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INTRODUCTION 

This paper will examine some current research issues 
in North American rail transport operations and 

some on-going and anticipated research activities re-
lated to those issues. The specific research activities 
examined were selected to illustrate some issues asso-
ciated with research priorities, approach, data require-
ments and analytic methodology. 

A convenient framework for structuring a review of 
some of these issues and research activities is the so-
called car cycle. Car cycle, as used here, refers to the 
sequence of communication, decision and physical acti-
vities which is repeated each time freight is transported 
by a rail vehicle. A typical load-to-load car cycle begins 
with a shipper's order for an empty car, includes such 
intermediate cycle elements as the assignment of an 
empty car to fill the order, placement of the car at the 
shipper's rail siding, release of the loaded car by the 
shipper, followed by the initial, intermediate and final 
terminal and line haul handling of the car over one or 
more railroads and the placement of the car at the receiv-
er's siding. The cycle is completed when the car is 
unloaded, released back to the rail carrier and, finally, 
reassigned to a new shipper car order (see Exhibit 1). 

This car cycle framework is particularly appropriate in 
light of the growing recognition of the need for more 
Exhibit 1— Sequence of a typical load-to-load freight car cycle 
I. Shipper orders empty car for loading  
2. Railroad assigns empty car to shipper's order 
3. Railroad delivers empty to shipper's siding  
4. Shipper loads car 
5. Shipper notifies railroad car is loaded and ready to move 
6. Railroad pulls loaded car from shipper's siding, moves it to 

(origin) terminal 
7. Car is processed for outbound movement from origin termi-

nal 
8. Car is hauled to intermediate yard by road train 
9. Car is processed for outbound movement from intermediate 

terminal 
10. Car is hauled to next terminal where it is interchanged with 

connecting  railroad 
11. Connecting  railroad hauls car to destination terminal 
12. Car is delivered to receiver's siding  
13. Receiver unloads car 
14. Receiver notifies delivering  railroad car is unloaded and 

ready to move 
15. Railroad assigns destination to empty car 
16. Railroad pulls empty car from receiver's siding  
17. Railroad delivers empty to new shipper for loading  

attention, and research, directed to the disposition of the 
individual freight car as it moves through the rail net-
work, both loaded and empty. Too frequently, past at-
tention was directed almost exclusively to optimization 
of train operations, to the neglect of the physical and 
economic utilization of individual freight cars and the 
closely related dock-to-dock service provided to rail cus-
tomers. 

Dramatic increases in the costs of freight car owner-
ship and operation, combined with increased loss of 
business to competing modes, have resulted in a signifi- 

cant shift in research emphasis to the physical and eco-
nomic utilization of the freight car as it cycles from load 
to load throughout its lifespan. An important example of 
this new emphasis was the establishment, in 1975, of the 
Freight Car Utilization Program. This Program, which is 
jointly supported by North American railroads, ship-
pers, labor, and government, is conducting research in 
such areas as the definition and measurement of utiliza-
tion, the design and development of a system to collect 
and analyze car cycle data, improved freight car informa-
tion and control systems, the effects of car service load-
ing restrictions on utilization, and the relationship be-
tween car utilization and service reliability. [1] [2] 

CAR CYCLE ANALYSIS 
An initial of the Freight Car Utilization Program is the 

development of a system to continuously capture and 
analyze data on a sample of freight cars as they move 
throughout the rail network. A primary objective of this 
system is to provide the identification and quantification 
of transport operation problems associated with the 
movement cycles of selected homogeneous car groups. 
The system will thereby provide a quantitative basis for 
the identification of research needs and priorities. The 
system will also support analyses of specific research 
experiments designed to correct or minimize such prob-
lems, by providing a measurement system to determine 
the effects of experimental changes on car cycles. 

Movement data on some 8,500 cars have been repor-
ted to this system since March, 1976. This system will 
collect, edit and logically sequence car movement data to 
create complete load-to-load car cycles for each car in 
the sample fleet. For a typical load-to-load cycle record 
for a car in the sample, the location data would be 
recorded for each of the cycle events described in Exhibit 
1. Thus, the complete load-to-load cycle could be exa-
mined to determine the amount of time the car spent 
under shipper control, how long the car was in the origin 
terminal, in each intermediate terminal, how long the 
consignee took to unload the car, and how long the 
empty car then took to move to its next loading point. 

