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EFFICIENCY 

by 
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John T. Mentzer, Ph.D., Chairman 

(ABSTRACT) 

This research examined the outsourcing decision for the logistics function of motor 

carrier transportation. A full factorial design was executed on a simulated transportation 

network to investigate how the efficiency of motor carrier transportation was affected by 

how it was structured (private/leased fleet versus contract carrier transportation) and the 

characteristics of the transportation activities. Transaction Cost Analysis (TCA) offered a 

useful theoretical framework for consideration of this make or buy decision by suggesting 

the independent variables of asset specificity, uncertainty, and frequency/volume. 

Seven two-part research hypotheses examined the relationships among the 

independent variables to gain a greater understanding of the factors which drive the make 

versus buy decision for motor carrier transportation. 

The major conclusions of this research are: 

1) For the system modelled here, structure (private/leased versus contract 

carriers) and volume had the largest effects on transportation efficiency 

(mean shipment cost). 

2) The results of this study indicated that there may be important factors within 

the nature of the “supplying” industry that impact the make or buy decision. 

This research provided strong support for TCA predictions and clearly 

demonstrated that TCA is a useful framework for understanding firms’ make 

or buy decisions. Because of the nature of the transportation industry (the



3) 

high level of competition and the lack of a small numbers bargaining 

situation), the hypotheses in this research clearly indicated that a "buy" 

rather than a "make" decision was the most efficient alternative; this result 

is exactly consistent with TCA predictions. 

For the system modelled here, higher fixed and per mile equipment leasing 

expenses (incurred in the operation of refrigerated trailers) caused 

refrigerated shipments to be more expensive than standard dry trailer 

shipments. That is, asset specificity (in this case, requirements for 

refrigerated trailer equipment) had a significant effect on shipment efficiency.
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CHAPTER | 

INTRODUCTION 

A prevalent trend in business firms over the last decade is the interest in utilizing 

outside service providers to perform some of a firm’s business functions, i.e., outsourcing 

(Peters 1991). Davidow and Malone (1992), in The Virtual Corporation argued that the 

progression of this trend would result in what they termed "the virtual corporation", where 

formerly well-defined structures . . . lose their edges . . . [and become] permeable . . 

. [with] continuously changing interfaces between company, supplier[s], and 

customers (p. 5-6). 

Moreover, Davidow and Malone maintained that this progression toward a virtual 

corporation is essential for the economic survival of american business. 

However, in another view of the outsourcing trend, Peters (1991) warned that 

decisions about whether to make or buy must be examined carefully for advantages and 

disadvantages and questioned the wisdom of a widespread predisposition toward "vertical 

de-integration". 

This research examined the make or buy, i.e., the outsourcing decision for the 

logistics function of motor carrier transportation of products between manufacturer and 

customer. According to Bardi and Tracey (1991): 

Outsourcing is currently a ‘hot’ topic in the business world, particularly in the area 

of logistics. .... The transportation aspect of logistics plays a critical role as the 

enabler for raw materials and finished goods to move through domestic and world 

markets. Marketing, manufacturing and other aspects of logistics . . . are greatly 
impacted by the performance of the transportation function in a company (emphasis 

added) (p. 15).



Decisions about which business functions will be performed within the boundaries of 

a firm and which will be performed externally (i.e., make or buy’ decisions) essentially 

address how business firms or groups of firms will be organized or structured; that is, what 

will constitute "a firm,” and what the relationships will be between affiliated firms (Coase 

1937; Williamson 1971, 1979). Of particular significance within marketing and logistics is 

the group of firms that comprise a distribution channel. These firms execute the marketing 

and logistics functions which enable products to proceed from supplier to the production 

line, as well as from the end of the production line to the intended customer (Stern and 

Reve 1980). For this reason, the structure of distribution channels, specifically, the degree 

of integration in a channel, is a fundamental research issue within marketing and logistics 

(Frazier 1990). 

This research used Transaction Cost Analysis as its conceptual foundation. 

However, it also examined four other frameworks (characteristics of goods, scale 

economies, functional spin-off, and markets and services) that have been used in marketing 

to explore the structure of distribution channels. The discussion of these four other 

frameworks sought to explore potential contributions of these frameworks to the 

examination of the issue of outsourcing the logistics function of transportation. 

  

‘Throughout this study, the terms: make or buy; direct or indirect; internal{ize) or 

external(ize); perform internally or contract/outsource; perform internally or use a third 

party; private carriage or for hire carriage; and integrated or non-integrated are used 

synonymously to refer to whether a firm performs a function within the boundaries of the 

firm or enters into an agreement with another firm to perform the function.



LOGISTICS 

According to Williamson, Spitzer, and Bloomberg (1990), there are three well- 

defined domains that comprise logistics management. 

Materials management is the logistical relationship between the firm and its 

suppliers, . . . the inbound side of the logistics process. Conversion management is 

the logistical relationship between the facilities of the firm, . . . the internal 

component of the logistics process. Physical distribution management is the 

logistical relationship between the firm and its customers, . . . the outbound side of 

the logistics process (emphasis added) (p. 69). 

The three domains of logistics management are supported by five logistics functions: 

transportation, facility structure, inventory, material handling, and 

communication/information. The activities that are associated with each of these five 

functions are depicted in Table 1. 

The normative performance implications of the pubiic versus private (motor) carriage 

decision for outbound transportation by motor carrier, between manufacturer and customer, 

were the focus of this study. 

SIGNIFICANCE OF LOGISTICS AND TRANSPORTATION 

in many industries, for each dollar of sales, a firm spends more than $.25 on 

physical distribution expenses; furthermore, the proportion of corporate asset investments 

required for physical distribution functions may be 30% or more (Stern and El-Ansary 

1988). In fact, in 1989, total logistics expenditures in the US were $577.2 billion, which 

accounted for 11.1% of the US gross national product. Of these total logistics 

expenditures, more than one-half (57%) were transportation expenditures, and motor carrier 

expenses accounted for 77% of the transportation costs (Bardi and Tracey 1991). 

In discussing the various logistics functions (see Table 1) and their importance 

within the logistics system, Williamson, Spitzer, and Bloomberg (1990) maintained that,



TABLE 1 LOGISTICS FUNCTIONS AND SUPPORTING ACTIVITIES 

Adapted from Williamson, Spitzer, and Bloomberg (1990, 

p. 72). 

  

ACTIVITIES LOGISTICS FUNCTION 
  

Inbound Traffic TRANSPORTATION 

Outbound Traffic 

International Traffic 

Carrier Selection 

Mode Selection 

Public versus Private Carriage 
  

Warehouse Management FACILITY STRUCTURE 

Warehouse Planning 

Distribution Center Management 

Distribution Center Planning 
Plant Site Selection 

  
  

Purchasing INVENTORY 

Raw Material Inventory 

Work-in-Process Inventory 

Finished Goods Inventory 

Parts/Service Support 

Return Goods Handling 
  

      Salvage/Scrap Disposal MATERIAL HANDLING 

Material Handling 

Packaging 

Order Processing COMMUNICATION/ 

Demand Forecasting INFORMATION 
Production Scheduling          



"transportation and warehousing/distribution center management are the traditional core 

ingredients of the logistics process” (p. 81). Reflecting on the importance of various 

transportation modes, Delaney (1986) stated that "the engine that drives the performance 

of the business logistics system is trucking” (p. 35). In 1985, approximately 23% of 

products transported in the US moved by motor carrier (Stern and El-Ansary 1988). 

The details above indicate the economic significance of logistics and transportation. 

Additionally, it is important to recognize the effect that deregulation has had on the 

transportation industry. According to Stock (1988): 

Within the motor carrier industry . . . the number of firms (private carriers going 

public as well as new common/contract carriers) have increased dramatically since 

deregulation (p. 27). 

Rakowski, Southern, and Jarrell (1993) provided statistics which supported Stock’s 

assertion. In 1978, two years prior to the passage of the Motor Carrier Act, there were 

16,874 Interstate Commerce Commission (ICC) certified motor carrier firms; in 1989, there 

were 39,602, a 135% increase. Part of this increase in ICC certified motor carriers was due 

to the 1978 decision by the ICC to allow private carriers to apply for common or contract 

Carrier operating authority (Mentzer and Krapfel 1981). 

The relevance of the effects of the deregulation of the motor carrier industry on this 

study’s research problem was summarized by Lounesbury (1987). 

As we all know, deregulation changed the rules under which the transportation 

industry operated. Loosened constraints have created a relative free-for-all. The 

roughly two-thirds of domestic distribution that is still in private carriage .. . is 

continually being re-evaluated to determine the cost-effectiveness of these 

operations versus available alternatives (p. 113). 

In general, the outcome of deregulation has been an improvement in service, along 

with a decline in transportation costs (Ballou 1992). Transportation expenses, as a 

percentage of gross national product, went from 8% to 6.3% in the period 1981 to 1987 

(Bardi and Tracey 1991). Rakowski, Southern, and Jarrell (1993) maintained that the



overall effect of deregulation on the motor carrier industry is "a new set of rules .. . [Which 

has] allowed more competition . . . and operating creativity in the trucking industry” (p. 

111). 

To summarize the information and discussion presented above: 

1) Logistics, particularly transportation, efficiency has substantial economic 

implications for the US. 

2) There have been significant changes in the transportation industry, 

particularly the motor carrier industry, since deregulation, which have 

impacted the make or buy decision for transportation service. 

3) There exists a substantial degree of interest in the managerial issue of 

outsourcing business functions in general, and logistics functions in 

particular. 

These three points illustrate why the performance implications of the make or buy decision 

for motor carrier transportation represents a valuable research issue. 

RESEARCH PROBLEM 

The research problem investigated by this study can be stated: How is the cost of 

motor carrier transportation affected by how it is structured (i.e., internally or externally) 

and the characteristics of the transportation activities? 

CONCEPTUAL FRAMEWORK 

Transaction Cost Analysis (TCA), which arose from economic and legal literature, 

offers a theoretical framework for considering vertical integration issues, i.e., which 

functions a firm performs and which functions it contracts with another firm to provide. 

