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Preface 
 
 
 
 
 
 
 The U.S. Army Corps of Engineers has a long history of managing navigation, floods, and other 
water-related issues on the Upper Mississippi and Illinois rivers.  A recent chapter in that history is the 
problem of persistent waterway congestion at several locks on the lower portion of the Upper Mississippi 
River.  Barges and other vessels must often wait in queues to transit these locks, with delays ranging from 
several hours to several days. The Corps has studied this problem and possible solutions since the late 
1980s, producing a draft feasibility study in 2000 and an interim report on a restructured feasibility study 
in 2002.  The restructured feasibility study is scheduled for completion late in 2004. 
 This committee was convened to review and provide advice on the most recent phase of the 
Corps’ analytical efforts.  The extended duration of the Corps study is a result of the issue’s considerable 
complexity and the Corps' efforts in correctly framing the issue as a systems-level problem, as well as the 
sometimes-conflicting economic and cultural values related to managing this huge and valuable river 
system. 
 This brief report follows the committee's initial meeting, where discussions with the Corps, 
several stakeholders, and among ourselves led to several first impressions and recommendations 
regarding the Corps' ongoing restructured feasibility study.   Although our committee has much to learn 
about the Upper Mississippi and Illinois rivers, waterway traffic, and river ecology, we have been 
impressed by the complexity of these issues and with their importance for local people and communities, 
the nation at large, and the role of U.S. grain production in the world.  We look forward to learning more 
as our investigation proceeds. 
 We thank the Corps’ professional staff for providing an abundance of relevant information in a 
timely and helpful manner.  At our September 2003 meeting in Washington, we spoke with Brigadier 
General Donald Riley, Colonel Duane Gapinski, and Corps study team members Denny Lundburg, 
Kenneth Barr, and Richard Manguno, among others.  We have also received excellent advice and 
assistance from William Dawson and Richard Worthington at Corps Headquarters in Washington.  In 
speaking with these Corps staff and in learning more about the study, we have come to respect the 
pressures under which they are operating and appreciate the open exchanges of ideas and information we 
have had with them.  We also appreciated the opportunity to speak with and learn from Christopher 
Brescia, Scott Faber, Rick Moore, Holly Stoerker, and Sander Toth at our September 2003 meeting. 
 The report was reviewed in draft form by individuals chosen for their diverse perspectives and 
technical expertise in accordance with the procedures approved by the NRC’s Report Review Committee.  
The purpose of this independent review is to provide candid and critical comments that will assist the 
institution in making its published report as sound as possible and to ensure that the report meets 
institutional standards for objectivity, evidence, and responsiveness to the study charge.  The review 
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comments and draft manuscript remain confidential to protect the integrity of the deliberative process.  
We wish to thank the following individuals for their review of this report: Phillip Baumel, Iowa State 
University; Stanley A. Changnon, University of Illinois, José A. Gómez-Ibánez, Harvard University; 
James Heaney, University of Colorado; Leroy Poff, Colorado State University; Jerald L. Schnoor, 
University of Iowa; and Leonard Shabman, Resources for the Future. 
 Although the reviewers listed above have provided many constructive comments and suggestions, 
they were not asked to endorse the conclusions or recommendations, nor did they see the final draft of the 
report before its release.  The review of this report was overseen by Walter R. Lynn, Cornell University, 
appointed by the Division on Earth and Life Studies and by Frank H. Stillinger, Princeton University, 
appointed by the NRC’s Report Review Committee, who were responsible for making certain that an 
independent examination of this report was carried out in accordance with institutional procedures and 
that all review comments were carefully considered.  Responsibility for the final content of this report 
rests entirely with the authoring committee and the institution. 
 The committee is particularly grateful for the hard work and wise counsel of the prior NRC 
committee that reviewed the Corps' 2000 draft feasibility study and that was chaired by Lester Lave.  We 
have also benefited from the constant assistance and support of NRC staff members, including Stephen 
Parker, Steve Godwin, Joseph Morris, and Anita Hall.  Finally, we are most indebted to Study Director 
Jeffrey Jacobs for the smooth and effective conduct of this review, as well as the considerable 
achievement of making eleven authors seem to speak in a single voice. 
 
 

John J. Boland, Chair 
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Executive Summary 
 
 
 
 

 
 
 This is the first of three reports from the National Research Council (NRC) Committee to Review 
the U.S. Army Corps of Engineers Upper Mississippi River-Illinois Waterway Restructured Feasibility 
Study.  The committee was assembled in response to a request from the Corps of Engineers (Corps) for 
the National Research Council to review the feasibility study.  The committee’s assignment is to provide 
advice on the Corps' Restructured Upper Mississippi River-Illinois Waterway (UMR-IWW) System 
Navigation Feasibility Study.  To this end, the committee is reviewing several Corps documents that 
explain the analysis within the feasibility study, including the Corps' July 2002 Interim Report.  Since a 
previous NRC 2001 review, the nature of the Corps' feasibility study has broadened beyond the need for 
transportation improvements, and the restructured feasibility study taking a more holistic approach toward 
considering the relations between environment, navigation, and the floodplain.  Although this committee 
has the discretion to determine appropriate topics for its review, it was expected that the review would 
include several topics that the prior committee commented on and for which the Corps has proposed 
responses in the restructured study plan (Section 1 contains the committee’s full statement of task). 
 This report was written after the committee’s review of several documents provided by the Corps 
and after a briefing by the Corps in early September 2003.  This report represents the committee’s initial 
impressions of the restructured feasibility study.  It was written with the intent that the Corps could 
consider its findings and recommendations as the agency refines its feasibility study.  The report 
comments upon the following components within the Corps’ feasibility study: 1) a spatial equilibrium 
model and the ESSENCE model, both developed to help forecast future grain shipment levels, transport 
modes, and costs on the UMR-IWW, 2) managing waterway congestion on the UMR-IWW, 3) integrated 
systems planning, and 4) decisions, implementation, and institutions.  A second, more comprehensive 
report will be issued in 2004, in which the committee will comment upon a Corps draft feasibility report 
(currently scheduled for publication in April 2004).  Finally, a third report will review the Corps’ 
responses to advice from the NRC Upper Mississippi River-Illinois Waterway studies (i.e., the reports of 
this committee and the NRC 2001 “Phase I” committee).   
 

 
SPATIAL PRICE MODEL AND ESSENCE 

 
 The Corps has worked toward developing a spatial price model for the feasibility study, which 
could create forecasts of spatial variations in grain shipping costs, modes of transport, trends in grain 
processing, and waterway traffic levels on the Upper Mississippi River-Illinois Waterway (UMR-IWW).  
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The Corps has applied and been developing various models in this effort, including a traditional Corps 
Tow Cost Model (TCM) and an ESSENCE model. 
 The TCM was previously rejected by the Corps, a decision with which the NRC 2001 committee 
concurred.  That committee also recommended that results from the ESSENCE model should not be used 
in the feasibility study.  However, the Corps has reversed its decision on the use of the TCM and 
continues to use the ESSENCE model.  This committee has not been presented with detailed information 
on the TCM, and it looks forward to learning more about the TCM and the decision to use it in the 
feasibility study.  This committee found that fundamental conceptual flaws in the ESSENCE model 
render it unfit for use in the feasibility study.  The Corps should either accelerate the development of a 
full spatial price model, or adopt an alternative modeling approach that avoids the limitations of the 
ESSENCE model. 
 
 

Demand Forecasts 
 

Forecasts of future grain exports are being used in the feasibility study, and credible forecasts are 
essential to sound investment decisions on the UMR-IWW.  Of five future scenarios developed for the 
feasibility study, four of those scenarios reflect increasing grain exports.  These increasing forecasts, 
however, are inconsistent with the past 20 years of relatively steady export levels.  The committee 
reserves judgment on the plausibility of these forecasts and looks forward to discussing the rationale for 
the projections with the Corps’ consultants at its next meeting. 

 
 

MANAGING WATERWAY CONGESTION 

 

 The current system for managing UMR-IWW traffic operates largely on a first-come, first-serve 
basis.  It is possible that new traffic management measures would reduce congestion in a cost-effective 
manner.  Unless an efficient system for managing waterway traffic is in place, it is not possible to 
evaluate the benefits of lock extensions.  Nonstructural measures such as scheduling systems, systems of 
tradable arrival slots, or a contingent fee--as challenging as their implementation may be--could be 
implemented instead of extending locks or could be used in combination with lock extensions.  
Furthermore, such traffic management measures would be needed to address reductions in capacity that 
would occur in the event that lock extensions were constructed.  The Corps should proceed as soon as 
practicable toward developing and implementing any feasible nonstructural measures to help alleviate 
waterway traffic congestion. 
 