The sample of some 8,500 cars was selected to provide 
statistically significant cycle data for specified subsets of 
the freight car fleet. The freight car characteristics used 
to partition the freight car fleet for subsample studies 
were car type, car age, and type of service. Type of 
service was defined by both commodity carried and by 
the degree of carrier and shipper control over car move-
ment by partitioning the fleet into three groups: free-
running, assigned and private cars. Thus, for selected 
combinations of car type, car age, car assignment and 
commodity, analysis of the distributions of overall load-
to-load cycle times or specific cycle event times can 
provide valuable insight for the identification of car 
movement and utilization problems. Equally important, 
the same system can be used to evaluate the effects of 
changes introduced into the transportation system which 
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4. The size and impact of the time lag to recognize and 
react to changes in demand patterns can be reduced if 
potential surplus and deficit areas can be forecasted and 
car flows adjusted to reduce imbalances before they 
occur. 

As a result of this research, a forecasting system was 
developed which was designed to be used as part of the 
freight car allocation and distribution process of major 
railroads. The forecasting system objectives included 
accuracy sufficient to aid empty car distribution, infor-
mation requirements consistent with the capabilities of 
rail information systems, and simplicity and robustness 
sufficient to require only infrequent maintenance and 
updating of the estimation and forecasting algorithms 
imbedded in the information system. 

The forecasting model developed provides one, two, 
and three-week ahead forecasts of empty car demand, by 
car type. The model utilizes three sources of informa-
tion: 

1. Historical car loadings, 
2. Historical car orders, and 
3. A subjective order forecast by the local railroad 

agent. 
More specifically, the demand forecast is produced by a 
linear composite model using as input variables, (1) a 
loading forecast based on previous loadings, (2) an order 
forecast based on previous orders, and (3) the local 
railroad agent's subjective forecast of orders. The first 
two forecasts are developed using discrete linear sto-
chastic models, often referred to as Box-Jenkins Models. 
The model is of the form: 
Ot = 	Wo+W, L,+ W, Ôt +W AO, 
where: 
Ot = 

were designed to improve cycle times. 
The attention and resources that are being devoted to 

this car cycle analysis system are in response to a growing 
appreciation of the complexity of the rail transport sys-
tem and the attendant need for a more comprehensive 
and quantitative approach to the analysis of the opera-
tions of that system. The judgement of those capable and 
experienced in rail operations and analysis is an essential 
ingredient to this research, however, the complexity of 
the rail operating network demands that the researchers 
also have available data systems designed to identify the 
source and magnitude of network operating problems, 
and to measure the total system effects of changes de-
signed to reduce those problems. 

Some preliminary analyses of such car cycle data have 
helped document the need for further research in such 
areas as empty car distribution, and rail yard and termi-
nal operations. The remainder of this paper willl discuss 
some of the on-going research and perceived research 
needs in these two major areas on the premise that, 
collectively, they contain a fairly representative mixture 
of some of the more important research issues related to 
rail transportation operations. 

EMPTY CAR DISTRIBUTION 
Car cycle data frequently reveal inefficient handling 

during the empty portion of the cycle. A major source of 
this inefficiency is lack of adequate information and 
techniques for the efficient matching of empty cars to 
shipper car orders. Examination of this process has led to 
the identification of research needs in three areas: 

1. Forecasting of shipper demand for empty cars, 
2. Forecasting of the supply of empty cars, and 
3. Efficient decision rules and assignment algorithms 

to match supply and demand. 
Research to date has concentrated primarily on the 

first and third needs. 

Demand Forecasting 
A current project, supported jointly by the Federal 

Railroad Administration (FRA) of the U.S. Department 
of Transportation, and the Association of American 
Railroads, has provided valuable insights into the pro-
blems associated with shipper demand information and 
forecasting, and has resulted in the development of a car 
demand forecasting model which has significantly ad-
vanced the state of the art. [3] 

The analysis of the data collected for this research, 
combined with discussions with rail shippers and railroad 
personnel, led to the following conclusions: 

1. Most railroad forecasts of shipper demand for 
empty cars are based on historical car loading data. Such 
forecasts typically understate demand, since the percen-
tage of demand not filled is ignored. Such data is also 
misleading since it ignores substitution of equipment, 
i.e., it describes equipment loaded rather than equip- 

• ment requested. These observations led to a recommen-
dation to record historical shipper car order data in 
addition to historical car loading data. 

2. Analysis of shipper car order data indicated that 
shipper demand is highly variable and lead time on or-
ders extremely short. Analysis of sample data collected 
on two major railroads for this project revealed fluctua-
tions in demand ranging from plus or minus 50% of the 
average, and the average lead time for the order data was 
only 1.5 days. This 'Combination of widely fluctuating 
demand and short lead time makes it extremely difficult 
for rail carriers to efficiently distribute equipment. 

