
Give to AgEcon Search

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search.

Help ensure our sustainability.

AgEcon Search
http://ageconsearch.umn.edu

aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.

No endorsement of AgEcon Search or its fundraising activities by the author(s) of the following work or their 
employer(s) is intended or implied.

https://shorturl.at/nIvhR
mailto:aesearch@umn.edu
http://ageconsearch.umn.edu/




PRO CEE J IN S -

Twenty-fourth Annual Meeting

Theme:

"Transportation Management, Policy and
Technology"

November 2-5, 1983
Marriott Crystal City Hotel

Marriott Crystal Gateway Hotel
Arlington, VA

Volume XXIV • Number 1 1983

gc <rR

TRANSPORTATION RESEARCH FORUM



The Impact of Inland Waterway Lock
Congestion Upon Barge Shippers

by James Crew* and Kevin H. Horn*,*

I. INTRODUCTION

OCK CONGESTION in the inland
waterway network is an important

determinant of the performance of barge
transportation, affecting shippers car-
riers and public policy investment' deci-
sions. The delay of barge tows at con-
gested locks increases transit time, op-
erating costs, and reduces equipment
Utilization. Cost increases induced by
lock delay are ultimately absorbed by
barge shippers in the form of higher
linehaul transportation rates or sur-
charges. In addition, waterway shippers'
non-transportation logistics cost com-
ponents, such as inventory carrying
costs, may also increase as a result of
102k congestion. Ultimately, waterway
Shippers may divert to other modes of
transportation which become relatively
less costly as lock congestion increases.
The impact of lock congestion upon

transportation rates and waterway ship-
pers is an important determinant of the
economic justification for present and
future structural improvements to the
inland waterways system.1 Over the past
decade, economic models used to evalu-
ate waterway improvements have hy-
pothesized shippers' responses to chang-
ing levels of lock congestion. Empirical
analysis has not been undertaken, how-
ever, to verify the net impacts of lock
congestion upon shippers and demand
for waterway transportation.

This paper focuses on three important
interrelated aspects of the impacts of
lock congestion upon waterway shippers.
The first aspect is the measurement of
short-run lock congestion impacts upon
waterway shippers. Past efforts to as-
sess the effects of lock congestion have
tended to focus upon hypothetical long-
run impacts on waterway shippers. Lock
congestion occurs and shippers are as

to adjust in some optimal fash-
ion. No assessment is made, however, of
the possibility that shipper behavior
may change over time or of possible
short-run response mechanisms.
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The second aspect is the manner- in
which shippers respond in the long-run'
to sustained levels of lock delay. While
this is related to the measurement 'of
short-run impacts of lock delay, svecifi-
cation of long-run impacts is necegsa.17
to determine how shippers ultimately
respond to congestion. The long-rm im-
pacts of lock congestion reflect shippers'
production and logistics requirements.
Shippers' responses to lock congestion
will he influenced 'by their plannink. ho-
rizons and sensitivity to delay.
The third aspect of lock congestion is

the implication Of research on this topic
for the imposition of congestion tools
and user fees. Past estimates of the im-
pacts of imposing waterway congestion
tolls or user fees have generally .been
predicated on a relatively limited set of
shipper responses. If shippers' responses
are not correctly specified, the estimated
impacts and revenues from congestion
tolls and user fees are likely to be in-
correct. Given the current legislative de-
bate over the form and level of' user
fees, lock congestion impacts upon ship-
pers are important if the inland water-
ways are to be maintained and operated
as an efficient transportation system.