 

INTEGRATED SYSTEMS PLANNING 
 

 The Upper Mississippi and Illinois rivers and their floodplains support a variety of activities other 
than navigation, including boating, recreational and commercial fishing, hunting, camping, and 
sightseeing.  These activities are important to both the economies and the quality of life in dozens of 
communities along the river, including several cities.  The Corps should thus, to the extent feasible, 
consider these and other factors, such as water quality, flood damage reduction, and sediment transport in 
order to reflect a more holistic approach to dealing with the diverse management issues in the UMR-
IWW.  The Corps should also implement adaptive management concepts and approaches throughout the 
planning process.  Finally, the Corps should acknowledge the potentially high cost of the proposed 
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restoration efforts and the necessity of conducting ecological investigations in tandem with navigation 
studies. 
 The Corps is seeking to integrate the relationships and functions of floodplain areas into its 
feasibility study.  This integration is manifested primarily in the form of ecosystem restoration projects in 
floodplain areas along the rivers.  The information presented to the committee to date about prospective 
restoration projects contained few details, making it difficult to say how those projects might affect the 
floodplain.  It is also not clear how far the Corps will go at integrating floodplain concerns into the 
feasibility study.  The holistic approach envisioned in the Corps study, which integrates the floodplain 
into operations of the navigation system, is not yet clear.  The committee thus reserves further comment 
on issues in the floodplain until it is presented additional information. 

 
 

DECISIONS, IMPLEMENTATION, AND INSTITUTIONS 
 

 The Corps is on an aggressive timetable for the completion of the feasibility study.  Although 
there is a need to move forward with the study, that need should be balanced with a similar need for 
credible and thorough analytical procedures.  The Corps should extend its schedule for completing the 
feasibility study and issuing a Chief’s Report. 
 There are literally hundreds of prospective projects within the UMR-IWW study aimed toward 
ecological enhancements.  Not all of these projects can be implemented simultaneously, because of both 
financial and practical limitations.  Priority should be given to restoration projects based upon their 
promise of restoring natural processes, and to those that aim to achieve multiple objectives. 
 Ecological restoration projects in downstream states, which have smaller federal land holdings 
than states in the upper basin, require greater cost sharing responsibilities from local sponsors.  This is an 
analytical concern because the prospective benefits of these cost-shared restoration projects are an 
important component of the feasibility study.  If the projects do not receive funding, this will alter the 
study’s benefit calculations.  The Corps should thus identify specific instances in which federal cost 
sharing rules are likely to restrict or preclude implementation of environmental restoration projects and 
nonstructural measures. 
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The Corps of Engineers and the  
Upper Mississippi River-Illinois Waterway 

 
 
 
 
 
 

INTRODUCTION 
 

 The U.S. Army Corps of Engineers has been involved in navigation enhancement activities on the 
Upper Mississippi and Illinois rivers since the early nineteenth century, when the Corps was charged to 
remove snags and overhanging trees that impeded navigation.  In 1878, Congress authorized the Corps to 
construct a 4.5-foot navigation channel project on the Upper Mississippi.  In 1907, congressional 
authority was granted to the Corps to construct a 6-foot navigation channel, and in the 1930 Rivers and 
Harbors Act the Corps was requested to construct a 9-foot navigation channel project.  The 1930 
authorization “represented a turning point” (NRC, 2001) in Upper Mississippi River history, as it resulted 
in the construction of 26 locks and dams that impounded many stretches of the river, creating a series of 
navigation pools and a 9-foot navigation channel.  Completed in 1940, the project supported increases in 
commercial towboat traffic and initiated changes in ecological structure and processes that continue to 
affect river ecology and system dynamics. 
 Upon completion of the lock and dam project and the 9-foot channel, commercial traffic on the 
river increased steadily, eventually reaching 126 million tons per year by 1995 (USACE, 1995).  With 
increasing waterway traffic, congestion became a problem at some locks on the lower portion of the 
Upper Mississippi (just north of St. Louis).  One factor contributing to the congestion is that the length of 
tows on the river has increased over time.  Most of the locks in the Upper Mississippi River-Illinois 
Waterway (UMR-IWW) are 600 feet (their original length), while most tows today push multiple barges 
that can be nearly 1000 feet.  Tows must thus de-couple their barges and transit through the locks in 
“double lockages,” which delays transit times.  Congestion at these locks induced the Corps of Engineers 
to initiate studies to evaluate the alternatives for reducing waterway congestion. 
 The Corps began its investigations with separate studies of the Upper Mississippi River and the 
Illinois Waterway in the late 1980s, combining them into a single feasibility study in 1993.  The study’s 
analytical complexities slowed its progress.  These complexities also led the Department of Defense 
(DOD) to enlist The National Academies and its research arm, the National Research Council (NRC), to 
provide an independent review of drafts of the feasibility study.   
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NRC Committees to Review the UMR-IWW Feasibility Study 
 

 In February 2000, the Department of Defense requested that the National Research Council 
convene a committee to review the Corps’ feasibility study.  That committee (“Phase I” committee) 
completed its study in early 2001 (NRC, 2001).  That committee was requested to focus its review on the 
Corps’ economic analysis of proposed navigation system improvements, but also to comment upon other 
relevant water resources planning issues.  The Corps subsequently “restructured” its feasibility study, 
with an important milestone being marked by the issue of a July 2002 interim report (USACE, 2002).  
According to the Corps’ current schedule for the feasibility study, the agency plans to issue its final report 
and recommendation in a “Chief’s Report” in November 2004. 
 In March 2003, the Corps requested the National Research Council to convene another committee 
("Phase II" committee) to review the Corps’ progress with its restructured feasibility study.  This review 
was to focus on the Corps’ 2002 interim report, as well as various supporting documents produced by the 
Corps and some of its consultants.  The statement of task for the Phase II committee is: 
 

The committee will review the Corps' Restructured Upper Mississippi River-Illinois 
Waterway System Navigation Feasibility Study.  The committee will review several 
Corps documents that explain the analysis within the feasibility study, including the 
Corps' July 2002 Interim Report for the study.  A key document for the committee's 
review will be a summary of the feasibility study that the Corps will provide to the 
committee before its first meeting.  Since the 2001 NRC report, the nature of the Corps' 
feasibility study has broadened beyond the need for transportation improvements; the 
restructured feasibility study has taken a more holistic approach toward considering the 
relations between environment, navigation, and the floodplain.  Given the emphasis on 
comprehensive river system planning in the restructured study, the committee will 
provide a comprehensive review of all aspects of the feasibility study, including 
economic evaluation, environmental analysis, design and engineering, and plan 
formulation focusing on key study assumptions.  
 
The committee will focus its review on the key study issues, assumptions, and areas of 
controversy.  Although the committee will have discretion to determine appropriate 
topics for its review, it is expected that the review will include several topics that the 
prior committee commented upon and for which the Corps has proposed responses in the 
restructured study plan.  These topics include the Corps' decision to replace the 
ESSENCE model with its Tow Cost Model; the appropriateness of the scenario-based 
forecasts of barge demand by commodity and how these varied scenarios will be 
incorporated into the subsequent analyses; how the restructured plan should incorporate 
the nonstructural alternatives (pricing, scheduling, etc.) into the feasibility analysis; the 
potential effectiveness of the proposed environmental restoration, its costs, and how the 
cost should be apportioned among the involved parties (federal, state, local, and private); 
and broad matters related to water resources systems planning and decision analysis. 

 
 The Corps requested that the NRC Phase II committee produce three documents: 1) a report of 
the committee’s initial impressions of the restructured interim report, 2) a more comprehensive and 
detailed report, and 3) a final summary report.  The Corps provided several documents to this committee 
and met with the committee in Washington, D.C. on September 8, 2003 to present and discuss the study.  
This document is the Phase II committee’s Initial Report and it provides the committee’s initial 
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impressions of the Corps’ restructured feasibility study.  It is based upon the committee’s review of and 
deliberations regarding those documents and other information provided by the Corps during or prior to 
the September 2003 meeting.  The Corps provided other background documents after the meeting, which 
the committee has not discussed as a group or discussed with the report authors.  Although some of those 
documents are referred to in this report, we reserve judgment about them.  Section 1 of this report is 
descriptive and provides background information related to information needs in inland water system 
planning.  Section 2 presents the committee’s findings and recommendations. 
 The relationship between the Phase I and Phase II committees merits a brief explanation.  The 
Phase II committee is a distinct activity from the Phase I committee.  Its statement of task is different and 
it is reviewing different (in some cases revised) Corps documents.  Membership of these committees is 
different: the Phase II committee includes only one member who served on the Phase I committee.  It 
should be emphasized that this Phase II committee is not obliged to concur with any of the Phase I 
committee report’s recommendations.  In many cases, the Phase II committee uses recommendations 
from the Phase I committee as starting points for discussion, and there are instances in which this Phase II 
committee agrees with findings and recommendations from the NRC 2001 report (which are noted 
explicitly herein).  But this report is from a distinctly different committee than the Phase I committee and 
it does not imply full endorsement of all recommendations from the Phase I committee’s report.  Having 
said this, the Phase I committee’s report (NRC, 2001) is prominent in the Corps’ refinements to its 
feasibility study, and this Phase II committee has thus carefully studied the 2001 document from its 
predecessor committee.  The following section highlights a few key issues, findings, and 
recommendations from the NRC Phase I committee report. 
 