3. Since most areas unload either more or less cars 
than they load, railroads must maintain large inventories 
of empty cars at loading points and continously move 
empty cars from surplus to deficit areas.  

the number of cars of a given type ordered 
during week t 
the forecast of loadings during week t given 
by a loadings forecasting model using actual 
loading data 

Ôt = 	the forecast of car orders during week t given 
by an orders forecasting model using actual 
order data 

AÔt = 	the subjective agent order forecast for week t 
Wo, Wt, W2, W3 are coefficients estimated by regression 
analysis. 

This composite model has the logical advantage of 
using predictor variables which are subject to somewhat 
offsetting biases. Loadings tend to be biased downward 
as they neglect unfilled demand, whereas orders tend to 
be biased upward as shippers overorder to protect their 
requirements. Additionally, the local railroad agent is in 
a unique postion to assess the probable effects of irregu-
lar occurrences such as strikes and severe weather condi-
tons. (The mean absolute forecast error for the study 
sample of 27 region-car type combinations was 11.77% 
of the mean weekly car orders.) 

Interestingly, for the 12 car types operating in six 
geographic regions examined during this research stu-
dy, an autoregressive model of order 1 [AR(1)] provided 
the best all-around forecast model for both the loadings 
forecast (t,) and the orders forecast (Ô,). 

Plans are currently under development to install a 
linear composite forecasting model of the type described 
herein on one or more North American systems for 
demonstration and further development. 

A critical limitation of existing rail information sys-
tems to the implementation of any such forecasting mo-
dels is the lack of current and historical car order data. 
For the model described, data on both loadings and car 
orders are required for the previous 26-week period. 
Such data are usually recorded for car loadings. Car 
orders typically enter the rail system at the local level. 
However, these orders are usually transmitted to the 
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central data system only if the order cannot be filled by 
an empty car available in the local area. Even the orders 
reported to the central system are purged once they have 
been acted upon. Historically, car orders have not been 
considered accurate measures of demand, and this atti-
tude has been carried into the design of most rail in-
formation systems. 

Supply Forecasting 
There is a recognized need for improved techniques to 

forecast the supply of empty rail cars for more efficient 
distribution and to minimize empty car inventory re- 
quirements at terminal loading points. Empty cars are 
moved to loading points to fill anticipated demand when- 
ever local car availability is estimated to be inadequate. 
Too frequently, such moves are inefficient because, sub-
sequent to their initiation, unpredicted changes occur in 
supply or demand. As an example, a railroad may assign 
and begin transporting more empty cars to a terminal 
than will ultimately be required because predictions of 
cars received in interchange from connecting railroads, 
or cars released empty by local rail customers were too 
low. Since techniques currently employed to forecast 
both supply and demand are imprecise, most railroads 
tends to protect their customers by maintaining unneces-
sarily large empty car inventories at terminal loading 
points. With the average purchase price of freight cars 
now in excess of $25,000, there is strong economic incen-
tive to develop more efficient methods to forecast car 
supply as well as demand, in order to improve the utili-
zation of such equipment. 

A car supply forecasting system would likely be a 
composite model with input from such sources as: 

1. real-time terminal inventory of empties on hand, 
2. cars estimated to be released from local cleaning 

and repair facilities, 
3. estimates of empty cars to be released by local 

customers, 
4. estimated arrivals of empties enroute to a terminal 

from points within a railroad, and 
5. estimated arrivals of empty cars from connecting 

railroads. 
A task to develop an empty car supply forecasting 

procedure which can be widely used with existing or 
planned railroad data is currently under consideration 
for the next phase of the Freight Car Utilization Re-
search Program. 

Empty Car Assignment 
The distribution of empty cars on most North Ameri-

can railroads is based on variations of the "flow-rule" 
concept. Flow rules are essentially a set of instructions 
which specify the disposition of empty cars for every 
terminal point on a rail system. These rules are now 
based on best available estimates of the location and 
magnitude of empty car surpluses and empty car deficits, 
i.e., terminal-specific supply and demand estimates or 
forecasts. These rules also attempt to minimize total 
empty car distribution costs using techniques which 
range from fairly fixed sets of empirically derived distri-
bution rules which designate preferred supply points for 
each demand point, to frequent updates of the rules 
using linear programming techniques. Some railroads 
have operating control systems which permit flow rule 
adjustments one or more times per day, whereas other 
roads make such adjustments on a weekly or monthly 
basis. 

