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Railroad Car Distribution Performance: Conceptual 
Framework and Underlying Mathematical Relationships 

CARL D. MARTLAND AND MARK McCORD 

Car distribution performance, which can be measured in terms of car days, 
car miles, or other measures, depends on many factors. The mathematical 
relationships underlying car distribution performance are presented, in
cluding equations for analyzing situations in which cars are in surplus or 
shortage situations. Improving performance requires a coordinated effort 
involving many organizations and railroad departments, not simply changes 
in the way that car distribution decisions are made. A framework for struc
turing this coordination is given. 

The railroad freight car distribution process in
volves moving empty cars from an unloading point to 
the next loading point. Car distributors assign 
specific empty cars to specific customers and issue 
orders for the operating department to move the cars 
to their designated customers. Car distribution 
performance is normally measured in terms of re
source consumption, productivity, and service 
levels, as outlined below: 

1. Resource consumption 

a. Empty-car miles oy type of equipment, region, 
or time period 

b. Empty-car days by type of equipment, region, 
or time period 

c. Cost of empty movements and storage 

2. Productivity or efficiency of fleet of cars 

a . Ratio of empty-car miles to loaded or total 
car miles 

b. Empty-car miles per load originated 
c. Empty-car miles per empty-car day 
d. Empty-car days per load originated or per 

load handled (including loads handled by a 
railroad that originated on another railroad) 

3. Service provided to group of customers by fleet 
of cars 

a . unfilled cars orders (i.e., the number of re
quests for empty cars that could not be fil
led by customers) 

b. Number of cars rejected by customers as un
suitable for loading 

Financial measures can be 
costs to these measures. 

developed by attributing 
A central thesis of this 

paper is that car distribution performance cannot be 
solely attributed to the decisions of car distribu
tors. Indeed, car distribution performance is inti
mately related to other car management functions 
(especially fleet sizing) as well as to marketing 
and operating practices and to institutional rela
tionships among railroads. 

car distribution is an extremely complex activ
ity. Any measures of car distribution performance, 
therefore, must be regarded only as indicators of 
the general performance of a complex system. To im
prove car distribution performance, it is necessary 
to understand not just the performance measures but 
also the relationships among fleet size, the demand 
for freight cars, and the car distribution process. 
It is especially important to understand that the 
size of the fleet can be a dominant factor in car 
distribution performance. 

The size of the desirable fleet can be determined 
for any traffic projection by assuming efficient 
utilization of the cars in the fleet. The desirable 
fleet oalances the costs of overutilization and 
underutilization. When the fleet is overutilized, 
profitability suffers because some loads are not 
handled in the ideal car, and others cannot be 
handled at all. Adding cars to the fleet would re
duce this problem and increase profitability. When 
the fleet is underutilized, either many cars are 
idle or improvements in use of the existing fleet 
would offer a cheaper means of expanding capacity 
than would the purchase of new cars. 

In this paper, a framework is proposed that 
places the components of railroad car distribution 
in a unified environment. The need for such a 
framework became evident during an investigation and 
evaluation of a plethora of proposals for improving 
car distribution performance. [More than 60 alter
natives for improving car distribution performance 
were identified and evaluated ( 1) • A more complete 
discussion of car distribution, including case 
studies of practices on three railroads, may be 
found elsewhere (2) .] The framework was also useful 
for assessing the- increasing number of modeling ef
forts that <ittempt to optimize specific (and some
times not explicitly defined) portions of car dis
tribution performance. By describing the total en
vironment, it is possible to describe proposed 
changes in common terms and to determine which 
levers the increasingly sophisticated analytical 
tools are pulling. 

The unifying framework is provided by portraying 
the car distribution problem, in its most general 
sense, as a system control proolem. Then, by pre
senting the underlying mathematical identities that 
shape the system, one can see, without further com
plicating assumptions, the most basic limits on the 
problem--limits that any action must acknowledge. 
The framework is intentionally general. No black
box model is developed that estimates, for a set of 
input parameters, a set of performance measures. 
Rather, it is shown how to link specific proposals 
for improving or modeling performance to the overall 
environment of freight car management. 

