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THE MEASUREMENT OF GRAIN BARGE 
DEMAND ON INLAND WATERWAYS:
A STUDY OF THE MISSISSIPPI RIVER

This paper attempts to estimate structural demand for grain barge transportation on the upper 
Mississippi River. Results suggest an inelastic demand for grain barge transportation on the upper 
Mississippi in the short run while the price elasticity increases to 1.0 in the longer run.  Additionally, 
foreign grain demand and domestic grain consumption are found to influence grain barge demand. 
Also, the winter season and floods affect demand negatively. Hausman’s specifi cation test shows the 
ordinary least square and two-stage least square estimates are statistically invariant.

by Tun-Hsiang (Edward) Yu and Stephen W. Fuller

The United States is a primary producer and 
exporter of corn, soybeans, and wheat. Most of 
the export-bound grain is shipped to Mexico, 
Asia and Europe through the lower Mississippi 
River ports, which handles about 75% of the U.S. 
annual corn and soybeans outflow. The upper 
Mississippi River is the primary transportation 
artery for moving corn, soybeans and wheat 
production from the north central United States to 
the lower Mississippi River port area. Historical 
data show about 45 million metric tons of food 
and farm products are annually transported to 
Gulf ports via the upper Mississippi River with 
90% comprised of corn and soybeans (U.S. Army 
Corps of Engineers, 2002b). 

Although the importance of the upper 
Mississippi to U.S. agriculture is considerable, 
the studies regarding demand of grain barge 
transportation on the river, however, are very 
few. Exceptions include the papers by Harnish 
and Dunn (1996) and Mijkovic et al. (2000).  
Harnish and Dunn (1996) estimated a reduced-
from model to explore the determinants of grain 
barge rates on the Mississippi River system 
(including Mississippi, Illinois and Ohio rivers) 
in the short run. They selected eight segments 
of the river system and conducted an individual 
and pooled estimation. Their results suggested 
that grain exports, coal barge rates, input prices 
(fuel, labor), and distance influence grain 
barge rates. Miljkovic et al. (2000) conducted 
a system estimation including both rail and 
barge transportation modes for export-bound 

grain movement. Supply and demand equations 
associated with the rail and barge market linking 
Illinois to the Gulf of Mexico were evaluated in 
an econometric approach. The fi ndings suggested 
these two transportation modes were partial 
substitutes. The negative own price-quantity 
relationship was also found in the study. The 
export grain level, however, did not have a 
statistically signifi cant effect on the demand 
for both barge and rail modes. The dependent 
variable in the demand function was price 
(barge rate, rail rate), hence the elasticity could 
not be obtained. Their results suggested that the 
own price-quantity flexibility of barge demand 
ranging between –0.485 and –0.541.

There are additional studies related to 
grain movement on inland waterways. Hauser, 
Beaulieu, and Baumel (1985) studied the impact 
of inland waterway user fees on the grain flow 
pattern among rail, barge and truck markets, 
and calculated an implied demand elasticity for 
barge.  Babcock and German (1983) evaluated 
and forecasted the impact of the diesel fuel 
tax on the demand for U.S. waterway traffi c. 
Fellin and Fuller (1997) estimated the effect of 
the waterway user tax on U.S. agricultural and 
transportation markets. Oum (1979) formulated 
an intermodal network between rail, road and 
inland waterways in Canada. Beuthe et al. (2001) 
employed a detailed multimodal geographic 
information system (GIS) network model to 
assess direct and cross-elasticities for rail, road 
and waterway transport in Belgium. In addition, 
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several studies focused on the forecast of barge 
traffi c (Wilson and Sander, 1982; Tang, 2001; 
Babcock and Lu, 2002). 