At present, most of these flow rules are based on 
experience and rough estimates of average terminal area 
supply and demand by car type. 

There has been considerable research and develop-
ment devoted to improve empty car decision rules and  

assignment algorithms. [4] The major constraints to the 
further development and implementation of such 
systems appear to be more related to the availability of 
data necessary for supply and demand forecasting than 
to the availability of the necessary analytic techniques or 
operating information and control systems technology. 

The functional requirements and specifications of a 
viable empty car assignment algorithm must take proper 
account of such factors as: 

1. current and anticipated accuracy of supply and 
demand information and forecasting systems, 

2. response time of the rail system to assignments and 
assignment changes, 

3. comparison of costs to maintain local inventories of 
empty cars with costs to move cars from supply points 
elsewhere in the rail system, and 

4. efficiency requirements of assignment algorithms 
(computer operating costs). 

Proposed research to examine relationships between 
current and anticipated supply and demand forecasts 
and allocation logic requirements is currently under con-
sideration by AAR and FRA. Preliminary investigations 
may include rail network simulations designed to exa-
mine the efficiency of various empty car assignment 
algorithms beginning with assumptions of perfect supply 
and demand information and progressively degrading 
forecast quality. Such research would help determine 
what distribution logic is best suited for various assump-
tions of uncertainty. A research objective would be the 
development of heuristics for desensitizing assignment 
models to avoid unnecessary empty car moves intended 
to satisfy spurious demand caused by forecast errors. 

The assignment algorithms currently available are 
batch processors. Car orders and location and status data 
on empty cars may be accumulated for a 24-hour period. 
The algorithm is then run to generate car assignments. 
This batch procedure often leads to inefficiencies due to 
the continuous nature of this process. More frequent 
iterations of such algorithms would avoid inefficient as-
signments caused by out-dated empty car supply and 
demand information. Obviously, the optimum fre-
quency of iterations for assignment algorithms is closely 
related to achievable levels of forecast accuracy. Thus, 
requirements for frequent iterations of the empty car 
assignment process provides incentive for the develop-
ment of efficient algorithms which require minimum 
computer processing time. 

YARD AND TERMINAL OPERATIONS 
Analyses of car cycle data consistently point to yards 

and terminals as major sources of delay to both loaded 
and empty car movements. These delays have been iden-
tified as the primary cause of transit time unreliability, a 
major source of complaints by rail transport users. Pre-
liminary examinations have revealed that two of the 
sources for such delay and unreliability are (1) the man-
agement of operations within a classification yard, and 
(2) the coordination and control of car movements over 
two or more railroads within a multi-road interchange 
terminal. 

Classification Yards 
Considerable research and development have been 

directed at the operation of classification yards. The 
emphasis of most of this research and development has 
been in such areas as improved information and process-
control systems. Modern classification yard systems, for 
example, now have the capability to automatically gene-
rate switch lists from verified train consists, to automati-
cally control locomotives engaged in classification 
switching, and to automatically line switches and control 
car velocity to insure cars are switched into the correct 
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classification tracks and that they couple to the standing 
cars in those tracks at the proper velocity. In addition, 
these systems can monitor cars pulled from the classifica-
tion track for train makeup and automatically maintain a 
real-time inventory of the location of every car within 
the yard. While these systems have contributed signifi-
cantly to the efficiency of yard operations, substantial 
opportunities for productivity improvements remain in 
even the most modern of these automated yards. A 
major source of this improvement potential derives from 
the fact that most of the work planning and scheduling, 
and much of the real-time monitoring of work progress is 
still performed manually in even the most modern yards. 
Recognition of this potential has led to plans for research 
in such areas as computer-based decision systems for the 
advanced planning and scheduling of yard work. 