CAR DISTRIBUTION AS A CONTROL PROBLEM 

Car distribution as used here involves moving empty 
cars from one region and status to another region 
and status. The possible statuses of empty cars in
clude moving to an assigned distribution point, 
awaiting distribution, awaiting repairs, and being 
stored. The control-problem (CP) model is shown in 
Figure 1 and can be stated as follows: 

CP = [T, S, (A,D), Y, f(a,p ), g] 

where 

T number of days in period and tk is kth day; 
Sk vector describing location and status of 

all cars at time k; 
Ak particular decision applied to system on 

day k (which cars should be assigned to what 
status at what location at time k + 1) i 
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Figure 1. Car distribution as a control problem. 
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input to system at time k concerning demand 
for cars, institutional constraints, weather, 
bad orders, and other variables not under di
rect control of person making decision Ak: 

Yk vector of performance measures for day k 
that could include empty-car miles, empty
car days, unfilled orders, and other mea
sures; 

fk function that determines state of system 
at k + 1 given state at k, distribution deci
sion Ak, and uncontrollable input Dk: 

ak rule or policy on day k that determines 
decision Ak as function of Sk and Dk 
(this may be formally or informally stated by 
railroad) : 

p function that determines D as function of 
state of system S and decisions A (for ex
ample, how will demand for cars vary with 
state of system and decisions that allocate 
empties to shippers) : and 

g function that relates performance to state 
of system S, decisions A, and uncontrollable 
input D. 

The objective of the car distribution problem is 
to optimize performance Y over the time period T. 
This problem is complicated by the large numbers of 
freight cars and statuses of freight cars (i.e., the 
complexity of S): the numerous options available to 
decision makers: the uncertainty inherent in f, a, 
p, and g: and the intricacy of the market for 
freight transportation and the rules governing car 
distribution, both of which are included in D. we 
clarify this model by looking at its various compo
nents. 

As the basis for any control system, one must be 
able to identify the state of the system at any time 
(Sk). In car distribution, the state of the sys
tem is given by the location of each car and its 
status. This is the same information that is kept 
by most railroads as part of their computer informa
tion system. To simplify matters, the state of the 
system need not consider every car individually but 
can refer to th<S numb&r of cars in each status in 
each region. 

The next major part of the control process is the 
statement of objectives that describe the desired 
state of the system. The goal of the car distribu
tion function is to improve car distribution per
formance (Y) , which can be a single performance mea
sure or a vector of measures. Some possible mea
sures include total empty-car miles, empty-car days, 
and various ratios relating empty-car miles and days 
to loads originated or terminated. Other measures 
relate to the availability of cars when desired by 
shippers and the quality of cars. Each of these 
performance measures can be obtained by analysis of 
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computerized car movement records or, in principle, 
from network models. 

Control variables are the means by which an or
ganization seeks. to change the state of the system 
to be more in line witn the objectives. In car dis
tribution, these control variables can be grouped 
into a number of categories: 

1. Car 
cars are 
points, 

distribution decisions by 
routed from unloadinq points 

which 
to 

empty 
loadinq 

2. Operating decisions by which cars actually 
move along these routes, 

3. Marketing decisions by which a particular mix 
of traffic is solicited, 

4. Fleet acquisition decisions by which rail
roads and other organizations expand and replace 
their car fleets, and 

S. Investment decisions by which railroads and 
customers build, replace, or downgrade fixed facili -
ties. 

Note that these variables are controlled by differ
ent groups within the railroads and in some in
stances by other organizations. Only the first 
group of these variables is controllable by car dis
tributors. Therefore, if one wishes to model the 
problem from their perspective, these decisions are 
included in A, and the rest must be modeled in the 
environment as uncontrollable variables. From the 
perspective of car management (as opposed to car 
distribution), however, all of the potential control 
variables must be considered. 

The environment consists of factors that, for one 
reason or another, are not controllable. ~he cycli
cal patterns of business activity, the location of 
raw materials and markets, the maximum speed of rail 
freight trains, and the weather are certainly uncon
trollable within the context of car distribution. 
The rules and regulations governing the movement of 
cars, the operating practices of railroads and their 
customers, and the physical facilities of the rail 
system are relatively uncontrollable except over a 
period of several years or longer. 

It should be emphasized that this is\ but a con
ceptual model of the car distribution problem. It 
would be difficult to solve this problem with any 
degree of generality. There have been recent at
tempts to optimize parts of this car distribution 
problem, however. 

Turnquist and Jordan (3) looked at a limited sys
tem over a short time period (T). They acknowledge 
uncertainty in Lhe (unctions that generate future 
supplies and demands, part of Dkf but assume that 
the mean and variance of these inputs are known for 
each day. They also allow for uncertainty in the 
state transition function due to uncertain travel 
times between yards. A subset of the possible per
formance measures is selected and put into a single 
dimension by combining revenue from filling orders 
with costs attributed to holding unused cars, fail
ing to fill orders, and repositioning empty cars. 
The uncertainty is factored out by considering the 
expected value of this financial performance distri
bution. The output is a set of distribution deci
sions (Ak) that maximizes the expected performance 
measure. 