II: SIGNIFICANCE OF
LOCK CONGESTION:

The significande of analyzing con-
gestion impacts originates from, the
monopoly position of the Federal gov-
ernment in providing the inland water-
way system. Locks are not owned or Op-
erated by users, consequently waterway
shippers are unable to alleviate lock con-
gestion by structural measures. Struc-
tural changes on the waterway are only
undertaken when aggregate shipper be-
havior dictates remedial action. In the
absence of congestion tolls or user fees
individual shippers do not have have the
incentive or ability to initiate non-
structural measures to improve the
overall efficiency of lock operations.
The inability of individual shippers to

alleviate lock congestions results in ab-:
sorption of delay costs until an alterng-l•
tive mode of transportation becomes
less expensive. After a threshold level'
of delay cost is reached shippers will
vert from the waterway to alternatie
modes of transportation. The hypothet-

:.
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ical impact of lock congestion consists of
two distinct effects. First is the direct
cost of delay and second is the non-
transport logistics costs incurred as a.
result of larger inventories due to in-
creased transit time and delay.
The significance of lock congestion to

shippers is that it represents a change
in the relative price of waterway trans-
port4tion over which they have virtual-.
ly.,no direct control. Although any indi-
viclual shipper can choose to avoid lock
congestion through a variety of alterna-
thtes, his choice will have, a negligible
impact on the overall level of congestion.
Rich alternative to lock congestion .has
some cost associated with it such that
shippers compare the increased cost of
lock, congestion with the increased cost
of alternativetransportation patterns.
When individual shippers have a finite

number of non-structural responses to
lock, congestion, their alternatives can
be analyzed to determine optimal trans-
potation•patterns. This is a formidable
task to be performed separately for each
waterway user, however. When shippers
and receivers are aggregated to identify
non-structural responses to lock conges-
tiO,n,.the elasticity of demand for water-
way transportation transportation can be analyzed.

••

•.'

III: SHIPPER RESPONSE
TO LOCK CONGESTION:

1. Research Methodology
Previous research has indicated that

barge shippers may be relatively, insen-
sitive to the impact of lock congestion
upon non-transport logistics costs.2 In
order to test this hypothesis it was nec-
essary to operationalize logistics total
cost models for barge shipments affected
by lock congestion. The purpose of lo-
gistics total cost models was to deter-
mine the order in which different ship-
ments would divert from the waterway
as a result of lock congestion. The logis-
tics total cost models are formulated to
explain mode choice as a function of
transportation rates, capital carrying
casts, and storage costs. The least costly
mode of transportation minimizes the
sum of transportation rates and inven-
tory costs. Inventory costs are a func-
tion of product value, interest rate,
(cpst of capital), and speed, shipment
size and stockpile requirements for each
mode. Seven logistics cost models were
developed to assess the relative impacts
or lock congestion upon barge rates and
inventory holding costs. The models
ra-nge in complexity from analyses of
transportation rate differentials to in-
corporating differences in inventory,
holding costs between barge and other
transportation alternatives.

•••

The logistics cost models are specified
in Exhibit 1. Models 1, 2, and 3 com-
pare the impact of lock congestion upon
waterway shipper logistics costs to the
costs of alternative modes of transpor-
tation. Model 1 predicts mode choice
based on transportation rate differen-
tials. Model 2 incorporates in-transit in-
ventory holding costs in addition to line-
haul rate differentials. Model 3 includes
differences in the holding costs of inven-
tory stockpiles for barge and other
modes of transportation.
Models 4, 5, 6, and 7 express the im-

pact of lock congestion upon shipper
logistics costs in hours per ton of delay
necessary to divert the shipment to al-
ternative modes of transportation. The
threshold level of lock congestion neces-
sary to induce diversion is computed by
dividing dollars per ton by dollars per
ton hour. In Models 4 and 5 the denom-
inator represents the delay cost per hour
for a barge tow and in-transit inventory
holding costs. In Models 6 and 7 the de-
nominator includes the delay cost for the
tow and in-transit inventory plus any
additional inventory stockpile holding
costs.
The critical inputs necessary to oper-

ationalize these models are: (1) annual
tonnage for each commodity movement;
(2) time between shipments; (3) inven-
tory carrying costs; (4) shipment size;
(5) insurance, loss and damage, and mis-
cellaneous expenses; (6) expected tran-
sit time by mode; (7) average inventory
stockpile levels for barge, with and with-
out lock delay, and for alternative
modes of transportation; and (8) total
linehaul transportation rates and trans-
fer charges for barges and alternative
modes of transportation.3
A sample of 96 coal, 103 petrochemi-

