1.  Introduction and Motivation



	Commercial navigation on the upper reaches of the Mississippi River extends 857 miles from Minnesota’s Twin Cities to the river’s confluence with the Ohio at Cairo, Illinois.  Each year, thousands of barges loaded with over 100 million tons of bulk commodities are moved to, from or within the upper Mississippi River basin.�  The impact of this navigation resource is multifaceted and pronounced.  The barge industry, on the Mississippi as a whole, directly employs thousands of individuals, while many thousands more are employed in servicing barge operations.  Consequently, the barge industry adds millions of dollars in commerce to local and regional economies throughout the upper Mississippi Basin.

	Far more important, from a national standpoint, is the contribution of upper Mississippi River navigation to aggregate national economic development (NED) benefits.  For thousands of commercial shippers, the combined terminal, transfer, and line-haul cost associated with routings which utilize barge transportation represents the best or least cost alternative.  In the absence of upper Mississippi River navigation, these shippers could expect to expend hundreds of millions of additional dollars to acquire substitute transportation services or, in the extreme, relocate to origins or destination which are served by another navigable waterway.�  Generally, these navigation related savings are assumed to stem from the inherent cost advantage enjoyed by barge transportation in certain specific markets.  Therefore, these savings represent legitimate additions to aggregate economic welfare which would be unavailable in the absence of this commercial navigation.

	Many of the capital structures which� facilitate navigation on the upper Mississippi River are approaching the end of their projected usefulness.  Moreover, many of these structures are incompatible with the barge sizes and tow configurations that are in evidence on other segments of the inland waterway system.  Consequently, transportation policy analysts at all levels of government are in the process of evaluating the potential benefits and costs of modifying or replacing some number of these structures.   Very clearly, this analysis must consider the national economic development benefits associated with any changes in the navigational capacity of the upper Mississippi.  However,  the deregulation of the railroad industry and the continually emerging competitive interdependence of available navigation and railroad rates means that structural changes to the capacity of the upper Mississippi may now affect a much larger group of shippers.  Both empirical and anecdotal evidence suggests that available barge transportation effectively constrains the exercise of market power by rail carriers when extant rail-rail competition may, otherwise, be insufficient to do so.�    These “water-compelled” rail rates can confer significant benefits to railroad shippers and impose costs (in the form of lost economic profits) on rail carriers.  This dramatically amplifies the potential regional impacts of any policy decision regarding the rehabilitation or reconstruction of upper Mississippi River navigation structures.  Accordingly, the competitive impacts of all policy alternatives which might enhance or diminish the viability of upper Mississippi River navigation should be considered.

	While academic economists have been quick to identify the competitive relationship between rail and barge that has emerged over the past two decades, there have been only scant attempts to quantify the value of barge competition on the various components of the inland waterway system.  In 1990, the Tennessee Valley Authority (TVA) contracted with the Center for Business and Economic Research at the University of Tennessee for a study designed to shed light upon, if not fully resolve, the many issues inherent in the topic of water-compelled rail rates.  The UT-TVA study successfully identified measurable water-compelled effects for three broadly defined commodity groups which are directly attributable to the availability of commercial navigation on the Missouri River.  

	The TVA-UT results are entirely consistent with a variety of more general estimates which have appeared in both academic and non-academic publications.  Nonetheless, the constraints inherent in this early work caused it to come under rather harsh criticism.  More recently, TVA has reformulated this Missouri River analysis to accommodate superior data and a more comprehensive model specification.  In doing so, each of the substantive criticisms of the initial study have been addressed.  Again, the results are qualitatively consistent with earlier estimates.  However, the degree of detail and accuracy is substantially improved.

	As the Corps of Engineers studies the potential impacts of lock replacement or rehabilitation on the upper Mississippi, it provides a new and, potentially, much richer context in which to re-examine the competitive relationship between railroad and barge transportation.  Many of the techniques and data sources evident in the more recent Missouri River study have been included in this work.  At the same time, the ability to consider a broader range of commodities and the availability of more advanced geographic data, have made it possible to incorporate additional refinements in the model specification and analysis which follows.  In Section 2, we review  the emergence of water compelled railroad rates as a source of Regional Economic Development (RED) benefits.  Section 3 provides a theoretical sketch of railroad pricing behavior, a description of data and sources, and a brief discussion of our empirical model.  Estimation results are presented in Section 4, while Section 5 offers a few concluding remarks.  Finally, a thorough discussion of  data set constructions and a complete set of statistical results are provided in  three appendixes. 

�

2. Water Compelled Rates as a Source of RED Benefits



	Prior to 1980 and the implementation of the Staggers Rail Act of that year, the Interstate Commerce Commission (ICC) maintained regulatory control over railroad rates so that any discussion of benefits owing to waterborne competition would have been largely inappropriate. Presumably, the ICC sanctioned rail rates based on some quasi-optimal departure from marginal cost pricing aimed at minimizing market distortions while providing rail carriers with an adequate rate of return on capital.�  Under such a scenario, the increased availability of barge transportation might affect transfers of wealth from shippers in regions without a water alternative to shippers located at or near a waterway improvement. However, the absence of extant super-normal rail profits would preclude any transfer of welfare from carrier to shipper or the achievement of any aggregate welfare gains.�

	With deregulation, the outcome outlined above is replaced by an environment in which rail carriers are presumed to act to maximize firm profits.  This profit maximization dictates that railroads charge different rates for the transport of different commodities within different regions of the country if the demand elasticities in these markets are different, if there is no opportunity for arbitrage, and if the railroads have sufficient market power to affect rates at all.  Assuming these conditions are met, the railroads will impose a set of often disparate prices which will maximize profits in each market and, consequentially, maximize total profits for the firm.  Except to the extent that there are common costs which are affected by the volume of traffic in some combination of markets, these profit maximizing rates exist independent of each other.  It follows, then, that increased waterborne competition in one market may reduce prices in that market without affecting prices in other markets which lie beyond the range of effective barge competition.  The most obvious result is a loss of railroad profits in favor of rail shippers within the affected region.  Further, the railroads cannot recover these lost profits by imposing higher prices elsewhere.  If they possess the power to impose profitable prices increases, they would have already exercised it.  Instead, improved water transportation leads to a transfer of wealth from the providers of rail transport to its consumers.  This does not imply that the railroads are earning zero economic profits, even in the affected market, only that the level of rail profits is less than it would have been in the absence of the navigation improvement.  