•rurnquist and Jordan have made headway in showing 
the effect, measured by their specific definition of 
Y, of uncertainty in the state transition function 
( f) and some of the input (D) • They did not test 
alternative decision rules of the type used by a 
railroad. To address this problem, Mendiratta (4) 
and Mendiratta and Turnquist (5) separated the sys
tem-level decisions concerning- empty-car movements 
from the terminal-level decisions concerning empty-
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car inventories. They conclude that their model can 
be used as a policy evaluation tool by railroad cen
tral management and an operational tool for the 
daily distribution of empty cars by terminal person
nel. 

It should not be forgotten that these models, 
useful in highlighting the effects of certain param
eters of the car distribution environment, assume 
that most of the parameters are held fixed. When 
car distribution performance is viewed from the 
broad perspective of Figure 1, it is evident that 
the above studies investigate only portions of the 
first of the five major approaches to improving car 
distribution performance: 

1. Try to improve the car distribution function 
itself by establishing better policies (a) and moni
toring car distribution decisions (A) to make sure 
they are consistent with these policies. 

2. Improve the information systems so that deci
sion makers have better data on the state (S) and 
performance (Y) of the system and can learn more 
about the transformation functions (f and g). 

3. Modify the institutional framework, traffic 
patterns, and other factors represented by o and p. 
Al though the environment may be outside the control 
of car distributors, other railroad officials and 
other organizations can make changes. 

4. Change the composition or ownership of the 
fleet, which will influence S and therefore the de
cisions made and the resulting performance. 

5. Improve the technology or operating policy of 
the rail system, which would change the transforma
tion functions (f and g). 

Controlling car distribution, therefore, is a 
complicated problem involving coordination among 
various groups within each railroad as well as among 
railroads, shippers, and other organizations. under
lying all of the above approaches and overriding any 
type of coordination, however, are basic relation
ships among fleet size, traffic volume, traffic mix , 
and physical utilization. The relationships, which 
are presented next, are important because they are 
based on identities concerning the car cycle that 
both determine and limit the possible performance 
effects of any change in the car distribution en
vironment. 

OVERVIEW OF CAR CYCLE 

The car cycle is the total time between successive 
loadings of a particular car, i.e., a period of time 
that begins when the car is placed for loading and 
ends when it is next placed for loading. If we de
fine a set of mutually exclusive statuses that cover 
all possible situations, the car c ycle equals the 
sum of the time spent in each status between two 
successive loadings. [The first comprehensive, pub-
1 ished analysis of freight car cycles was by Reebie 
Associates (~) .] 

one can divide this car cycle into components at 
different levels of detail, but it is instructive to 
begin at a fairly coarse level and to subdivide only 
those components that call for more detailed analy
sis. The first level (Figure 2) divides the car 
cycle time into six major components: 

Car cycle time =loading time +loaded storage time 
+loaded transit time +unloading time 
+ empty-transit time + empty-storage time (I) 

All of these components can be divided further in 
a manner that depends on what is to be analyzed. Be
cause the average of a sum is equal to the sum of 
the averages, we can obtain the next component: 

Figure 2. Basic components of car cycle. 

Average car cycle time = average time in loading 
+average time in loaded storage 
+ average time in loaded transit 
+average time in unloading 
+average time in empty transit 
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+average time in empty storage (2) 

But for any period of time, the average car cycle 
time can also be calculated as follows: 

Average car cycle time= (car days available in period)/ 
(number of cycles in period) (3) 

By equating Equations 2 and 3 and writing the aver
age times in Equation 2 as the number of car days in 
each component divided by the number of cycles in 
the period (equal to the number of loads handled), 
we obtain 

Car days available = car days in loading+ car days in loaded storage 
+ car days in loaded transit + car days in unloading 
+car days in empty storage 
+ car days in empty transit ( 4) 

Equation 4 suggests an additional approach to 
studying car distribution. The car days available 
during any period are determined by the fleet size 
and the length of the time period: 

Car days available = (fleet size) x (length of time) (5) 

For this reason, the car days available is a useful 
accounting measure. 

The basic unit of this accounting framework is 
the elapsed time spent by a single car in a particu
lar status. Because a car is always in one and only 
one status, the summation of these basic units will 
be the total car days available for the fleet under 
consideration (Equation 5). we can aggregate these 
units in many ways, e.g., by car type, by status (as 
in Equation 4), by time period, or by .cycle. How
ever we choose to do this, the result is still 
determined by Equation s. The interrelated measures 
for car days available, cars handled, and average 
cycle times will be shown to be useful in analyzing 
the car distribution problem. 

