipment are implicitly included in the link 
and node performance functions. No separate vehicle 
representation is used. 

Shipment Routing 

Least cost routes (from t he s hipper' s viewpoint ) from 
01·ig in to destination are found for all shipments . Both 
pe1·ceived and economic costs are allowed t o vai·y with 
shipment volume on each link. Equilibrium-seeking fea
tures are included. 

WATERWAY SIMULATION MODEL 

The purpose of the INSA waterway simulation model is to 
represent on a computer the movement of commodity 
flows on the U.S. inland waterway system. Simulation 
of the system enables observing and predicting its per
formance under a variety of economic and technical as
sumptions. These performance predictions are used to 
assess the adequacy of the existing system and to esti
mate the economic benefits and environmental impacts 
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Figure 9. Elements of INSA flotilla model. INPIJTS 
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The navigation simulator was designed to represent 
inland navigation as a large interacting system. The 
model was developed to test by simulation the local and 
regional performance impact of a replacement structure, 
a new channel configuration, or an entirely new water
way system. The simulator is also capable of testing 
such controllable factors as new lock operating policies, 
variations in lock design, and changes in channel depth. 

The inland navigation simulation model assumes a 
set of waterway traffic shipments determined by trans
portation markets outside U1e model, combines these 
shipments, a fleet, and a watel'way network, and U1en 
simulates inland waterway transpm'tation as a large, dy
namic, interacting system. Figure 6 shows the struc
ture of the simulation model: The commodity-flow model 
provides inputs on argo ilow and demand, and the flo
tilla model provides inputs on tow performance and size, 
towboat and barge positioning, and cost data. Figure 7 
shows the primary elements of the simulation model op
eration-the input requirements, processing procedures, 
and output reports. 

The INSA simulation model is a generalized model 
that provides explicit representations of individual water
way facilities, cargo consignments, and vessels. The 
following is a brief description of the model's principal 
features. 

Problem Size 

The size of the problem the model can handle is limited 
only by the computer resources available. There are no 
inherent restrictions on the number of ports, locks, 
river segments and tributaries, number and tyPe of tow
boats and barges, or commodities. The model is spe
cifically designed to accommodate systems as large as 
the entire Mississippi River-Gulf Coast waterway system. 

Waterway Network 

Ports, locks (a nd their chambers), and 1·eaches repre
sent the physical features of the inland watenvay sys tem. 
In the inland waterway network the locations of ports, 
locks (and their chambers), junction points, and sector 
boundaries are represented as nodes; links represent 
reaches and are thus segments between nodes. Contigu
ous link-node groups are organized into sectors. Sec
tors and river systems identify and organize the ele
ments of the network for processing and analysis. The 

Requirements Positioning 

- Annua 1 Tota 1 Cost 

effects of specific channel conditions, such as bends and 
shoals, are normally represented implicitly by their con
straining effects on navigation. 

River Systems 

River systems are groups of sectors that facilitate the 
collection of statistics and the sorting of output. The 
simulation model thus enables analysis of waterway sec
tions or regions with common characteristics and can 
accommodate potential projects involving the evaluation 
of specific ports, locks, and regions. 

Sectors 

A sector represents an unbranched section of the network 
on which limitations on tow operations are uniform. Al
though a sector typically extends from one river junction 
to another or to a system end point, it can be divided into 
two or more sectors if significant differences in charac
teristics exist along its length. Because sectors always 
begin and end at ports, a port must be located at each 
junction and end point of the network. 

Ports 

Each INSA port is called a port equivalent to avoid con
fusion between 1101·ts and major ports. Because of num
ber and variety of ports and docks and the resultant data 
base requirements, linear stretches are combined and 
abstracted as a single point at which cargo originates and 
terminates. Port processing is thus represented by 
loading and unloading times and by barge pick-up and 
drop-off times. 