	In a more generic setting, one might expect that a structural change which enhances competition between rivals and lowers price would lead to aggregate gains in economic welfare which extend beyond a simple transfer of wealth form seller to buyer.  Indeed, there may be  NED benefits attributable to a reduction of railroad rates for existing and new railroad customers.  However, it is our judgment that the magnitude of these welfare gains is likely to be extremely small.  In order for a change in rail rates to induce substantial changes in welfare it would be necessary for output quantities to vary considerably as rail prices change.  Empirical evidence suggests that this is not the case.  Even long-run elasticities of supply with respect to transport rates are very low and, in the short-run these elasticities probably approach zero.  Because falling transport rates cannot significantly affect the quantities of agricultural inputs and outputs produced each year, the number of kilowatt hours of electricity generated, or the number of new housing starts, it is likely that such declines would lead to only marginal welfare gains for the economy as a whole.�

Models, Data, and Estimation Techniques



3.1  Theoretical Setting	

Based on the discussion in the previous section, it is assumed that all rail carriers act to maximize current period profits in each of the markets in which they operate.  Further, it is assumed that there are no opportunities for the resale of rail services, and that railroads possess some degree of market power, so that they may establish differential rates when customers in distinct markets have different demand elasticities.  Markets are distinguished from one another by geographic location and by commodity or shipment characteristics.  Though the demands of individual shippers may be discontinuous, market demand curves are assumed to be continuous and well behaved functions of railroad prices, the pricing and availability of competing transport modes, commodity characteristics, and the down-stream demand for shippers’ products.  Railroad costs of providing service in a particular market during some time period are assumed to be a function of the quantity of service provided, shipment characteristics, route characteristics, and factor prices.  These functions are also assumed to be continuous, twice differentiable and, otherwise, well behaved.  These market demand and cost functions may be combined to yield a current period profit function form which the railroad may determine the profit maximizing price.  This optimal price is, of course, a function of the same variables which determine demand and costs.  This relationship may be summarized by:

Pi* = f(Mi, Ai, Si, Ri, Fi)

where Pi* is the profit maximizing price to be charged to the ith customer.  Mi is the set of variables denoting the pricing and availability of both intramodal and intermodal transport alternatives as defined by the origin/destination pair and the commodity characteristics.  Ai is the aggregate demand for the shipped commodity.  Si is a set of shipment characteristics such as shipment size, special handling requirements  or equipment considerations.  Ri is a set of route characteristics including the frequency of interchange or line density and Fi denotes a set of factor prices.�



Data and Estimation

	The principal data source for the estimation of equation (2) is the Interstate Commerce Commission’s annual Carload Waybill Sample for 1992.  Unlike early efforts, this research is based on the master version of the waybill sample rather than the public use version.  The data set includes all shipments which have either their origin or destination within the upper Mississippi River Basin	All data remain fully disaggregated.  Inter-commodity variations are captured through separate estimations for each good.  All commodity groups are defined at the five digit Standard Transportation Commodity Code (STCC) level.  A summary of those commodities considered by this research is included in 

Table 3.1below.

Table 3.1



STCC�Commodity�STCC�Commodity��  1132�Corn�28712�Super Phosphates���  1137�Wheat�28713�Liquid Fertilizers�� 1144�Soybeans�28714�Dry Fertilizers��11212�Coal�28918�Anhydrous Ammonia��14111�Sand�29114�Lubricating Oils��14219�Limestone�29116�Asphalt��14412�Crushed Stone�29914�Petroleum Coke��20923�Soybean By-Products�32411�Portland Cement��24115�Wood Chips�33121�I&S Plate and Bar��28123�Sodium Hydroxide�33123�I&S Plate and Bar��28125�Potash�33126�I&S Pipe��28181�Urea�33311�Copper��28184�Ethyl Alcohol�40211�I&S Scrap��

To account for the dependent variable and the various explanatory components contained in Equation (1), the actual empirical specification includes the following variables.�

Table 3.2

Variable�Description�Expected Sign��RTMi�Revenue per ton-mile for shipment i�

�Dependent variable��UCARi�The number of carloads in shipment  i

�Negative��TONS2CARi�The average tonnage per carload in shipment i 

�Negative��TDISi�The total shipment distance for shipment i 

�Negative��OD2W�Straight-line origin distance to nearest navigation�

�Positive��TD2Wi�Straight-line destination distance to nearest navigation�Positive��NUMRRi�The number of railroads participating in shipment i 

�Positive/Negative���RRCONi�Carrier concentration in originating and terminating markets�Positive��DENSITYi�State-to-state route density for the carrier or carrier combination responsible for shipment  i�Positive/Negative���SYSCARi�Zero/one dummy variable assuming a value of one if equipment was railroad owned, zero otherwise�Positive��QTRit�Quarterly dummy variables for the first, second, and third quarters�Commodity dependent��Cdij�Zero/one dummy variables denote whether or not carrier j participated in shipment I�No a priori expectations��	While the relationship between the origin and destination distances to water and the observed rail rate may be continuous over some range of distances, these effects may be presumed to end abruptly.  At some critical distance, escalating motor carrier charges render the barge-truck alternative ineffective as a competitive influence.  Therefore, beyond this distance the coefficient estimates for OD2Wi and TD2Wi should be zero.  To account for this discontinuity, the actual estimated models embody a spline function.  The specific construction of this function and process for determining the appropriate critical distances are discussed in appendix A.1.  However, the process mandates the inclusion of two additional dummy variables, OCDUMi and TCDUMi,   Finally, we add a quadratic term on shipment distance, TDIS2, to produce the sort of gentle distance-rate taper typically hypothesized, so that the  model estimated for each of the individual commodities may be written as:



RTM i  =   (0 + (1(UCAR i) + (2(TONS2CAR i) + (3(TDIS i) + (4(TDIS2 i) +
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	Past work indicates that any heteroskedasticity generally owes to inter-commodity or inter-regional variations in the error structure.  Given that we account for both factors by estimating Equation (2) separately for each commodity group and have limited our investigation to the upper Mississippi River basin, there is little need to correct for any heteroskedasticity which may be evident.  Consequently, we use Ordinary Least Squares to fit Equation (2) and also rely on the OLS estimates in calculating the standard errors.�

	A prudent observer might also voice concern over the potential truncation of sample data and a possible selection bias resulting therefrom.  In some settings, a portion of the relevant population is unobservable.  The failure to adequately account for this truncation may bias OLS estimators and lead to unsupported conclusions.  If our attempt, in this analysis, was to explain observed rates for all transport modes or the modal decisions of all shippers based on a sample of railroad rates alone, then it would be necessary to test, and perhaps control, for self-selection into the population of rail shippers.  However, given that our sole aim is to predict railroad rates, the waybill sample is, in no way, truncated, so that controls for selection bias are unnecesary.