STANDARDS FOR CYCLE-TIME COMPONENTS 

If standard times for each component can be devel
oped, they can be combined to find a standard time 
for the car cycle. such a standard would be direct
ly relevant for fleet management because, in com
bination with demand projections, it would provide 
an estimate of car days required in the future. In 
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this section 
derived from 
The intent is 
standards but 

it is s hown how standards can be 
both theory and empirical evidence. 
not to show how to define particular 
t o emphasize that standards for each 

c ycle component can be combined to ootain a standa r d 
for the entire cycle. In addition, the discussion 
assumes a basic familiarity with the use of stan
dards in railroad management control systems. 

In all of the following functional relations, 
only the main variables are identified. The parts 
of the cycle needed to carry a load are the loading, 
loaded transit, and unloading components. The load
ing and unloading portions depend basically on the 
number and types of loads and the loading and un
loading procedures used. This can be expressed as 
f ollows: 

Average loading t ime = f (nu mber of loads , type of loads , 
loading p rocedu re ) (6) 

For e xample, if the a ve rag e load i ng t ime rema i ns 
constant, the total t i me will be a s f ollows: 

Loading time= (average loadi ng time) x (number of loads) (7) 

A similar equation can be developed for unloading 
time. [The Boston and Maine Corporation uses such a 
standard in its weekly operating and service plan 
p e rformance report (_2_, p. D-19).] The average 
loaded transit time would depend on the network, the 
traffic mix, and the operating plan. Models that 
have been deve loped to determine standard transit 
times include, for example, the Massachusetts Insti
tute of Technology (MIT) service Planning Model 
( B) . Basically, the total number of car days in 
loaded transit for a period of analysis could be 
considered a weighted average of the standard trip 
times thus calculated. 

Even though the empty and storage components of 
the cycle are unnecessary to carry the load, some 
such time will normally be required. Once the car 
has been unloaded, it muot either await loading 
(empty storage) at the same location or be moved 
(empty transit) to another point for reloading. 
Also, variations in demand or in fleet size will 
cause periodic surpluses of equipment, wnich leads 
to empty time. Finally, customers will not always 
be able (or desire) to unload a car precisely when 
it arrives, which leads to loaded storage. 

Although empty time is not necessary to carry a 
load, it is nonetheless inevitable. How much empty 
time is reasonable is a diffic:ult q11P.stion because 
o f the many alternatives for moving empty cars to 
reloading points and because of the variability in 
demand for freight cars. 

By identifying the various causes of the empty 
time and estimating how much empty time each cause 
implies in the car cycle, the levers that must be 
adjusted to reuuce the empty portion of the cycle 
can be identified. It is proposed here that the 
reasons for empty time can be classified into (our 
broad categories. Despite some overlap amonq the 
categories, they are distinct enough to present ar. 
interesting classification. 

One o f the basic causes of empty time is that the 
fleet is at times simply too large for the traffic. 
Because freight cars last many years, the fleet can
not be quickly reduced if demand slackens. When 
total car days available is nearly constant, the 
average cycle time increases as the number of loads 
declines (see Equation 3). If the average time for 
the customer and loaded components remains constant, 
empty time must increase. This effect of fleet size 
is evident in times of slack activity and will be 
discussed in the section on surpluses below . In 
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this case it is not the quantity of empty time but 
its distribution between transit and storage that is 
important. Because 'demand is low, more cars will 
s pend more t i me. empty, but they do not neces sarily 
have to be moving <2). 

In times of heavy business (see section on short
ages balow), the quantity of empty time io more im
portant because it can be the cause of car shortages 
and lost business (10). Empty time persists despit e 
the demand for carsbecausc of opati;:il ;:ind temporal 
imbalances in loading and unloading patterns, insti
tutional restrictions on the use of empty cars, and 
operating policies on an individual railroad. 

Altnough the total number of cars loaded equals 
the total number of cars unloaded, the demand for 
loads is not uniform in time or in space. From a 
spatial perspective, one region may be a net origi
nator of loads, whereas another is a net terminator 
of loads. In this case of spatial imbalances, empty 
cars will have to be sent from the terminating re
g ion to the originating region. From a temporal 
perspective, loads may originate only some time 
after the car to carry the l oad has been unloaded or 
arrived empty. In this case of temporal imbalance, 
empty cars will be stored in a yard. Various tech
niques have been proposed for routing empty cars to 
minimize the costs of spatial and temporal imbal
ance. Philip identified 16 car distribution plan
ning models, 7 of which were actually implemented 
a nd used. Nevertheless, he concluded (2, p. 34): 
"Models to support car distribution decisionmaking 
have not found widespread application in the indus
try, despite the numerous attempts to describe how 
s uch models might be useful, and several attempts to 
do so .. 11 

over and above the inevitable empty time caused 
by the spatial and temporal distribution of the de
mand is the empty t i me caused by institutional regu
lations (11). Regulations may prohibit or restrict 
tne loading of cars in certain areas and encourage 
empty cross-haul, which can be defined as the simul
tdneous movement of empties in both directions be
tween two regions. 