None of the previous studies yielded direct 
estimates of the price elasticity for grain barge 
demand on the upper Mississippi River. The 
knowledge of grain barge demand on the river 
is important to the barge industry, farmers, 
and authorities that maintain and manage 
the lock system on the river. Understanding 
grain barge demand would enable the barge 
industry to provide more adequate service 
during peak/off-peak periods so their operation 
costs could be reduced. Grain exporters can 
also benefi t from the knowledge via a better 
planning of distribution strategy. Moreover, 
this information is a key input in the economic 
feasibility analysis of waterway infrastructure 
improvement. It is particularly critical today 
because of the controversies regarding the 
expansion of the aged lock system on the upper 
Mississippi River. Economic benefits from 
improving inland waterway transportation 
infrastructure are conceptually based on a 
demand schedule that relates barge companies 
willingness to pay for improved navigability of 
the waterway. A portion of the area under the 
demand relationship (consumer surplus) would 
offer a measure of the gross benefi ts from the 

infrastructure improvement. For this reason, 
knowledge of the demand characteristics for 
barge transportation on the upper Mississippi is 
worth exploring. The purpose of this paper is to 
estimate the structural demand for grain barge 
transportation on the upper Mississippi River and 
provide useful information to interest groups.

THEORETICAL FOUNDATION 

Because the demand for grain barge 
transportation is a derived demand, any 
factors that shift supply and demand curves in 
production regions and demand curves in export 
markets will consequently move the demand for 
barge transportation (Boyer, 1997). Tang (2001) 
has an extensive discussion of the demand for 
grain barge transportation. A two-region spatial 
equilibrium model is used to illustrate the 
theoretical foundation of grain barge demand 
(Figure 1). Panel A depicts the supply (Sx) and 
demand (Dx) of grain (e.g., corn) in the north 
central United States while Panel C represents 
the rest-of-the-world’s (ROW) excess demand 
for grain localized at lower Mississippi River 
ports. Panel B, the trade panel, includes the 
excess grain supply of the north central region 
(ESx = Sx – Dx) and the excess demand of the 
foreign regions that purchase grain at lower 

Grain Barge Demand

Figure 1: Two-Region Spatial Equilibrium Model and Derived Transportation Market
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Mississippi River ports (EDm  = Dm – Sm). The 
intersection of excess supply (ESx) and excess 
demand (EDm) relates the equilibrium price 
and quantity of grain traded between the north 
central United States and lower Mississippi River 
ports if no transportation costs were required to 
link the two regions. However, transportation 
costs are important in the marketing of grain. 
The derived demand for grain transportation 
and the supply of grain transportation service 
are represented in Panel D. The derived 
transportation demand is equal to the vertical 
distance between the excess supply (ESx) and 
excess demand (EDm) in Panel B. Also shown 
in Panel D is the supply of transportation 
service linking the north central United States 
to lower Mississippi River ports. Because barges 
transport the majority of grain from the north 
central region to lower Mississippi River ports 
(more than 90%), it is reasonable to assume the 
supply is representative of the grain barge fleet 
operating on the upper Mississippi River. The 
intersection of the derived transport demand 
and supply determines the transportation rate 
linking the north central United States to lower 
Mississippi River ports and the corresponding 
grain prices in the north central region (Px) and 
port area (Pm) (Panel B), where grain prices in 
the two regions (Px and Pm) differ by the barge 
transport rate that link the two regions. Any force 
shifting the regional supply (Sx) and demand (Dx) 
of grain in the north central United States will 
shift the excess supply of grain (ESx) and the 
derived transportation demand. Similarly, shifts 
in rest-of-the-world (ROW) excess demand and 
supply will also alter the derived demand for 
transportation. Therefore, these forces need to 
be considered when estimating the demand for 
grain barge transportation.

In addition to those forces discussed in the 
partial equilibrium representation in Figure 1, 
other important factors such as railroads and the 
competing transportation service may influence 
the demand for grain barge transportation. 
Grain producers in Iowa or Minnesota may fi nd 
Pacifi c Northwest ports (PNW) an alternative to 
lower Mississippi River ports. Therefore, grain 
demand at Pacifi c Northwest (PNW) ports and 
transportation rates linking the upper Mississippi 
hinterland and the PNW may impact grain barge 
demand on the upper Mississippi River. In 

addition, the spread between ocean freight rates 
from the Pacifi c Northwest and lower Mississippi 
River ports to Asia may impact grain barge 
demand on these waterways.