4.  Estimation Results



	The majority of this section is devoted a discussion of the competitive relationship between rail rates and the availability of barge transportation, including the estimated magnitudes of water-compelled rate effects.  These results are, however, preceded by a brief a general description of the estimation process and the regression results for other dependent variables.  A full set of regression outputs are included in the statistical appendix to this study.



General Results

	Of the twenty-five commodities originally included in this investigation, full results are reported for only fourteen.  The remaining eleven commodities were excluded from the final analysis for a variety of reasons.  For nine of the omitted  commodities (sand, crushed stone, wood chips, sodium hydroxide, ethyl alcohol, anhydrous ammonia, cement, steel pipe, and copper) no competitive relationship between the availability of barge transportation and railroad rates was found.  This is not to say that such  relationships do not exist in some cases.  However, there is enough unexplained variation in the data for these commodities to render the results of the distance-to-water variable(s) insignificant.  In the other two cases (asphalt and petroleum coke), barge transportation was entirely dominant.�  The 1992 waybill data contain thousands of observations for both commodities.  However, when these data are refined to include only the Mississippi River basin, the number of observations drops to a level which fails to sustain sound empirical inference.  The most plausible explanation for this result is that at or near navigable waterways, these two commodities are rarely shipped by rail.

	Model Results are reported for the remaining fourteen commodities.  In seven casees the coefficient estimate for UCARi is statistically significant and in each of these cases the coefficient is negative as expected.�  Moreover, those commodities for which this variable fails to attain significance are commodities which are seldom shipped under multiple car or unit train rates.    Similarly, TON2CARi is negative in and statistically significant in twelve of  fourteen cases.  TDISi, as might be expected is negative and statistically significant for all fourteen commodities commodities and the coefficient estimates for the quadratic term, TDIS2i are positive and significant in all but one case.  Coefficient estimates for NUMRRi are positive for six of the eight cases in which this variable is statistically significant, indicating that when the number of carriers is an important determinant of rates, it is most often because of its impact on shipment cost.  For six of the fourteen commodities,  estimates for RRCONi are positive and significant, as expected.  However, in an equal number of cases, the coefficient estimates are negative and significant.  We can offer no explanation for this anomaly.  Coefficient estimates for DENSITYi are positive for eight of the ten commodities where this variable attains significance, indicating that, in most cases, additional traffic density leads to higher unit costs.�  Finally, SYSCAR is positive and significant in six of thirteen cases.�



Water-Compelled Rail Rate Analysis

	Before beginning a commodity-by-commodity summary of the estimated water compelled rate effects, it will be useful to review the hypothesized relationship between available barge competition and rail rates and to briefly discuss the general method by which aggregate water compelled rail rates impacts are calculated.  Figure 4.1 isolates the hypothesized relationship between revenue per ton-mile and shipment distance to water by treating all other variables as constant.  In this figure, the vertical axis denotes the unit revenue obtained by the rail carrier(s), while the horizontal axis indicates the shipment distance from the nearest navigation resource.  For the purposes of this illustration, we assume that the marginal cost of rail service is equal to that of barge transportation so that rail carriers may compete effectively for all traffic.  Given that barge service is competitively priced at marginal cost, the competing  rail carrier is indifferent as to whether or not it accepts a shipment originating or terminating along the river.  If it does so, it must also price at marginal cost, so that its economic profits on the movement would equal zero.  On the other hand, as the origin or destination moves further form the navigation resource, the rail carrier can begin to increase its price.  As long as the rail rate does not exceed the combined cost of transferring the shipment to and from a navigation facility
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and shipping it by barge, the rail carrier can retain the traffic, while earning economic profits.  Note, however, that the rate charged in this situation is still less than the profit maximizing base-line rate the railroad would charge in the absence of the water alternative.  This Constrained railroad price is the water-compelled rate.  Finally, some origins and destinations are sufficiently removed from the nearest waterway, so that the cost of transferring the shipment to a navigation facility and then shipping it by barge is too high to, in any way, constrain the rail rate below the full profit maximizing level.  In Figure 4.1, this distance is denoted on the horizontal axis as point C.  Beyond this point, the availability of the navigation resource is irrelevant.

	In order, then, to estimate the value of water-compelled rates three pieces of information are needed.  We must be able to identify the profit maximizing rate which would apply in the absence of the water resource.  We must be able to predict the movement of rail rates as the origin or destination becomes more removed from the nearest waterway and we must be able to estimate the maximum distance at which available navigation has any impact on observed rail rates.  

The fitted regression equations yield the information from which we may plot the discontinuous  rate path depicted in Figure 4.1.  Appendix A.1 fully describes the process by which this path is fitted.  Essentially, however, we develop an iterative process, by which the data themselves simultaneously search out the slope of the rate path and point of discontinuity which offer the best fit.  This process yields both the maximum effective range of the navigation influence and the base-line rate as a part of  estimation process.  Finally, to estimate the magnitude of the water compelled effect for a particular movement, we need only subtract the fitted or observed rate from the estimated base-line rate to obtain the difference.  Again referring to Figure 4.1, this final step is analogous to measuring the vertical distance between the fitted rate path and the base-line rate.



STCC 1132 - Corn    Table 4.1 presents summary statistics for corn movements observed within the Mississippi River basin.  It also summarizes the water-compelled rate effects estimated by the procedure outlined above.  The number of tons of corn moved by rail within the effective range of any navigation impact is larger than  similar figures for any other agricultural commodity and is second only to coal among all commodities for which water-compelled effects are identified.  However, the per ton-mile effect of available navigation is somewhat smaller than that identified for wheat and the effective ranges are somewhat shorter.  Consequently, the aggregate savings to corn shippers is also somewhat smaller for corn than for wheat, totaling roughly $114 million for 1992.  This result is similar to those obtained by MacDonald (1987).