 

Phase I Committee Report 
 

 National economic issues such as waterway traffic costs, levels of waterway traffic, forecasts of 
future grain exports, assumptions regarding ports of grain export, and the ability of shippers to use 
alternative modes of transportation (e.g., railways) as waterway shipping costs vary, figure prominently in 
the Corps feasibility study.  To help understand these issues, the Corps developed a spatial equilibrium 
model for use in the feasibility study.  The Corps also developed an “ESSENCE” model used to calculate 
equilibrium values for barge traffic and economic benefits associated with relieving waterway congestion.  
The Phase I committee report noted that these models represented conceptual advances over previous 
Corps efforts in this realm but found that they were characterized by “flawed assumptions and data.”  The 
report concluded that the Corps’ “current (September 2000) results . . . should not be used in the 
feasibility study” (NRC, 2001, p. 3).  
 Another key conclusion of the Phase I committee was that the UMR-IWW system of locks is not 
being used efficiently.  There is no formal waterway traffic management or scheduling system, and the 
lack thereof contributes to occasional and random delays.  The report noted that, “If barge traffic was 
distributed more evenly, congestion would decrease and shipping costs would fall” (NRC, 2001, p. 3). 
 The Phase I committee also concluded that the feasibility study had framed the issues of 
waterway traffic narrowly, and that critical topics such as environmental impacts and restoration had 
received inadequate consideration.  This led to a recommendation for “a more comprehensive and 
integrated assessment of the navigation system’s effects on the environment in the UMR-IWW” (NRC, 
2001, p. 4).  Other important outcomes of the Phase I committee’s study included a recommendation to 
include independent review within the feasibility study, a statement concerning the value of conducting 
the study and managing the system with an adaptive management approach, and a finding that a 
contingency figure for the costs of extending locks likely was underestimated. 
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INFORMATION NEEDS FOR 
THE UMR-IWW FEASIBILITY STUDY 

 
This committee is using some of the findings and recommendations from the NRC Phase I report 

as criteria for evaluating the analysis within the Corps’ restructured feasibility study.  This approach is 
appropriate given that the restructuring has been conducted primarily in response to the Phase I 
committee report.  In documentation provided to this Phase II committee, the Corps noted instances 
where it has chosen not to implement recommendations from the Phase I report (USACE, 2003a).  This 
committee is not evaluating the feasibility study solely upon the extent to which it adopted the Phase I 
committee’s recommendations.  Rather, it will be judged by the criterion of whether it is likely to be 
useful as a basis for well informed and credible decisions.  Many issues addressed in the feasibility study 
will contain uncertainties despite the best analytical efforts to reduce them.  Given the existence of 
irreducible economic, ecologic, and other uncertainties, investment and management decisions cannot be 
indefinitely delayed in a never-ending search for more information.  Comprehensive, sound analysis, 
however, can highlight key uncertainties, reduce uncertainties in some cases, and provide probabilities of 
different outcomes, all of which are valuable to planners and decision makers. 
 
 

Navigation Economics 
 

Forecasting Future Waterway Traffic on the UMR-IWW 
 
 Good decisions regarding investments in large civil works projects such as lock extensions on the 
Upper Mississippi River require some consideration of the future demands for those projects.  Corps of 
Engineers locks and dams are intended to have a useful life of many decades.  Planners must thus forecast 
future demands for these projects’ services over decades-long time spans.  Such long-term forecasts 
inherently contain large uncertainties.  Creating long-term forecasts that are plausible enough to support 
long-term decisions is an analytical challenge.  And although existing discount rates may diminish the 
importance of forecasts as one goes farther into the future, credible long-term forecasts are nonetheless 
essential to sound planning.  Flawed forecasts may result in useful projects not being constructed in a 
timely fashion, or in the construction of projects for which subsequent demand below forecast levels fails 
to justify the investment. 
 A spatial price model is one means for gauging how future levels of traffic on the UMR-IWW 
might change in response to a variety of factors, such as changes in shipping rates, availability of 
alternative transport modes and ports of export, trends in grain processing, and shifts in regional, national, 
and global patterns of grain supply and demand.  The model also would gauge the degree to which grain 
shipments increase, decrease, or move to alternative transport modes with changes in the cost of 
waterway transport, a phenomenon described as the “elasticity” of waterway traffic demand. 
 Spatial models represent an appropriate method for examining lock congestion on inland 
waterways.  Increases in traffic and lock congestion on the UMR-IWW are expected to increase waterway 
shipping rates that link supply regions (e.g., central Iowa) and Gulf of Mexico ports.  These increases 
could be reflected in a spatial grain model, which could make upward adjustments in waterway shipping 
rates that link various Mississippi River elevator sites to lower Mississippi River ports.  Increases in 
waterway shipping rates would provide an incentive for shippers to examine alternative markets (e.g., 
regional corn/soybean processors, and poultry and livestock producers) and alternative transportation 
routes (e.g., rail to the Gulf of Mexico or rail to the Pacific Northwest).  Subsequent analyses could 
estimate the likely reduction in barge shipping rates that would result from improved lock infrastructure 
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(e.g., mooring, lock extension, lock rehabilitation).  The reduced waterway shipping rates could be 
incorporated into the spatial models and the models solved to determine increases in river grain flow and 
increases in economic welfare that result from these investments.  Eventually, the Corps would likely 
wish to develop spatial price models that featured several crops, land resource constraints, and a longer 
time perspective.  Regardless, these types of models represent an analytical building block that could be 
augmented within the feasibility study (Appendix A provides more details regarding examples of spatial 
equilibrium models and their applications to the U.S. grain sector). 
 
 
The Tow Cost Model and ESSENCE 
 

The Corps of Engineers traditionally has estimated waterway traffic levels using a Tow Cost 
Model.  Documents and briefings provided to the NRC Phase I committee indicated that the Corps had 
developed a “spatial equilibrium” model to explain changes in grain shipping modes and export levels 
with different levels of waterway traffic costs and congestion.  The Phase I committee commended the 
Corps for this development, noting that it represented important conceptual progress beyond earlier 
models, such as the TCM: “This system model represents a major advance over previous economics 
models used by the Corps to forecast barge traffic” (NRC, 2001).  The Phase I committee also noted, 
however, that implementation of the ESSENCE model was inadequate: “The ESSENCE model does not, 
however, adequately use the more important concepts of the spatial equilibrium model that were 
advocated in the draft feasibility study” (NRC, 2001). 

The Corps has continued its efforts to develop a realistic and reliable spatial price model.  That 
model is not yet completed, however, and Corps staff implied that it may be years until it is complete.  
Until that model is developed, the Corps has elected to apply both the Tow Cost Model and the 
ESSENCE model, the latter of which contains two values of a coefficient that characterizes the shape of 
the demand curve for waterway traffic.  One of these values is described as a lower bound and one as an 
upper bound value.  Both of these parameter values are based on the judgment of Corps staff; no data are 
provided to estimate this critical parameter or justify the values chosen.   

After the Phase I report was issued, a federal inter-agency “Principals Group” was created (in 
early 2000) to guide the development of the Corps’ feasibility study.  Members of the Principals Group 
include representatives from the Corps of Engineers, the Department of Agriculture, the Department of 
Transportation, the Environmental Protection Agency, and the Fish and Wildlife Service.  This Principals 
Group was cited as recommending the use of the TCM to give a common metric to allow the UMR-IWW 
study to be compared to previous Corps studies: “The Federal Principals Group endorsed the use of 
existing and accepted economic models while research and development on improved models moves 
forward . . .” (USACE, 2003a, p. 8).  Although this Phase II committee did not review the Tow Cost 
Model in detail, the decision to use the Tow Cost Model in the feasibility study prompts two observations.  
One is that it is our understanding that the federal Principals Group was not created to provide advice on 
technical issues, but rather to provide broad policy guidance.  A Corps of Engineers website, for example, 
describes the Principals Group as follows: “The National Federal Senior Principals Task Force was 
established by the Corps of Engineers to provide national-level balance and guidance on important 
economic and environmental issues to assist in bringing this study to completion” 
(http://www2.mvr.usace.army.mil/umr-iwwsns/index.cfm?fuseaction=home.faq; last accessed November 
6, 2003).  It is not clear that the Principals Group clearly understood the technical details involved in 
model selection. 
 A second observation regards the claim that the Tow Cost Model represented an “accepted” 
economic model.  Although this committee has not yet been provided details of the TCM, the Corps 
apparently concluded years ago that the TCM was inappropriate for the feasibility study, and thus spent 
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considerable time and resources on developing an alternative.  This committee has not been presented 
with information that suggests that the TCM has been adjusted so that it could provide reliable estimates 
of the benefits of lock extensions on the UMR-IWW.  We look forward to learning more about the TCM 
and the decision to use it in the feasibility study. 