MODEL SPECIFICATIONS

Based on the theory discussion above, we suggest 
important forces affecting grain barge demand 
on the upper Mississippi River.  The grain barge 
demand function is specifi ed as: 

(1) 

where qb,t is the quantity of the grain transportation b,t is the quantity of the grain transportation b,t
service purchased by river grain shippers per 
unit of time t, pb,t is the grain barge rate, b,t is the grain barge rate, b,t exdg,texdg,texd
is the grain export level, and domdg,tdomdg,tdomd  and g,t and g,t domsg,t
are the domestic demand and supply of grain, 
respectively. The variable po,t is the rate proxy of o,t is the rate proxy of o,t
other transportation modes and Dt are weather-t are weather-t
related and seasonal dummy variables.  

Grain barge movement on the upper 
Mississippi River exhibits signifi cant seasonality 
(Figure 2); therefore, the quantity of grain moved 
by barge in previous time periods (either one 
month or one year past) may provide useful 
information for the current barge demand. 
In general, this dynamic relationship can be 
formulated as an autoregressive distributed 
lag (ADL) model. Typically, an ADL (m, n) 
model represents an equation with m lags of the 
dependent variable and n lags of the independent 
variable as regressors. In this study, we attempt 
to explore the influence of previous barge 
demand on the current demand, hence, the lag 
of the dependent variable, qb,t, is included in 
the demand equation. The demand equation 
then becomes a partial adjustment model: a 
special case of ADL model (Davidson and 
MacKinnon, 1993). Furthermore, the lagged 
structure facilitates the estimation of long-run 
relationships.

Most obviously, barge rates should be 
included as an explanatory variable. According 
to the law of demand, an inverse relationship 
should exist between barge demand and rate; that 
is, an increase in the grain barge rate will reduce 
grain barge demand, ceteris paribus. Clearly, 
foreign grain demand would appear to have an 
important impact on the demand for grain barge 

q f q p exd domd doms p Db t b t i b t g t g t g t o t t, , , , , , ,, , , , , ,= ( )−

Grain Barge Demand
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transportation because more than 95% of grain 
barge movements on the upper Mississippi River 
are to lower Mississippi River ports. An increase 
in foreign grain demand will shift the grain barge 
demand curve to the right, hence a positive 
relationship between foreign grain demand and 
the derived transportation demand. The domestic 
supply and demand of grain in the north central 
region is influential in determining grain barge 
usage. Regional grain supply is expected to affect 
the derived barge transport demand in a positive 
manner because an increase in local grain supply 
will shift the excess supply curve and the grain 
barge demand curve rightward. In contrast, an 
increase in regional grain demands will have a 
negative impact on grain barge transport demand 
due to the leftward shift of the excess grain 
supply curve and derived transport demand.  

Other transportation modes may also impact 
grain barge traffic on the upper Mississippi 
River. For instance, railroads (Burlington 
Northern-Santa Fe and Union Pacifi c) operating 
in Minnesota and Iowa may compete with the 
barge industry through their links to Pacifi c 
Northwest (PNW) ports. Potentially, a reduction 
or increase in rail rates to the PNW will result 
in a corresponding increase or decrease in 
rail grain shipments to the Pacifi c Northwest, 
therefore, reducing or increasing the amount of 
grain shipped by barge on the inland waterways. 
Railroads and trucks may also complement barge 
transportation since they are typically used to 
transport grain to the river. If the rate associated 
with complementary rail or truck grain carriage 

increases, it is likely that the quantity of grain 
shipped to the river will diminish. Accordingly, 
the demand for grain barge traffi c would decrease 
or shift to the left. Conceptually, ocean carrier 
transportation rates may also influence grain 
barge demand on the upper Mississippi. A 
relatively high ocean freight rate linking lower 
Mississippi River ports to world importing 
regions may adversely affect grain barge 
demand on the upper Mississippi River, whereas 
comparatively low ship rates may increase grain 
barge demand.