Locks 

Each lock facility is explicitly represented in the form 
of tow processing t ime for each chamber. Processing 
time is broken down Into appr oach, entr y, chambering, 
and exit times (in a ccordance wit h performance monitor
ing system data). An optimal simplified lock representa
tion scheme is included; single, setover, multiple-cut, 
multiple-vessel, and open-pass locks are accommodated; 
and both "first come-first se1·ved" and "N up-N clown" 
queuing disciplines are available. A relatively large 
number of data are required to describe lock systems. 
The central abstraction used is random processing time 
distributions to represent lock operations. The model 
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considers the following factors in calculating lock op
eration time: 

1. TyPe of lock-straight single, setover (the model 
classes as setover all single locks that require recon
figuration), multiple-cut, or multiple-vessel; 

2. Direction of travel-upstream or downstream; 
3. TyPe of entry to and exit from the chamber-fly, 

turnback, or exchange; and 
4. Load category of barges in the tow-loaded or 

empty. 

Reaches 

A reach is a section of waterway between two ports or 
locks. Reaches influence tow traffic in two principal 
ways: (a) The physical characteristics of a reach limit 
the size and draft and thus the cargo capacity of tows 
and (b) tow traffic is constrained by the time it takes to 
travel a reach, which is a function of the length of the 
reach and the attainable tow speed. 

Commodity movements enter the model in the form of a 
list of individual shipments characterized by commodity 
tyPe, ports of origin and destination, tows, and earliest 
possible departure time. This list is compiled by a 
separate interface program that operates on a port-to
port, origin-destination tonnage matrix. The data 
for the interface program are output from the INSA 
commodity-flow model. 

Dispatching 

Tow make-up (allocating shipments to barges and bai-ge 
groups to towboats) and tow movement (along the water
way network between origins and destinations) are in
ternal to the model. En route drop-off and pick-up of 
barges as well as fleet operations are represented. 
Empty barge movements needed to accommodate trade 
imbalances are scheduled internally by means of de
cision rules built into the program. 

Vessels 

Individual towboats and barges are explicitiy represented 
and denoted by identification number, horsepower (tow
boat only), size, maximum permissible flotilla size, and 
sectors of operation. Barges in tow are represented as 
barge groups-one or more barges of common charac
teristics. Recreational craft are individually repre
sented by arrival at a lock for lock processing, but trip 
connectivity is not represented for these vessels. Dif
ferent weekend and weekday arrival rates may be spec
ified. 

FLOTILLA MODEL 

The INSA flotilla model determines a cost-effective 
fleet of towboats and barges required to satisfy a given 
mix of commodity movement requirements while oper
ating in a waterway network of existing or assumed char
acteristics. Outputs include the required fleet or tow 
mix, the corresponding total, and ton-mile costs. Re
sults may be used in independent studies of towing in
dustry projections and as inputs to other methods of 
waterway analysis developed by INSA, particularly the 
inland navigation simulation model. The flotilla model 
may be characterized as an expected value simulation of 
the inland waterway network with an embedded algorithm 
for calculating least cost tow sizes over a predefined 
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waterway route. The model can consider the entire 
waterway network, or any portion of it, and provide a 
level of detail concerning the number of ports, locks, 
and reaches that is limited only by the study objectives 
and the computer size. 

Data requirements for commodity flows are provided 
to the model as origin-destination tonnage by season and 
by commodity class; origin and destination ports are 
given by the network definition. Any number of towboat 
and barge tyPes, and their distinguishing operational or 
cost characteristics, can be accommodated. 

Figure 8 shows the overall structure of the flotilla 
model. The program elements of the model are speci
fied in Figure 9 according to input requirements, pro
cessing procedures, and output reports. As shown in 
Figures 7 and 8, the model formulates flotilla require
ments, adjustments, and use. 

Basic inputs to the flotilla model include descriptions 
of the ports, locks, and channels of the waterway system 
as parts of a connected network. Operating character
istics of ports and locks, as well as descriptions and 
performance measures of assumed tyPes of towboats and 
barges, are given. Seasonal commodity flows are input 
in terms of commodity tyPe, tonnage, and origin and 
destination ports. After input data are processed, (a) 
requirements for origin-destination movements are 
analyzed and (b) various tonnage sums for each season 
are calculated, including inbound and outbound tonnages 
for each port, upstream and downstream tonnages for 
each lock and link (or reach) of the network, and aggre
gations of tonnage by commodity tyPe into a smaller 
number of classes having common transportation char
acteristics. 