Table 4.1



Variable�Mean�Variable�Mean��Revenue per Ton-Mile�3.400 cents�Shipment Distance�659��Carloads�26.4�Participating Railroads�1.19��Shipment Tons�2,549�Origin Miles to Water�91.4��Tons per Car�96�Dest. Miles to Water�301.7��WATER COMPELLED RATE EFFECTS��

STCC 1132 - Corn

�Upper Mississippi Water-Compelled Effects�Percentage of Annual National Revenue/Tonnage

(for same commodity)��Aggregate Value of Water-Compelled Effects�$113.6 million�12.4%��Rail Tonnage Affected�30.9 million�48.7�
�
Mean Water-Compelled Effect per Ton-Mile�1.154 cents��
�
Water Competitive Range - Origin�50 miles��
�
Water Competitive Range - Destination�105 miles��
�


STCC 1137 - Wheat    Table 4.2 provides summary statistics on railroad movements of wheat in or out of the Mississippi River basin, as well as a summary of water-compelled rate effects for this commodity.  The aggregate value of water-compelled rail rates to wheat shippers totals more than $189 million for the period of investigation.  While the wheat tonnage is measurably less than the volume of corn which moved by rail, the per ton-mile effect and impact range are both significantly greater.  This is important because, as a comparison of Tables 4.1 and 4.2 indicates, wheat generally originates considerably farther from the river than does corn. 



STCC 1144 - Soybeans    Both the summary statistics and estimated water-compelled rail rate effects for movement of soybeans are more similar to those for corn than for wheat.  These results are summarized in table 4.3 below.  The primary difference between soybeans and corn owes to the comparatively modest volume of soybean traffic over which navigation has any influence.  The per ton-mile effect of available barge transportation on railroad rates is very nearly equal for the two goods and the effective water-compelled ranges (save for their transposition) are roughly equivalent, but the difference in the volume of traffic causes the aggregate effect for soybeans to be much smaller.  Still, for 1992, the magnitude of these effects places soybeans fifth among the fourteen commodities for which water-compelled rail rates are identified. 



Table 4.2



Variable�Mean�Variable�Mean��Revenue per Ton-Mile�4.930 cents�Shipment Distance�630��Carloads�23.59�Participating Railroads�1.28��Shipment Tons�2289�Origin Miles to Water�216.3��Tons per Car�97.6�Dest. Miles to Water�68.7��WATER COMPELLED RATE EFFECTS��

STCC 1137 - Wheat�Upper Mississippi Water-Compelled Effects�Percentage of Annual National Revenue/Tonnage

(for same commodity)��Aggregate Value of Water-Compelled Effects�$189.8 million�22.7%��Rail Tonnage Affected�18.4 million�35.5%�
�
Mean Water-Compelled Effect per Ton-Mile�2.01 cents��
�
Water Competitive Range - Origin�180��
�
Water Competitive Range - Destination�120��
�




Table 4.3



Variable�Mean33333�Variable�Mean��Revenue per Ton-Mile�5.480 cents�Shipment Distance�381��Carloads�23.11�Participating Railroads�1.19��Shipment Tons�2,218�Origin Miles to Water�79��Tons per Car�95.04�Dest. Miles to Water�102��WATER COMPELLED RATE EFFECTS��

STCC 1144 - Soybeans�Upper Mississippi Water-Compelled Effects�Percentage of Annual National Revenue/Tonnage

(for same commodity)��Aggregate Value of Water-Compelled Effects�$21.9 million�11.1%��Rail Tonnage Affected�8.4 million�48.5%�
�
Mean Water-Compelled Effect per Ton-Mile�0.1942 cents��
�
Water Competitive Range - Origin�105��
�
Water Competitive Range - Destination�40��
�



STCC 11212 - Coal    The water-compelled 33rate effects for railroad movements of coal are more than two and one half times greater than the second most affected commodity.  In 1992, nearly sixty million tons of coal is estimated to have moved into, out of, or within the Mississippi River basin under rates which were made lower by available barge transportation.  While this affected tonnage is less than twenty-three percent of the total coal movements into the region in that year, the estimated water-compelled effects still amount to more than $500 million.  These results are summarized in Table 4.4 below.

Table 4.4



Variable�Mean�Variable�Mean��Revenue per Ton-Mile�3.3395 cents�Shipment Distance�565��Carloads�68.67�Participating Railroads�1.39��Shipment Tons�6974�Origin Miles to Water�236��Tons per Car�99.01�Dest. Miles to Water�112��WATER COMPELLED RATE EFFECTS��

STCC 11212- Coal�Upper Mississippi Water-Compelled Effects�Percentage of Annual National Revenue/Tonnage

(for same commodity)��Aggregate Value of Water-Compelled Effects�$518 million�7.4%��Rail Tonnage Affected�59.6 million�9.9%�
�
Mean Water-Compelled Effect per Ton-Mile�0.695 cents��
�
Water Competitive Range - Origin�n/a��
�
Water Competitive Range - Destination�10��
�




	Markets for both the transportation and delivery of coal are extremely competitive and increasingly dynamic.  The availability of barge transportation is only one of the factors which works to dampen railroad prices for the movement of coal in the upper Mississippi basin.  As Figure 4.2 

indicates, the Mississippi basin in general and upper Mississippi in particular is a region which is overlapped by both eastern and western rail carriers.  Therefore, it is a region in which eastern coal from Pennsylvania, West Virginia, and Kentucky competes head to head with western coal from the Powder River Basin of Wyoming and Montana.  The model from which the water-compelled effects are 

Figure 4.2

� EMBED PowerPoint.Show.7  ���estimated accounts for intramodal rail competition by including RRCONi within the specification.  The estimation results suggest that increased participation by greater numbers of more equally positioned railroads contributes significantly to lower railroad rates for the movement of coal.  This is precisely the result of the convergence of eastern and western railroads in the upper Mississippi basin. Nonetheless, initial estimates suggested that water-compelled rate effects extend up to a distance of 85 miles from the waterway.  Given that coal cannot be effectively trucked in volume over such a distance, it seemed that the model still confused the effects of intramodal competition with the intermodal competition provided by barge.  In order to further distinguish between these two effects, we introduced a second discontinuity into the models specification and, again, allowed the iterative process to search out the best fit.  The results of this process are illustrated in  Figure 4.3 below. As this figure and

the supporting empirical results indicate, within an 85 mile range of the upper Mississippi River, eastern and western railroads compete vigorously for the delivery of coal.  However, the resulting rates should not be attributed to the availability of water transportation.  Nonetheless, within a range of ten miles from the upper Mississippi, rail rates fall even faster.  This second discontinuity and the savings it represents are directly correlated with the proximity of coal  customers to navigable waterways.