cal, and 164 grain barge movements'
through Lock and Dam No. 26 at Alton,
Illinois was obtained from the Upper
Mississippi River Basin Commission
(UMRBC). Lock No. 26 was selected be-
cause it is heavily utilized and shippers
had experienced 44 to 50 hour delays at
this facility. The UMRBC barge move-
ment data contained the following infor-
mation: (1) date code; (2) barge num-
ber; (3) linehaul rate; (4) origin dock
code; and (5) destination dock code.
Shippers and receivers were identified
by the location of each origin and desti-
nation dock.
A letter was sent to the senior trans-

portation or purchasing officer of 17 coal,
23 petrochemical and 15 grain companies
represented in the sample. The compa-
nies were requested to furnish data for
the eight inputs into the logistics* cost
models for each barge shipment.4 Ship-
pers were also requested to indicate the
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LOGISTICS COST MODELS UTILIZED TO ASSESS THE IMPACT OF
LOCK CONGESTION UPON WATERWAY SHIPPERS

MODEL 1: Xdelayi = RA — RB.

MODEL 2: Xdelay2 = RA — RB Y* (TimeA— TimeB).

QA — QB
MODEL 3: Xdelay3 = RA — RB Y* (TimeA — TimeB  ).

2*DU

MODEL 4: Ydelayi =

MODEL 5: Ydelay2 = •
Y (T/C)

Xdelayi

Y (T/C)

Xdelay3

MODEL 6: Ydelay3 —
Xdelayi

Y (T/C) (dl/dD)

Xdelaya
MODEL 7: Ydelay4 — 

Y (T/C) (dl/dD

The variables of these models are defined as:

RA =
RB =

Timei 
Y

=
Qi =
DU =
T/C =

dl/dD
Xdelayi =
Ydelayi =

Transportation rate for the least cost alternative mode ($/Ton);
Transportation rate for waterway transport ($/Ton);
Interest rate per day times commodity value per ton ($/Ton);
Transit time by mode i,i = A,B (Days);
Shipment size by mode i,i = A,B (Tons);
Daily rate of commodity usage (Tons/Day);
Hourly cost of towboat and barges ($/Ton/Hour);
Change in on-site inventory given a one unit change in lock delay;
Delay costs in dollars per ton for model i; and
Delay measured in hours per ton for model i + 3.

EXHIBIT 1

effects of lock congestion upon inventory
stockpiles and other shipment character-
istics. A total of 11 coal, 14 petrochemi-
cal and 9 grain shippers participated in
the research. Shipment characteristics
,s-ere obtained for 85 coal, 47 petrochem-
ical and 101 grain barge movements.

2. Analysis:
The percentage of coal, petrochemical

and grain participants who furnished
shipment characteristics is shown in Ex-
hibit 2. The response rates indicate the
percentage of participants who were
able to supply data for the seven logis-
tics components. Most of the firms and/
or respondents participating in the re-
search expressed unfamiliarity with
rail-related inventory characteristics.
For example, over one-half of the public
utilities participating in the research did
not have any rail service. Rail was not

regarded by these respondents as a prac-
tical transportation alternative. Re-
spondents were also generally unable to
identify differences in insurance, loss
and damage and miscellaneous expenses
attributable to barge or rail transpor-
tation.
The results of the field research indi-

cate that lock congestion had a relative-
ly insignificant effect upon inventory
stockpiles. Only 12 percent of the re-
spondents indicated that inventories
would increase in response to high levels
of lock congestion (48 hour delay). The
most frequent response from all cate-
gories and sizes of shippers was that
high levels of lock congestion had no ef-
fect on inventory stockpiles. None of the.
respondents indicated that shipment size
changed in response to lock congestion.
Shipment frequency was changed, how-
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LOGISTICS COMPONENT DATA FIELD RESEARCH