After initial processing of the input data, a port-to
port algorithm is used to calculate productivity and cost 
measures for possible tow sizes operating between two 
ports for a particular class of cargo. An appropriate 
tow size is selected for each towboat class, and total 
round-trip operating and delay times and costs are cal
culated based on port, lock, and waterway operating 
characteristics and tyPes of utilization coefficients. Tow
boat tyPe and tow size with least cost per ton mile are 
determined for tows containing dry and liquid cargo 
respectively. The tyPes and amounts of equipment re
quired are then adjusted for seasonal effect, and the re
sulting equipment requirements and costs are aggregated 
for output purposes. 

When the process is completed, towboat and barge re
quirements, as well as associated ton-mile costs and 
other results, are accumulated over all movement re
quirements by output processing routines, and the re
sults are displayed in several tyPes of output reports. 
The output reports of the flotilla model consist of the 
projected numbers of towboats and barges by tyPe that 
are needed to satisfy commodity-flow requirements. 
These projections are input to the INSA inland navigation 
simulation model, which investigates the operation of the 
waterway system as a whole. The simulation model in 
turn provides refined estimates of lock delay factors and 
other parameters used by the flotilla model. Both models 
may share input data describing the network, base-year 
equipment, commodity flows, and other system features. 

Since calculated fleet requirements and associated 
transportation costs are sensitive to the structural as
pects of the inland waterway system, the model may also 
assist in evaluating alternative capital investment pro
grams and performing benefit-cost analyses. Specialized 
studies such as fleet distribution requirements in re
sponse to seasonal demand or commodity mix, changes 
in fleet composition indicated by long-term trends in the 
economy, and studies of other exogenous influences may 
also benefit from use of the INSA flotilla model. 
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SUMMARY 

The inland navigation systems analysis program was in
tended to provide the Corps of Engineers with tools to 
diagnose inland waterway transportation problems. The 
program attempts to investigate waterway problems for 
their transportation and economic impacts and also to 
evaluate actions proposed for coping with these problems. 
In identifying the problems, reviewing potential solu
tions, and testing proposed actions, the INSA program 
has always been operated from the perspective that 

problems and solutions should be considered in light of 
their effects on transportation cost and capacity. INSA 
can thus predict the probable course of problems and the 
probable impact of proposed actions on inland waterway 
navigation. 
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Port-Funding Dilemmas 1n a 
Regional Planning Context 
Robert G. Goodwin, Jr., East-West Gateway Coordinating Council, 

St. Louis 

The purpose of this paper is to explore the funding problems that con
front those who prepare comprehensive development plans for inland 
ports. Using as an example the study of the Port of Metropolitan St. 
Louis conducted by the East-West Gateway Coordinating Council, the 
paper discusses traditional and innovative funding sources and their ap
plications, advantages, and weaknesses, with reference to the ongoing 
regional port study. It is concluded that, although the survival of the in
land waterway industry as a healthy mode of transportation depends on 
improved port operations, the existing port authorities and related plan
ning agencies often lack adequate financing for planning port develop
ment. It is therefore vital that some type of sole-source funding program 
be developed to provide the funds necessary for efficient port planning 
and development. 

Although the amount of freight carried on the inland 
waterways of the United States has grown annually since 
the 1920s, growth of freight traffic at the Metropolitan 
Port of St. Louis has not kept pace. Between 1961 and 
1970, for example, freight carried on the Mississippi 
River as a whole grew by 87 percent, but freight at 
the metropolitan port L based on the :m-km (rn-mae) 
definition] grew by only 10 percent. 

The Port of Metropolitan St. Louis, like many other 
U.S. ports, has been faced with a bewildering dilemma 
in recent years: an overwhelming need for some kind 
of development plan that would serve not only to identify 
areas suitable for industrial and port-related develop
ment but also as a rallying point for those who make 
their living in the waterway industry. The need for such 
a plan for the port became apparent in 1973. There was 
general agreement among the business and labor leaders 
of the community that something had to be done, but that 
something was not yet defined. To add to the confusion, 
there was no single port authority to whom they could 
turn. 

THE PROBLEM 

In an effort to better understand the current position and 
problems of the port, community leaders turned to the 
East-West Gateway Coordinating Council, the regional 
planning agency, for an investigative analysis of the port. 
The general objective was to enhance the economy o! t he 
St. Louis area by capitalizing on the strategic location 

of the port of St. Louis on the inland waterways of the 
United States. 