Coase (1937) provided the initial explication of TCA’s fundamental philosophy, i.e., that 

market transactions are not costless. Williamson (1971, 1975, 1979, 1985) expanded 

TCA’s scope by identifying and suggesting operationalizations for transactional dimensions



that influenced the costs of market transacting. The dimensions identified by Williamson 

include asset specificity, complexity/uncertainty, and frequency. TCA has been used 

extensively in economics, management, and marketing literature to address the make or buy 

issue for various business functions. However, perhaps due to the relative lack of 

hypothesis testing research in logistics, TCA’s potential for investigation of the outsourcing 

issue in logistics has not been fully exploited. 

In addition to TCA, four other theoretical frameworks have been used in marketing 

research to investigate vertical integration issues within the specific context of channels of 

distribution. These include: characteristics of goods, scale economies, functional spin-off, 

and markets and services. As the literature review in CHAPTER || demonstrates, although 

these other four frameworks are, in general, less comprehensive than TCA for assessing the 

make or buy issue, a number of factors contained within these frameworks serve to 

enhance TCA’s conceptualization and the measurement/operationalization of its constructs. 

Therefore, although TCA provided the underlying conceptual foundation for the present 

study, factors from the other four frameworks served to augment the conceptualization and 

facilitate operationalization of asset specificity, complexity/uncertainty, and frequency within 

the context of this study. 

RESEARCH QUESTIONS 

This study explored the research problem stated above. In order to accomplish this, 

the following research questions, suggested by the substantive context of the present study 

and the conceptual framework outlined above, were examined: 

1) Is the relative efficiency of outsourced transportation versus transportation 

by private fleet affected by the type of carrier equipment required for the 

transportation activities?



2) Is the relative efficiency of outsourced transportation versus transportation 

by private fleet affected by operational uncertainty (e.g., delays along 

transportation routes due to weather, road conditions, or labor unrest)? 

3) Is the relative efficiency of outsourced transportation versus transportation 

by private fleet affected by the volume of products that is transported? 

4) What is the combined effect of equipment requirements; operational 

uncertainty; and volume transported on the relative efficiency of outsourced 

transportation versus transportation by private fleet? 

RESEARCH METHODOLOGY 

As CHAPTER II demonstrates, empirical research on the outsourcing issue exhibits a 

lack of uniform results, has been conducted using primarily survey methodology, and 

requires exploration of the normative performance implications of outsourcing by more 

adequately addressing the total of: 1) the indirect costs of outsourcing, plus 2) the actual 

production costs for the business function of interest. This research used an alternative 

methodology, an experimental design executed on a computer simulation model. The 

construction of the model, model validation procedures, statistical considerations of 

simulation, and the experimental design used are described in detail in CHAPTER Ill. This 

methodology enabled this study to address some of the vulnerabilities of the survey 

methodology employed in existing make or buy research through the use of the controlled 

environment of a simulation model. 

SIGNIFICANCE AND POTENTIAL CONTRIBUTIONS 

The following two sections discuss specific managerial, conceptual, and 

methodological contributions of this research.



MANAGERIAL SIGNIFICANCE AND CONTRIBUTIONS 

Logistics, particularly transportation efficiency, has a substantial impact on the US 

economy. Moreover, the level of interest in the managerial issue of outsourcing business 

functions in general, and logistics functions in particular, suggests that the make or buy 

decision for motor carrier transportation and the performance implications of this decision 

are issues that have significant managerial relevance. 

This research utilized a framework that can be applied to transportation outsourcing 

decisions. The results of the research generated insight into what factors should be 

considered in the outsourcing decision, as well as the potential impact of differing levels of 

those factors on transportation efficiency. In addition, the results of this research may 

enable third party providers of transportation services (e.g., transport carrier firms) to better 

target potential customers (firms that are considering outsourcing their transportation 

activities) by increasing the carrier firms’ understanding of the factors that impact the 

efficiency of transportation activities when they are performed internally versus when they 

are outsourced. 

CONCEPTUAL AND METHODOLOGICAL SIGNIFICANCE AND CONTRIBUTIONS 

CHAPTER II discusses the five frameworks that have been applied to the make or 

buy issue in marketing and logistics in order to examine their potential for investigation of 

the present research question. This study operationalized all relevant constructs so that the 

appropriate interaction effects could be examined. In addition, it investigated normative 

performance (i.e., efficiency) implications of the make or buy issue. 

The computer simulation and experimental design methodology, by providing a 

controlled environment, facilitated the examination of the total cost implications of 

transportation outsourcing decisions.



The majority of logistics research has failed to utilize hypothesis testing, neglected 

reliability and validity appraisals, and used analytical techniques that are somewhat less than 

rigorous (Mentzer and Kahn 1993). This research employed a hypothesis testing approach 

by utilizing a conceptual framework that is relevant to the substantive logistics issue of the 

outsourcing of transportation activities to examine this logistics research problem. 

POTENTIAL LIMITATIONS 

As does all research, the study possesses limitations. The primary source of the 

limitations of this research is the fact that it utilized a computer simulation model. 

LIVITATIONS OF COMPUTER SIMULATION MODELLING 

The first limitation to be considered is a problem that consistently arises with the 

use of simulation models, that of model validity, i.e., whether the model is a reasonable 

representation of the system being investigated. A further complicating factor is that even 

if techniques used for model validation demonstrate some degree of confirmation of the 

model's representativeness with regard to the system being investigated, that 

representativeness cannot be assumed for the full range of system conditions. 

A second limitation of computer modelling is that even if some degree of 

confirmation of the model's representativeness of the system under investigation is 

demonstrated, the simulation model constructed for this study was obviously restricted as 

far as its depiction of transportation situations faced by all firms. This restriction limits the 

generalizability of the research results to the type of situation epitomized by the model. 

Finally, the third limitation pertains to the analysis of the data generated by a 

simulation model. Statistical techniques used for the model's data analysis make a number 

of assumptions about the nature of the sample data. These assumptions customarily pertain 
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to the independence of the data samples, the normality of the populations from which data 

samples originate, and the equality of the population variances. Probably the most pertinent 

of these three assumptions when using simulated data is the independence assumption, 

since samples obtained during subintervals of a simulation run are autocorrelated (Fishman 

and Kiviat 1968). Violation of these assumptions can result in a loss of power, i.e., 

diminish the ability to detect significant population differences. 

The three limitations of computer simulation modelling outlined above will be 

discussed below in light of the objectives and contributions of this research. 

Pritsker (1986), the author of the simulation language and software used to 

construct the model in this research, maintained that modelling systems is fundamentally an 

art. 

The scope of... every model of a system is determined solely by its reason for 

being identified and isolated. The scope of every simulation model is determined by 

the particular problems the model is designed to solve (p. 2). 

The process of model construction and validation is essentially a trade-off between realism 

and simplicity. The essence of the system must be abstracted, but the level of detail must 

not overwhelm the purpose for which the model is constructed. The factors represented 

and the level of detail for the transportation system model constructed for this research 

were guided by: 1) the theoretical framework chosen for the investigation of the research 

problem, and 2) the level of detail necessary for the investigation of the specific research 

questions. The results of validation procedures provided an estimate of how well the model 

conformed to the system it represented. Details of the model’s construction and validation 

procedures are presented in CHAPTER III. 

Although the simulation model constructed for this research cannot be 

representative of all transportation systems, generalizability was not the principal goal of 

this research. According to McGrath and Brinberg (1983), "all [research] methods are 
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flawed, but different methods are flawed differently” (p. 116). The goal of this study was 

to use a research method that addressed some of the drawbacks of the existing research on 

the make or buy issue. Previous research utilizing TCA has been conducted using 

descriptive methodology, primarily surveys. While this methodology is capable (through 

representative sampling techniques) of a high degree of generalizability, it is restricted with 

regard to: 1) realism of context (for the objects in the system of interest) and 2) precision 

in control/measurement/manipulation of variables (McGrath 1982). The methodology used 

in this research, an experimental design conducted on a simulated system, more adequately 

addressed the restrictions of descriptive methodology, since it was capable of realism of 

context and precision in control/measurement/manipulation of variables. This issue is 

discussed in more detail in both CHAPTERS II and Ill. 

The statistical assumptions of analysis of variance, which was used to analyze the 

data generated by the transportation simulation model, were outlined above, and include: 

independence of samples, normality of population distributions, and homogeneity of 

population variances. Independence of samples for the simulation data in this research was 

maintained by the use of independent simulation replications (independent generation of 

random number streams among samples and across cell treatments). This is in contrast to 

collecting observations on subintervals of simulation runs, a sampling technique which 

introduces autocorrelation into sample data. Regarding the normality and equal variance 

assumptions, Scheffe maintained that, if each cell contains an equal sample size, the F-test 

used in analysis of variance is relatively insensitive to departures from normality and 

homogeneity of variance. The research design (described in detail in CHAPTER III) 

maintained an equal number of simulation runs (replications) for each cell in the 

experimental design. 
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FURTHER LIMITATIONS 

In addition to the limitations inherent in simulation modelling methodology, this 

section considers some further limitations of the present research, which are the result of 

the limitations in scope necessary to render any single research project doable. These 

limitations can generally be addressed by further research. 

This research only investigated the logistics function of transportation. Furthermore, 

only the outbound side of the transportation function was represented, and only one 

transportation mode, transportation by motor carrier, was represented. Finally, the model 

constructed for this research was relatively unsophisticated in that it only considered two 

echelons of a distribution system (manufacturer and customer), instead of three or more 

(e.g., manufacturer, warehouse/distributor, customer). 

Decisions about one logistics function must be examined in consideration of how 

they affect the logistics system as a whole. For this reason, such issues as inbound 

transportation and alternative transportation modes; other logistics functions (e.g., materials 

handling, facility structure, communication/information, and inventory); and multiple 

echelons of the system are important when evaluating the efficiency of a logistics system. 

These issues should be addressed in future research. 

ORGANIZATION OF THE DISSERTATION 

This chapter provided an overview of the present study. Substantive justification for 

the study was presented; the research problem was introduced; research questions were 

delineated; the conceptual foundation for the study was presented; the research 

methodology was discussed; and the significance, contributions, and limitations of the 

research were considered. 
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CHAPTER II reviews economics, management, marketing, and logistics literature that 

has dealt with the present research problem. An appraisal of this literature provides the 

rationale for the conceptual framework chosen for this research, as well as establishing the 

contribution made by this study. 