Component

1. Annual tonnage

2. Time Between Shipments

3. Inventory Carrying Costs

4. Shipment Size-Tons:
Barge
Rail

5. Insurance, Loss & Damage,
and Miscellaneous Expenses:

Barge
Rail

6. Expected Transit Time:
Barge
Rail

7. Average Inventory Stockpile
Level:

Barge
(A) No Lock Delay

(B) 48 Hour Lock Delay

Rail

Response Rate (percent)
Coal Petrochemicals

100 100

73 86

64 29

73 100
36 29

27 7
9 7

82 79
18 29

100
82
27

EXHIBIT 2

79
79
21

Grain

100

78

11

89
11

11
11

56
22

44
44
0

ever, to reflect increased transit tim 

attributable to lock delay. Shippers' re-

sponse to lock congestion was to ad-

vance the date of shipment to reflect in-

creased transit time, however, the long

term frequency of shipment was not

modified.
The character and degree of shipper

responses were variable, ranging from

qualitative assessments to detailed em-

pirical data. After the primary data was
reviewed for accuracy, the final data

base consisted of 85 coal, 63 grain and
38 petrochemical movements. Missing
data for barge and alternative mode
shipment characteristics was obtained
from secondary sources. Inventory car-
rying cost was computed on a twelve
percent annual rate of interest and de-
livered prices of each product. Transit
time was estimated as a function of
length of hau1.5
The impact of lock delay upon barge

rates was estimated as a function of
hourly tow operating costs.6 Waterway
operators were assumed to pass all in-
creased costs from lock delay to ship-
pers. The validity of this assumption
rests upon the cost-based nature of con-
tract rates in a competitive industry.
The majority of waterway coal, petro-
chemicals and grain commerce moves

under contract rates. Operators have re-
sponded to sustained levels of lock delay
by including lock congestion costs in the
contract rate or have adopted sur-
charges wherein shippers are billed for
the actual amount of time a tow is de-
layed at a congested lock. The impact of
a 48 hour lock delay upon barge rates is
proportional to transit time without lock
congestion. If a tow moves from St.
Paul to New Orleans in 15 days, a 48
hour (two day) lock delay at Alton, Illi-
nois would increase the barge rate by
2/15 or 13 percent, less any potential
fuel savings while the tow awaits lock-
age.
The shipment characteristics of each

barge movement and alternative mode
of transportation were entered into the
seven logistics cost models in Exhibit 1.
The level of lock delay required to divert
each barge movement from the water-
way was computed. An ordered list of
186 barge movements that were diverted
by lock congestion was compiled for each
logistics total cost model. For example,
Model Number 1 sequentially diverted
water movements whenever the sum of
the barge rate plus delay costs exceeded
the sum of the barge rate plus delay
costs exceeded the rail rate. Model Num-
ber 2 sequentially diverted movements
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whenever the sum of the barge rate plus
delay and in-transit inventory costs ex-
ceeded the sum of the rail rate plus in-
transit inventory costs.
Rank order correlations between the

ordered lists of movement diversions
from each model were computed. Table
1 indicates the rank order correlations
between the two groups of models which
have homogeneous outputs and are di-
rpctly comparable. Models 1, 2 and 3 es-
timate waterway diversion in response
to lock congestion costs expressed in
dollars per ton. Models 4, 5, 6 and 7 es-
timate waterway diversion expressed i 
hours of delay per ton. The first sub-
group of models had correlation coeffi-
cients of :9756 or greater, indicating
that the model outputs were very simi-
lar. The correlation coefficient .9984 be-
-"vveen Models 1 and 2 indicates that the
impact of lock congestion upon in-tran-
sit inventory carrying costs does not
affect waterway diversion compared to
changes in linehaul rates. The correlation
coefficient for Model 3, .9756, reflects
the relatively insignificant influence .of
lock congestion upon in-transit and in-
ventory stockpile holding costs compared
to changes in line-haul rates.
The correlation coefficients for Models

4, 5, 6 and 7 were statistically significant
at the .0001 level and were greater than