Even in the absence of institutional regulations, 
there would be more empty time than absolutely ne
cessary due to spatial and temporal imbalances be
cause of the car distribution practices of individ
ual railroads. [The Freight Car Utilization Program 
(FCUP), administered by the Association of American 
Railroads (AAR) and supported by FRA, has published 
numerous reports addressing the management of emp
ty-c:dr distribution. E'Or an annotated bibliography, 
see AAR Report R-453 (12).] These practices may in
crease empty time for a variety of reasons. Insuf 
ficient information systems would force decisions to 
be made without valuable data. Poor management 
structure could preclude efficient operations. A 
lack of training of distr i bution personnel could b e 
another reason. Another cause related to distribu
tion practices is that of competing objectives. 
Empty time must be balanced with the costs of manag
ing cars, repositioning care, ;:ind failing to provide 
cars when desired by shippers. 

In summary, the causes for empty time can be 
grouped into four broad categories: 

1. Excessive fleet size, 
2. Spatial and temporal imbalances in demand, 
3. Institutional restrictions, ann 
4. Operating policies. 

Given these causes for empty time, a standard for 
empty time can, at l east in theory , be estimated : 
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Empty transit standard= f (traffic volume, fleet size, spatial 
imbalance, te mporal imbalances, 
inst it utional regulations, operating 
policy) (8) 

In s ho rt, standards can be d eve l op e d fo r e ach compo
ne nt of the c a r cycle . By summing the ave rage stan
d a rds for e ach component, one c an define a standa rd 
for t he average cycle time: 

C* =s tandard cycle t ime = :Eco mp (standard time, component i) (9) 

where comp stands for components of car cycle. The 
standard cycle time can be used in various ways. The 
next section shows how C* can be used to study fleet 
sizing issues with a number of equations developed 
for understanding car shortages and surpluses. C* 
also provides a link to the control theory and net
work models described above. Finally, C* provides a 
link among the analysis of car distribution deci
sions, operating plans, traffic flows, and fleet 
sizing, all of which affect empty time and empty 
mileage. 

FLEET SIZING, SURPLUSES, AND SHORTAGES 

'!'he object of this section is to sketch the rela
tions among the standard cycle time C*, the actual 
cycle c, investment decisions, the time period of 
analysis, and marketing practices. Investment deci
sions affect the fleet size. The time period of the 
analysis influences the measured imbalance s in traf
fic flow by smoothing out or accentuating the random 
and cyclical variations in demand. Marketing prac
tices and the general business environment affect 
the number of loads carried. 

For simplicity, the following notation will be 
used : 

F 

T 
c 

C* 

fleet size, assumed to be constant over peri
od of analysis; 
number of days in period of analysis; 
actual average car cycle time (i.e., the 
cycle time realized during the period of 
analysis); 
standard average car cycle time (i.e., the 
cycle time calculated from Equation 9); 
number of loads carried during the period; 
and 
number of loads demanded during the period, 
which may exceed L0 • 

From the definition of car days available in a peri
od, we have 

Car days available = (F)(T) (10) 

Based on the standards, the number of days needed to 
fill all of the orders in the period would simply be 
the product of the standard average car cycle and 
the number of loads demanded in the period: 

Car days required = (C*) (Ld) (I I) 

'l'he differences between the car days available 
and the car days required will be defined to be the 
surplus car days for the period. The extent of such 
a surplus is determined by the relationships defined 
above: 

Surplus car days= (car days available) - (car days required) 
= [(F)(T)] - [(C*)(Ld)] (12) 

If this difference is greater than zero, the period 
will be called one of surplus. If the difference is 
negative, a period of shortage ensues. These two 
cases will be investigated separately. 
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A surplus represents idle capacity. Some cars, 
which require investment and maintenance and there
fore accrue costs, cannot be used to move shipments 
that generate revenue. As a result, the actual 
cyc le time C rises above the standard cycle time C*: 

C - C* = [(F)(T)] /[(Ld)] - C* 

=surplus car days/Ld (13) 

This increas e is required by the definitions of C, 
C*, and the assumption of a fixed fleet, which is 
reasonable for periods of analysis much shorter than 
the average life of a freight car. During surplus 
conditions, therefore, the average cycle time will 
remain higher than the standard until the fleet (F) 
can be reduced to a more desirable size or until 
traffic (Lal rises to the expected level. From 
the perspective of the entire f l eet , the increas e in 
the cycle time is, in short, inevitable when the 
fleet is too large for the traffic. 

