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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, lilinois, 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-
clusions about which commodities are propelling growth
in freight shipments on the Mississippi.

The purpose of this 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 transportation
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
Congolidated 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 carriers and the railroad industry
have their freight networks, or roadbeds, 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
of a new and bigger set of locks on the Mississippi,
however, may take 7 to 10 years (2).

A second major area of concern that 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 surrounding 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 percent 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 1and 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 ll-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
Mississippiand the Missouri) for each commodity category
and by megagrams 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 analysis. For ex-
ample, between 1963and 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 inlandtraffic; the latter
figure can, inturn, be relatedtoa 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- Tnland Missis- Missis- Missis-

Year Going Waterway Total sippi® sippt sipp1
1959 36,3 2.7 109.1 23.5 100 100
1960 41.6 74.8 116.4 24,9 107 106
1961 44.7 79.0 123.7 25,5 113 109
1962 52.5 83.4 136.0 27.17 125 118
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 74.1 118.2 193.3 40.5 177 173
1968 3.1 125.7 198.8 41.8 182 178
1969 74.2 134.0 208.2 45.0 191 192
1970 856.1 142.4 2217.5 49.0 209 209
1971 83.8 147.8 2315 47.9 212 204
1972 84,5 162.2 246.7 55.1 226 234
1973 92.8 157.8 250.6 52.7 230 224
1974 102.3 172.1 274.5 56.0 252 239
Note: Amounts are in millions of megagrams. 1 Mg = 1,1 tons

22938 km (1837 mitesd, fram Minneapolis to the Head of Passes.
©1060 km {663 miles), from Minneapalia to the mouth of the Missouri River. Over 99.5 percent of
s frosght wank inland waterway trallic in 1974

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

Mississippi Great Pacilic 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 89.3
1961 47.6 20.4 10.4 8.2 86.8
1962 52.4 17.3 11.3 9.5 92.2
1963 55.7 20,9 11.3 9.4 98.8
1044 5549 151 10.8 9.2 92.6
1965 56.8 15.5 12.2 9.1 95.2
1966 69.4 19.9 17.8 6.3 113.6
1967 73.8 20.5 16.8 6.5 118.9
1968 il 20,1 17.9 5.5 121.9
1969 83.4 17.2 18.5 3.2 1223
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 are in millions of megagrams, 1 Mg =1.1 tons

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 + 0.91FPI R2 =0.94
(-7.15) (10.37) (2.81) D.W.=2.11
S.E.=5.91 0
LMO =0.70 + 35.53J33 + 0.65EX72 R2=0.95
(0.12) (2.74) (3.64) D.W.=1.50
S.E.=4.57 2)
UMI =-29.9 + 23.95J12 + 49.85]GAS R2=0.98
(-5.3) (2.10) (8.20) D.W.=2284
S.E.=8.20 3)
where
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 proprietors income (billions of 1972
dollars),
J33A = FRB production index for primary metals,
EXT2 = Exports in 1972 dollars,
J12 = FRB production index for coal, and
JGAS = 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, 9 Amt, 13 Amt. 4 Amt, % Amt, 4 Amt. 4 Amt, 4 Amt, 4 Amt, 4 Increase {(€)
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-

metallic ores

and metal

products 15.5 10.8 16.2 9.2 18.3 9.2 18.2 8.8 212 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 43.8 66.5 37.8 78.4 39.3 80.7 37.6 84.1 35.4 85.2 36.3 79.1 34,5 81.8 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 8.8 19.5 8.4 24.1 9.8 21,4 8.5 249 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 11.4 311 12.6 30.1 12,0 32.6 119 252.0
Other 20.1 14.1 33.4 19.0 31.6 15.9 35.1 16,9 38.7 16,5 38.3 16.5 _37.6 15.3 36.3 14.5 40.5 14.7 100.9
Tolal 143.2 100,0 175.7 100,0 198.9 100.0 208,1 100,0 221.5 100.0 231.5 100.0 246.6 100.0 250.6 100,0 274.8 100.0 91.8

Note: Amounts are in millions of megagrams. 1 Mg = 1.1 tons



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 soybeans 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 99 8.5 132
Coal Total 9.2 6 24.9 9 171
Ocean 0.7 1 4.0 4 450
Inland 8.4 ¥ 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 11.1 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
fertilizers Ocean 3.0 6 12.2 12 309
Inland 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 m
Inland 13.8 16 29.2 17 112
Upper 2.4 9 6.1 11 148
Lower 11.3 19 23.1 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 26.0 100 56.0 100 100
Lower 60.9 100 116.2 100 91
Note: Amounts are in millions of megagrams. 1 Mg = 1.1 tons

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
Petroleum 90.7 105.6 126,0 149.4 64.7
Construction 20.0 20.7 22.0 23.7 18.6
Cheinicals 32.6 50.0 69.7 95.6 193.6
Other 40.5 54.3 65.8 79.5 96.6
Total 274,5 353.8 4417 561.7 104.7
Route
Total 274,5 353.8 441,7 561.7 104.7
Ocean 102.3 129.1 161.2 205.0 100.4
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 1687.2 238.0 104.8

Note: Amounts are in millions of megagrams, 1 Mg = 1.1 fons

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 detailedcommodity-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
Temple, Barker and Sloane (6) 669 932
Office of Coal Research (7)

5 percent growth 797 1017

3.5 percent growth 712 844
Project Independence (8)

Business as usual 812 998

Intermediate 862 1088

Accelerated 1248 1871
National Petroleum Council (9) 766 908
Task Group on Coal Supply Potential (10) 776 —
Mitre Corporation (11) 775 882
U.S. Bureau of Mines (12) 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



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 1963 and 19'(4. Aiter
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 isalsoincreasingly likely
that the government will start tocharge user fees for
those governmentally financed projects, suchas 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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