CHAPTER Ill discusses previous applications of computer simulation methodology in 

economic and logistics research, develops the research hypotheses, and describes the 

methodology that was used to test the hypotheses. CHAPTER IV describes the testing and 

operationalization of the simulation model and the results of the statistical analyses. 

CHAPTER V presents conclusions and implications of the results of the hypotheses tests, 

discusses the study’s limitations, and considers suggestions for future research. 
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CHAPTER II 

LITERATURE REVIEW 

This chapter contains a review of the literature relevant to firms’ make or buy 

decisions. The next section identifies five conceptual frameworks from marketing literature 

that have been used to explain the structure of distribution channels. Sections three 

through six examine conceptual and empirical literature relevant to the five frameworks. 

Section seven integrates the five frameworks and presents the conceptual basis for the 

present study. Section eight discusses logistics literature in general and transportation 

literature in particular with regard to the make or buy decision. The final section 

demonstrates the significance of the present study in light of the existing knowledge of the 

research problem presented in this literature review. 

DISTRIBUTION CHANNEL STRUCTURE 

In proposing the political economy framework for research on channels of 

distribution, Stern and Reve (1980) stated that the primary purpose of channels of 

distribution was an economic one, that of "bridging the gap between production and 

consumption" (p. 55). Stern and Reve subdivided the internal economy of distribution 

channels into two domains: economic structure and economic process. The economic 

structure refers primarily to the "vertical economic arrangements or the transactional form of 

the channel" (p. 55), while the economic process refers to decision policies in the channel. 

In discussing the economic structure of channels of distribution, Frazier (1990) 

maintained that: 

Several different types of flows will exist between members of a 

[distribution] channel. These flaws can invalve (1) the physical product or service, 

(2) title to the product or service, (3) payment for the product or service, and (4) 

information concerning the product or service, customers, competitors, and channel 
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�p�o�l�i�c�i�e�s�.� �I�n� �o�r�d�e�r� �t�o� �f�a�c�i�l�i�t�a�t�e� �t�h�e�s�e� �f�l�o�w�s� �w�i�t�h�i�n� �t�h�e� �c�h�a�n�n�e�l�,� �a� �n�u�m�b�e�r� �o�f� �f�u�n�c�t�i�o�n�s� 
�[�e�.�g�.�,� �t�r�a�n�s�p�o�r�t�a�t�i�o�n�]� �.� �.� �.� �m�u�s�t� �b�e� �u�n�d�e�r�t�a�k�e�n� �b�y� �c�h�a�n�n�e�l� �m�e�m�b�e�r�s�.� 

�I�n�  ��d�i�r�e�c�t �� �[�i�n�t�e�g�r�a�t�e�d�]� �c�h�a�n�n�e�l�s�,� �f�i�r�m�s� �p�r�i�m�a�r�i�l�y� �u�s�e� �t�h�e�i�r� �o�w�n� �p�e�r�s�o�n�n�e�l� 
�(�e�.�g�.�,� �s�a�l�e�s�p�e�o�p�l�e�,� �e�n�g�i�n�e�e�r�s�)� �a�n�d� �p�h�y�s�i�c�a�l� �a�s�s�e�t�s� �(�e�.�g�.�,� �d�e�l�i�v�e�r�y� �v�e�h�i�c�l�e�s�,� 
�w�a�r�e�h�o�u�s�e�s�)� �t�o� �p�e�r�f�o�r�m� �n�e�c�e�s�s�a�r�y� �c�h�a�n�n�e�l� �f�u�n�c�t�i�o�n�s�.� �O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �f�i�r�m�s� 
�r�e�l�y�i�n�g� �o�n� �i�n�d�i�r�e�c�t� �[�n�o�n�-�i�n�t�e�g�r�a�t�e�d�]� �c�h�a�n�n�e�l�s� �u�s�e� �i�n�d�e�p�e�n�d�e�n�t� �o�r�g�a�n�i�z�a�t�i�o�n�s� 
�(�e�m�p�h�a�s�i�s� �a�d�d�e�d�)� �(�p�.� �2�5�9�)�.� 

�F�i�v�e� �c�o�n�c�e�p�t�u�a�l� �f�r�a�m�e�w�o�r�k�s� �h�a�v�e� �b�e�e�n� �u�s�e�d� �i�n� �m�a�r�k�e�t�i�n�g� �l�i�t�e�r�a�t�u�r�e� �t�o� �e�x�p�l�a�i�n� �t�h�e� 

�o�c�c�u�r�r�e�n�c�e� �a�n�d� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �a�l�t�e�r�n�a�t�i�v�e� �c�h�a�n�n�e�l� �s�t�r�u�c�t�u�r�e�s� �w�i�t�h� �r�e�g�a�r�d� �t�o� �t�h�e� �d�e�g�r�e�e� �o�f� 

�v�e�r�t�i�c�a�l� �i�n�t�e�g�r�a�t�i�o�n� �(�F�r�a�z�i�e�r� �1�9�9�0�;� �F�r�a�z�i�e�r�,� �S�a�w�h�n�e�y�,� �a�n�d� �S�h�e�r�v�a�n�i� �1�9�9�0�)�.� �T�h�e� �f�i�r�s�t� �i�s� �t�h�e� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �g�o�o�d�s� �f�r�a�m�e�w�o�r�k� �b�y� �A�s�p�i�n�w�a�l�l� �(�1�9�5�8�,� �1�9�6�2�)�.� �T�h�e� �s�e�c�o�n�d� �a�n�d� �t�h�i�r�d� �a�r�e� 

�c�l�o�s�e�l�y� �r�e�l�a�t�e�d� �a�n�d� �a�r�e� �k�n�o�w�n�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �a�s� �t�h�e� �s�c�a�/�e� �e�c�o�n�o�m�i�e�s� �(�S�t�i�g�l�e�r� �1�9�5�1�;� �M�a�l�l�e�n� 

�1�9�7�3�;� �W�i�l�l�i�a�m�s�o�n� �1�9�7�5�,� �1�9�8�5�)� �a�n�d� �f�u�n�c�t�i�o�n�a�l� �s�p�i�n�-�o�f�f� �(�M�a�l�l�e�n� �1�9�7�3�)� �f�r�a�m�e�w�o�r�k�s�.� �T�h�e� 

�f�o�u�r�t�h� �f�r�a�m�e�w�o�r�k� �i�s� �t�h�e� �m�a�r�k�e�t�s� �a�n�d� �s�e�r�v�i�c�e�s� �f�r�a�m�e�w�o�r�k� �(�B�u�c�k�l�i�n� �1�9�6�6�)�,� �a�n�d� �t�h�e� �f�i�f�t�h� �i�s� 
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�1�9�7�5�,� �1�9�7�9�,� �1�9�8�1�a�,� �1�9�8�1�b�,� �1�9�8�5�,� �1�9�8�8�,� �1�9�9�1�)�.� �T�h�e� �p�r�e�d�i�c�t�i�o�n�s� �m�a�d�e� �b�y� �e�a�c�h� �o�f� �t�h�e�s�e� 
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�a� �n�u�m�b�e�r� �o�f� �i�m�p�o�r�t�a�n�t� �f�a�c�t�o�r�s� �t�h�a�t� �i�m�p�a�c�t� �c�h�a�n�n�e�l� �s�t�r�u�c�t�u�r�e� �a�n�d� �p�e�r�f�o�r�m�a�n�c�e�.� �C�o�m�m�e�n�t�i�n�g� 

�o�n� �c�h�a�n�n�e�l� �s�t�r�u�c�t�u�r�e� �r�e�s�e�a�r�c�h�,� �F�r�a�z�i�e�r� �(�1�9�9�0�)� �s�t�a�t�e�d�:� 

�T�h�e� �m�o�s�t� �u�r�g�e�n�t� �n�e�e�d� �.�.� �.� �a�t� �t�h�i�s� �t�i�m�e� �a�p�p�e�a�r�s� �t�o� �b�e� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� 

�i�n�t�e�g�r�a�t�i�v�e� �t�h�e�o�r�e�t�i�c�a�l� �m�o�d�e�l�s� �.�.�.�.� �A� �s�t�a�r�t�i�n�g� �p�o�i�n�t� �w�o�u�l�d� �b�e� �t�o� �d�r�a�w� �t�o�g�e�t�h�e�r� 
�s�o�m�e� �o�f� �t�h�e� �k�e�y� �c�o�n�s�t�r�u�c�t�s� �e�m�b�e�d�d�e�d� �i�n� �t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �g�o�o�d�s�,� �m�a�r�k�e�t�s� �a�n�d� 
�s�e�r�v�i�c�e�s�,� �f�u�n�c�t�i�o�n�a�l� �s�p�i�n�-�o�f�f�,� �t�r�a�n�s�a�c�t�i�o�n� �c�o�s�t� �a�n�a�l�y�s�i�s�,� �a�n�d� �s�c�a�l�e� �e�c�o�n�o�m�i�e�s� 
�f�r�a�m�e�w�o�r�k�s� �(�p�.� �2�6�8�)�.� 

�T�h�e� �n�e�x�t� �f�o�u�r� �s�e�c�t�i�o�n�s� �o�f� �t�h�i�s� �c�h�a�p�t�e�r� �d�i�s�c�u�s�s� �t�h�e� �f�i�v�e� �t�h�e�o�r�e�t�i�c�a�l� �f�r�a�m�e�w�o�r�k�s� �e�m�p�l�o�y�e�d� �i�n� 

�m�a�r�k�e�t�i�n�g� �t�o� �a�d�d�r�e�s�s� �t�h�e� �m�a�k�e� �o�r� �b�u�y� �d�e�c�i�s�i�o�n�.� �T�h�i�s� �d�i�s�c�u�s�s�i�o�n� �w�i�l�l� �p�r�o�v�i�d�e� �t�h�e� �b�a�s�i�s� �f�o�r� 

�t�h�e� �c�o�n�c�e�p�t�u�a�l� �f�r�a�m�e�w�o�r�k� �u�s�e�d� �i�n� �t�h�i�s� �r�e�s�e�a�r�c�h�.� 
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�C�H�A�R�A�C�T�E�R�I�S�T�I�C�S� �O�F� �G�O�O�D�S� 