It is useful to consider where the extra time 
shows up in the car cycle. one or more of the six 
major components of the car cycle (Equation 1) must 
increase. If customer practices and traffic mix are 
not affected by the surplus, we would expect the 
standards for loading time, unloading time, loaded 
transit, and loaded storage time to remain the 
same. The extra time would therefore be absorbed 
either in the empty storage or the empty transit 
components of the cycle. If the fleet were control
led by a single organization, the need to store a 
portion of the fleet would be evident. The oldest 
or least-reliable cars would be obvious candidates 
for storage (13), but it might also be desirable to 
slow down therepair of cars or to undertake a re
building program. 

The number of cars to store or to take out of 
service in other wa y s (Fs) can be determined from 
Equations 5 and 12: 

(Average number of cars stored) (T) = (F,) (T) =(surplus car days) 

F, = [(F)(T)] - { [(C*)(Ld)] /(T)} 

= F - (C*Ld/T) 

F, = F - F* 

(14) 

(15) 

where F* is the fleet size that would make the sur
plus equal zero. Because the number of cars stored 
could vary during the period because of variations 
in demand, Equations 14 and 15 deal with the average 
number of cars stored. 

If cars are not stored during a surplus, other 
components of the cycle must increase. To reduce 
expenditures , the railroads might reduce the number 
o f trains operated as well as the number of yard
crew assignments. This could increase the standards 
f or both the loaded and empty transit portions of 
the cycle, which reflects the fact that the oppor
tunity cost of the marginal car day has dropped sub
stantially to zero. Railroads might also offer cus
tomers greater leeway in the use of cars for 
temporary storage. If the surplus continues even 
after these measures have been taken, surpluses of 
empty cars will become increasingly evident at nu
merous locations. To what extent these cars sit in 
yards and to what extent they shuttle back and forth 
among yards depends greatly on the industry rules 
and procedures governing the use of foreign cars 
(i.e., cars belonging to a railroad other than the 
one using them) and the management objectives and 
practices of the railroad where the car is un
loaded. A single-fleet manager would reduce un
necessary empty movements to avoid the associated 
costs for fuel, crews, and maintenance . A number of 
interrelated railroads, however 1 might well attempt 
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to shift the burden of the surplus to other car
riers; such suboptimal behavior could easily in
crease the cost of car distribution despite the in
evitability of the empty time that the railroads 
individually seek to avoid. 

Shortages can also be investigated by using the 
basic equality of Equation 12. When there are fewer 
car days available than required to handle the loads 
demanded, a shortage of capacity exists, and all of 
the loads demanded cannot be carried in the period 
of analysis. The amount of shortage is shown by the 
following: 

Shortage of car days= [(C*)(Lct)J - [(F)(T)] , (16) 

As with surpluses, the extent of the shortage is de
fined in terms of the standard rather than the aver
age cycle. Equation 16 defines the relative impact 
that innovations affecting the variables can have on 
the extent of the shortage. Whereas the costs of 
surpluses are those of idle capacity, the costs of 
shortages are unfilled orders and delays to shippers. 

When there is a shortage, railroads either change 
their operating practices to reduce components of 
cycle time below their standards or are unable to 
provide cars for loading by shippers. Because the 
car days available is assumed constant (FT) for the 
period, the number of loads originated (L0 ) will 
drop below the number of loads demanded (Lal. For 
the pe riod, our identities give us 

F(T) = C(L,,) (17) 

and therefore 

Shortage of car days= C*(Lct) - C(L
0

) (18) 

If the actual cycle equals the standard cycle, we 
can easily calculate the number of unfilled orders 
(U) : 

U = (Lct - L0 ) = shortage/C* 

= Lct - [F(T)/C'] (19) 

By the end of the period, if all orders are even
tually to be filled (i.e., no loads are lost because 
of delays), the average delay in waiting for a car 
can be found by relating the unfilled orders to the 
average daily demand, which is Ld/T: 

Average delay= U/(Lct/T) = UT/(Lct) (20) 

The mathemati<..:s bet:umei; mure complicated if we at
tempt to consider the possibility that shippers un
able to ootain cars will either decide not to ship 
or use another mode. Because computer models have 
been developed to handle such situations, there is 
no need to pursue such issues in this paper (14). 