The Phase I committee noted several limitations of the ESSENCE model.  The model represents a 
significant simplification of the spatial equilibrium concept in that it incorrectly assumes that the cost of 
transport is always proportional to distance.  The NRC Phase I report recommended that that the 
ESSENCE model be recast to remove this and other limitations in order to make it more amenable to use 
with a spatial equilibrium model, recommending that the Corps should, “revise the ESSENCE model, 
eliminating assumptions that shipment costs are proportional to distance . . .” (NRC, 2001, p. 3).  The 
Phase I committee also recommended that the revised ESSENCE model be implemented by having 
parameters estimated using empirical data from the UMR-IWW, stating that the Corps should “estimate 
demand and supply sensitivities to price from studies of current data . . .” (NRC, 2001, p. 3).  Price 
responsiveness is so important to estimating the benefits of waterway improvements that informed 
judgments about the merit of waterway improvements cannot be made without careful study of these 
demand and supply elasticities.  The values of these elasticities should be based on empirical demand and 
supply data for the Upper Mississippi River-Illinois Waterway.  It is unlikely, however, that these 
empirical data can be gathered and adequately evaluated within the schedule the Corps has set for the 
feasibility study.  Furthermore, the present specification of the ESSENCE model does not allow the 
independent choice of demand elasticity, whether or not empirically determined. 
 
 

Demand Forecasting 
 

It is not possible to predict grain movements on the UMR-IWW 50 years into the future with 
anything approaching high confidence.  Nonetheless, some estimates of future conditions are necessary 
for a project of the scale being evaluated by the Corps.  One way to address the problems inherent in this 
forecasting is to create multiple scenarios of a range of plausible future conditions.  The Phase I 
committee recommended scenario analysis as an option for the Corps, and we commend the Corps for 
developing this approach for the feasibility study. 

If plausible projections for future waterway traffic levels are to be produced, the fundamental 
structural factors, or “drivers,” that affect regional and global patterns of production, consumption, and 
trade must be identified and explained.  A valid approach for scenario analysis would include an 
explanation of key drivers (e.g., changes in technology, consumer preferences, global climate, trade 
policy, population growth), as well as significant candidate drivers that may have been omitted from the 
analysis.  A valid approach also would include a reasonable range of plausible futures, supported by 
explanations for projected changes in key drivers.  A set of scenarios that all reflect essentially the same 
future trend should be cause for suspicion.  This situation would not necessarily imply that all the 
scenarios are invalid, but it should induce the analysts to seek explanation behind the assumptions of the 
driving forces upon which the scenarios are based.  The credibility of the explanations for the drivers 
would depend largely upon their consistency with expert opinions about trends and futures in national and 
global grain markets.  Thorough review by experts would help ensure the validity of key drivers and the 
credibility of the resulting scenarios.  Such scenarios will always contain a degree of uncertainty, and 
uncertainly alone should not justify the delay of investment decisions.  But the magnitude and the 
potential effects of investments being considered in the feasibility study require scenarios that are 
consistent with the key drivers in global and national grain markets, that are supported by credible model 
results, and that are consistent with the knowledge of credible and independent experts. 
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The credibility of models used to create waterway traffic demand forecasts for the UMR-IWW 
feasibility study should be validated by their ability to reproduce actual historical patterns of waterway 
traffic.  If the application of past values for the selected drivers could reasonably reconstruct patterns of 
waterway traffic from 1980-2003, for example, the modeling approach and the scenarios developed from 
it would gain credibility.  On the other hand, if the approach cannot reasonably recreate past historical 
patterns, it should be reexamined for key assumptions, data, and algorithms.  Testing for ability to 
successfully “backcast” is the conventional method for validating models for use in generating forecasts 
or scenarios. 

 
 

Managing Congestion 
 

The Corps is to be commended for considering the Phase I committee’s recommendation to 
examine the use of one or more congestion tolls to help manage waterway traffic congestion.  Even if the 
proposed lock replacement and extension construction was started today, a decade would pass before it 
was completed.  In contrast, there are other forms of nonstructural waterway traffic management options.  
A congestion toll, for example, requires no construction and could provide immediate benefits.  Indeed, 
during the decade-long construction period, the effective capacity of the waterways will be reduced, 
resulting in even greater benefits from a congestion toll.  

Our inference from the Corps 2002 Interim Report is that the Corps has evaluated a congestion 
toll in terms of a lockage fee that would be constant over time.  The congestion toll should be a 
contingent fee, however, and should vary with varying levels of congestion: “One market-based system is 
a congestion toll, where each tow pays for the cost of the delays imposed on other tows” (NRC, 2001, p. 
69).  Thus, if a tow were willing to wait until there was a vacant lock for its passage, it would have a zero 
congestion toll.  This responsive congestion toll would generate higher benefits than a constant toll of 
similar magnitude.  An aspect of congestion tolls not addressed by the Corps report is the financial impact 
of congestion tolls on towboat operators.  It is possible to employ deposit-refund schemes to return most 
toll revenues to the industry, preserving the incremental incentives provided by the toll, while reducing 
the average financial impact on operators and shippers.  Other nonstructural traffic management 
alternatives that could also be evaluated include tradable arrival slots, industry self-help, and the use of 
switchboats. 
 
 

Principles and Guidelines: Nonstructural Alternatives 
 

The congestion toll described above is one of several nonstructural alternatives that could be used 
in conjunction with or as a substitute for structural improvements.  Before undertaking a billion dollar 
construction project that will affect river traffic for a decade and have large-scale effects on the 
environment and river ecology, it should be determined that the level of construction is appropriate to the 
level of demand.  Traffic on the UMR-IWW currently is served largely on a first-come, first-serve basis, 
and there is no scheduling or other management system that attempts to smooth waterway traffic flows.  
The system is thus not currently being used efficiently, which led the Phase I committee to note that “. . . 
it is not clear how the benefits of lock extensions can be evaluated adequately without first managing 
waterway traffic more efficiently on the existing system, (NRC, 2001, p. 4).”  The committee further 
concluded that “The benefits and costs of lock extensions should not be calculated until nonstructural 
measures for waterway traffic management have been carefully assessed” (ibid.). 

A contingent congestion toll would internalize an important externality, providing incentives to 
low value traffic to pass through the locks at less congested periods, and providing incentives to high 
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value traffic to minimize the time that they make others wait.  The extent to which investment in other 
nonstructural measures (e.g., “helper boats”) also would help relieve congestion should also be evaluated. 

The greatest benefit to the nation would be achieved by first implementing cost-effective, 
nonstructural alternatives and subsequently evaluating the benefits and costs of lock extensions once new 
traffic patterns are established.  Although implementing such measures may obviate the need for 
immediate lock extensions, they would not preclude eventual construction.  Current laws, however, do not 
permit the Corps to implement charges such as a congestion toll.   
 
 

UMR-IWW Ecosystem 
 

 A thorough assessment of the ecological implications of the proposed lock extensions and 
additional towboat traffic will require a better understanding of the river’s ecological system dynamics 
than currently exists.  In particular, information regarding the effects of the existing system of locks, 
dams, navigation pools, and towboat traffic on river-floodplain ecology is essential.  To improve 
scientific knowledge of Upper Mississippi River ecology, the Corps, the U.S. Geological Survey, and the 
U.S. Fish and Wildlife Service have been cooperating in the Environmental Management Program (EMP) 
on the Upper Mississippi River since 1986.  The EMP is conducted through the Upper Midwest 
Environmental Science Center in La Crosse, Wisconsin and is viewed by many as the nation’s premier 
river monitoring program (see also http://www.mvr.usace.army.mil/EMP/; last accessed September 16, 
2003).  The EMP has gathered and synthesized a large amount of scientific data and has issued many 
reports on river ecology (see, for example, USGS, 1999 and 2000).  Important gaps remain in scientific 
understanding of Mississippi and Illinois river ecology, however, and the Phase I committee 
recommended additional studies to help fill these gaps: “Gaps in current scientific understanding make it 
very difficult to accurately understand how additional changes will affect the river . . . Systemwide 
research should be conducted on . . . cumulative effects of the existing navigation system on river 
ecology” (NRC, 2001, p. 6). 
 Despite the need for additional data and studies, the complexities of an ecosystem on the scale of 
the Upper Mississippi and Illinois rivers must be recognized, as must the limited ability of scientific 
inquiry to reduce uncertainties in the understanding of ecosystem dynamics.  Some degree of uncertainty 
will always be present in ecological knowledge of a system like the UMR-IWW.  Additional 
investigations are merited, but scientists and managers should not become caught up in a quest for 
certainty.  At some point, scientists and managers must decide that existing data are sufficient to allow for 
management actions to be implemented.  Outcomes from management actions should be monitored, with 
findings being used to adjust future management actions.  Recognizing uncertainties and the limits of 
knowledge, acting in the face of uncertainties, and the monitoring of management actions are tenets of an 
“adaptive management” approach that the Corps is discussing with regard to the UMR-IWW. 
 