Obviously, floods and droughts impact the 
navigability of the inland waterway. When a 
flood or drought occurs, barge demand may be 
weakened. Similarly, grain barge demand may 
be influenced by seasonal factors. During the 
grain harvest season, the demand for grain barge 
service may increase.  In the winter, the upper 
Mississippi River is typically not navigable so 
grain barge demand will be nonexistent.  

VARIABLES AND DATA

This section offers a brief discussion of selected 
variables used to measure grain barge demand 
on the upper Mississippi River. Data to estimate 
these relationships is monthly and extends from 
1992 through 1999. Table 1 relates the defi nition 
of variables included in the study. The descriptive 
statistics for continuous variables are presented 
in Table 2.

Variables to estimate the upper Mississippi 
River’s grain barge demand equations included 
the following: (1) quantity of grain shipped
by barge per month and its lagged term
(BQUM), (2) two lagged dependent variables
(BQUMt-1 and BQUMt-12)

1, (3) grain barge 
tariff rate (BRNI), (4) export grain demand at 
the lower Mississippi River ports (GEXPQ), 
(5) domestic grain demands (TCDOM),
(6) regional grain supply (GSTOCKUM), 
(7) rates of competing and complementary 
transportation modes (OCEANS, RRMR, 
RRPNW), and (8) dummy variables (WINTER, 
FLOOD). BQUM represents the quantity of grain 
shipped per month from the upper Mississippi 
River to the lower Mississippi River port area. 
It is grain that originated on that segment of the 
Mississippi River extending from Minneapolis to 
Lock 24. These unpublished data were generated 

Grain Barge DemandGrain Barge Demand

Figure 2: Quantity of Corn and Soybeans 
  Moved by Barge on the Upper 
  Mississippi River, thousand tons
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by the Tennessee Valley Authority and provided 
by the Agricultural Marketing Service (AMS), 
U.S. Department of Agriculture (USDA). Corn 
and soybeans are the primary grains shipped by 
barge on the upper Mississippi River. Figure 2 
shows monthly grain shipments on the upper 
Mississippi River over the study period: peak 
flows typically occur during the spring and fall 
seasons. The north Iowa grain barge rate (BRNI) 
was adopted as a proxy for barge rates linking 
the upper Mississippi River to lower Mississippi 
River ports. It is a spot grain barge rate collected 
by AMS, USDA by surveying barge industry 
personnel (USDA/AMS, 2003). The BRNI rate 
is unavailable in the winter because the river 
is closed to navigation. The upper Mississippi 
River grain barge rate has strong seasonality with 
the peak rate often occurring between September 
and November (Figure 3). The average north 
Iowa grain barge rate is $10.40 per ton, and grain 
shipments on the upper Mississippi average 1.7 
million tons per month (Table 2).

Grain exports at lower Mississippi River 
ports (GEXPQ), provided by AMS, USDA 
(USDA/AMS, 2003), served as a proxy for 
foreign grain demand. The average quantity of 
grain exported per month at lower Mississippi 
River ports is 4.6 million tons (Table 2). Corn 
is the primary grain produced in the Corn Belt 
and it is exported primarily to lower Mississippi 
River and Pacifi c Northwest ports.  

Grain stocks in Minnesota and Iowa 
(GSTOCKUM) represent regional grain 
supplies. These data were obtained from the 

Economic Research Service, USDA (USDA/
ERS, 2003). Grain stocks are recorded quarterly, 
hence the need to interpolate the quarterly 
statistics for purposes of generating monthly 
values. The combined mean grain stock levels 
in Minnesota and Iowa were about 52.5 million 
tons per month (Table 2). Domestic demand 
for corn and soybeans was represented in the 
estimated grain barge equation by total domestic 
corn consumption (TCDOM). Domestic corn 
consumption (TCDOM) represents all corn 
consumed in the United States (USDA/ERS, 
2003).