What happens where there is a shortage? From 
Equation 17, we see that the actual cycle time mul
tiplied by the actual loads handled must equal the 
available car days. The longer the cycle time, 
therefore, the fewer the cars that are originated 
and the greater the delays to shippers. Clearly, 
during such periods, reductions in the cycle time 
can reduce the delays in placing cars for loading, 
which may provide an immediate benefit by keeping 
shippers from diverting traffic to other modes and a 
long-term benefit by keeping shippers happy. 

There is evidence that the car service rules used 
by the u. s. rail industry promote increases rather 
than decreases in the car cycle (~) • When certain 
types of cars are in short supply, owners may re
strict the ability of railroads terminating these 
cars to reload them. This causes additional empty 
mileage and increases the empty-car days required to 
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reposition the cars. Hence the capacity of the 
fleet is reduced precisely when capacity is most in 
demand. The justification of this system of car 
service rules is that the owners deserve first pri
ority in loading cars when shortages occur because 
they incur the risk of having surplus cars when de
mand is low. Alternative means of distributing emp
ty cars, however, may achieve the same protection 
for owners with much lower requirements for empty 
movements. [For example, the clearinghouse railroads 
have pooled their general-purpose boxcars and use a 
1 \.near program to determine the required movements 
of empty cars from one clearinghouse road to 
another. FCUP has recommended a new approach to 
freight car management that would extend the clear
inghouse concepts (16) .] 

SUMMARY AND CONCLUSIONS 

Car distribution involves moving empty cars from an 
unloading point to an appropriate reloading point. 
Car distribution performance can be measured in 
terms of empty time, empty mileage, the cost of car 
distribution, and the quality of service (availabil
ity of suitable cars when desired by shippers). Car 
distribution performance is a function of 

1. Fleet size relative to the average demand, 
2. Spatial imbalances in demand, 
3. Temporal imbalances in demand, 
4. Institutional restrictions on the use of 

cars, and 
5. Operating policies. 

The car days required for a particular traffic 
volume can be estimated as the product of the number 
of loads and the standard car cycle, which consists 
of the following standard amounts of time: 

1. To load car, 
2. To move car to unloading point (loaded tran-

sit), 
3. To unload car, 
4. To move car to loading point (empty transit), 
5. For loaded storage, anrl 
6. For empty storage (including repairs, clean

ing, and idle time). 

The car days required varies substantially because 
of the variations in demand, operating policy, and 
weather. The total number of car days available in 
any time period is the product of the average fleet 
size and the number of days in the period. Because 
cars have long lives, this number is fairly constant 
for the fleet as a whole. The variability in the 
number of car days required plus the invariability 
in car days available combine to complicate manage
ment of car utilization in general and car distribu
tion in particular. wben requirements are substan
tially different from the available car days, the 
result is a noticeable surplus of equipment or de
lays in placing cars for loading by shippers. 

During surpluses, a single-fleet manager would 
seek to minimize distribution costs, possibly by 
storing the oldest or least-reliable equipment. 
ouring shortages, a single-fleet manager would seek 
to reduce the time required for each component of 
the cycle time, including the time required for car 
distribution, in order to reduce delays in placing 
cars for loading. 

When car distribution and freight car management 
involve many railroads and other organizations, how
ever, the industrywide response to surpluses and 
shortages may be less than optimal. Instead of try
ing to share the surpluses and shortages in an equi
table manner, ra il roads ha ve an incentive to use the 
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applicable rules so as to shift the burden to other 
railroads or organizations. Hence, studies of these 
rules and management practices may identify ways to 
improve car distribution performance. Many such 
studies have been conducted by AAR through its 
various committees and FCUP. 

In the long run, car distribution performance can 
be affected by many activities not commonly per
ceived as car distribution activities (l:.2.): 

1. Marketing policies (pricing, sales efforts, 
etc.) that affect the traffic volume, the traffic 
mix, and the imbalances in traffic flows; 

2. Investments {and disinvestments) by railroads 
and shippers that affect the structure of the rail 
network and the location of shippers and receivers 
on that network; 

3. ownership of 
sets of rules and 
owners; and 

the fleet, because 
objectives apply to 

different 
different 

4. Degree of standardization of the fleet, be
cause the larger the group of cars being managed, 
the less important the random variations in traffic 
volume and the various types of imoalances. 