.9643, indicating that the models gener-
ated very similar results. Since Models
4 and 5 did not include the effects of in-
ventory safety stock increases in re-
sponse to congestion, the high correla-
tion coefficients in Table 1 between
Models 4, 5, 6 and 7 suggest that inven-
tory stockpile holding costs are not in-
fluenced by lock congestion.
The correlation coefficients between

the ordered lists of diversions for each
logistics total cost model were computed
for coal, petrochemicals and grain. The
correlation coefficients between the least
and most complex models, with respect
to inclusion of transportation rate dif-
ferentials, in-transit and inventory
stockpile holding costs, are shown in Ta-
ble 2. Only petrochemicals did not re
flect uniformly high correlation coeffi-

-

cients due to the wide range of product
values within this commodity group and
transportation rate structures for haz-
ardous commodities. Further disaggre-
gation of petrochemicals is necessary to
separate distinct commodity subgroups
with respect to transportation cost char-
acteristics and product values. Other-
wise there are no significant differences
between the correlation coefficients in
Tables 1 and 2.
The correlation coefficients in Tables

1 and 2 indicate that non-transportation

TABLE 1

CORRELATION COEFFICIENTS BETWEEN LOGISTICS TOTAL COST
MODEL SUBGROUPS - ALL COMMODITIES

MODEL 1

MODEL 2

MODEL 3

MODEL 4

MODEL 5

MODEL 1 MODEL 2 MODEL 3

1.0000 0.9984 0.9756
( 0) ( 186) ( 186)
P=***** P=0.000 P=0.000

0.9984 1.0000 0.9789
( 186) ( 0) ( 186)
P=0.000 P=***** P=0.000

0.9756 0.9789 1.0000
( 186) ( 186) ( 0)
P=0.000 P=0.000 P=*****

MODEL 6

MODEL 7

(COEFFICIENT / (CASES) / SIGNIFICANCE)

. MODEL 4 MODEL 5 MODEL 6 MODEL 7

1.0000 0.9788 0.9887 0.9643
( 0) ( 186) ( 186) ( 186)
P=***** P=0.000 P=0.000 P=0.000

0.9788 1.0000 0.9751 0.9915
( 186) ( 0) ( 186) ( 186)
P=0.000 P=***** p=o.oar P=0.000

0.9887 0.9751 1.0000 0.9795
( 186) ( 186) ( 0) ( 186)
P=0.000 P=0.000 P=***** P=0.000

0.9643 0.9915 0.9795 1.0000
( 186) ( 186) ( 186) ( 0)
P=0.000 P=0.000 P=0.000 P=*****
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TABLE 2

CORRELATION COEFFICIENTS BETWEEN LOGISTICS TOTAL COST
MODEL SUBGROUPS - COAL, PETROCHEMICALS, AND GRAIN

MODEL 1:
MODEL 3

MODEL 4:
MODEL 6

MODEL 4:
MODEL 7

COAL

.9993
(83)

p = 0.000

.9934
(83)

p = 0.000

.9911
(83)

p =-- 0.000

(COEFFICIENT/ (CASES)/ SIGNIFICANCE)

PETROCHEMICALS GRAIN

.9939 .9975
(40) (63)

p = 0.000 p =--- 0.000

.9579 1.0000
(40) (63)

p = 0.000 p = 0.000

.8858 .9975
(40) (63)

p = 0.000 p = 0.000

logistics costs for coal, grain and to a.
lesser extent petrochemicals are not ap-
preciably affected by lock congestion.
The relatively high correlation coeffi-
cients indicate that the primary impact
of lock congestion is upon linehaul
transportation costs and rates. Lock con-
gestion will result in waterway diversion
only when the level of delay increases
shippers' linehaul costs of barge trans-
portation above the costs of alternative
transportation modes.