�C�o�n�c�e�p�t�u�a�l� �R�e�s�e�a�r�c�h� 

�A�s�p�i�n�w�a�l�l� �(�1�9�5�8�,� �1�9�6�2�)� �p�r�o�p�o�s�e�d� �f�i�v�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �g�o�o�d�s� �(�p�r�o�d�u�c�t�s�)� �t�h�a�t� 

�i�n�f�l�u�e�n�c�e� �t�h�e� �s�t�r�u�c�t�u�r�e� �o�f� �c�h�a�n�n�e�l�s� �o�f� �d�i�s�t�r�i�b�u�t�i�o�n�:� 

�1�)� �A�m�o�u�n�t� �o�f� �t�i�m�e� �c�o�n�s�u�m�e�r�s� �s�p�e�n�d� �s�e�a�r�c�h�i�n�g� �p�r�i�o�r� �t�o� �p�u�r�c�h�a�s�e� �o�f� �a� �p�r�o�d�u�c�t�.� 

�2�)� �R�e�p�l�a�c�e�m�e�n�t� �r�a�t�e� �o�r� �f�r�e�q�u�e�n�c�y� �o�f� �p�u�r�c�h�a�s�e�.� 

�3�)� �T�i�m�e� �r�e�q�u�i�r�e�d� �t�o� �c�o�n�s�u�m�e� �a� �p�r�o�d�u�c�t�.� 

�4�)� �A�d�j�u�s�t�m�e�n�t� �o�r� �s�e�r�v�i�c�e� �n�e�e�d�e�d� �t�o� �m�e�e�t� �c�u�s�t�o�m�e�r� �n�e�e�d�s�;� �i�.�e�.�,� �p�r�o�d�u�c�t� 
�c�o�m�p�l�e�x�i�t�y�.� 

�5�)� �G�r�o�s�s� �m�a�r�g�i�n� �(�d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �s�e�l�l�i�n�g� �p�r�i�c�e� �a�n�d� �c�o�s�t� �o�f� �g�o�o�d�s� �s�o�l�d�)�.� 

�A�c�c�o�r�d�i�n�g� �t�o� �t�h�i�s� �f�r�a�m�e�w�o�r�k�,� �i�n�t�e�g�r�a�t�e�d� �o�r� �d�i�r�e�c�t� �c�h�a�n�n�e�l�s� �a�r�e� �b�e�s�t� �f�o�r� �p�r�o�d�u�c�t�s� 

�t�h�a�t�:� �1�)� �c�o�n�s�u�m�e�r�s� �a�r�e� �w�i�l�l�i�n�g� �t�o� �s�p�e�n�d� �t�i�m�e� �s�e�a�r�c�h�i�n�g� �f�o�r�,� �2�)� �a�r�e� �p�u�r�c�h�a�s�e�d� �i�n�f�r�e�q�u�e�n�t�l�y�,� �3�)� 

�r�e�q�u�i�r�e� �a� �r�e�l�a�t�i�v�e�l�y� �l�o�n�g� �t�i�m�e� �t�o� �c�o�n�s�u�m�e�,� �4�)� �r�e�q�u�i�r�e� �s�u�b�s�t�a�n�t�i�a�l� �a�d�j�u�s�t�m�e�n�t� �o�r� �s�e�r�v�i�c�e� �t�o� 

�m�e�e�t� �c�u�s�t�o�m�e�r� �n�e�e�d�s�,� �a�n�d� �5�)� �c�a�n� �c�o�m�m�a�n�d� �a� �h�i�g�h� �g�r�o�s�s� �m�a�r�g�i�n�.� �B�e�c�a�u�s�e� �c�o�n�s�u�m�e�r�s� 

�p�u�r�c�h�a�s�e� �t�h�e�s�e� �p�r�o�d�u�c�t�s� �r�e�l�a�t�i�v�e�l�y� �i�n�f�r�e�q�u�e�n�t�l�y� �a�n�d� �a�r�e� �w�i�l�l�i�n�g� �t�o� �s�e�a�r�c�h� �f�o�r� �t�h�e�m�,� �a� �f�i�r�m� �c�a�n� 

�m�a�i�n�t�a�i�n� �f�e�w�e�r� �p�u�r�c�h�a�s�e� �o�u�t�l�e�t�s�;� �t�h�e� �h�i�g�h� �g�r�o�s�s� �m�a�r�g�i�n�s� �t�h�e�s�e� �p�r�o�d�u�c�t�s� �c�o�m�m�a�n�d� �w�i�l�l� �o�f�f�s�e�t� 

�t�h�e� �h�i�g�h� �f�i�x�e�d� �i�n�v�e�s�t�m�e�n�t�s� �r�e�q�u�i�r�e�d� �f�o�r� �i�n�t�e�g�r�a�t�e�d� �c�h�a�n�n�e�l�s�.� �F�i�n�a�l�l�y�,� �i�n�t�e�g�r�a�t�e�d� �c�h�a�n�n�e�l�s� �a�r�e� 

�d�e�s�i�r�a�b�l�e� �b�e�c�a�u�s�e� �t�h�e�y� �a�l�l�o�w� �a� �f�i�r�m� �t�o� �m�a�i�n�t�a�i�n� �a� �r�e�l�a�t�i�v�e�l�y� �h�i�g�h� �d�e�g�r�e�e� �o�f� �c�o�n�t�r�o�l� �o�v�e�r� �t�h�e�s�e� 

�c�o�m�p�l�e�x� �p�r�o�d�u�c�t�s�,� �w�h�i�c�h� �r�e�q�u�i�r�e� �a�d�j�u�s�t�m�e�n�t� �o�r� �s�e�r�v�i�c�e�.� 

�O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �n�o�n�-�i�n�t�e�g�r�a�t�e�d� �(�i�n�d�i�r�e�c�t�)� �c�h�a�n�n�e�l�s� �a�r�e� �i�n�d�i�c�a�t�e�d� �f�o�r� �p�r�o�d�u�c�t�s� �t�h�a�t�:� 

�1�}� �c�o�n�s�u�m�e�r�s� �a�r�e� �n�o�t� �w�i�l�l�i�n�g� �t�o� �s�p�e�n�d� �t�i�m�e� �s�e�a�r�c�h�i�n�g� �f�o�r�,� �2�)� �a�r�e� �p�u�r�c�h�a�s�e�d� �f�r�e�q�u�e�n�t�l�y�,� �3�)� 

�r�e�q�u�i�r�e� �a� �r�e�l�a�t�i�v�e�l�y� �s�h�o�r�t� �t�i�m�e� �t�o� �c�o�n�s�u�m�e�,� �4�)� �r�e�q�u�i�r�e� �r�e�l�a�t�i�v�e�l�y� �l�i�t�t�l�e� �a�d�j�u�s�t�m�e�n�t� �o�r� �s�e�r�v�i�c�e� �t�o� 

�m�e�e�t� �c�u�s�t�o�m�e�r� �n�e�e�d�s�,� �a�n�d� �5�)� �c�o�m�m�a�n�d� �l�o�w�e�r� �g�r�o�s�s� �m�a�r�g�i�n�s�.� �B�e�c�a�u�s�e� �c�o�n�s�u�m�e�r�s� �p�u�r�c�h�a�s�e� 

�t�h�e�s�e� �p�r�o�d�u�c�t�s� �f�r�e�q�u�e�n�t�l�y� �a�n�d� �d�o� �n�o�t� �f�e�e�l� �t�h�e� �n�e�e�d� �t�o� �s�p�e�n�d� �t�i�m�e� �s�e�a�r�c�h�i�n�g� �f�o�r� �t�h�e�m�,� �a� �f�i�r�m� 

�m�u�s�t� �m�a�i�n�t�a�i�n� �m�o�r�e� �p�u�r�c�h�a�s�e� �o�u�t�l�e�t�s�.� �T�h�e� �l�o�w�e�r� �g�r�o�s�s� �m�a�r�g�i�n�s� �f�o�r� �t�h�e�s�e� �p�r�o�d�u�c�t�s� �w�i�l�l� �n�o�t� 
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�b�e� �s�u�f�f�i�c�i�e�n�t� �t�o� �o�f�f�s�e�t� �t�h�e� �h�i�g�h� �f�i�x�e�d� �i�n�v�e�s�t�m�e�n�t�s� �t�h�a�t� �w�o�u�l�d� �b�e� �r�e�q�u�i�r�e�d� �f�o�r� �i�n�t�e�g�r�a�t�e�d� 

�c�h�a�n�n�e�l�s�.� �F�i�n�a�l�l�y�,� �s�i�n�c�e� �t�h�e�s�e� �g�o�o�d�s� �r�e�q�u�i�r�e� �l�i�t�t�l�e� �i�n� �t�h�e� �w�a�y� �o�f� �a�d�j�u�s�t�m�e�n�t� �o�r� �s�e�r�v�i�c�e�,� �t�h�e� 

�l�o�w�e�r� �d�e�g�r�e�e� �o�f� �c�o�n�t�r�o�l� �a�f�f�o�r�d�e�d� �b�y� �n�o�n�-�i�n�t�e�g�r�a�t�e�d� �c�h�a�n�n�e�l�s� �s�h�o�u�l�d� �b�e� �s�u�f�f�i�c�i�e�n�t� �(�A�s�p�i�n�w�a�l�l� 

�1�9�5�8�,� �1�9�6�2�;� �F�r�a�z�i�e�r� �1�9�9�0�;� �F�r�a�z�i�e�r�,� �S�a�w�h�n�e�y�,� �a�n�d� �S�h�e�r�v�a�n�i� �1�9�9�0�)�.� 

�E�m�p�i�r�i�c�a�l� �R�e�s�e�a�r�c�h� 

�E�m�p�i�r�i�c�a�l� �s�u�p�p�o�r�t� �h�a�s� �b�e�e�n� �p�r�o�v�i�d�e�d� �f�o�r� �t�h�r�e�e� �o�f� �A�s�p�i�n�w�a�l�l ��s� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �g�o�o�d�s� 

�p�r�e�d�i�c�t�i�o�n�s� �(�2�,� �4�,� �a�n�d� �5�)�.� �L�i�l�i�e�n� �(�1�9�7�9�)�,� �u�s�i�n�g� �a� �d�a�t�a�b�a�s�e� �d�e�v�e�l�o�p�e�d� �f�r�o�m� �q�u�e�s�t�i�o�n�n�a�i�r�e�s� 