The equations presented in this paper provide the 
analytic framework necessary to categorize and eval
uate the many alternatives available for improving 
freight car distribution performance. Because per
formance varies with the actions of many groups and 
organizations, a coordinated approach will be neces
sary to achieve substantial improvements. The 
mathematical relationships provide a logical basis 
for this coordination. 

ACKNOWLEDGMENT 

This paper was prepared with support from the Uni
versity Grant Program of the U.S. Department of 
Transportation. It does not, however, necessarily 
represent the views of DOT or any other government 
agency. 

REFERENCES 
l. C.D. Martland, M.D. Meyer, J. Sloss, P. Bray, 

and M. McCord. Improving Freight Car Distribu
tion Performance: Overcoming Organizational 
and Institutional Barriers to Change. Massa
chusetts Institute of Technology, Cambridge, 
MA, M.I.T. Studies in Railroad Operations and 
Economics, Vol. 36, 1982. 

2. C.E. Philip. Improving Freight Car Distribu
tion Organization Support Systems: A Planned 
Change Approach. Massachusetts Institute of 
Technology, Camoridge, MA, M.I.T. Studies in 
Railroad Operations and Economics, Vol. 34, 
1980. 

3, M.A. Turnquist and w.c. Jordan. Management of 
Railroad Car Distribution. Office of univer
sity Research, U.S. Department of Transporta
tion, Final Rept., March 1982. 

49 

4. V.B. Mendiratta. A Dynamic Optimization Model 
of the Railroad Empty Freight Car Distribution 
Process. Department of Civil Engineering, 
Northwestern Univ., Evanston, IL, Ph.D. disser
tation, 1981. 

.5. V.B. Mendiratta and M.A. Turnquist. Model for 
.Management of Empty Freight cars. TRB, Trans
portation Research Record 838, 1982, pp. 50-54. 

6. Toward an Effective Demurrage System. Reehie 
Associates, Greenwich, CT, Rept. FRA-OE-73-1, 
July 1972. 

7. C.D. Martland, M.G. Messner, and V. Nowicki. 
Implementing and Operating/Service Plan: A 
Case Study of the Boston and Maine. Massa
chusetts Institute of Technology, Cambridge, 
MA, M.I.T. Studies in Railroad Operations ann 
Economics, Vol. 29, 1980. 

8. J.R. Mccarren and C.D. Martland. The M.I.T. 
Service Planning Model. Massachusetts Insti
tute of Technology, Cambridge, MA, M.I.T. 
Studies in Railroad Operations and Economics, 
Vol. 31, 1980. 

9. P. French. Managing Freight Cars in a Period 
of Surplus: Does Utilization Matter? Railway 
Age, Feb. 9, 1981, pp. 34-38. 

10. J.R. Felton. The Economics of Freight Car Sup
ply. Univ. of Nebraska Press, Lincoln, 1978. 

11. Task Force II-4. Analysis of Car Service 
Rules, Orders, and Directives--The Impact of 
Car Service Rules on Car Utilization. FCUP, A,s
sociation of American Railroads, Washington, 
DC, AAR Rept. R-369, May 1979. 

12. Catalog of Projects and Publications, 2nd ed. 
Association of American Railroads, Washington, 
DC, AAR Rept. R-453, 1980. 

13. TasK Force II-4. Car Cycle Analysis System. 
FCUP, Association of American Railroads, Wash
ington, DC, AAR Rept. R-442, Sept. 1980. 

14. J.A. Sussman, C.D. Martland, R.D. Juster, R.A. 
Gray, and J.A. Krueger. The U.S. Railroads: 
Some Alternatives for Improvement. Multisys
tems, Inc., Cambridge, MD., 1977, NTIS: PB-
295-793. 

15. C.D. Martland. overcoming Fundamental Problems 
in the Car Hire/Car service System. Proc., 
23rd Annual Meeting of the Transportation Re
search Forum, R.B. Cross Co., Oxford, IN, 1982, 
pp. 549-560. 

16. Task Force II-4. Proposal for Change in the 
Railroad Industry-Wide Car Management System. 
Association of American Railroads, Washington, 
DC, AAR Rept. R-379, June 19, 1979. 

17. C.D. Martland, M.D. Meyer, J, Sloss, R.A. Gray, 
and M. McCord. Improving Freight Car Distribu
tion Performance: overcoming Organizational 
and Institutional Barriers to Change. Massa
chusetts Institute of Technology, Cambridge, 
MA, M.I.T. Studies in Railroad Operations and 
Economics, Vol. 36, 1982, 

Publication of this paper sponsored by Committee on Railroad Operations 
Management. 