The correlation coefficients between
the ordered lists of diverted movements
from different logistics total cost models
indicate the relationship between lock
congestion and barge rates. As barge

rates change in proportion to increased

lock congestion shippers incur higher
transportation costs. The logistics total
cost models hypothesize that shippers
will absorb lock delay costs based almost
entirely on transportation rate differen-

tials. The extent to which shippers ab-

sorb lock delay in excess of transporta-

tion rate differentials reflects their de-

gree of captivity to the waterway and
ability to pay congestion tolls or user
fees.
The correlation coefficients in Table 1

were reflected in telephone interviews
with respondents. Shippers indicated
that lock congestion has virtually no im-
pact on inventory stockpiles compared to
other variables affecting supply and de-
mand for coal, petrochemicals and grain.

Shippers emphasized that the only im-
portant impact of lock congestion was

upon linehaul rates.
Shippers indicated that they did not

respond to lock congestion in the short-
run by re-optimizing distribution sys-

tems. Some barge trading occurred but
this was not usually related to lock con-
gestion. The only impact of lock con-
gestion upon inventories appears to be
under conditions of extreme variability
of delay. Shippers indicated that very
high levels of lock congestion and/or
variability of delay could effect diversion
to other modes or stimulate barge trad-
ing.

Shippers could not quantify the
threshold levels of lock congestion or
variability of delay that would result in
waterway diversion. In general, varia-
bility of lock delay was not perceived as
a significant problem except for small
shippers. It appeared that in the short-
run, extreme levels of lock delay that
would stimulate diversion to other
modes were synonomous with lock clo-
sures. The levels of delay experienced at
Lock No. 26 were indicated to be insig-
nificant in the short-run due to the lo-
cation and specialization of waterway
facilities and interrelated production-
distribution systems. Unless waterway
operators could reduce delay costs asso-
ciated with lock congestion, shippers
only short-run alternative was to pay
higher rates.

IV. IMPLICATIONS FOR
USER FEES AND
CONGESTION TOLLS:

The implications that can be drawn
from the research are limited to the
short-run.7 The long-run responses of
shippers to lock congestion can only be
determined by analysis of the total lo-
gistics costs of alternatives to waterway
transportation. This is the approach uti-
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lized in models of mode choice. How-
ever, there is little data on shipper re-
sponses to lock congestion in the long-
run with regard to logistics system al-
ternatives. Shippers cannot normally
prescribe long-run responses to lock
c9ngestion in a manner which is condu-
cive to traditional mode choice analysis.
Shipper responses include multiple con
siderations that are not readily quanti-
fiable.  such as shipping requirements, fa-
cility 1 oc at io n, marketing patterns,
multi-mode use, and regulatory con-
straints. These responses are not readi-
ly aggregated and incorporated into tra-
ditional analyses of mode choice and
lock congestion.8
An additional problem in ascertaining

shippers' long-run responses to lock con-
geption is that relatively large and sus-
tained levels of lock delay are a recent
Phenomenon. As a result, the long-run
impacts and shipper alternatives to high
and continuing levels of lock congestion
are conjectural. Most shippers indicate
that they would attempt to minimize in
creased costs associated with lock con-
gestion, but are not able to articulate
how their responses specifically relate to
long-term financial objectives and con-
traints. For example, many shippers

indicate that higher costs associated
with lock congestion will restrict their
market and/or necessitate capital in-
vestment to accommodate other modes
of transportation. These are not neces-
sarily f easible long-run responses.
Therefore, the implications of long-run
impacts of congestion tolls and user fees
upon waterway shippers cannot be di-
rectly inferred from this research effort.
The most important implication of

research with respect to congestion tolls
is that (short-run) demand for water-
way transportation appears to be con
siderably more inelastic than is gener-
ally supposed. The degree of short-run
inelasticity is the result of two factors.
First, the opportunity cost of specialized
waterway facilities or locations that
cannot be practicably served by other
modes of transportation approaches
zero. Second, the demand for transpor-
tation services is a derived demand and
waterway related transportation costs
normally constitute a small portion of
the delivered price of commodities. For
example, if commodity demand were
unit elastic and waterway transportation
comprised ten percent of delivered price
(export grain), a ten percent increase in
transportation costs would decrease
commodity demand by only one percent,
a quantity effect that is well within the
normal month-to-month variation expe-
rienced by grain merchandisers.
The implication of the relatively in-