�c�o�m�p�l�e�t�e�d� �b�y� �1�2�5� �f�i�r�m�s�,� �d�e�v�e�l�o�p�e�d� �a�n�d� �e�s�t�i�m�a�t�e�d� �a� �l�i�n�e�a�r� �m�o�d�e�l� �d�e�s�c�r�i�b�i�n�g� �d�i�s�t�r�i�b�u�t�i�o�n� 

�c�h�a�n�n�e�l� �s�t�r�u�c�t�u�r�e� �d�e�c�i�s�i�o�n�s�.� �H�e� �f�o�u�n�d� �t�h�a�t� �d�i�r�e�c�t� �c�h�a�n�n�e�l�s� �t�e�n�d� �t�o� �b�e� �u�s�e�d� �f�o�r� �p�r�o�d�u�c�t�s� �i�n� 

�t�h�e� �e�a�r�l�y� �s�t�a�g�e�s� �o�f� �t�h�e�i�r� �l�i�f�e� �c�y�c�l�e�s�.� �U�n�d�e�r� �t�h�e� �a�s�s�u�m�p�t�i�o�n� �t�h�a�t� �g�r�o�s�s� �m�a�r�g�i�n�s� �t�e�n�d� �t�o� �b�e� 

�r�e�l�a�t�i�v�e�l�y� �h�i�g�h� �d�u�r�i�n�g� �t�h�e� �e�a�r�l�y� �s�t�a�g�e�s� �o�f� �a� �p�r�o�d�u�c�t�'�s� �l�i�f�e� �c�y�c�l�e� �(�a�t� �l�e�a�s�t� �f�o�r� �a� �s�k�i�m�m�i�n�g� 

�p�r�i�c�i�n�g� �s�t�r�a�t�e�g�y�)�,� �L�i�l�i�e�n ��s� �f�i�n�d�i�n�g�s� �c�a�n� �b�e� �t�a�k�e�n� �a�s� �c�o�n�f�i�r�m�a�t�i�o�n� �o�f� �A�s�p�i�n�w�a�l�l ��s� �h�i�g�h� �g�r�o�s�s� 

�m�a�r�g�i�n�-�d�i�r�e�c�t� �c�h�a�n�n�e�l� �c�o�r�r�e�l�a�t�i�o�n�.� �L�i�l�i�e�n� �a�l�s�o� �f�o�u�n�d� �t�h�a�t� �w�h�e�n� �p�u�r�c�h�a�s�e� �o�f� �a� �p�r�o�d�u�c�t� 

�r�e�q�u�i�r�e�d� �e�x�t�e�n�s�i�v�e� �a�n�a�l�y�s�i�s� �a�n�d� �t�h�e� �p�r�o�d�u�c�t� �w�a�s� �p�u�r�c�h�a�s�e�d� �i�n�f�r�e�q�u�e�n�t�l�y�,� �d�i�r�e�c�t� �c�h�a�n�n�e�l�s� 

�t�e�n�d�e�d� �t�o� �b�e� �t�h�e� �r�u�l�e�.� �T�h�i�s� �l�a�s�t� �f�i�n�d�i�n�g� �w�a�s� �a�l�s�o� �c�o�n�f�i�r�m�e�d� �b�y� �A�n�d�e�r�s�o�n� �(�1�9�8�5�)�,� �A�n�d�e�r�s�o�n� 

�a�n�d� �C�o�u�g�h�l�a�n� �(�1�9�8�7�)� �a�n�d� �C�o�u�g�h�l�a�n� �(�1�9�8�5�)�,� �w�h�o� �f�o�u�n�d� �t�h�a�t� �d�i�f�f�e�r�e�n�t�i�a�t�e�d� �a�n�d�/�o�r� �c�u�s�t�o�m� 

�m�a�d�e� �p�r�o�d�u�c�t�s� �t�e�n�d� �t�o� �b�e� �d�i�s�t�r�i�b�u�t�e�d� �t�h�r�o�u�g�h� �d�i�r�e�c�t� �c�h�a�n�n�e�l�s�.� 

�S�u�m�m�a�r�y� �o�f� �C�h�a�r�a�c�t�e�r�i�s�t�i�c� �o�f� �G�o�o�d�s� �F�r�a�m�e�w�o�r�k� 

�A�l�t�h�o�u�g�h� �t�h�e� �f�i�v�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �g�o�o�d�s� �p�r�o�p�o�s�e�d� �b�y� �A�s�p�i�n�w�a�i�l�l� �a�r�e� �i�n�t�u�i�t�i�v�e�l�y� 

�a�p�p�e�a�l�i�n�g�,� �t�h�i�s� �f�r�a�m�e�w�o�r�k� �a�p�p�e�a�r�s� �t�o� �l�a�c�k� �a�  ��s�t�r�o�n�g� �t�h�e�o�r�e�t�i�c�a�l� �t�h�e�m�e �� �(�F�r�a�z�i�e�r� �1�9�9�0�,� �p�.� 

�2�6�4�)�.� �R�e�l�a�t�e�d� �t�o� �t�h�i�s� �l�a�c�k� �o�f� �a� �t�h�e�m�e� �a�r�e� �t�w�o� �i�s�s�u�e�s�:� �1�)� �s�e�v�e�r�a�l� �o�f� �t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� 

�a�p�p�e�a�r� �t�o� �b�e� �v�i�r�t�u�a�l�l�y� �i�d�e�n�t�i�c�a�l� �o�r� �a�t� �l�e�a�s�t� �v�e�r�y� �c�l�o�s�e�l�y� �r�e�l�a�t�e�d�,� �a�n�d� �2�)� �t�h�e� �f�r�a�m�e�w�o�r�k� �a�p�p�e�a�r�s� 

�t�o� �b�e� �s�o�m�e�w�h�a�t� �l�i�m�i�t�e�d� �i�n� �s�c�o�p�e�.� �A�n� �i�l�l�u�s�t�r�a�t�i�o�n� �o�f� �t�h�e� �f�i�r�s�t� �i�s�s�u�e� �i�s� �t�h�e� �f�a�c�t� �t�h�a�t� �t�h�e� 
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�p�r�o�d�u�c�t�s� �w�i�l�l� �n�o�t� �b�e� �s�u�f�f�i�c�i�e�n�t� �t�o� �o�f�f�s�e�t� �t�h�e� �h�i�g�h� �f�i�x�e�d� �i�n�v�e�s�t�m�e�n�t�s� �t�h�a�t� �w�o�u�l�d� �b�e� �r�e�q�u�i�r�e�d� 

�f�o�r� �i�n�t�e�g�r�a�t�e�d� �c�h�a�n�n�e�l�s�.� �F�i�n�a�l�l�y�,� �s�i�n�c�e� �t�h�e�s�e� �g�o�o�d�s� �r�e�q�u�i�r�e� �l�i�t�t�l�e� �i�n� �t�h�e� �w�a�y� �o�f� �a�d�j�u�s�t�m�e�n�t� �o�r� 

�s�e�r�v�i�c�e�,� �t�h�e� �l�o�w�e�r� �d�e�g�r�e�e� �o�f� �c�o�n�t�r�o�l� �a�f�f�o�r�d�e�d� �b�y� �n�o�n�-�i�n�t�e�g�r�a�t�e�d� �c�h�a�n�n�e�l�s� �s�h�o�u�l�d� �b�e� �s�u�f�f�i�c�i�e�n�t� 

�(�A�s�p�i�n�w�a�l�l� �1�9�5�8�,� �1�9�6�2�;� �F�r�a�z�i�e�r� �1�9�9�0�;� �F�r�a�z�i�e�r�,� �S�a�w�h�n�e�y�,� �a�n�d� �S�h�e�r�v�a�n�i� �1�9�9�0�)�.� 

�E�m�p�i�r�i�c�a�l� �R�e�s�e�a�r�c�h� 

�E�m�p�i�r�i�c�a�l� �s�u�p�p�o�r�t� �h�a�s� �b�e�e�n� �p�r�o�v�i�d�e�d� �f�o�r� �t�h�r�e�e� �o�f� �A�s�p�i�n�w�a�l�l ��s� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �g�o�o�d�s� 

�p�r�e�d�i�c�t�i�o�n�s� �(�2�,� �4�,� �a�n�d� �5�)�.� �L�i�l�i�e�n� �(�1�9�7�9�)�,� �u�s�i�n�g� �a� �d�a�t�a�b�a�s�e� �d�e�v�e�l�o�p�e�d� �f�r�o�m� �q�u�e�s�t�i�o�n�n�a�i�r�e�s� 

�c�o�m�p�l�e�t�e�d� �b�y� �1�2�5� �f�i�r�m�s�,� �d�e�v�e�l�o�p�e�d� �a�n�d� �e�s�t�i�m�a�t�e�d� �a� �l�i�n�e�a�r� �m�o�d�e�l� �d�e�s�c�r�i�b�i�n�g� �d�i�s�t�r�i�b�u�t�i�o�n� 

�c�h�a�n�n�e�l� �s�t�r�u�c�t�u�r�e� �d�e�c�i�s�i�o�n�s�.� �H�e� �f�o�u�n�d� �t�h�a�t� �d�i�r�e�c�t� �c�h�a�n�n�e�l�s� �t�e�n�d� �t�o� �b�e� �u�s�e�d� �f�o�r� �p�r�o�d�u�c�t�s� �i�n� 

�t�h�e� �e�a�r�l�y� �s�t�a�g�e�s� �o�f� �t�h�e�i�r� �l�i�f�e� �c�y�c�l�e�s�.� �U�n�d�e�r� �t�h�e� �a�s�s�u�m�p�t�i�o�n� �t�h�a�t� �g�r�o�s�s� �m�a�r�g�i�n�s� �t�e�n�d� �t�o� �b�e� 

�r�e�l�a�t�i�v�e�l�y� �h�i�g�h� �d�u�r�i�n�g� �t�h�e� �e�a�r�l�y� �s�t�a�g�e�s� �o�f� �a� �p�r�o�d�u�c�t�'�s� �l�i�f�e� �c�y�c�l�e� �(�a�t� �l�e�a�s�t� �f�o�r� �a� �s�k�i�m�m�i�n�g� 