Although an agency had been identified to conduct the 
study, community leaders were faced with another di
lemma : How were they to pay for the study effort? The 
council was authorized to survey all existing funding 
sources to determine the best method. Careful analysis 
revealed that there were no existing programs at the 
local, state, or federal level to provide funds for the 
type of effort needed. There was only one ray of hope: 
Community leaders had been advised by officials in a 
federal agency that if the local community provided funds 
for the preliminary investigation as a gesture of its good 
faith and to indicate how serious it felt the problem to be, 
the federal government might provide funds to complete 
the effort. Based on this premise, the study was di
vided into a series of phases. The first phase was de
signed to be an investigative effort, with a funding re
quirement between $ 50 000 and $ 60 000. Ultimately, a 
35-member task force, organized to provide advice and 
guidance to the councii, raised nearly $ 57 000 Lhruugh 
private sources. 

The first phase of the study of the Port of Metropolitan 
St. Louis was completed in 1973. Its principal recom
mendation called for the St. Louis region to develop an 
efficient inland port to serve the industries that are 
major users of inland waterway transport. However, 
the task force and the council were again faced with the 
problem of obtaining the funds needed to prepare a port 
development plan. Again, the council was charged with 
the responsibility of surveying all available sources of 
funds. Now that the first phase of the study had been 
completed, the staff went to the federal official who had 
implied that he could provide the funds for completion of 
the study. No funds were available. 

METHODS OF FUNDING 

In examining various traditional methods of funding port 
development, the staff of the East-West Gateway Coordi
nating Council surveyed the following sources: 

1. General obligation bonds, 
2. Revenue bonds, 
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3. Consolidated bonds, 
4. Industrial development bonds, 
5. State and local subsidies, 
6. Federal aid, and 
7. Other. 

General Obligation Bonds 

General obligation bonds have traditionally been used for 
capital financing for the acquisition, construction, main
tenance, or operation of a facility. This tYPe of bond is 
generally tax supported and is usually issued by a state, 
county, or municipality acting as the legislative parent 
of the port authority. On issue of a general obligation 
bond, the state, county, or municipality is required to 
provide collateral security by pledging its full faith and 
credit. The payment of these bonds is the responsibility 
of the issuer and payment is made from, and primarily 
secured by, ad valorem property taxes. The issuance 
of a general obligation bond is normally preceded by a 
voter referendum in which the community accepts or re
jects each bond issue. Should such a bond be issued, 
the principal and interest are usually repaid by the is
suing body either from general revenues or through a 
special tax assessment or levy on the taxpayers. 

Although this tYPe of financing is used by many port 
authorities and districts throughout the United States, 
it could not be used by the Metropolitan Port of St. Louis 
primarily because there is no single port entity to spon
so1· such a bond issue (the metropolitan port encompas
ses two states and seven counties, and none of the states 
or counties would be able to issue the bonds necessary 
to finance a regionwide effort). 

Revenue Bonds 

Revenue bonds are normally issued by a port based on 
lease and operation of facilities that can generate suffi
cient funds to repay both principal and interest. Many 
U.S. ports prefer revenue bonds to general obligation 
bonds as a means of capital financing because the reve
nues accruing from the facility itself are pledged as 
security for the outstanding bonds. However, despite 
the fact that interest rates on revenue bonds are gener
ally higher than on general obligation bonds, revenue 
bonds are not normally attractive to investors because 
all financial risks are borne by the port rather than by 
the state or local government. 

Because of the regionwide nature of the port of St. 
Louis this method of financing was not suitable either. 
There was simply no equitable formula by which the 
counties and the two states could issue revenue bonds to 
provide the necessary funds to complete the planning ef
fort. 

Consolidated Bonds 

Consolidated bonds are normally used by ports that have 
broadly based sources of revenue. For example, a port 
that operates not only waterway terminals but also 
bridges or tunnels, owns real estate, and has a good 
reputation with investors can issue revenue bonds backed 
not only by the potential revenue of one project but by the 
revenue obtained from all of the facilities within the or
ganization. Proceeds from such a bond could then be 
used for the acquisition of new facilities or the renovation 
of older facilities at the discretion of the port without 
being subject to the more confined terms of the single
facility revenue bond. 

This source of financing was not available to the port 
of St. Louis because of the multiplicity of agencies 
within the port boundaries. Had the port districts and 
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authorities been legally linked in some way, this source 
might have been available, but that was not the case. As 
port agencies begin to work more closely together in the 
future, this will probably become a viable method of fi
nancing. 