Figure 4.3
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	There is one final issue which must be resolved.  The relation between railroad rates and the availability of commercial navigation may be judged as causal only if there is no other reasonable explanation for this correlation.  Because those utilities located nearest to the river are some of the larger coal burning customers, it might be argued that they receive lower rail rates because of their size and importance, not because the availability of waterborne transport.  To account for this possibility, the specification for coal includes one additional variable, ANTONS which is defined as the annual coal tonnage railed to the destination county.  Indeed, the coefficient estimate for this variable is negative and statistically significant, reflecting the superior bargaining position of large coal receivers.  Nonetheless, the coefficient estimates for the variables denoting the availability of water remain extremely strong.  Thus, we must conclude that the results reported in Table 4.4 genuinely reflect the affects available barge transportation.



STCC 14219 - Limestone    In contrast to crushed stone and other non-metallic mineral commodities, rail rates for the movements of limestone within the upper Mississippi basin display an observable sensitivity to the availability of commercial navigation.  These results are summarized in Table 4.5 below.  The average rate differential is a little more than one half cent per ton-mile and the volume of affected tonnage is not excessive.  Even so, the availability of water transportation results in a welfare transfer of nearly $4 million over the period of investigation and it is interesting to note that nearly 80% of all lime stone shipments within the region are to and from locations which fall within the effective range of barge competition. 



STCC 20923 - Soybean By-Products    Table 4.6 provides relevant summary statistics and water-compelled effects for the movement of soybean by-products.  The magnitude of the per ton-mile water-compelled effect is very nearly the same as that which is estimated for unprocessed soybeans, so is the affected 1992 tonnage  However, the range of this impact at the origin is significantly smaller.  Nonetheless, the value of water-compelled impacts for rail movements of this commodity is estimated at nearly $32 million, for 1992 placing it fourth in importance among all commodities in terms of water-compelled effects



Table 4.5

Variable�Mean�Variable�Mean��Revenue per Ton-Mile�3.729 cents�Shipment Distance�197��Carloads�14.57�Participating Railroads�1.71��Shipment Tons�1326�Origin Miles to Water�56��Tons per Car�89.52�Dest. Miles to Water�101��WATER COMPELLED RATE EFFECTS��

STCC 14219 - Lime Stone�Upper Mississippi Water-Compelled Effects�Percentage of Annual National Revenue/Tonnage

(for same commodity)��Aggregate Value of Water-Compelled Effects�$3.8 million�1.4%��Rail Tonnage Affected�4.3 million�8.4%�
�
Mean Water-Compelled Effect per Ton-Mile�1.203 cents��
�
Water Competitive Range - Origin�40��
�
Water Competitive Range - Destination�55��
�






Table 4.6



Variable�Mean�Variable�Mean��Revenue per Ton-Mile�4.626 cents�Shipment Distance�561��Carloads�5.33�Participating Railroads�1.22��Shipment Tons�486�Origin Miles to Water�61��Tons per Car�88.01�Dest. Miles to Water�181��WATER COMPELLED RATE EFFECTS��STCC 20923 -

Soybean Byproducts�Upper Mississippi Water-Compelled Effects�Percentage of Annual National Revenue/Tonnage

(for same commodity)��Aggregate Value of Water-Compelled Effects�31.9�16.4%��Rail Tonnage Affected�7.2 million�51.8%�
�
Mean Water-Compelled Effect per Ton-Mile�1.203 cents��
�
Water Competitive Range - Origin�60��
�
Water Competitive Range - Destination�60��
�




TCC - 28125 Potash	Domestic markets for both potash and urea are heavily influenced by imports from Canada. Consequently, rates for both commodities are more difficult to model.�  Nonetheless, the model fits for both commodities are reasonably strong.  Table 4.7 provides the study results for potash.  The mean shipment distance and mean origin distance to water are both relatively large, reflecting the Canadian influence.  The reader will note, however, that the destination distance to water is considerably shorter.  When potash does move from an origin that is reasonably close to a navigation resource (20 miles), the impact on railroad rates is readily observable.  Results suggest that available barge transportation results in an aggregate savings of $7.5 million over the period of investigation.



Table 4.7





Variable�Mean�Variable�Mean��Revenue per Ton-Mile�10.40 cents�Shipment Distance�836��Carloads�3.95�Participating Railroads�2.06��Shipment Tons�387�Origin Miles to Water�140��Tons per Car�97.51�Dest. Miles to Water�52��WATER COMPELLED RATE EFFECTS��

STCC 28125 - Potash�Upper Mississippi Water-Compelled Effects�Percentage of Annual National Revenue/Tonnage

(for same commodity)��Aggregate Value of Water-Compelled Effects�$7.4 million�2.0%��Rail Tonnage Affected�5.6 million�45.5%�
�
Mean Water-Compelled Effect per Ton-Mile�2.069 cents��
�
Water Competitive Range - Origin�20 miles��
�
Water Competitive Range - Destination�n/a��
�


STCC 28181 - Urea    Not only are markets for urea heavily influenced by Canadian production, they are also affected by the production of other nitrogen substitutes.  Moreover, these market forces tend to converge in the Mississippi River basin.  Consequently, changing market conditions dictate when and where railroads can exercise any degree of market power.  Nonetheless estimatess suggest that rail prices are strongly influenced by the availability of water transportation.  Table 4.8 provides summary statistics and the water-compelled figures for this commodity.  Among fertilizers and fertilizer products, urea ranks second in terms of the largest savings from available barge transportation.



Table 4.8



Variable�Mean�Variable�Mean��Revenue per Ton-Mile�6.021 cents�Shipment Distance�799��Carloads�1.53�Participating Railroads�1.80��Shipment Tons�104�Origin Miles to Water�75��Tons per Car�89.1�Dest. Miles to Water�59��WATER COMPELLED RATE EFFECTS��

STCC 28181 - Urea�Upper Mississippi Water-Compelled Effects�Percentage of Annual National Revenue/Tonnage

(for same commodity)��Aggregate Value of Water-Compelled Effects�$10.3 million�4.4%��Rail Tonnage Affected�2.0 million�29.4%�
�
Mean Water-Compelled Effect per Ton-Mile�1.236 cents��
�
Water Competitive Range - Origin�40��
�
Water Competitive Range - Destination�40��
�




Table 4.9



Variable�Mean�Variable�Mean��Revenue per Ton-Mile�6.942 cents�Shipment Distance�632��Carloads�1.36�Participating Railroads�1.45��Shipment Tons�133�Origin Miles to Water�143��Tons per Car�98.00�Dest. Miles to Water�101��WATER COMPELLED RATE EFFECTS��STCC 28712 -

Super Phosphates�Upper Mississippi Water-Compelled Effects�Percentage of Annual National Revenue/Tonnage

(for same commodity)��Aggregate Value of Water-Compelled Effects�$11.2 million�6.5%��Rail Tonnage Affected�1.8 million�14.9%�
�
Mean Water-Compelled Effect per Ton-Mile�1.33 cents��
�
Water Competitive Range - Origin�35��
�
Water Competitive Range - Destination�35��
�
STCC 28712 - Super Phosphates (DAP, MAP, TSP)     As with the other two major fertilizer component materials, rates for the movement of this commodity grouping also demonstrates a sensitivity to the availability of navigation.  These results are presented in Table 4.9.  