 

Integrated Waterway Systems Planning 
 

 The Upper Mississippi and Illinois rivers and their floodplains support a variety of activities in 
addition to commercial navigation, including boating, recreational and commercial fishing, hunting, 
camping, and sightseeing.  These activities are important to both the economics and the quality of life in 
dozens of communities along the rivers, including several cities.  Studies of future UMR-IWW navigation 
thus require multidisciplinary perspectives.  The Corps has conducted many river ecology studies, but it 
has been challenged to integrate them into the larger feasibility study.  This prompted the Phase I 
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committee to conclude, “The Corps should aim toward a more comprehensive and integrated assessment 
of the navigation system’s effects on the environment in the UMR-IWW” (NRC, 2001, p. 4).  Integration 
also would entail the consideration of social and cultural issues.  Although some of these issues may 
transcend the Corps’ ability to address within its analytical framework, the Corps has conducted many 
meetings along the river in which they have discussed the feasibility study with members of the public. 

Considerable effort has gone into broadening the scope of the study to identify and address not 
only ecological impacts of the navigation improvements, but also the ecological impacts of the baseline 
operations of the navigation system.  Alternatives are being developed to address these impacts.  At the 
same time this study is being carried out, the Corps (in collaboration with several other federal agencies) 
is developing an Upper Mississippi River Comprehensive Plan.  This plan was authorized in Section 459 
of the 1999 Water Resources Development Act (WRDA) and is being conducted to create a systematic, 
integrated strategy for managing flood risks, nutrients and sediment (including bank erosion), 
environmental stewardship, and river-related recreation needs and expectations on the Upper Mississippi 
River. 

Although the Comprehensive Plan surely will use information generated by the restructured 
feasibility study, there is no indication that it will address the potential to deal concurrently with 
navigation and ecosystem restoration.  For example, extensive levees in the lower section of the Upper 
Mississippi affect navigation pools and river/floodplain ecology.  A navigation solution that does not 
consider restoring some connectivity between the river and the floodplains behind levees for 
environmental purposes will have missed an opportunity.  Similarly, there appears to be little in the study 
dealing with opportunities to improve water quality of the Upper Mississippi River.   
 The Corps has adopted a more holistic approach to the feasibility study since the 2001 Phase I 
report, and this committee commends its efforts to broaden the investigations.  In reality, the Upper 
Mississippi River and Illinois Waterway region is one system, with human society interacting with natural 
systems.  Integrated, or holistic, water management approach recognizes this and seeks to explain the 
relations between ecology, economics, and people, both quantitatively and qualitatively. 
 In a large, complex system with as many users and uses as the UMR-IWW, activities in different 
sectors often impinge upon one another.  For example, deepening of the navigation channel and 
expansion of the navigation system over past decades have had effects on other sectors and users, 
especially river ecology.  The interface and the trade-offs between these two sectors is at the center of 
many differences of opinion on how the river should be managed and developed in the future.  The 
divergent opinions that the committee heard in briefings by representatives of several interest groups at 
the September 2003 meetings indicates the difficulties the Corps faces in managing this complicated 
system.  Future decisions regarding UMR-IWW navigation system management are likely to have 
significant effects on river ecology, communities, and related human activities.  The feasibility study 
should recognize the near inevitability of trade-offs between sectors, and explain clearly how those trade-
offs will be considered.  
 A note on the roles of the U.S. Congress in helping make decisions about trade-offs also is in 
order.  With its many publicly owned locks and dams, wildlife refuges, and other lands, the UMR-IWW is 
both an interstate and a federal resource.  Appropriate allocation of this system’s benefits for navigation, 
environmental services and values, and flood control, thus is ultimately a decision for the Congress.  
Although the Corps of Engineers can help reduce uncertainties in the feasibility study, decisions 
regarding priorities for uses of this public resource are beyond the agency’s purview.  The Corps should 
conduct credible technical analyses, but when the agency must decide upon trade-offs between different 
users, clear direction from the Congress would be useful.  In 1986, Congress passed an Upper Mississippi 
River Management Act that stated,  

It is hereby declared to be the intent of Congress to recognize that system as a nationally 
significant ecosystem and a national significant commercial navigation system.  Congress 
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further recognizes that the system provides a diversity of opportunities and experiences.   
The system shall be regulated and administered in recognition of its several purposes 
  (P.L. 99-662). 

 
Although the act recognizes the multiple purposes of the river, it provides no guidance to the 

Corps on how to balance competing uses between inevitable trade-offs between sectors. 
 The following section contains findings and recommendations and concludes this committee’s 
first report to the Corps. 
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Findings and Recommendations 
 

 
 
 
 
 

SPATIAL PRICE MODEL AND ESSENCE 
 

The 2001 report from the Phase I committee stated that neither the September 2000 form of the 
spatial price model nor the results of the ESSENCE model should be used in the feasibility study.  That 
review specifically recommended structural changes in the ESSENCE model and the incorporation of 
empirically-determined coefficients of the elasticity of waterway traffic demand.  More generally, the 
Phase I committee advocated the development of a suitable spatial price model.  In response, the Corps 
stated that further development of the spatial price model should occur, but “in a research and 
development setting outside the study process” (USACE, 2003b, p. 1). 

This committee did not explore the details of the Tow Cost Model.  We note, however, that the 
Corps Tow Cost Model (TCM) is not widely accepted by economics experts, or even by the Corps, as a 
useful tool for modeling water transportation demand for grain.  Furthermore, the decision to adopt the 
Tow Cost Model contradicts advice about demand modeling provided in the NRC Phase I report, a report 
provided by an independent group requested to provide advice for improving the study’s economic 
analyses. 

The Corps proposes that National Economic Development (NED) benefits from navigation 
improvements will be estimated from the Tow Cost Model and, alternatively, from the ESSENCE model, 
using two different but arbitrary values for the "N" coefficient.  No supporting data have been presented 
to indicate why these are in fact lower and upper bounds or what might be the best estimates for N.  
Furthermore, the ESSENCE model, in its original form, adopts a functional form that should be regarded 
as a highly simplified approximation.  When used outside a narrow range, it yields implausible results.  
The nature of the current application across time and space stretches that simplified specification beyond 
the range in which it might be a useful approximation.  Few of the Phase I committee’s key 
recommendations for enhancing the value and credibility of the ESSENCE model have been 
implemented, and this committee finds the absence of a spatial price model unacceptable.  The 
committee does not see a useful role for the ESSENCE model in the restructured feasibility study. 

The Corps is to be commended for initiating the development of a spatial price model.  This 
committee, however, finds that the steps taken in the restructured feasibility study represent inadequate 
responses to the NRC Phase I report.   Model development efforts have not adopted, for example, realistic 
assumptions regarding spatial variation in grain production and shipping costs, the range of ports that 
might be accessed by regional grain production, domestic processing demands and the location of these 
demands, or global grain supplies and demands.  The restructured study also assumes that the division of 
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grain exports among available ports will not change, which is an unlikely assumption.  As lock 
congestion builds on the U.S. inland waterway system, domestic markets and alternative ports and 
routings become increasingly feasible and likely.  For example, overland grain exports to Mexico may 
increase as lock congestion builds, as may rail shipments to Pacific Northwest ports or shipments to 
domestic markets now served by Mississippi River basin grain production.  Moreover, since 80 percent of 
U.S. corn production is domestically consumed, some dimension of this demand should be explicitly 
modeled.  With some improvements and adjustments, existing spatial grain models could be adapted to 
give superior insight to the approaches currently considered by the Corps.  Appendix A identifies and 
discusses key factors that should be included in the development of a credible spatial price model(s).  
Appendix A also describes a transportation demand model developed for the Panama Canal (see Fuller et 
al., 2000).  Our committee has not sufficiently studied the Panama Canal transportation demand model to 
be able to recommend it specifically for use in the UMR-IWW study; however, it is a fully developed 
model that goes a long way toward incorporating the elements of a full spatial equilibrium model and it 
merits investigation by the Corps. 

If the Corps develops its own spatial price model, its development could proceed in clearly 
defined modules.  One module should forecast the amount of grain grown in the upper Midwest, which 
will be a function of the cost of growing grain and other commodities compared to prices at which grains 
and alternative commodities could be sold.  Another module should examine grain production in other 
grain-producing regions around the world (especially Argentina and Brazil) and associated prices.  
Another module should focus on world demand for grain, which is a function of population, income, 
domestic production, and global market prices of meat for import.  Appendix A lists additional factors 
that should be included within a credible spatial price model of UMR-IWW transportation demand.  If 
these types of improvements and adjustments are to be made and incorporated into the feasibility study, 
the current schedule for study of completion will need to be relaxed. 

 
 

Demand Forecasts 
 

The Corps is to be commended for applying a scenario approach to forecasting future waterway 
traffic demand.  The Corps contracted with Sparks Companies, Inc., of Memphis, Tennessee to provide a 
range of future economic scenarios and resulting demand for barge transportation (Sparks Companies, 
Inc., 2002).  Drawing from the Sparks study, the Corps is using five scenarios of future grain exports.  
Four of the five scenarios assume substantial increases in exports, and the fifth assumes little to no change 
over current levels. 