Transportation rates of complementary 
and competing transportation modes are also 
included in the grain barge demand equation. 
The spread or difference in the U.S. Gulf-
to-Japan and the PNW-to-Japan ocean grain 
freight rates (OCEANS) is included and is 
calculated by subtracting the PNW rate-to-Japan 
from the U.S. Gulf-to-Japan rate. In addition, 
railroad rates from Minnesota origins to upper 
Mississippi River elevators (RRMR) and from 
west Minnesota to the PNW (RRPNW) are 
included. Data on grain ship rates came from 
the AMS, USDA (USDA/AMS, 2003) while 
the unpublished annual Carload Waybill Sample 
ranging between 1992 and 2001, provided by 
the AMS, was the source of railroad rates. 
Rail service from Minnesota origins to the 
upper Mississippi River elevators is viewed as 
complementary to barge transportation (RRMR) 
while railroad rates from west Minnesota to the 
PNW (RRPNW) offer competition to grain barge 
demand. The railroad rates for grain shipments 
from Minnesota or Iowa to the Mississippi Gulf 
is not included here because more than 90% of 
the export-destined grain at the Mississippi Gulf 
is transported via the Mississippi River from the 
north central production region (USDA/AMS, 
2003). This phenomenon is supported by the 
limited rail movements in the waybill data from 
the north central region to lower Mississippi 
River ports. Hence, it is likely that the influence 
of these rail rates on barge demand is modest.  

The flood dummy variable (FLOOD) is 
included to capture the impact of floods on 
grain barge demand. In general, the entire river 
will not close if floods occur in a particular 
region; however, a regional flood may cause 
some locks to be inaccessible, which may 

Grain Barge Demand

Figure 3: North Iowa Grain Barge Rate on 
  the Upper Mississippi River, 
  dollars/ton
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divert the demand from barge to other modes. 
This dummy variable is generated from the Rock 
Island District’s flood information, available at 
the Navigation Information Connection of the 
U.S. Army Corps of Engineer (U.S. Army Corps 
of Engineers, 2002a). A value of 1.0 is included 
for those months when floods are recorded, while 
a 0 represents remaining months.  

METHODOLOGY AND RESULTS

To estimate the structural demand equation 
for grain barge transportation on the upper 
Mississippi River, both ordinary least squares 
(OLS) and two-stage least squares (2SLS) are 
employed. This is done because of the concern 
regarding the endogeneity of several explanatory 
variables such as barge rates (BRNI) and rates 
of other transportation modes (RRMR, RRPNW, 
OCEANS). Since equation (3) is a demand 
equation for barge transportation, theoretically, 
the quantity (BQUM) and the price (BRNI) for 
barge service is jointly determined. Therefore, 
a simultaneous bias may occur and the BRNI 
variable may be correlated with the residual, 
which makes the OLS estimates biased and 
inconsistent. Rates of other transportation 
modes (RRMR, RRPNW, and OCEANS) 
are considered as the potential endogenous 
variables because their transportation services 
may react to other’s pricing strategies. Results 
are presented in two sections, OLS and 2SLS. A 
Hausman specifi cation test (Hausman, 1978) was 
conducted to compare these two estimates and to 
examine the consistency of OLS estimates.

OLS Estimates

Several econometrics tests were conducted to 
examine the quality of the ordinary least square 
(OLS) results (Quantitative Micro Software, 
1994). The residual tests, including correlograms 
of squared residuals, normality test, serial 
correlation Lagrange Multiplier (LM) test, 
autoregressive conditional heteroskedasticity 
(ARCH) LM test, and White’s heteroskedasticity 
test were conducted for the grain barge demand 
models. The estimated grain barge demand 
equation generally performed well in the residual 
test. In addition, the Augmented Dickey-Fuller 
(ADF) test was applied to the residuals from 

the ADL equation. The null hypothesis of 
non-stationarity was rejected (ADF statistic 
of –3.872)2, which indicates that the residuals 
generated from ADL estimation are a stationary 
series. However, stability tests consisting of the 
Chow breakpoint test and CUSUM of squares 
test indicate the estimated parameters are not 
stable across various time periods. The closing 
of the river during December, January, and 
February and the absence of rate and shipment 
data for these months complicate the estimation 
of the upper Mississippi River grain barge 
demand equations. This is the likely reason for 
the inferior results associated with the river grain 
barge demand equations.