The productivity of classification yards is extremely 
sensitive to the human ability of individual supervisors to 
plan, schedule and monitor yard tasks. These tasks typi-
cally include switching cars from receiving tracks to clas-
sification tracks, pulling cars from classification tracks to 
assemble outbound trains, and inspection and repairs of 
cars and locomotives. Great variability has been ob-
served between individual yard supervisors, with differ-
ences of over 30% in the number of cars handled per 
eight-hour shift not uncommon. These observations con-
firm the need for research which would examine the 
types of decisions these supervisors are required to 
make, the information available upon which to base 
those decisions, and comparisons of decisions made by 
the more productive supervisors with those of the less 
productive. This significant relationship between the 
"human factor" and productivity suggests opportunities 
for improved planning and decision aids. The more pro-
ductive supervisor may be the one who has greater natu-
ral ability to mentally visualize, organize and recall the 
key elements of his yard operation. Once these ability 
requirements and decision processes are documented 
and analyzed, it should be possible to develop informa-
tion and analysis systems to support the management 
process. Such a management support system could con-
tain current information on yard configuration, locomo-
tive and car inventory, arriving and departing trains, and 
available work resources such as yard engines and me-
chanical inspection and repair crews. The system could 
evaluate work scheduling plans proposed by yard super-
visors by simulating them in advance of execution and 
developing estimates of the results. A more advanced 
system could actually develop an optimum solution to 
the yard work planning problems and recommend a 
sequence of work tasks for consideration by the yard 
supervisor. 

A management support system for yard operations 
could provide supervisors with continuous monitoring of 
all important work events, and prompt them whenever 
new decisions or updated work plans are required. Such 
a system could also be used for training yard supervisors 
and as a planning and research tool to evaluate proposed 
yard system changes. 

Terminals 
Car and train movements between yards, to and from 

local rail customers, and between two or more railroads 
within multi-road interchange terminals are receiving 
increasing attention by rail researchers. The justification 
for this growing attention also derives from analysis of 
car cycles, which consistently point to operations within 
these large terminal complexes as major sources of 
delay. A major industry response to these terminal pro-
blems has been developed by the Labor-Management 
Task Force on Rail Transportation, comprised of repre-
sentatives from railroad labor and management and  

supported jointly by labor, management and govern-
ment. This Task Force has established project teams in 
several large multi-road terminals. These terminal pro-
ject teams are identifying the sources of delays to car and 
train movements within these terminals. 

Once these sources have been identified, the project 
teams, working with local rail management and labor, 
identify the underlying causes of the delays. Specific 
experiments designed to correct these problems are then 
developed and proposed. If approved by all affected 
parties, the experiments are conducted under closely 
controlled conditions and the effects are carefully mea-
sured and analyzed. 

This research approach has proven to be very success-
ful. Several terminal project experiments have already 
resulted in permanent changes in labor agreements and 
operations which have resulted in substantial reductions 
in delays and improved service to rail customers. As an 
example, the average time a car spent in the St. Louis 
Terminal on the Missouri Pacific Railroad decreased by 
nearly 25% in the six-month period from March to Oc-
tober, 1975 as a result of this research approach. [5] The 
St. Louis project on the Missouri Pacific Railroad was 
the first of these terminal projects. Further testimony to 
the success of this approach to rail transport research is 
the recent installation of project teams in the terminals in 
Chicago, Illinois and Houston, Texas. 

The initial requirement for each of these terminal 
projects is a data analysis system for the evaluation of car 
movements within the terminal. The experience of the 
first project team on the Missouri Pacific Railroad in St. 
Louis established the need for such a data system as 
essential to both the identification of specific car move-
ment problems and the evaluation of experiments. The 
system design is oriented to our old friend the car move-
ment cycle. The car cycle within the terminal can begin 
either when the car arrives at the terminal on a road train 
or is released by a local customer within the terminal. In-
termediate terminal cycle events can include arrivals to 
and departures from yards within the terminal, and deli-
very of the car to other rail carriers that also operate 
within the terminal. The terminal cycle can close with 
either delivery of the car to a customer within the termi-
nal or its departure from the terminal on a road train. 

The AAR currently has under development a data 
collection and analysis system designed to support the 
Labor-Management teams in Chicago, St. Louis and 
Houston. The system will be designed to support project 
teams in additional terminals as they come on line. The 
railroads that operate in these terminals will create a 
weekly magnetic tape record of all car movements on 
their rails within those terminals from their master car 
movement data files. These tapes will then be sent to the 
AAR where they will be loaded into a program that will 
chronologically sequence the individual cycle elements 
of each car as it moves through the terminal. Thus, the 
terminal cycle for a car that moved over more than one 
railroad within a terminal will be created by merging the 
cycle event data for that car from each carrier that parti-
cipated in the movement, in chronological sequence. 
This terminal cycle data base can then be used to gene-
rate reports designed to identify specific car movement 
problems. The system will provide weekly reports on the 
movements of car groups which should move through 
the terminal in the same manner, receiving identical 
handling. These weekly reports can provide statistics on 
the distributions of time for the overall terminal cycle 
and for the individual cycle elements for each homoge-
neous group of cars. The system will also be designed to 
generate special reports and support special analyses. 
Thus, by inputting specific parameter values, the termi- 

333 



nal project teams can call statistical reports on any one or 
combination of terminal car movements. 