Industrial Development Bonds 

Industrial development bonds are normally issued by 
local governmental bodies and used to buy or build docks, 
terminals, or manufacturing plants and to obtain equip
ment that could in turn be leased to private enterprise. 
Normally, industrial development bonds are issued as 
revenue bonds, which are then repaid with the rents or 
fees derived specifically from the benefiting facility. 
It is possible, however, to issue an industrial develop
ment bond under terms similar to those for a general 
obligation bond. This method of financing was not avail
able to the port because, although the ultimate outcome 
of the effort would be industrial development, the funds 
were needed primarily for planning purposes and not 
facility development. 

State and Local Subsidies 

Almost every public port in the United States receives 
some kind of public aid or subsidy from some level of 
government. These funds range from direct appropria
tions, direct taxes levied by the port district, and taxes 
levied by local government on behalf of the port authority 
to exemptions from taxation or indirect subsidies incor
porated in public community services provided to the 
port authority by the local, city, or county government. 

This source of funding appeared to hold promise for 
the St. Louis effort because the port had two states from 
which it could petition funds and six operating, autono
mous port authorities that could act as intermediaries 
in obtaining funds from the states. Unfortunately, the 
Missouri port authorities, with the exception of the port 
commission of the city of St. Louis, had only been es
tablished under a law passed in 1974 and were operating 
out of the Missouri Department of Transportation, which 
was not yet 5 years old. The amount of funds available 
to these relatively new organizations was extremely 
limited. In fact, two of the Missouri port authorities 
were operating on budgets of less than $ 10 000 /year. 
The Illinois port districts were in comparatively better 
condition, but only one of those districts had a full-time 
staff and the other two did not own or operate a single 
dock. 

Federal Aid 

There are more than 40 federal agencies whose activities 
affect the operation, administration, or development of 
U.S. ports. Only three of these agencies-the U.S. Coast 
Guard, the U.S. Maritime Administration, and the U.S. 
Army Corps of Engineers-have either direct or indirect 
responsibility for port operation and development. The 
activity of even these agencies is very limited in the 
area of port development; none has any statutory author
ity to provide funds to public or private port authorities 
for development projects involving terminals or other 
port structures. 

The port program of the Maritime Administration 
stresses the promotion and development of U.S. ports 
and related transportation facilities, but its participation 
is limited to rendering advice and technical assistance. 
The Corps of Engineers is responsible for constructing, 
improving and maintaining navigable waterways, channels, 
and harbors-not for port-development planning. The 
Coast Guard is responsible for the protection and security 
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of vessels, harbors, and riverfront facilities and for en
forcement of environmental regulations. 

The federal government does provide funds for port 
improvement through the Economic Development Ad
minis tration (EDA) of the U.S. Department of Commerce, 
which has a public works and development program of 
grants and loans. Before an area can qualify for these 
funds, however, it must be declared an economically de
pressed area by EDA. Some counties within the Port of 
Metropolitan St. Louis did not qualify. 

Other Sources 

The only other apparent source of funding was revenue 
derived from the port's daily operations, i.e., rent, 
leases, and service charges. However, as noted above, 
only two of the six port authorities were actually op
erating, and neither had any surplus funds for a region
wide port planning effort. 

FURTHER ANALYSIS AND SOLUTIONS 

Nearly $ 60 000 had been expended in the unfinished study 
of the Port of Metropolitan St. Louis, and no solution to 
the problem of funding had been found. Nevertheless, it 
was apparent that, if the port was going to continue to 
benefit the people and the economy of the region, it 
would have to become an efficient inland port to serve 
the industries that would be its major users for the next 
25 years. 