�p�r�i�c�i�n�g� �s�t�r�a�t�e�g�y�)�,� �L�i�l�i�e�n ��s� �f�i�n�d�i�n�g�s� �c�a�n� �b�e� �t�a�k�e�n� �a�s� �c�o�n�f�i�r�m�a�t�i�o�n� �o�f� �A�s�p�i�n�w�a�l�l ��s� �h�i�g�h� �g�r�o�s�s� 

�m�a�r�g�i�n�-�d�i�r�e�c�t� �c�h�a�n�n�e�l� �c�o�r�r�e�l�a�t�i�o�n�.� �L�i�l�i�e�n� �a�l�s�o� �f�o�u�n�d� �t�h�a�t� �w�h�e�n� �p�u�r�c�h�a�s�e� �o�f� �a� �p�r�o�d�u�c�t� 

�r�e�q�u�i�r�e�d� �e�x�t�e�n�s�i�v�e� �a�n�a�l�y�s�i�s� �a�n�d� �t�h�e� �p�r�o�d�u�c�t� �w�a�s� �p�u�r�c�h�a�s�e�d� �i�n�f�r�e�q�u�e�n�t�l�y�,� �d�i�r�e�c�t� �c�h�a�n�n�e�l�s� 

�t�e�n�d�e�d� �t�o� �b�e� �t�h�e� �r�u�l�e�.� �T�h�i�s� �l�a�s�t� �f�i�n�d�i�n�g� �w�a�s� �a�l�s�o� �c�o�n�f�i�r�m�e�d� �b�y� �A�n�d�e�r�s�o�n� �(�1�9�8�5�)�,� �A�n�d�e�r�s�o�n� 

�a�n�d� �C�o�u�g�h�l�a�n� �(�1�9�8�7�)� �a�n�d� �C�o�u�g�h�l�a�n� �(�1�9�8�5�)�,� �w�h�o� �f�o�u�n�d� �t�h�a�t� �d�i�f�f�e�r�e�n�t�i�a�t�e�d� �a�n�d�/�o�r� �c�u�s�t�o�m� 

�m�a�d�e� �p�r�o�d�u�c�t�s� �t�e�n�d� �t�o� �b�e� �d�i�s�t�r�i�b�u�t�e�d� �t�h�r�o�u�g�h� �d�i�r�e�c�t� �c�h�a�n�n�e�l�s�.� 

�S�u�m�m�a�r�y� �o�f� �C�h�a�r�a�c�t�e�r�i�s�t�i�c� �o�f� �G�o�o�d�s� �F�r�a�m�e�w�o�r�k� 

�A�l�t�h�o�u�g�h� �t�h�e� �f�i�v�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �g�o�o�d�s� �p�r�o�p�o�s�e�d� �b�y� �A�s�p�i�n�w�a�l�l� �a�r�e� �i�n�t�u�i�t�i�v�e�l�y� 

�a�p�p�e�a�l�i�n�g�,� �t�h�i�s� �f�r�a�m�e�w�o�r�k� �a�p�p�e�a�r�s� �t�o� �l�a�c�k� �a� �"�s�t�r�o�n�g� �t�h�e�o�r�e�t�i�c�a�l� �t�h�e�m�e �� �(�F�r�a�z�i�e�r� �1�9�9�0�,� �p�.� 

�2�6�4�)�.� �R�e�l�a�t�e�d� �t�o� �t�h�i�s� �l�a�c�k� �o�f� �a� �t�h�e�m�e� �a�r�e� �t�w�o� �i�s�s�u�e�s�:� �1�)� �s�e�v�e�r�a�l� �o�f� �t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� 

�a�p�p�e�a�r� �t�o� �b�e� �v�i�r�t�u�a�l�l�y� �i�d�e�n�t�i�c�a�l� �o�r� �a�t� �l�e�a�s�t� �v�e�r�y� �c�l�o�s�e�l�y� �r�e�l�a�t�e�d�,� �a�n�d� �2�)� �t�h�e� �f�r�a�m�e�w�o�r�k� �a�p�p�e�a�r�s� 

�t�o� �b�e� �s�o�m�e�w�h�a�t� �l�i�m�i�t�e�d� �i�n� �s�c�o�p�e�.� �A�n� �i�l�l�u�s�t�r�a�t�i�o�n� �o�f� �t�h�e� �f�i�r�s�t� �i�s�s�u�e� �i�s� �t�h�e� �f�a�c�t� �t�h�a�t� �t�h�e� 
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�r�e�p�l�a�c�e�m�e�n�t� �r�a�t�e� �o�r� �f�r�e�q�u�e�n�c�y� �o�f� �p�u�r�c�h�a�s�e� �f�o�r� �a� �p�r�o�d�u�c�t� �i�s� �c�e�r�t�a�i�n�l�y� �c�o�r�r�e�l�a�t�e�d�,� �i�f� �n�o�t� 

�i�d�e�n�t�i�c�a�l�,� �t�o� �t�h�e� �t�i�m�e� �r�e�q�u�i�r�e�d� �t�o� �c�o�n�s�u�m�e� �a� �p�r�o�d�u�c�t�.� �T�h�e� �s�e�c�o�n�d� �i�s�s�u�e� �i�s� �i�l�l�u�s�t�r�a�t�e�d� �b�y� �t�h�e� 

�f�a�c�t� �t�h�a�t� �t�h�e� �f�r�a�m�e�w�o�r�k� �a�p�p�e�a�r�s� �t�o� �f�o�c�u�s� �o�n� �e�n�d� �u�s�e� �c�o�n�s�u�m�e�r�s� �a�n�d� �p�r�o�d�u�c�t�s�,� �r�a�t�h�e�r� �t�h�a�n� 

�i�n�d�u�s�t�r�i�a�l� �c�u�s�t�o�m�e�r�s� �a�n�d� �p�r�o�d�u�c�t�s�.� 

�S�C�A�L�E� �E�C�O�N�O�M�I�E�S� �A�N�D� �F�U�N�C�T�I�O�N�A�L� �S�P�I�N�-�O�F�F� 

�C�o�n�c�e�p�t�u�a�l� �R�e�s�e�a�r�c�h� 

�S�c�a�l�e� �e�c�o�n�o�m�i�e�s� �r�e�f�e�r� �t�o� �w�h�e�t�h�e�r� �t�h�e� �a�v�e�r�a�g�e� �c�o�s�t� �p�e�r� �u�n�i�t� �o�f� �p�r�o�d�u�c�t�i�o�n� �d�e�c�r�e�a�s�e�s� 

�w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �p�r�o�d�u�c�t�i�o�n� �v�o�l�u�m�e�.� �W�h�e�n� �a� �f�i�r�m ��s� �p�r�o�d�u�c�t�i�o�n� �o�c�c�u�r�s� �i�n� �t�h�e� �p�o�r�t�i�o�n� �o�f� �t�h�e� 

�t�o�t�a�l� �c�o�s�t� �c�u�r�v�e� �t�h�a�t� �i�s� �n�e�g�a�t�i�v�e�l�y� �s�l�o�p�e�d�,� �t�h�e� �a�v�e�r�a�g�e� �c�o�s�t� �o�f� �p�r�o�d�u�c�t�i�o�n� �d�e�c�r�e�a�s�e�s� �a�s� �t�h�e� 

�t�o�t�a�l� �p�r�o�d�u�c�t�i�o�n� �v�o�l�u�m�e� �i�n�c�r�e�a�s�e�s�.� �B�e�c�a�u�s�e� �t�h�e� �f�i�x�e�d� �c�o�s�t�s� �i�n�c�u�r�r�e�d� �r�e�m�a�i�n� �c�o�n�s�t�a�n�t�,� �t�h�e�y� 

�c�a�n� �b�e� �d�i�s�t�r�i�b�u�t�e�d� �o�v�e�r� �a� �l�a�r�g�e�r� �v�o�l�u�m�e� �o�f� �u�n�i�t�s� �p�r�o�d�u�c�e�d�,� �w�h�i�c�h� �l�o�w�e�r�s� �t�h�e� �a�v�e�r�a�g�e� �c�o�s�t� �f�o�r� 

�e�a�c�h� �u�n�i�t� �o�f� �p�r�o�d�u�c�t�i�o�n� �(�T�a�l�l�e�y� �1�9�8�8�;� �F�r�a�z�i�e�r� �1�9�9�0�)�.� 

�T�h�e� �s�c�a�l�e� �e�c�o�n�o�m�i�e�s� �a�p�p�r�o�a�c�h� �t�o� �t�h�e� �c�h�a�n�n�e�l� �s�t�r�u�c�t�u�r�e� �i�s�s�u�e� �f�o�c�u�s�e�s� �p�r�i�m�a�r�i�l�y� �o�n� 

�t�h�e� �s�i�z�e� �o�f� �a� �f�i�r�m�,� �w�i�t�h� �t�h�e� �a�s�s�u�m�p�t�i�o�n� �t�h�a�t� �f�i�r�m� �s�i�z�e� �i�s� �p�o�s�i�t�i�v�e�l�y� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �d�i�s�t�r�i�b�u�t�i�o�n� 

�v�o�l�u�m�e�s�,� �a�n�d� �t�h�e� �a�t�t�e�n�d�a�n�t� �d�i�s�t�r�i�b�u�t�i�o�n� �c�o�s�t�s�.� �U�n�d�e�r� �t�h�e� �s�c�a�l�e� �e�c�o�n�o�m�i�e�s� �f�r�a�m�e�w�o�r�k�,� �a� 

�p�o�s�i�t�i�v�e� �r�e�l�a�t�i�o�n�s�h�i�p� �e�x�i�s�t�s� �b�e�t�w�e�e�n� �c�h�a�n�n�e�l� �v�o�l�u�m�e� �a�n�d� �d�e�g�r�e�e� �o�f� �i�n�t�e�g�r�a�t�i�o�n�.� �T�h�e� �r�e�a�s�o�n� 

�f�o�r� �t�h�i�s� �r�e�l�a�t�i�o�n�s�h�i�p� �i�s� �t�h�a�t� �i�f� �c�h�a�n�n�e�l� �v�o�l�u�m�e� �f�o�r� �a� �p�r�o�d�u�c�t� �l�i�n�e� �i�s� �l�o�w�,� �c�h�a�n�n�e�l� �i�n�t�e�r�m�e�d�i�a�r�i�e�s� 