Table 3 includes regression results of the 
grain barge demand equations for the upper 
Mississippi River. The estimated coeffi cient 
of each variable, except the dummy variables, 
is an elasticity. The elasticity measures the 
percent change in the dependent variable 
(quantity of grain transported by barge on the 
river) associated with a 1% change in a right-
hand side or explanatory variable. The expected 
negative relationship between barge rate (BRNI) 
and the quantity of grain moved by barge on 
the upper Mississippi River is observed in the 
estimated equation. The elasticity of the grain 
barge rate is –0.479, indicating grain barge 
demand is inelastic with respect to grain barge 
rate. The t-statistic associated with the BRNI 
variable (–1.621) indicates that barge rate is 
statistically signifi cant at the 10% level. The 
quantity of grain exported at lower Mississippi 
River ports (GEXPQ) affects grain barge demand 
in a positive manner and is signifi cant at the 1% 
level. The estimated elasticity of 1.197 implies 
that a 1% increase in the export grain demand 
will generate more than a 1% increase in grain 
barge demand. As expected, there is a positive 
relationship between grain stocks in Minnesota 
and Iowa (GSTOCKUM) and grain barge 
demand on the upper Mississippi River. The 
GSTOCKUM variable was not statistically 
signifi cant. Total domestic corn consumption 
(TCDOM) representing domestic corn demand 
has a negative influence on grain barge demand 
and is not statistically signifi cant.  

The positive relationship between railroad 
rates from Minnesota to Pacific Northwest 
ports (RRPNW) and grain barge demand is as 

Grain Barge Demand
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Table 3: Summary of OLS Grain Barge Demand Equations for Upper Mississippi River

expected; it suggests that a higher railroad rate 
to the PNW will divert grain exports from the 
PNW to the upper Mississippi River barge fleet. 
However, the influence of RRPNW on grain 
barge demand is not statistically signifi cant. An 
increase in the spread between the U.S. Gulf-to-
Japan and the Pacifi c Northwest-to-Japan ocean 
freight rates (OCEANS) will conceptually make 
grain exports from lower Mississippi River ports 
less competitive than exports from the PNW. 
Consequently, the demand for grain barge 
transportation on the upper Mississippi River 
would be reduced with a widening in the ship 
rate spread, hence a negative sign is expected 
and observed on the OCEANS variable. The lack 
of statistical signifi cance suggests the influence 
of the ocean freight rate spread may be modest.  

The RRMR variable has the expected negative 
sign and is signifi cant at the 10% level. The 
estimated elasticity of the RRMR variable is 
–0.789 indicating that a 1% increase in RRMR 
will reduce the quantity of grain transported on 
the River by about 0.8%.

The upper Mississippi River is not navigable 
in December, January, and February. Results 
confi rm that grain barge demand dramatically 
declines in this period. The WINTER variable is 
highly signifi cant (1% level) and with a negative 
sign. The flood variable (FLOOD), a dummy 
variable, is used to evaluate the impact of upper 
Mississippi River floods on grain barge demand. 
As expected, the FLOOD variable has a negative 
sign, and is signifi cant at the 5% level.
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2SLS Estimates