After exhibiting increasing trends from 1950-1980, U.S. grain exports have since shown almost 
no growth (USDA, various issues).  There is little compelling evidence for a substantial increase in world 
demand for U.S. grain exports over the next decade or two.  Indeed, several factors could contribute to 
declining grain exports.  For example, there is an increasing tendency of Asian nations to import U.S. 
meat products directly, rather than to import grain for feed in their own nations.  Further, South American 
nations like Brazil are increasing domestic soybean production levels, which could reduce global grain 
market demands for U.S. exports.  Yet despite nearly twenty-five years of essentially stable U.S. grain 
export levels, four of the five scenarios in the feasibility study assume substantial increases in export 
levels.  Given the relatively flat level of exports over the past two decades, the committee views the 
projected increases in four of five scenarios with some skepticism.  Forecasts of increases in U.S. grain 
exports should present explanations for likely export trends after 2003 that are consistent with 
history and with expert opinion on likely future conditions in global grain markets.  We look 
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forward to discussing the assumptions, methods, and projections with the Corps’ consultant at our next 
meeting. 

 
 

MANAGING WATERWAY CONGESTION 
 

The 2001 NRC Phase I report urged the Corps to conduct a “comprehensive review and 
assessment of nonstructural options for improving traffic management” (NRC, 2001).  The Corps then 
requested the Volpe National Transportation Systems Center to evaluate a number of traffic management 
measures.  In addition, the Corps conducted its own analysis of congestion fees (to be implemented 
through a lockage fee).  This committee commends the Corps for seriously considering a lock usage fee, 
even while existing legislation prohibits the implementation of such a scheme.  Economic incentives, 
including lock usage fees, should produce net economic benefits.  However, a true congestion fee is a 
contingent fee that is levied only at times of congestion and only upon tows that contribute to congestion.  
Although implementing such a fee is admittedly not a simple matter, the resulting benefits should be 
greater than those obtained from a simple lock usage fee of comparable magnitude. 

At the September 2003 briefings, it was stated that other traffic scheduling alternatives had been 
analyzed by the Volpe National Transportation Systems Center and were found infeasible.  The report 
from the Volpe group was not available to this committee at its September 2003 meeting and details were 
not provided at that briefing.  The committee subsequently received the Volpe report (Dyer et al., 2003), 
which it looks forwarding to discussing it with its authors.  In addition to a congestion fee, the Corps 
should evaluate other nonstructural measures for improving traffic management, such as tradable arrival 
slots and industry self-help systems. 

The Corps feasibility study maintains that the “without project” condition will include continued 
use only of the current traffic management system (mainly a “first come, first served” system).  This is 
contrary to our understanding of the 2001 NRC report, which found that benefits of lock extensions to the 
existing system cannot be fully evaluated until the existing system is operated more efficiently, and 
recommended that the Corps apply a wider range of options for managing congestion.  Like the Phase I 
committee, this committee finds that meaningful planning of lock extensions must await the time when 
the existing system is operated at reasonably full efficiency and that the “without project” condition 
should include traffic management measures that achieve more effective operational efficiency of the 
existing system.  Moreover, because improved waterway traffic management should shorten the idle time 
of tows at locks and between locks, such measures could also reduce environmental impacts such as fish 
entrainment and increased turbidity. 

This committee appreciates the challenges of implementing such measures.  Developing and 
implementing an effective nonstructural traffic management system(s) on the UMR-IWW will not be 
simple, quick, or inexpensive, and it will clearly entail both progress and setbacks and will require time 
and resources.  The time required to implement and evaluate a nonstructural scheme(s) suggests that a 
relaxation of the current feasibility study schedule is in order.  Technologies for establishing such a 
system are available and they hold the promise for greatly reducing the costs of congestion.  The Corps 
should proceed as soon as practicable toward developing and implementing a nonstructural system 
to help alleviate waterway traffic congestion. 
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INTEGRATED SYSTEMS PLANNING 
 

River Ecology 
 

 The initial feasibility study for the UMR-IWW had a narrow focus with regard to environmental 
concerns and issues of environmental sustainability.  The restructured study is assuming a broader focus 
on these issues, and the committee commends the Corps for broadening this scope to deal not only with 
ecological impacts of lock extensions and other measures for enhancing navigation, but also with 
ecological impacts of the baseline operations of the existing system of locks and dams and navigation 
pools.  Indeed, the 2002 Interim Report (p. 18) acknowledges that economic and ecological needs are of 
parallel importance.  A broad, holistic perspective is also necessary because of the large implications of 
Mississippi River water quality and sediment transport for downstream regions in and along the Gulf of 
Mexico.  The Corps should thus, to the maximum extent feasible, consider factors such as water quality, 
flood damage reduction, and sediment transport in order to reflect a more holistic approach to dealing 
with the diverse management issues in the UMR-IWW. 
 The 2002 Interim Report describes many management alternatives that the Corps is considering 
not only to mitigate effects of proposed navigation system expansion, but also to repair environmental 
damages caused by the existing system of locks and dams and navigation pools.  Nonetheless, there may 
be problems in achieving the environmental goals because as the 2002 Interim Report notes, 
“[E]cosystem restoration is not a specifically authorized purpose of the 9-Foot Channel Navigation 
Project.”  Congressional action may thus be necessary and appropriate for expanding the purposes of the 
UMR-IWW to include environmental sustainability. 
 This section provides the committee’s initial observations and advice for proceeding on 
ecological studies and projects.  A general observation is that the Corps’ analysis regarding river ecology 
is less advanced than the navigation studies, due largely to the relatively recent broadening of the 
feasibility study to better evaluate and integrate ecological concerns.  The committee’s comments on 
these aspects of the study are similarly less specific than its comments on the economics of waterway 
transportation. 
 
 

Adaptive Management 
 

 The recommendations from the Phase I committee included a proposal that the Corps implement 
adaptive management principles within the feasibility study.  The Phase I committee was concerned with 
the "adaptive mitigation" strategy discussed in the Feasibility Study, which the committee found 
"inconsistent with the principles of adaptive management articulated in the natural resources management 
literature" (NRC, 2001, p. 7).  In responding to the 2001 NRC report, the Corps' August 2003 Background 
Summary (USACE, 2003a) stated that the "mitigation plan will incorporate the principles of adaptive 
management."  We regard this assurance as a positive sign but await further evidence of progress. 
 Adaptive management does not apply solely to mitigation, as some sections of the Corps reports 
imply.  The approach is equally valuable in planning ecosystem restoration activities (see subsequent 
section), and in planning and implementing structural and nonstructural solutions to waterway congestion.  
Furthermore, adaptive approaches should aid in developing strategies for large, unanticipated events such 
as floods.  This is especially important in the UMR-IWW context, as floods have long posed management 
challenges along the UMR-IWW.  Flood problems could also be affected by regional changes in climatic 
patterns.  An adaptive management approach should help the Corps better understand how to adjust to 
future changes, and the Corps should consider the possibility of changes such as long-term changes in 
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climate.  The adaptive management approach can also help focus attention on nonstructural solutions 
which avoid, in the words of the Phase I committee, "the trap of irreversibility." 

Many of the environmental restoration, mitigation and environmental enhancement actions 
proposed for the Upper Mississippi reflect a collaborative effort between the Corps and the U.S. Fish and 
Wildlife Service.  Many of the ongoing ecological investigations reflect current techniques and current 
ecological understanding.  Although the approaches are understood, the probabilities regarding 
implementation and resulting ecological outcomes are uncertain.  Moreover, the Corps has had only 
marginal success in gaining support from the Administration and the Congress for ecological projects of 
such magnitude.  Given these conditions, it is appropriate that this effort be conducted within an adaptive 
management framework,  Although this framework is described in the Corps’ 2002 Interim Report only 
in the context of mitigation, it features prominently in the draft 2003 report (Lubinski and Barko, 2003) 
from an environmental science panel formed by the Corps as part of the feasibility study, and espoused by 
the authors as “the overarching theme of future integrated efforts for management of the UMR-IWW” 
(ibid., p. 1).  Such an adaptive approach will involve carefully and openly crafting experiments, closely 
monitoring results, and consulting with both stakeholders and program objectives to adjust plans 
accordingly.  It will also require involvement of stakeholders, an organizational structure to oversee the 
efforts, and a fiscal commitment to support the activities. 

The Corps’ Interim Report and the 2003 draft science panel report describe some processes that 
might be amenable to adaptive management (e.g., the Corps has undertaken some limited experimentation 
in the drawdown of Pool 8 to improve ecological conditions), but they also note potential difficulties.  
Given the extent of this effort and the probable need for adaptation in progress, the adaptive management 
paradigm would nonetheless seem ideal.  Recent National Research Council Reports on the Missouri 
River ecosystem (NRC, 2002) and on Glen Canyon Dam operations (NRC, 1999) describe the use of such 
adaptive management processes in more detail.  The Corps should implement adaptive management 
concepts and approaches throughout all aspects of the planning process. 
 