elastic short-run demand for waterway
transportation is that congestion tolls
designed to alleviate lock delay will have
to be substantially higher than rate dif-
ferentials between the waterway and al-
ternative modes of transportation. There
are historical precedents for the impo-
sition of "congestion tolls" by the tow-
ing industry to recover delay costs in-
curred at heavily utilized locks. Towing
industry congestion surcharges in the
range of ten percent cost increase noted
above appeared to have a negligible ef-
fect upon shippers. Towing industry
surcharges of this magnitude reflect
very high values of demand, which is the
essence of a congestion toll.
The use of congestion tolls, rather

than user fees, to pay for capital con-
struction costs on the inland waterways
has both a theoretical and practical jus-
tification. The rationale for congestion
tolls is that congestion reflects a need
for capacity expansion. The costs of ex-
pansion constitute the difference be-
tween short-run and long-run marginal
costs at a fixed capacity facility. Each
user of a facility should pay short-run
marginal costs, essentially operations
and maintenance expenditures, and capi-
tal costs should be distributed among
users based on demand considerations.
Peak users would pay a fee which ex-
ceeds long-run marginal costs of provid-
ing additional capacity, while off-peak
users would pay a lower fee. If the level
of off-peak utilization was less than fa-
cility capacity, peak users would be as-
sessed the entire costs of constructing
new capacity. With a non-zero elasticity
of supply, both peak and off-peak users
would contribute to the costs of provid-
ing additional capacity, although off-
peak users would bear a smaller portion
of the costs than peak users.

Although most congested locks do not
exhibit extreme peak and off-peak pe-
riods of utilization during the naviga-
tion season, this distinction between
users is useful in developing a practical
rationale for the imposition of conges-
tion tolls. Under current pricing policies,
neither peak nor off-peak waterway
users pay the full short-run marginal
costs of providing the waterway system.
The result of underpricing of waterway
services is that the system is over-
utilized with respect to marginal cost
pricing of the waterway system. This
has the effect of masking differences in
the elasticity of demand between ship-
pers who are located at different prox-
imities to the waterway.
Past research indicates that the elas-

ticity of demand for barge transporta-
tion is sensitive to the proximity of
shippers to the waterway.10 Shippers or
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receivers located on the waterway can

be regarded as relatively water captive.

Those shippers not located directly upon

the waterway incur additional water-

related shipping costs. The impact of

this cost differential is that the elas-
ticity of demand for waterway services

generally increases as distance from the

waterway increases. Because shippers

(or receivers) do not pay the short-run

marginal costs of maintaining the

waterway, they are able to absorb short-

run increases in costs as a result of lock
congestion. Shipper behavior may erro-

neously be interpreted as evidence that

structural improvements are justified by

demand (absorption of delay costs) for
a congested lock, when the waterway
system is underpriced with respect to
short-run marginal costs of operating
the system and congestion costs to cap-

tive users. The estimated level of delay
at congested facilities will be overstated
in the long-run. This will result from
the fact that shippers (or receivers) not
directly located on the waterway will
shift to alternative modes in the long-
run at a much faster rate than is evi-
denced by short-run shipping patterns
at a congested facility, due to differences
in demand elasticities.
The imposition of a congestion toll

will have the effect of increasing ship-
ping costs above the level that includes
only average congestion costs. If con-
gestion tolls were implemented as an
on-going policy to manage the water-
ways and pay for new construction,
there would be a tendency on the part
of shippers and receivers to reveal their
long-run mode choice decisions based on
efficient waterway pricing. Experience at
Lock No. 26 and Gallipolis Locks indi-
cates that shippers and receivers are
willing to incur rather significant short-
run congestion costs. Part of the ab-
sorption of short-run congestion costs
reflects ability to pay the long-run mar-
ginal costs of system operation and
maintenance. The imposition of conges-
tion tolls under these circumstances
would partially offset the effects of the
lack of user fees by revealing shippers'
true demands for waterway services.