STCC 28713 - Liquid Fertilizer     Although the quantity of liquid fertilizer shipped by rail is small relative to the quantities of other fertilizers and fertilizer products, the effective range of a waterborne transportation alternative at the destination is quite long (130 straight-line miles)  Consequently, the water-compelled impacts rail rate impacts for movements of this commodity amount to more than $8 million during the period of investigation.  These results, along with summary statistics are included in Table 4.10 below.



Table 4.10





Variable�Mean�Variable�Mean��Revenue per Ton-Mile�5.1308 cents�Shipment Distance�422��Carloads�1.65�Participating Railroads�1.22��Shipment Tons�162.3�Origin Miles to Water�15��Tons per Car�97.0�Dest. Miles to Water�102��WATER COMPELLED RATE EFFECTS��STCC 28713 -

Liquid Fertilizers�Upper Mississippi Water-Compelled Effects�Percentage of Annual National Revenue/Tonnage

(for same commodity)��Aggregate Value of Water-Compelled Effects�$8.0 million�12.5%��Rail Tonnage Affected�1.0 million�27.8%�
�
Mean Water-Compelled Effect per Ton-Mile�2.059 cents��
�
Water Competitive Range - Origin�n/a��
�
Water Competitive Range - Destination�130��
�




STCC 28714 - Dry Fertilizer    The final commodity among the group of fertilizer products considered within this analysis is finished dry fertilizers.  As Table 4.11 indicates, the effective water competitive range over which rail rates are affected by available barge transportation is quite large.  Nonetheless, both the volume of affected material and the average impact are relatively small, so that the aggregate impact nets  to a little more than $1.0 million, the least of any commodity for which a water-compelled impact was identified based on 1992 data.



Table 4.11



Variable�Mean�Variable�Mean��Revenue per Ton-Mile�3.349�Shipment Distance�1044��Carloads�1.09�Participating Railroads�1.44��Shipment Tons�102.1�Origin Miles to Water�290��Tons per Car�93.24�Dest. Miles to Water�85��WATER COMPELLED RATE EFFECTS��STCC 28714 -

Dry Fertilizers�Upper Mississippi Water-Compelled Effects�Percentage of Annual National Revenue/Tonnage

(for same commodity)��Aggregate Value of Water-Compelled Effects�$1.0 million�1.4%��Rail Tonnage Affected�1.1 million�34.4%�
�
Mean Water-Compelled Effect per Ton-Mile�0.611 cents��
�
Water Competitive Range - Origin�80��
�
Water Competitive Range - Destination�100��
�






STCC 33121 - Iron & Steel Billets or Ingots    The analysis considers two groups of primary iron and steel products.  The first of these includes billets and ingots.  As indicated by the results in Table 4.12, rail movements of these commodities are extremely sensitive to the availability of barge transportation.  While the tonnage and effective range are similar to those for lime stone, the dollar value of the 1992 water-compelled impact for rail shipments of these steel products is more than $36 million, ten times that of lime stone.



STCC 33123 - Iron & Steel Plate    The second group of iron and steel products included within the analysis includes a variety of steel plate.  As in the case of the previous group of I&S products these effects are significant.  They are summarized in Table 4.13 are quite pronounced.



Table 4.12

Variable�Mean�Variable�Mean��Revenue per Ton-Mile�5.010 cents�Shipment Distance�500��Carloads�4.14�Participating Railroads�1.54��Shipment Tons�1102.1�Origin Miles to Water�66��Tons per Car�93.24�Dest. Miles to Water�23��WATER COMPELLED RATE EFFECTS��

STCC 33121 - I&S Ingots�Upper Mississippi Water-Compelled Effects�Percentage of Annual National Revenue/Tonnage

(for same commodity)��Aggregate Value of Water-Compelled Effects�$36.3 million�15.7%��Rail Tonnage Affected�4.2 million�26.2%�
�
Mean Water-Compelled Effect per Ton-Mile�2.700��
�
Water Competitive Range - Origin�70��
�
Water Competitive Range - Destination�20��
�






Table 4.13

Variable�Mean�Variable�Mean��Revenue per Ton-Mile�5.720 cents�Shipment Distance�745��Carloads�2.324�Participating Railroads�1.55��Shipment Tons�193.1�Origin Miles to Water�72��Tons per Car�75.8�Dest. Miles to Water�187��WATER COMPELLED RATE EFFECTS��

STCC 33123 - I&S Plate�Upper Mississippi Water-Compelled Effects�Percentage of Annual National Revenue/Tonnage

(for same commodity)��Aggregate Value of Water-Compelled Effects�$47.0 million�21.1%��Rail Tonnage Affected�3.7 million�35.9%�
�
Mean Water-Compelled Effect per Ton-Mile�2.700��
�
Water Competitive Range - Origin�20��
�
Water Competitive Range - Destination�20��
�






STCC 40211 - Iron and Steel Scrap    The final commodity group for which significant water-compelled rail rates were detected is Iron and Steel scrap.   Summary statistics for movements of this commodity and estimates of the water-compelled impact are presented in Table 4.13 below.�  Once again, even though the average effect is rather small, the volume of effected tonnage is sufficient to produce a significant savings to shippers.