The Maritime Administration determined in 1973, in 
conducting a comprehensive market analysis of all do
mestic waterborne shipping, that there would probably 
not be future advances in the efficiency of line-haul water
borne movements comparable to the major advances of 
the last 40 years. There did appear, however, to be an 
opportunity for significant improvement in inland port 
operations . Consequently, a domestic waterborne ship
ping market analysis recommended that the Maritime 
Administration promote development and widespread use 
of improved cargo-handling technology for inland water
way ports. In this area the council finally found a com
mon interest between a federal agency and the port of 
St. Louis. The port had operational problems peculiar 
to an inland river port that would have to be alleviated 
or solved before it could develop to its full potential; the 
Maritime Administration, through its research and de
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those problems. 
The combined interest of the U.S. Maritime Admini

stration and the East-West Gateway Coordinating Council 
ultimately led to the study of inland waterway port opera
tions at St. Louis. The study had two main objectives: 
(a) to determine the impact of water flow, including 
fluctuations of river level, on the operation of inland 
ports and (b) to devise strategies to minimize the ad
verse effects of these and other operational problems. 
This was called the phase 2 study, and, because of its 
research and development nature, the Maritime Ad
ministration provided 80 percent of the funds needed. 
The council staff was able to obtain local matching funds 
from the Illinois Department of Transportation and the 
Ozarks Regional Commission in Missouri. 

Phase 2 was completed in a little more than 12 months 
and resulted in the development of information on present 
port operations, an analysis of these operations to iden
tify oppor tunities fo1· improvement, an analysis of spe
cific applications of new waterway concepts (such as 
LASH-SEABEE), and a set of recommendations for con
sideration by the Maritime Administration and the water
way industry. Freight forecasts through the year 2000, 
by commodity, were also developed based on 

historic and economic trends. 
Two additional tasks that could not be included in the 

study funded by the Maritime Administration because of 
its unique application to the St. Louis region were nec
essary to complete the port development plan and to in
stitute development activities to attract water-related 
industries. These tasks were 

1. To conduct detailed market research interviews to 
identify the specific requil'ements for attracting port and 
waterway development to the region (this was originally 
called for in the study recommendations of phase 1 and 
would provide the information needed to attract major 
target. industries) and 

2. To package the recommendations for regional 
port development in a for m suitable £or effective com
munication and for use in promoting both the port and the 
r egion to prospective new industries (t his would take the 
form of a document and a slide presentation explaining 
the recommendations for regional port development in 
terms appropr iate for a variety of audiences). 

The council was once more faced with the problem of 
obtaining funds to complete the effort. Because private 
industry had provided money for the first phase of the 
study, the staff hesitated to go back to them for addi
tional funds. The remaining work could not be con
sidered as research and development; because of its 
regional nature, the federal government would not pro
vide the funds needed; and the local port districts and 
authorities had not yet developed any funding sources for 
such purposes. 

The only sources left were the two state governments. 
Because the Port of Metropolitan St. Louis is about 
evenly divided between Missouri and Illinois, neither 
state was willing to provide more than half the funds 
needed for fear its money would be used to the other 
state's advantage. For several months the council staff 
and various agencies of the two state governments ex
plored alternative methods of financing. Ultimately, the 
Ozarks Regional Commission provided some of the funds 
because of the economic development that would occur as 
a result of the effort, and the Illinois Department of 
Transportation provided some because of the impact that 
this effort would have on regional transportation patterns. 

CONCLUSION 

The problems encountered by the East-West Gateway 
Coordinating Council are not unique to the Port of Metro
politan St. Louis but are faced by all planners of inland 
river ports. The ever-increasing necessity of making the 
best possible use of the land available within port areas 
makes the problem critical. Until recently there has 
been a decided lack of planning for inland waterway ports. 
Random development is the single most important cause 
of the current inefficiency of port operations. There is 
an urgent need for carefully designed river docks asso
ciated with industrial parks and for new materials
handling procedures specifically designed for use in the 
river environment. Present commodity-handling tech
nology is based on equipment designed for situations that 
no longer exist. Design criteria for new equipment must 
be related specifically to loading and unloading river 
barges. 

Survival of the inland waterway industry depends on 
improved port operations. Opportunities for improving 
the efficiency of inland waterway port operations are 
greater than are the productivity increases presently 
foresee n for barge line-haul h·ansporta:tlon. Potent ial 
productivity i ncr eases in the railroad industr y (es
pecially as a result of federal a id) make port improve-



ments mandatory if river transportation is going to re
main competitive. 

Port authorities and related planning agencies, how
ever, often lack adequate financing for planning port de
velopment. Some type of sole-source funding program 
must be developed to provide the funds for efficient port 
planning and development. Because critical decisions 
relating to the successful functioning of an inland port 
are made before any construction or development takes 
place, funds invested in this area may largely deter
mine the future viability of inland waterway transporta
tion. 
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