�c�a�n� �a�g�g�r�e�g�a�t�e� �p�r�o�d�u�c�t� �l�i�n�e�s� �f�r�o�m� �v�a�r�i�o�u�s� �m�a�n�u�f�a�c�t�u�r�e�r�s� �i�n� �o�r�d�e�r� �t�o� �r�e�a�l�i�z�e� �s�c�a�l�e� �e�c�o�n�o�m�i�e�s�.� 

�H�o�w�e�v�e�r�,� �i�f� �c�h�a�n�n�e�l� �v�o�l�u�m�e� �f�o�r� �a� �p�r�o�d�u�c�t� �l�i�n�e� �i�s� �h�i�g�h�,� �a� �m�o�r�e� �i�n�t�e�g�r�a�t�e�d� �c�h�a�n�n�e�l� �i�s� 

�p�r�e�f�e�r�r�e�d�,� �s�i�n�c�e� �d�i�s�t�r�i�b�u�t�i�o�n� �c�o�s�t�s� �c�a�n� �b�e� �s�p�r�e�a�d� �o�v�e�r� �t�h�e� �l�a�r�g�e�r� �v�o�l�u�m�e� �t�o� �y�i�e�l�d� �l�o�w�e�r� 

�a�v�e�r�a�g�e� �c�o�s�t�s� �(�F�r�a�z�i�e�r� �1�9�9�0�;� �F�r�a�z�i�e�r�,� �S�a�w�h�n�e�y�,� �a�n�d� �S�h�e�r�v�a�n�i� �1�9�9�0�;� �M�a�l�l�e�n� �1�9�7�3�)�.� 

�W�i�l�l�i�a�m�s�o�n� �(�1�9�7�5�,� �1�9�8�5�)� �a�d�d�r�e�s�s�e�d� �t�h�e� �s�c�a�l�e� �e�c�o�n�o�m�i�e�s� �i�s�s�u�e� �w�i�t�h�i�n� �h�i�s� �T�C�A� 

�f�r�a�m�e�w�o�r�k�,� �e�m�p�h�a�s�i�z�i�n�g� �t�h�a�t� �f�i�r�m�s� �w�i�l�l� �s�e�e�k� �t�o� �m�i�n�i�m�i�z�e� �t�h�e� �t�o�t�a�/� �o�f� �t�r�a�n�s�a�c�t�i�o�n� �a�n�d� 

�p�r�o�d�u�c�t�i�o�n� �(�o�r� �d�i�s�t�r�i�b�u�t�i�o�n�)� �c�o�s�t�s�.� �S�c�a�l�e� �e�c�o�n�o�m�i�e�s� �r�e�f�e�r� �p�r�i�m�a�r�i�l�y� �t�o� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �(�o�r� 

�1�9



�a� 

�d�i�s�t�r�i�b�u�t�i�o�n�)� �c�o�s�t� �p�o�r�t�i�o�n� �o�f� �a� �f�i�r�m ��s� �t�o�t�a�l� �c�o�s�t�s�.� �A�c�c�o�r�d�i�n�g� �t�o� �W�i�l�l�i�a�m�s�o�n�,� �"�T�h�e� �f�i�r�m� �i�s� 

�s�i�m�p�l�y� �b�e�t�t�e�r� �a�b�l�e� �t�o� �r�e�a�l�i�z�e� �e�c�o�n�o�m�i�e�s� �o�f� �s�c�a�l�e� �a�s� �i�t�s� �o�w�n� �r�e�q�u�i�r�e�m�e�n�t�s� �b�e�c�o�m�e� �l�a�r�g�e�r� �i�n� 

�r�e�l�a�t�i�o�n� �t�o� �t�h�e� �s�i�z�e� �o�f� �t�h�e� �m�a�r�k�e�t�"� �(�1�9�8�5�,� �p�.�9�4�)�.� 

�A�n�o�t�h�e�r� �p�o�i�n�t� �o�f� �v�i�e�w� �c�o�n�c�e�r�n�i�n�g� �t�h�e� �s�c�a�l�e� �e�c�o�n�o�m�i�e�s� �a�p�p�r�o�a�c�h� �c�o�m�e�s� �f�r�o�m� �S�t�i�g�l�e�r� 

�(�1�9�5�1�)�.� �S�t�i�g�l�e�r� �v�i�e�w�e�d� �f�i�r�m�s �� �t�o�t�a�l� �c�o�s�t� �c�u�r�v�e�s� �a�s� �b�e�i�n�g� �c�o�m�p�o�s�e�d� �o�f� �v�a�r�i�o�u�s� �f�u�n�c�t�i�o�n�a�l� 

�c�o�s�t� �c�u�r�v�e�s�.� �F�u�r�t�h�e�r�m�o�r�e�,� �h�e� �p�r�o�p�o�s�e�d� �t�h�a�t� �t�h�e� �d�e�g�r�e�e� �o�f� �i�n�t�e�g�r�a�t�i�o�n� �i�n� �a�n� �i�n�d�u�s�t�r�y� �w�a�s� �a� 

�f�u�n�c�t�i�o�n� �o�f� �t�h�e� �m�a�t�u�r�i�t�y� �o�f� �t�h�e� �i�n�d�u�s�t�r�y� �a�n�d� �t�h�e� �e�x�t�e�n�t� �o�f� �t�h�e� �m�a�r�k�e�t�.� �A�p�p�l�y�i�n�g� �A�d�a�m� 

�S�m�i�t�h ��s� �t�h�e�o�r�e�m� �t�h�a�t� �"�t�h�e� �d�i�v�i�s�i�o�n� �o�f� �l�a�b�o�r� �i�s� �l�i�m�i�t�e�d� �b�y� �t�h�e� �e�x�t�e�n�t� �o�f� �t�h�e� �m�a�r�k�e�t�"� �(�p�.�1�8�5�)� �t�o� 

�t�h�e� �i�s�s�u�e� �o�f� �v�e�r�t�i�c�a�l� �i�n�t�e�g�r�a�t�i�o�n�,� �S�t�i�g�l�e�r� �m�a�i�n�t�a�i�n�e�d� �t�h�a�t� �f�i�r�m�s� �i�n� �r�e�l�a�t�i�v�e�l�y� �i�m�m�a�t�u�r�e� 

�i�n�d�u�s�t�r�i�e�s� �w�o�u�l�d� �p�e�r�f�o�r�m� �m�o�r�e� �f�u�n�c�t�i�o�n�s� �i�n�t�e�r�n�a�l�l�y�,� �s�i�n�c�e� �f�e�w� �f�i�r�m�s� �s�p�e�c�i�a�l�i�z�i�n�g� �i�n� 

�i�n�t�e�r�m�e�d�i�a�t�e� �f�u�n�c�t�i�o�n�s� �w�o�u�l�d� �e�x�i�s�t� �i�n� �a�n� �i�m�m�a�t�u�r�e� �m�a�r�k�e�t� �{�i�.�e�.�,� �t�h�e�r�e� �t�e�n�d�s� �t�o� �b�e� �l�e�s�s� 

�"�d�i�v�i�s�i�o�n� �o�f� �l�a�b�o�r�"� �w�i�t�h�i�n� �t�h�e� �i�n�d�u�s�t�r�y�)�.� �A�s� �t�h�e� �i�n�d�u�s�t�r�y� �m�a�t�u�r�e�s�,� �s�u�b�s�i�d�i�a�r�y� �f�i�r�m�s� �a�r�i�s�e� �t�h�a�t� 

�a�r�e� �w�i�l�l�i�n�g� �t�o� �u�n�d�e�r�t�a�k�e� �s�p�e�c�i�a�l�i�z�e�d� �f�u�n�c�t�i�o�n�s�,� �a�n�d� �f�i�r�m�s� �i�n� �t�h�e� �i�n�d�u�s�t�r�y� �b�e�c�o�m�e� �l�e�s�s� 

�v�e�r�t�i�c�a�l�l�y� �i�n�t�e�g�r�a�t�e�d� �a�s� �t�h�e�y� �t�u�r�n� �o�v�e�r� �s�o�m�e� �f�u�n�c�t�i�o�n�s� �t�o� �t�h�e�s�e� �s�u�b�s�i�d�i�a�r�y� �f�i�r�m�s�.� �F�i�n�a�l�l�y�,� 

�w�h�e�n� �t�h�e� �i�n�d�u�s�t�r�y� �d�e�c�l�i�n�e�s�,� �t�h�e�s�e� �s�u�b�s�i�d�i�a�r�y� �f�i�r�m�s� �a�l�s�o� �d�e�c�l�i�n�e�,� �f�o�r�c�i�n�g� �f�i�r�m�s� �i�n� �t�h�e� �i�n�d�u�s�t�r�y� 

�t�o� �r�e�-�i�n�t�e�g�r�a�t�e� �a�n�d� �p�e�r�f�o�r�m� �m�o�r�e� �o�f� �t�h�e� �i�n�t�e�r�m�e�d�i�a�t�e� �f�u�n�c�t�i�o�n�s� �t�h�e�m�s�e�l�v�e�s�.� 

�U�s�i�n�g� �S�t�i�g�l�e�r ��s� �a�r�t�i�c�l�e� �a�s� �a� �f�o�u�n�d�a�t�i�o�n�,� �M�a�l�l�e�n� �(�1�9�7�3�)� �d�e�v�e�l�o�p�e�d� �t�h�e� �f�u�n�c�t�i�o�n�a�l� �s�p�i�n�-� 

�o�f�f� �f�r�a�m�e�w�o�r�k�.� �M�a�l�l�e�n� �m�a�i�n�t�a�i�n�e�d� �t�h�a�t�:� 

�g�i�v�e�n� �a� �s�p�e�c�i�f�i�c� �l�e�v�e�l� �o�f� �d�e�m�a�n�d�,� �f�i�r�m�s� �w�i�l�l� �t�r�y� �t�o� �m�a�x�i�m�i�z�e� �p�r�o�f�i�t�s� �b�y� �d�e�s�i�g�n�i�n�g� �o�r� 
�s�e�l�e�c�t�i�n�g� �a� �c�h�a�n�n�e�l� �w�h�i�c�h� �w�i�l�l� �g�e�n�e�r�a�t�e� �t�h�e� �l�o�w�e�s�t� �t�o�t�a�l� �a�v�e�r�a�g�e� �c�o�s�t�s� �f�o�r� �t�h�e�i�r� 
�o�r�g�a�n�i�z�a�t�i�o�n�s� �(�p�.� �1�9�)�.� 