This data collection and analysis system will not only 
provide for the identification of specific terminal car 
movement problems, but will also provide insights and 
quantitative assessments essential to the establish-
ment of research priorities. Once the preliminary pro-
blems and priorities have been established, the next step 
is for the terminal project team, working closely with 
terminal labor and operating management, to identify 
the specific characteristics and underlying causes of the 
high priority research problems that have been identi-
fied. Specific experiments to correct or improve these 
problems are then designed. If all parties that would be 
affected by the experimental change are willing to pro-
ceed with, and participate in, the experiment, and the 
Labor-Management Task Force on Rail Transportation 
authorizes the experiment, it is conducted. The effects of 
the experiment on the total terminal rail network will be 
measured using the data collection and analysis system. 
Some experiments may require supplemental data col-
lection and analysis using either the data systems of the 
participating railroads or manual data collection. 

Experiments to date have included both temporary 
changes in operating procedures, and temporary relax-
ation of labor agreements. Many of the experiments 
involved yard-to-yard movements of cars. Cars handled 
by more than one yard within a terminal frequently 
experience excessive delay and are not moved consis-
tently. For example, temporary relaxation of labor 
agreements, which permit more flexible use of terminal 
switching crews and road train crews for the transfer of 
cars between yards have proven very successful in reduc-
ing the time cars spend in yards. Additional experi-
ments either underway or under consideration involve 
changes in schedules for intra-terminal movements, re-
visions in procedures for processing arriving road trains, 
and the addition of switch engine assignments. All of 
these experiments are in response to problems initially 
identified through analysis of the terminal car cycles of 
specific car groups. 

At the completion of each experiment, the data are 
analyzed to assess the impact of the change on car and 
train movements. A final report is prepared for review 
by the Task Force and all directly affected parties. It is 
then up to local railroad management and labor to 
review the findings and determine whether permanent 
changes to operating practices and labor agreements are 
in everyones' best interest. As mentioned previously, 
this research approach has already resulted in perma-
nent changes with significant improvements in opera-
tions and service to rail customers. 

CONCLUSIONS 
The research activities and associated problems dis-

cussed in this paper were selected to illustrate some of 
the more important research issues in North American 
rail transport operations. Among these is the need for 
more systematic approaches to the identification of re-
search needs and the quantification of those needs to 
enable the rational establishment of priorities. Too fre-
quently research has been based on the judgement of 
individuals whose knowledge encompassed only a subset 

of an overall problem. At best, such projects consume 
scarce resources that could have earned much higher 
returns if invested in research more carefully conceived. 
At worst, they reduce or correct subset problems at the 
expense of the rest of the system. The complexity of rail 
operating networks requires a system for the collection 
and analysis of operations data to monitor the perfor-
mance of transport operations, identify undesirable per-
formance, and thereby direct the intelligent allocation of 
research resources. 

A related issue is the need to measure the total system 
effects of changes introduced into the rail operating net-
work. Complex network interactions often make it im-
possible for even the most knowledgeable operations 
and research personnel to predict where and how the 
system will respond to change. The introduction of 
operational changes often results in secondary system 
responses which are difficult or impossible to anticipate. 
Thus, data collection and analysis systems are necessary 
to identify the location and magnitude of the response of 
the overall system to experimental changes in opera-
tions. 

It was not until transportation researchers began exa-
mining individual car movements that some of the really 
significant rail transport problems and associated re-
search needs were identified. Until recently, however, 
most computer information and control systems for rail 
transport operations in North America were not de-
signed to provide the data necessary for such examina-
tions. Fortunately, there is increasing recognition of the 
need for such evaluation and analysis, and many rail-
roads are now providing for this capability in their in-
formation and control systems. 

The development of this data and analytic capability 
by individual railroads must be complemented by a 
similar industry-level capability to provide data for the 
evaluation and analysis of multi-road car movements. 
Recognition of this need formed the basis for the deve-
lopment of the car cycle analysis and terminal car move-
ment systems previously described. 

Thus, the real challenges facing researchers in rail 
operations derive from the need for better information 
with which to describe those operations. The analytic 
methodologies required for such research are, for the 
most part, within the present state of the art. The chal-
lenge is to develop systems and procedures to capture 
data to monitor rail transport operations, identify pro-
blems and support research analysis. 
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