Table 4.14

Variable�Mean�Variable�Mean��Revenue per Ton-Mile�13.459 cents�Shipment Distance�337��Carloads�1.67�Participating Railroads�1.27��Shipment Tons�127.3�Origin Miles to Water�80��Tons per Car�75.5�Dest. Miles to Water�59��WATER COMPELLED RATE EFFECTS��

STCC 40211 - I&S Scrap�Upper Mississippi Water-Compelled Effects�Percentage of Annual National Revenue/Tonnage

(for same commodity)��Aggregate Value of Water-Compelled Effects�37.7 million�13.0%��Rail Tonnage Affected�4.1 million�20.1%�
�
Mean Water-Compelled Effect per Ton-Mile�2.911 cents�
�
�
Water Competitive Range - Origin�20�
�
�
Water Competitive Range - Destination�20�
�
�
�



5.  Summary Remarks



	Commercial navigation on the upper reaches of the Mississippi River confers a number of benefits to a variety of constituencies.   Some of these benefits represent additions to aggregate economic welfare which would be impossible in the absence of navigation.  At the same time, a significant portion of the economic impacts of available barge transportation must be characterized as economic transfers rather than as efficiency gains.  This latter category of impacts includes the majority of water-compelled railroad rate effects.  Prior to railroad deregulation, a navigation improvement which provided cheaper barge transportation induced a transfer of income to the region with the navigation enhancement from other regions of the country.  In the nearly two decades since the process of railroad deregulation began, the way in which railroad services are priced has changed significantly.  At present, any policy which enhances the competitive position of navigation no longer results in these inter—regional transfers of economic well being.  Instead, any decline in the levels of water-compelled rail rates results in a net transfer favoring railroad shippers at the expense of rail profits.

	From a theoretical vantage, there is nothing which points to the desirability of improving one group’s position by harming some other party or parties.�  However, this same economic theory also does not suggest that such an outcome is undesirable.  Generally, the discipline of economics would count such offsetting effects as a wash when judging the outcome of  a proposed policy. This does not, however, imply that these income transfers are not significant to those who gain or lose through the process.  To the contrary, as this study as illustrated, a policy or program which materially affects the availability of commercial navigation on the Mississippi River can and will redirect tens or even hundreds of millions of dollars in incomes each year.  Because the potential magnitude of such effects are so great and because these outcomes may so dramatically affect the plight of those involved constituencies, we very probably should find some rational method for incorporating water-compelled railroad rate effects into the decision process.  
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A1.  Methodological Appendix





	A number of the variables used to estimate railroad pricing behavior are obtained directly from the Carload Waybill Sample and appear in the specified model without manipulation.  However, a number of the relevant variables are constructed from the waybill data and/or other data sources.  A precise and detailed discussion of this latter group of variable is provided below.



Distance-To-Water Measure

	Obviously, the most important variable within the context of this analysis is the shipment the distance to water measure(s) included in the estimated models.  From a purely theoretical vantage, both distance of a shipment’s origin to the nearest navigation resource and distance to water at the destination should impact the desirability of the barge alternative.  In practice, however, the relative importance of the distance to water at the origin and the distance to water at the destination is an empirical matter.  In some cases, most or all origins may be at or near a navigation resource, so that it is the destination distance to water which is the most important determinant of railroad pricing.  It is equally possible to encounter situations in which the terminal distance to water is unimportant relative to the origin distance to the nearest waterway.

	As the text indicates, the relationship between distance to water and observed rates is discontinuous over the full range of shipment distances.  Specifically, at some critical distance from the water, available navigation ceases to have any effect on rail rates.  For estimation purposes, this critical distance is reflected by two dummy variables, OCDUMi and TCDUMi.  	The value of the former variable is equal to one if the origin distance to water is less than the critical distance beyond which water has no impact and zero otherwise.  Similarly, TCDUMi takes on a value of one if the destination distance to water is less than the appropriate critical distance and zero otherwise.

In order to account for a full range of possibilities, the estimation process for each commodity began with the same specification which is summarized by Equation A1 below:  



(A1)	RTM i = (1 + (2(OD2W i) ( (OCDUM i)  + (3(TD2W i) ( (TCDUM i)  + (4(OCDUM i) +                            		 (5(TCDUM i) + (X  + ( I



where RTMi is the revenue per ton-mile, OD2Wi is the origin distance to water, TD2Wi is the destination distance to water, ( is a vector of regression coefficients, and X is a vector of other independent variables.  This specification allows for either or both of the relevant distances to water to affect the observed railroad rate..  If either combination of dummy variable and interaction term is jointly insignificant at the ten percent level, that combination was dropped from the model specification and the model was re-estimated.  If available water transportation has the assumed dampening impact on railroad rates the signs for the two interaction terms are positive and the signs of the two dummy variables are negative.

	In order to determine the appropriate critical distance, the model described by Equation A1 was estimated iteratively.  At each iteration, the value defining each dummy variable was incremented by five miles and.  When the joint probability that an interaction term and its associated dummy variable are both different from zero was maximized, that particular distance was fixed while the routine continued to increment the definition of the remaining dummy variable until the joint probability for that interaction/dummy pair was also maximized.  At that point, the first pair to converge was re-estimated to verify its stability and the process was continued until a stable pair of probability maximizing distances was obtained.

	The actual distances are calculated as straight-line distances from the most active business location in the county of origin/termination to a major general commodities port.�  A summary of these port locations is contained in Table A1.  Finally, because trans-shipment imposes fixed costs which must be averaged over the entire shipment distance, all distance to water measures were weighed by the total shipment distance.



Table A1.





Mississippi River Ports��Savage�Quincy�Vicksburg��Minneapolis - St. Paul�Alton�Baton Rouge��Winona�East St. Louis�Donaldsonville��Dubuque�St. Louis�Good Hope��Clinton�Cape Girardeau�Destrehan��Rock Island�Cairo�Westwego��Burlington�Memphis�New Orleans��Keokuk�Greenville���Gulf Inland Waterway Ports�
�
New Iberia�Houston��
�
Ohio River Ports��Paducah�Louisville�Morgantown�
�
Evansville�Cincinnati�Pittsburgh�
�
Tennessee River Ports�
�
Gilbertsville�Decator�Chattanooga�
�
New Johnsonville�Guntersville�Knoxville�
�
Tenn-Tom / Black Warrior Ports��Aliceville�Tuscaloosa�Mobile��Missouri River Ports�
�
Boonville�Blair�Brownsville�
�
Kansas City�Nebraska City�Sioux City�
�
Atchison�Omaha��
�
Illinois Waterway Ports��Naples�Peoria�Lemont��Havanah�La Salle�Chicago��Arkansas River Ports�
�
Little Rock�Muskogee�Catoosa�
�


Railroad Market Concentration

	In past investigations, we have used a number of different measures to capture the importance of intramodal railroad competition as a determinant of observed rates.�  In this investigation, the richness of the waybill data allowed us to construct a new measure which seems improve our ability to account for this competition.  In the analysis RRCONij is defined as the product of the originating carrier’s market share at origin i with the delivering carrier’s market share at destination j.  This specification treats the multi-line production of railroad transportation as a vertical relationship and, as with any such vertical relationship, market power at any stage in the process is sufficient to generate higher prices.