 

Trade-Offs 
 

 On a river system used as intensively as the UMR-IWW, the enjoyment of the system’s benefits 
by one user or sector typically has effects on other users or other sectors.  For example, increases in 
towboat traffic will have negative effects on fish and river ecology; the drawdown of navigation pools is 
good for river ecology, but these actions can expose sandbars and mud flats, which can be bad for boaters.  
As a result, management decisions that enhance benefits for one sector without diminishing benefits for 
another sector (so called “win-win” scenarios) are likely to be small in number and extent in comparison 
with more contentious scenarios that involve trade-offs, with winners and losers, between users and 
sectors.  Many of these latter types of scenarios are underpinned by fundamental differences in values and 
perceptions, yet traditional planning approaches offer little more than analytical results for solution.  
Better guidance from the Congress and the Administration on how to prioritize river uses and to weigh 
major trade-offs would be useful to the Corps, which is limited in its ability to allocate federal resources 
among competing objectives and users. 

Even in the absence of new guidance, some things can be done to facilitate tradeoffs between 
users of the benefits from the Mississippi and Illinois rivers.  Some aspects of environmental restoration 
are amenable to quantification and monetization, such as instances in which restoration obviates the 
necessity of costly mitigation, or where the public may exhibit measurable willingness to pay for the 
improvement.  In the latter case, revealed preference methods, such as the travel cost method or hedonic 
price analysis, may be employed in specific instances.  Stated preference methods, such as contingent 
valuation analysis, can be applied in most if not all instances.  There is a rich literature on these topics, 
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with hundreds of published texts and papers, including some published by the Corps.  Although these 
approaches may be partial in coverage or subject to some error, there are instances in which even partial 
information is sufficient to resolve a tradeoff.  But the committee is not aware of any environmental 
valuation studies being performed in conjunction with the feasibility study, so the Corps may be left with 
only qualitative approaches at its disposal. 

 
 

DECISIONS, IMPLEMENTATION, AND INSTITUTIONS 
 

Timing 
 

 The Corps has created an aggressive timetable for finishing its feasibility study, especially in 
regard to its ability to consider this committee’s recommendations, the bulk of which may be issued only 
months before a Chief’s Report is scheduled to be issued (November 2004).  Not only does the current 
schedule provide the Corps with a short amount of time to respond to this and subsequent reports from 
this committee, in general, implementation of this report’s specific recommendations cannot be 
adequately completed on the current feasibility study schedule.  Although our committee is prepared to 
conduct its review and provide advice to the Corps with due speed, and likewise respects the need to 
move forward with the feasibility study, the study schedule should allow adequate time for credible 
analysis to be conducted and concluded.  The Corps should extend its schedule for completing the 
feasibility study and issuing a Chief’s Report. 
 
 

Prioritization and Sequencing 
 

In the September 2003 discussions with this committee, Corps staff members outlined progress 
on an environmental restoration plan, developed in collaboration with federal and state partners.  This 
progress is commendable and addresses the Phase I committee report recommendation that the Corps 
recognize that “environmental concerns have become a core issue in the operation of inland waterways 
systems” and therefore should “adapt its planning, engineering design, operations, and analysis 
accordingly” (NRC, 2001).  

During the September 2003 briefing, the Corps presented a map of a representative navigation 
reach that displayed the proposed restoration projects developed by the Corps and its partners.  Virtually 
every square meter of the reach was identified as needing some type of rehabilitation, and it became 
obvious that some criteria and a process will be essential for prioritizing and sequencing these projects.  
One such criterion might be to give priority to projects that would restore natural processes, with the 
expectation of triggering self-repair and self-maintenance over large areas at relatively modest cost.  For 
example, operating dams to restore a more natural flood pattern (spring flood followed by stable, low 
water levels during the summer growing season) would build on successes already achieved in pool 
drawdown experiments.  The compaction and drying of sediments, and recovery of vegetation itself, then 
would help stabilize the banks and bottoms of backwaters, and the plants might fulfill their functions of 
taking up nutrients and providing food and shelter for wildlife.  Priority might also be given to projects 
that meet multiple objectives, including (as suggested above) flood damage reduction.  For example, 
flood easements or outright buy-outs of selected levee districts might reduce future flood damages and 
flood heights, reduce the time during floods when the river has to be closed to navigation, and provide 
fish and wildlife habitat.  A fundamental principle of adaptive management is evaluating the outcomes of 
management actions (evaluation builds upon and draws lessons from data gathered from monitoring 
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programs).  As the Corps intends to implement the feasibility study with an adaptive management 
approach, outcomes of early restoration projects should be carefully evaluated.  The results from these 
evaluations will be useful in determining the costs and benefits associated with different restoration 
approaches.  Priority should be given to restoration projects based upon their promise of restoring 
natural processes, and to those that aim to achieve multiple objectives.  

The sequencing of projects should also be considered.  For example, restoration of more natural 
hydrology throughout an entire navigation pool might restore vegetation in some areas without restoration 
projects, or might require less expenditure on levees and pumps to promote favorable water levels within 
constructed floodplain impoundments.  In this case, it might be useful to modify dam and pool operations 
before constructing or renovating wildlife management areas within the floodplain. 
 
 

Cost Sharing and Funding 
 

In addition to prioritization and sequencing, there are important issues related to funding and cost 
sharing.  Several speakers at the September 2003 meeting cited a previous history of Corps, 
Administration, and congressional failure to concurrently fund navigation improvements and ecological 
protection and recovery.  The general concern was that navigation projects are completed but the related 
environmental projects are funded at low levels or not funded at all.  The best environmental plan (under 
the new dual-track planning process) will be of little use if it is not implemented.  Suggestions for 
securing funding for ecosystem restoration in the UMR-IWW include a program similar to the Land and 
Water Conservation Fund or a trust fund, similar to the Inland Waterways Trust Fund.  The Corps has 
identified the potentially high costs of implementing proposed restoration and adaptive management 
efforts as part of the feasibility study.  In order to maintain the study’s credibility and to ensure 
integration across sectors, it is important that efforts to enhance environmental benefits be carried out 
concurrently with efforts to improve navigation. 
 There is less federal land along the Mississippi River in the downstream states (e.g., Missouri and 
Illinois) than in the upper basin.  Floodplains in Iowa, Illinois, and Missouri are mainly privately held, 
while much of the Mississippi River floodplain in Minnesota and Wisconsin is part of the U.S. federal 
Upper Mississippi River Fish and Wildlife Refuge system.  On federal lands, the federal share of 
restoration projects is 100 percent; on private lands, however, local sponsors are responsible for part of 
the costs.  In the basin’s downstream states, most of the restoration projects will thus require local 
sponsors to provide 35 percent of the planning and construction costs and all of the long-term 
maintenance.  Some observers have called for changes to cost sharing arrangements to ensure that worthy 
restoration projects in the downstream states receive similar consideration as restoration projects in the 
upper basin. 
 Construction costs for extension of the locks and for associated environmental mitigation 
require no non-federal cost sharing; 50 percent of the construction and environmental mitigation 
costs coming from the Inland Waterway Trust Fund and the remaining 50 percent come from 
congressional appropriations.  In contrast, environmental restoration components of the project 
generally require non-federal cost sharing: 
 

• Environmental Management Program (EMP) projects as authorized by the Water Resources 
Development Act (WRDA) of 1986 and amended in WRDA 1990 and WRDA (1999) provide 100 
percent federal funding for EMP projects on National Wildlife Refuge lands, and 65 percent federal/35 
percent non-federal funding for projects not located on federal lands. 
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• For modification of structures and operations of water resources projects to improve the 
quality of the environment under Section 1135 of WRDA (1986), the cost sharing is 75 percent federal/25 
percent non-federal. 

• For aquatic ecosystem restoration and protection projects developed under Section 206 of 
WRDA (1996), the cost sharing is 65 percent federal/35 percent non-federal. 

• For those projects under Section 204 of WRDA (1992) for the protection, restoration, and 
creation of aquatic and ecologically related habitat in conjunction with dredging of authorized navigation 
projects, incremental costs of the beneficial use of dredged material for habitat creation are shared—75 
percent of the costs are borne by the federal government, and 25 percent are borne by a non-federal 
sponsor. 

 
Furthermore, there may be limited or no federal funding available to implement nonstructural 

measures because the Corps lacks necessary authority to implement and/or fund these nonstructural 
measures.  This is an analytical concern because if proposed restoration projects are not implemented, the 
results from analyses that assume that these projects will be implemented (and will deliver benefits) will 
be discredited in proportion to the extent that the projects are not funded.  The Corps should identify 
instances where federal cost sharing rules are likely to restrict or preclude implementation of 
environmental restoration projects and nonstructural measures. 

 
 

ENGINEERING 
 

Construction Cost Contingency 
 

 The NRC 2001 Phase I report recommended the Corps increase its standard contingency factor 
from 20 percent to 25 percent because of the uncertainty associated with cost estimates for lock 
extensions.  In its Background Summary response (USACE, 2003b), the Corps indicated:  “Jacobs 
Engineering, an independent engineering firm, reviewed representative large-scale cost estimates 
developed in the original study.  The review validated that the estimates developed for lock construction 
alternatives are reasonable.”  In response to this committee’s September 2003 request for the Jacobs 
Engineering report, the Corps indicated the report was still in draft.   It will be necessary to obtain and 
review this report before this committee can comment on the Corps response. 
 