Since BRNI, RRMR, RRPNW and OCEANS are 
treated as endogenous, identifi cation requires at 
least four instruments (Baltagi, 2002). The 
instruments must be exogenous variables that 
are uncorrelated with the residual term in the 
demand equation. The instrument variables 
selected for barge rate (BRNI) are a lagged term 
of barge rate and the number of barges available 
on the river each month. The lagged barge rate 
was selected as an instrument because it would 
not be affected by current barge demand. The 
selection of available barges on the river as an 
instrument variable was based on the assumption 
that this variable was linked to supply rather 
than the demand of the barge industry (Panel D, 
Figure 1). Therefore, these two instruments are 
viewed as exogenous and relevant to the BRNI 
variable. The number of available barges on the 
river was measured as the upbound empty barges 
passing through Lock 27 each month, which was 
generated from the Operation & Maintenance 
of Navigation Installations (OMNI) reports 
(U.S. Army Corps of Engineers, 2003). For the 
rates of other transportation modes (RRPNW, 
RRMR, OCEANS), the lagged term of each 
variable, diesel price, and the wage index for 
transportation and warehouse industries are the 
selected instruments. Diesel price and wage index 
are shifters of the supply curve for transportation 
services, thus fi tting the exogeneity and exogeneity and exogeneity relevance
condition necessary for instruments. Diesel 
price was available at the website of the U.S. 
Department of Energy (USDOE, 2003) while the 
wage index was collected through the Bureau of 
Labor Statistics at the U.S. Department of Labor 
(USDOL, 2003).

The 2SLS estimates of the grain barge 
demand equations are reported in Table 4. The 
sign of each variable in the demand equation 
remained the same except the RRPNW variable.  
The barge rate (BRNI) elasticity increased to 
–0.578 but became insignifi cant. The elasticity 
of grain exports at lower Mississippi Gulf ports 
(GEXPQ) increased modestly from 1.197 to 
1.248, and remains signifi cant at the 5% level. 
The elasticity associated with the regional grain 

stocks variable (GSTOCKUM) increased about 
36% (0.205 to 0.279) but was non-signifi cant 
as was the total domestic corn consumption 
(TCDOM). Interestingly, the rates for other 
transportation modes were not signifi cant. Thus, 
grain exports, winter season and flood dummy 
variables are the only unlagged explanatory 
variables that significantly influenced barge 
demand.

The purpose of the Hausman specifi cation 
test (Hausman, 1978) is to test the hypotheses of 
bias or inconsistency of an estimator. The null 
hypothesis of this test is H0H0H ; E(u/X) = 0 versus u/X) = 0 versus u/X H1H1H ; 

E(u/X/X/ ) X) X ≠ 0, where the u is the residual term and 
the X represents the regressors. Two estimators X represents the regressors. Two estimators X
are needed to conduct this test. In this study, the 
Hausman test is based on the difference between 
the OLS and 2SLS estimators. Failing to reject the 
null hypothesis implies that the OLS estimators 
are consistent. The Hausman test statistic for this 
model is 2.16 and is asymptotically distributed as 

. This was found to be insignifi cant, which 
indicates that the 2SLS and OLS estimates are 
not signifi cantly different given the choice of 
instruments and the model specifi cation. Thus, 
the 2SLS method is not preferred over OLS.  

Since the OLS estimates were found to be 
consistent (Hausman test), additional attention 
is focused on the grain barge demand price 
elasticity. The grain barge demand elasticities 
presented in Tables 3 and 4 are viewed as short-
run elasticities. Because the estimated demand 
equation is an autoregressive distributed lag 
model, we can examine how barge rate (BRNI) 
affects the demand for barge transportation 
in the long run following the procedure of 
Davidson and MacKinnon (1993). By using the 
estimated coeffi cients of the lagged terms of the 
dependent variable (BQUMt-1 and BQUMt-12), 
long-run grain barge demand price elasticities 
were obtained for the upper Mississippi River. 
Short-run own-price elasticity was estimated to 
be –0.479 while the calculated long-run price 
elasticity was –1.015 [-0.479/(1-0.241-0.287)], 
implying that a 1% increase in the grain barge 
rate will reduce grain barge demand about 1% 
in the long run.
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CONCLUSION  