This would appear to be the primary

long-run impact of a congestion toll.
Shippers or receivers who are unwilling

to bear the short-run costs associate 
with a congestion toll would utilize al-

ternatives to the waterway, thereby al-

leviating congestion. Other than the loss
of marginal shippers, the impact of a
congestion toll on shipment patterns is
likely to be insignificant. This is pre-
cisely the result that a short-run con-
gestion toll is designed to achieve. By
forcing shippers to reanalyze their de-

mand for waterway services relative to

other alternatives, a congestion toll will

lead to more efficient utilization and in-

vestment in waterway facilities.

V. CONCLUSIONS:

Limitations in short-run shipper re-

sponses to lock congestion facilitate the

imposition of a congestion toll with rela-

tively modest impacts. By properly pric-

ing waterway facilities, a congestion toll

would stimulate shippers to more accu-

rately reveal their long-run ability to

pay for both operations and maintenance

and capital costs of the waterway sys-

tem. The imposition of a user fee to re-

cover operations and maintenance costs

is reasonable, although as an ad hoc

mechanism to recover existing capital

costs it will overprice waterway services

and is a suboptimal pricing scheme. A

congestion toll would not be burdensome

to shippers and could be designed to

fund future capital costs on the water-

way system.

FOOTNOTES

1 Traditionally transportation rate differenti
als

on future traffic in excess of lock capacity 
have

been the major source of benefits. More conte
m-

porary waterway analyses have focused on dela
y

savings to projected growth of existing traffic.

See for example, U.S. Army Corps of Engineers
,

Locks And Dams No. 26 (Replacement) : Sup
-

plemental Economic Data, Part I (St. Louis,

Missouri; January 1977) pp. 7-1-7-12; and

Gallipolis L & D Replacement, Ohio River Phase

1, Advanced Engineering and Design Study Gen-

eral Design Memorandum (Huntington, West

Virginia; November 1980).

2 James G. Crew and Kevin H. Horn, "Logis-

tics Total Cost Prescriptions: Do the Theoretical

Results Necessarily Conform with Reality?",

Proceedings of the Transportation Research

Forum, Volume XXI, Number I (Oxford, Indi-

ana; The Richard B. Cross Company) 1980, pp.

325-326.
3 Not all of these variables were directly en-

tered into the logistics cost models. For example,

insurance, loss and damage and miscellaneous ex-

penses incurred by the shipper were added to

the linehaul transportation rate component of

the models.
4 To minimize shipper concerns about dis-

closure of confidential data the barge rate for

each sample movement was specified. Shippers

were asked to review the rates we obtained from

the Upper Mississippi River Basin Commission

for accuracy.

5 R.L. Banks & Associates, Inc., Rail User

Access Cost Study: A Report To Upper Missis-

sippi River Basin Commission (Washington,

D.C.; July, 1981).

6 U.S. Army Corps of Engineers, "Estimated

Operating Costs of Towboats on the Mississippi/

Gulf Waterway System," (Fort Belvoir Virginia;

Institute for Water Resources) January, 1981.

7 Because of the long life of capital assets in

the waterway industry, lead times in construc-

tion, etc., the short-run can easily be a period

of five to ten years for waterway shippers.

8 This is a standard problem in the develop-

ment of mode choice models or transportation

demand analysis. While models exist that in-

corporate some of these issues, no model has been
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designed that incorporates the full range of
these responses.
9 0. E. Williamson, "Peak Load Pricing and

Optimal Capacity," American Economic Review,
Volume 56 (September, 1966) pp. 810-827.
10 U.S. Army Corps of Engineers, "The De-

mand For Water Transportation: Application of
Discriminant Analysis to Commodities Shipped
by Barge and Competing Modes in Ohio River
and Arkansas River Areas," (Fort Belvoir, Vir-
ginia; Institute for Water Resources) Research
Report 80-R2, August, 1980.