Route Density.

	In the absence of truly reliable route information it is nearly impossible to fully account for the effects of traffic density on railroad costs (and rates).  For the purposes of this analysis, a density is calculated for each carrier or combination of carriers serving a particular state-to-state origin-destination pair.  The value of this calculation is equal to the sum of transported tons across all commodities divided the mean distance for the carrier(s)’ movements over the particular origin and destination pair.   The data support the construction of an analogous measure over smaller geographic units (either BEA areas or counties), but the route structures of most carriers seem to indicate that the state-to-state measure is preferable.







Car Ownership

	Unlike past efforts, these estimations explicitly account for whether the equipment used in a particular movement is owned by a railroad or by the customer (or some third party).  Table A2 contains the list of railroads reporting marks used to determine whether or not a particular car is a system car.



Table A2

_________________________________________________________________________________________



ALS	AM	AKMD	ALM	ATSF	SFRC	BAR	BM	BN	BNFE

CBQ	CS	FWD	GN	NP	BBN	RBBQ	RBCS	RBW	SLSF

SFE	WHI	CN	BCNE	CAN	CNIS	CVC	DWC	NAR	CV

CGW	CMO	FDDM	LM	MSTL	CC	CAGY	CR	BA	BCK

CNJ	CLW	EL	ERIE	MGA	NH	NYC	PAE	PC	PRR

RDG 	RR	TDC	CP	CPAA	CPI	CPT	DA	NJ	THB

CSXT	ACL	AWP	BO	CO	CRR	GA	LN	MON	NC

RFP	SAL	SBD	SCL	WA	WM	DME	DH	DHNY	DRGW

EJE	ELS	FEC	GVSR	GTW	DTI	DTS	IC	CIW	GMO	

ICG	IHB	IAS	KCS	CTIE	GNA	MSRC	KYLE	MSDR	MP

ARDP	ARMH	ARNW	BKTY	CHTT	DKS	MI	MKT	MKTT	OKKT

TP	MRL	NS	NW	PWV	SA	SOU	TAG	VGN	NOKL

PAL	PPU	SRN	SLR	SSW	SOO	MILW	MNS	SP	SPFE

GMSR	SR	UP	SI	TNM	SPFE	WP	WPMW	WE   	WC







Carrier Dummy Variables

	In addition to the other right-hand-side variables, each estimation contained a set of zero/one dummy variables designed to indicate a specific carriers participation in the shipment.  Each of these variables assumes a value of one if the particular carrier originated or terminated the shipment and zero otherwise.� 





� This figure include movements which originate or terminate on the Missouri and Illinois Rivers, the upper Mississippi’s two most prominent tributaries.



� Preliminary estimates indicate that available barge transportation on the upper Mississippi River system may result in direct user savings approaching $800 million annually.

� See MacDonald (1987, 1989), Burton (1993), and Burton and Wilson (1995).

� Burton and Wilson (1994), in fact, demonstrate that the regulatory agenda of the Interstate Commerce Commission extended far beyond simple attempts to mimic an efficient allocation of transport resources through the Commission’s efforts to “equalize” the positions of competing shippers and competing transport modes.



� In a formal sense, the improved availability of water transportation would increase the elasticity of demand for rail services in that region. All else being equal, this greater elasticity would lead to a lower price-cost margin in the region with improved navigation.  If all price-cost deviations are scaled so that railroads are allowed only the necessary rate of return, then lower water-compelled rates in one region would lead to higher rates in another region or the railroads would be left with inadequate profits.

� If this discussion is expanded to include export markets, it is possible to demonstrate additional welfare gains from increased rail-barge competition.  Still, the magnitude of these potential gains is relatively small.  For a full exposition of this topic see “Water-Compelled Railroad Rates and the Calculation of Navigation Project Benefits:  A Preliminary Application to the Upper Mississippi River Basin,” (1994), Available from the Tennessee Valley Authority or the U.S. Army Corps of Engineers.

� For a good discussion of the importance of traffic density, see Braeutigam, el al., 1985.



� Includes DAP, MAP, and TSP

� Again, a more lengthy description of variable construction is provided in the methodological appendix to this study.



� To account for the use of ICC Accounting Rule Eleven and other reporting anomalies, observations for which the RTM was greater than two standard deviations above the mean were deleted from the estimation process.



� In fact, a number of different distance-to-water measures were included in model specifications, depending on the commodity in question.



� Generally, the additional costs of interchange would cause us to anticipate a positive coefficient estimate.  However, to the extent that pricing coordination dampens carriers’ abilities to capture profits, this variable may display a positive sign.



� The expected sign depends on whether the carrier and route in question are beyond or short of the optimal traffic density.

�  The reader will recall that heteroskeadisticity does not bias the OLS estimators.  It merely reduces their efficiency.  Indeed, adoption of asymptotically unbiased estimators will not change coefficient estimates at all.



�  Likewise, we have determined that pipe-line shipping dominates  markets for the transport of light petroleum products and for anhydrous ammonia. 

� For the purpose of this discussion, statistical significance is determined at the ten percent level.



� The reader will recall that these estimates are based on 1992 data.  We can only expect that estimates based on more recent data would yield results which further reflect diminishing railroad capacity.

 

� SYSCAR is not included in the estimated relationship for liquid fertilizers because all records for the movement of this commodity indicate the use of private cars.  For three of thirteen commodities (urea, super phosphates, and dry fertilizers)  the coefficient estimates for SYSCAR are negative and significant.  Anecdotal information indicates that the results for these two commodities reflects a desire on the part of Class I railroads to discourage the use of private cars in fertilizer transport.  They may also reflect the use of private cars as vehicles for temporary storage.

� The difficulty stems from the influence of exchange rate fluctuations and a number of Canadian practices which perturb both the demand and cost-side influences normally anticipated in a more freely operating market.



� The reader will note the unusually light loading of scrap cars.  This owes to the inability to load this commodity densely into rail cars.

� This discussion continues to ignore the potentially minor additions to aggregate welfare which may be attributable to lower railroad rates.

� The most active business location within each county is defined as that city or town with the greatest number of business addresses.



� Previous measures included the number of carriers offering service between an a particular origin-destination pair and a Herfindahl-Hirschmann type statistic calculated over a particular market.

� This method fails to represent the participation of a bridge carrier which neither originates nor terminates the shipment.  However, given that the mean number of carriers is significantly less than two for each of the commodities and that bridge carriers have a diminished influence over price, we do not feel this is inappropriate.
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