The upper Mississippi River is a critical artery 
in the U.S. inland waterway system and of great 
importance to U.S. agriculture. Knowledge of 
grain barge demand on the River is important 
to the barge industry, grain producers and 
authorities that maintain and manage the lock 
system on the river. It is particularly critical 
today because of the controversies surrounding 
the expansion of the aged lock system on the 
river. Economic benefi ts from inland waterway 
transportation improvements should be based on 
demand schedules representing the willingness to 
pay for improved navigability of the waterway. 
The areas under the demand function measure 
the gross benefi ts from waterway improvement. 
The purpose of this study is to estimate grain 

barge demand for the upper Mississippi River 
and develop an improved understanding of forces 
impacting the demand.

Some notable fi ndings are reported in this 
paper. Barge rates have a negative effect on 
grain barge demand or the quantity of grain 
transported by barge from upper Mississippi 
River origins to lower Mississippi River ports. 
A 1% increase in the grain barge rate will lower 
quantity transported by barge an estimated 0.5% 
in the short-run. For a long-run perspective, the 
own-price elasticity is elastic (-1.015) under the 
ceteris paribus assumption.  

Foreign grain demand, as measured by 
quantities of grain exported at lower Mississippi 
River ports, has an important influence on grain 
barge demand. This is reasonable because 
grain barge demand is a derived demand that 
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depends on excess demands associated with the 
international grain market. The export demand 
elasticity was found to be elastic (1.197) 
for the upper Mississippi River grain barge 
demand model. Increases in total domestic corn 
consumption is negatively related to quantities 
of grain transported by barge on the river. 
The elasticity associated with domestic grain 
demand is about –0.5, but was not statistically 
signifi cant.

Competing and complementary trans-
portation modes may have an affect on upper
Mississippi River grain barge demand; however, 
the results of this study are not statistically sig-
nifi cant regarding most of these modes. For
example, lower railroad rates linking Minnesota 
origins to Pacifi c Northwest ports was thought to 
be associated with reductions in grain transport 
on the upper Mississippi; however, the influence 
was not statistically significant. In contrast, 
the railroad rate linking Minnesota origins to
upper Mississippi River elevators was found to 

be a statistically important explainer of upper
Mississippi River grain barge demand, with
increasing railroad rates associated with reduced 
grain barge movements on the upper Mississippi 
River.  Ocean grain freight rates were not statisti-
cally important explainers of grain barge demand 
on the upper Mississippi. As expected, floods 
and the winter season have statistically important 
impacts on upper Mississippi River grain barge 
demand. Floods on the upper Mississippi reduce 
grain barge demand, as does the winter season 
when the river is closed to navigation.

In summary, grain barge demand on 
the upper Mississippi River is influenced by 
barge rates, foreign grain demands localized 
to lower Mississippi River ports, the rail rate 
for Minnesota-originated grain shipped to 
the Mississippi River, the winter season, and 
floods. In general, evaluated complementary 
and substitute transportation service did not 
yield statistically signifi cant results.

Endnotes

1.  The length of lag is determined by the Schwartz criterion (Schwartz, 1978).  Based on the Schwartz 
test statistic, we select one- and twelve-lag of dependent variables in the model.  Those two lagged 
dependent variables present some economic meanings within the context of barge transportation.  
The fi rst lagged dependent variable, BQUMt-1, is used to measure the influence of barge movement 
in previous month, while the second lagged dependent variable, BQUMt-12, is included to evaluate 
the seasonality pattern that evolved every twelve month (Figure2).

2.  The critical value at 5% signifi cant level of the augmented Dickey-Fuller (ADF) test here is 
approximately –3.15.  The critical value of the ADF test associated with the generated regressors is 
lower compared to that on original (not generated) data (Granger and Newbold, 1986).  Although the 
critical value in this case is lower than that for non-generated regressors, the ADF statistic of –3.872 
indicates the residuals from the ADL models do not exhibit non-stationary behavior. 
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