 

Lock and Dam Rehabilitation 
 

The NRC Phase I report recommended:  “If new waterway traffic demand forecasts are 
developed, it will be important to revisit the rehabilitation costs analysis to ensure consistency with the 
revised traffic demand forecasts.”  The Corps Background Summary response (USACE, 2003b) does not 
respond to this recommendation.  This committee requests that the Corps respond to this recommendation 
from the NRC 2001 Report. 
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Appendix A 
 

Spatial Equilibrium Models and the U.S. Grain Sector 
 

 
 
 
 
 
The ESSENCE Model 
 
The amount of grain that will be transported by towboats on the UMR-IWW in future years depends 
many factors, including the following: 
 
 The amount of grain grown in the river basin area, which depends on the cost of growing grains 

and alternative commodities compared to the price at  which grains and alternative commodities can be 
sold, since the land could be used for other crops or left fallow. 
 The amount of grain grown in other areas of the world, particularly Brazil and Argentina, and the 

price at which it is offered for export. 
 The world demand for grain, particularly the demand for imported grain in each nation, which 

depends on population, income, home agricultural output, tastes,  and the world price of meat for 
importation. 
 The price of transporting grain from each exporting port to each importing port. 
 The price of transporting grain from each growing area to each export port. 
 The domestic demand for grain, including raising animals for export. 
 The current logistic and transportation prices to transport U.S. grains from multiple origins to 

relevant domestic markets. 
 Prices of grain at relevant export and domestic markets. 
 The use of current railroad shipping rates, rather than rates from old railroad tariffs or estimated 

costs from rail cost models. 
 
Only after determining the effects of these (and perhaps other) factors can future demand for grain 
transport on the UMR-IWW be credibly estimated. 
 
 The Phase I committee recommended that the ESSENCE model not be used in the feasibility 
study.  This model includes a traffic routing component, and a simple reduced form economic model for 
estimating the effect of shipping cost on barge movements.  ESSENCE is not a spatial equilibrium model.  
It does not allow for alternative export ports or alternative destinations for the grain.  It is silent on most 
of the factors noted above that are part of a full spatial equilibrium model.  Furthermore, the portion of the 
model used to determine the impact of shipping cost is seriously misspecified. 
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 We have not criticized this model because it is simple.  Simple models can be useful if they 
describe historical experience well and if their implications are plausible.  The Phase I committee noted 
that this model was never fit to historical data and so this simplification cannot be justified on the basis of 
being a good description of current data.  Furthermore, the shipping demand curve used in ESSENCE is 
defined by a single parameter, N.  The implications of the model are implausible when N is outside a 
narrow range.  For example, N is characterized by the Corps as describing the price elasticity of barge 
rates.  This is not correct.  Price elasticity is not constant for a fixed value of N. 
 
 The best judgment of the committee is that the relationships embodied in ESSENCE would not fit 
historical data well because they does not account for the level of foreign demand, the competition with 
foreign grain, U.S. domestic demand, or the other important factors.  Thus, the committee advises the 
Corps to abandon this model, including any reference to values of N as lower or upper bounds.  The 
committee advises the Corps not to spend time and effort fitting this model to historical data.  Even if the 
model fit historical data well, it would not serve as a building block in implementing a full spatial 
equilibrium model. 
 
Spatial Equilibrium Models 
 The rationale underpinning the spatial equilibrium concept was stated in 1951 as follows: two or 
more regions with demand and supply functions produce and consume a homogeneous product and are 
separated by a known transfer cost.  Given this information, the problem is to determine the equilibrium 
levels of production, consumption, and prices in each region and the equilibrium trade flows between 
regions (Enke, 1951). A geometric interpretation of this problem and its solution for two regions was 
later developed (Samuelson, 1956), and in 1971, Takayama and Judge showed how the problem could be 
formulated as a mathematical programming problem involving n regions. 
 
 Numerous spatial equilibrium models have been developed of the U.S. crop sector to address 
issues relating to interregional trade and agricultural policy while others have featured considerable 
transportation system detail for purposes of evaluating transportation policy and infrastructure issues.  
These models feature regional demand and supply relationships and linking transfer costs, and are capable 
of examining the effect of transportation infrastructure improvements or policies on commodity prices, 
production, trade, and welfare measures. 
 
 A study (Fuller et al., 2000) that employed spatial price equilibrium models to determine the 
effect of Panama Canal closure and alternative toll levels on U.S. agriculture may be of interest to the 
Corps as it proceeds with the UMR-IWW feasibility study.  This analysis of Panama Canal transportation 
demand showed that increases in toll rates would reduce grain exports via the U.S. Gulf of Mexico ports, 
reduce grain flow on the upper Mississippi and Illinois Rivers and lower region grain prices, increase 
exports via U.S. Pacific Northwest ports and rail movements to these ports, reduce quantities transiting 
the Canal, and increase maritime movements to East Asia via Africa’s Cape of Good Hope.  Further, the 
U.S. role in the Asian corn and soybean markets would decline while competitors’ role (Argentina, 
China) would increase.  Analyses indicated the Panama Canal had a value to U.S. corn and soybean 
producers of about $300 million per year.  These models are executed on desktop computers with 256MB 
RAM and CPU of 1.3 GHZ (Pentium 4) in about twenty minutes.  Although the model is not a perfect 
analogue for evaluating all issues related to lock congestion on the Upper Mississippi and Illinois rivers, it 
is a fully developed model that incorporates many elements of a full spatial equilibrium model and it 
merits investigation by the Corps for its relevance to the UMR-IWW feasibility study. 
 



Appendix A 27 
 

 

 Existing corn and soybean market models are spatial, inter-temporal equilibrium models that 
include the domestic and international sectors (cf. Fellin and Fuller, 1997; Fuller et al., 1999; Martin, 
1981; and Koo, 1985).  These models include details on regional excess demands and supplies, and 
transportation, storage and grain handling costs in the United States.  Other trading countries, excluding 
Mexico, are treated as either an excess supply or excess demand region. Mexico includes excess demand 
and supply regions, and linking transportation costs with grain handling and storage costs. 
 
 The international corn model includes 78 excess supply regions and 99 excess demand regions.  
The excess corn demand regions include 64 U.S. regions, 8 Mexican regions, and 6 foreign regions 
(Argentina, China, France, South Africa, East Europe and other).  Included among the excess corn 
demand regions are 60 U.S. regions, 14 Mexican regions, and 24 foreign demand regions.  With the 
exception of Japan, South Korea, China, Canada and Taiwan, the foreign excess demand regions are an 
aggregation of countries.  The international soybean model includes 80 excess supply regions and 58 
excess demand regions.  Sixty-eight of the excess supply regions are located in the United States, 8 in 
Mexico and 4 foreign supply regions that represent Argentina, Brazil, Paraguay, and Bolivia.  The excess 
soybean demand regions include 24 U.S. regions, 9 Mexican regions and 24 foreign excess demand 
regions. 
 
 Imbedded in the United States and Mexico portions of the models are extensive transportation 
networks that connect excess supply regions with excess demand regions and ports via truck, rail and 
barge costs/rates.  Excess supply regions are linked by truck and rail to 37 barge-loading facilities on the 
inland waterway system.  The barge loading sites are linked to barge unloading sites on the U.S. inland 
waterway system and ports as appropriate.  Seventeen U.S. ports receive corn and soybeans from excess 
supply regions via truck, rail and barge as appropriate and then ship via maritime costs/rates to a 
representative port in each of the 24 foreign excess demand regions.  A representative port in each of the 
foreign excess demand regions is also linked by maritime costs to each of the foreign excess demand 
regions. 
 
 To represent winter freezing of the Great Lakes and Upper Mississippi waterways, the models 
disallow shipping via these arteries in the winter quarter.  The models include four quarters.  An excess 
supply region is represented by an inverse excess supply equation while an excess demand region is 
represented by four (quarterly) inverse demands. Grain is produced in the fall quarter and carried through 
the subsequent crop year by the cost of storage.   Excess supply regions are typically crop-reporting 
districts that include from 10 to 15 counties.  As an example, in Iowa there are eight excess supply 
regions and one excess demand region.  The typical excess supply region in Iowa is linked to three barge-
loading sites (two on Mississippi River and one on Missouri River), 28 domestic excess demand regions, 
eight port areas (Chicago, Duluth, Mobile, New Orleans, Galveston, San Diego, Portland and Seattle) and 
a U.S./Mexico border-crossing site (Laredo) by truck and rail costs as appropriate.  In addition, the 
model’s barge-loading sites are linked by barge costs/rates to inland barge-unloading sites and selected 
U.S. port areas.  Barge rates reflect seasonality but from St. Paul, Peoria and St. Louis to lower 
Mississippi River ports average about $9.50, $7.30, and $5.40 per ton. United States ports are linked to 24 
foreign excess demand regions by ship rates and U.S./Mexico border crossing sites are linked to 14 
Mexican excess demand regions by Mexican rail rates.  Further, the foreign excess supply regions are 
linked to the 24 foreign excess demand regions by ship rates. 
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