�K�e�e�p�i�n�g� �i�n� �m�i�n�d� �S�t�i�g�l�e�r ��s� �p�r�o�p�o�s�a�l� �t�h�a�t� �f�i�r�m�s �� �t�o�t�a�l� �c�o�s�t� �c�u�r�v�e�s� �a�r�e� �m�a�d�e� �u�p� �o�f� �t�h�e� 

�t�o�t�a�l� �c�o�s�t� �c�u�r�v�e�s� �o�f� �t�h�e� �v�a�r�i�o�u�s� �f�u�n�c�t�i�o�n�s� �p�e�r�f�o�r�m�e�d�,� �a�s�s�u�m�e� �t�h�a�t� �t�h�e� �t�o�t�a�l� �c�o�s�t� �c�u�r�v�e� �f�o�r� �a� 

�d�i�s�t�r�i�b�u�t�i�o�n� �f�u�n�c�t�i�o�n� �i�s� �n�e�g�a�t�i�v�e�l�y� �s�l�o�p�e�d�.� �S�u�p�p�o�s�e� �a� �f�i�r�m� �p�r�o�d�u�c�i�n�g� �a� �s�m�a�l�l� �v�o�l�u�m�e� �i�s� �f�a�c�e�d� 

�w�i�t�h� �t�h�e� �c�h�o�i�c�e� �o�f� �p�e�r�f�o�r�m�i�n�g� �a� �d�i�s�t�r�i�b�u�t�i�o�n� �f�u�n�c�t�i�o�n� �i�n�t�e�r�n�a�l�l�y� �o�r� �o�u�t�s�o�u�r�c�i�n�g� �t�h�e� 

�p�e�r�f�o�r�m�a�n�c�e� �o�f� �t�h�e� �f�u�n�c�t�i�o�n�.� �S�i�n�c�e� �t�h�e� �c�o�s�t� �c�u�r�v�e� �f�o�r� �t�h�e� �f�u�n�c�t�i�o�n� �i�s� �n�e�g�a�t�i�v�e�l�y� �s�l�o�p�e�d� 
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�(�i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �e�c�o�n�o�m�i�e�s� �o�f� �s�c�a�l�e� �a�r�e� �p�o�s�s�i�b�l�e�)�,� �i�t� �m�a�y� �b�e� �m�o�r�e� �e�c�o�n�o�m�i�c�a�l� �f�o�r� �t�h�e� �f�i�r�m� �t�o� 

�"�s�p�i�n�-�o�f�f�"� �t�h�e� �f�u�n�c�t�i�o�n� �t�o� �a� �m�a�r�k�e�t�i�n�g� �i�n�t�e�r�m�e�d�i�a�r�y�,� �w�h�o� �c�a�n� �c�o�m�b�i�n�e� �t�h�e� �v�o�l�u�m�e�s� �o�f� 

�s�e�v�e�r�a�l� �s�m�a�l�l� �p�r�o�d�u�c�e�r�s� �i�n� �o�r�d�e�r� �t�o� �r�e�a�l�i�z�e� �e�c�o�n�o�m�i�e�s� �o�f� �s�c�a�l�e� �i�n� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �t�h�e� 

�f�u�n�c�t�i�o�n�.� �O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �a� �f�i�r�m� �p�r�o�d�u�c�i�n�g� �l�a�r�g�e� �v�o�l�u�m�e�s� �w�o�u�l�d� �h�a�v�e� �n�o� �r�e�a�s�o�n� �t�o� �s�p�i�n� 

�o�f�f� �t�h�e� �f�u�n�c�t�i�o�n� �b�e�c�a�u�s�e� �t�h�e�y� �a�r�e� �t�h�e�m�s�e�l�v�e�s� �a�b�l�e� �t�o� �r�e�a�l�i�z�e� �s�c�a�l�e� �e�c�o�n�o�m�i�e�s�.� �M�a�l�l�e�n� 

�q�u�a�l�i�f�i�e�d� �h�i�s� �p�r�e�d�i�c�t�i�o�n�s� �b�y� �p�o�i�n�t�i�n�g� �o�u�t� �t�h�a�t� �i�n� �n�e�w� �o�r� �d�e�c�l�i�n�i�n�g� �i�n�d�u�s�t�r�i�e�s� �o�r� �m�a�r�k�e�t�s�,� �t�h�e�r�e� 

�m�a�y� �b�e� �f�e�w� �i�n�t�e�r�m�e�d�i�a�r�i�e�s� �b�e�c�a�u�s�e� �l�o�w� �i�n�d�u�s�t�r�y� �v�o�l�u�m�e� �p�r�e�c�l�u�d�e�s� �t�h�e�i�r� �p�r�o�f�i�t�a�b�i�l�i�t�y�.� 

�E�m�p�i�r�i�c�a�l� �R�e�s�e�a�r�c�h� 

�A�l�t�h�o�u�g�h� �n�o� �e�m�p�i�r�i�c�a�l� �r�e�s�e�a�r�c�h� �h�a�s� �e�x�p�l�i�c�i�t�l�y� �u�s�e�d� �t�h�e� �f�u�n�c�t�i�o�n�a�l� �s�p�i�n�-�o�f�f� �f�r�a�m�e�w�o�r�k�,� 

�a� �n�u�m�b�e�r� �o�f� �s�t�u�d�i�e�s� �h�a�v�e� �i�n�c�o�r�p�o�r�a�t�e�d� �t�h�e� �s�c�a�l�e� �e�c�o�n�o�m�i�e�s� �f�r�a�m�e�w�o�r�k�.� 

�L�i�l�i�e�n ��s� �(�1�9�7�9�)� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �d�a�t�a�b�a�s�e� �m�e�n�t�i�o�n�e�d� �a�b�o�v�e� �f�o�u�n�d� �t�h�a�t� �f�i�r�m�s� 

�m�a�n�u�f�a�c�t�u�r�i�n�g� �p�r�o�d�u�c�t�s� �w�h�o�s�e� �a�v�e�r�a�g�e� �o�r�d�e�r� �s�i�z�e� �w�a�s� �l�a�r�g�e� �(�p�r�e�s�u�m�a�b�l�y� �i�n�d�i�c�a�t�i�n�g� �a� �h�i�g�h� 

�c�h�a�n�n�e�l� �v�o�l�u�m�e�)� �u�s�e�d� �i�n�t�e�g�r�a�t�e�d� �c�h�a�n�n�e�l�s�.� �L�i�l�i�e�n ��s� �r�e�s�u�l�t�s� �a�l�s�o� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �d�i�r�e�c�t� 

�c�h�a�n�n�e�l�s� �p�r�e�d�o�m�i�n�a�t�e�d� �f�o�r� �p�r�o�d�u�c�t�s� �i�n� �t�h�e� �e�a�r�l�y� �s�t�a�g�e�s� �o�f� �t�h�e�i�r� �l�i�f�e� �c�y�c�l�e�s�,� �s�u�p�p�o�r�t�i�n�g� 

�S�t�i�g�l�e�r ��s� �p�r�e�m�i�s�e� �c�o�n�c�e�r�n�i�n�g� �i�m�m�a�t�u�r�e� �i�n�d�u�s�t�r�i�e�s�.� 

�L�e�v�y� �(�1�9�8�1�,� �1�9�8�5�)�,� �u�s�i�n�g� �d�a�t�a� �o�n� �6�9� �m�a�n�u�f�a�c�t�u�r�i�n�g� �f�i�r�m�s� �f�r�o�m� �S�t�a�n�d�a�r�d� �a�n�d� �P�o�o�r�'�s� 

�C�o�m�p�u�s�t�a�t� �t�a�p�e�s�,� �h�y�p�o�t�h�e�s�i�z�e�d� �a�n�d� �f�o�u�n�d� �a� �n�e�g�a�t�i�v�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �f�i�r�m� �s�i�z�e� �a�n�d� 

�d�e�g�r�e�e� �o�f� �i�n�t�e�g�r�a�t�i�o�n�.� �T�h�i�s� �r�e�l�a�t�i�o�n�s�h�i�p� �m�i�g�h�t� �b�e� �e�x�p�l�a�i�n�e�d� �b�y� �d�i�s�-�e�c�o�n�o�m�i�e�s� �o�f� �s�c�a�l�e� �i�n� 

�m�a�n�u�f�a�c�t�u�r�i�n�g�,� �i�.�e�.�,� �a� �r�i�s�i�n�g� �f�u�n�c�t�i�o�n�a�l� �t�o�t�a�l� �c�o�s�t� �c�u�r�v�e� �m�o�t�i�v�a�t�i�n�g� �f�i�r�m�s� �t�o� �e�x�t�e�r�n�a�l�i�z�e�,� �r�a�t�h�e�r� 

�t�h�a�n� �i�n�t�e�r�n�a�l�i�z�e� �a� �f�u�n�c�t�i�o�n�.� 

�W�a�l�k�e�r� �a�n�d� �W�e�b�e�r� �(�1�9�8�4�)� �e�x�a�m�i�n�e�d� �d�a�t�a� �o�n� �o�n�e� �m�a�n�u�f�a�c�t�u�r�e�r ��s� �m�a�k�e� �o�r� �b�u�y� 

�d�e�c�i�s�i�o�n�s� �f�o�r� �a�u�t�o�m�o�b�i�l�e� �c�o�m�p�o�n�e�n�t� �p�a�r�t�s� �a�n�d� �f�o�u�n�d� �t�h�a�t� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �a�v�e�r�a�g�e� �p�r�o�d�u�c�t�i�o�n� 

�c�o�s�t�s� �w�e�r�e� �t�h�e� �s�t�r�o�n�g�e�s�t� �p�r�e�d�i�c�t�o�r� �o�f� �f�i�r�m�s �� �i�n�t�e�g�r�a�t�i�o�n� �d�e�c�i�s�i�o�n�s�.� �A�s� �d�i�s�c�u�s�s�e�d� �a�b�o�v�e�,� �a�n� 

�i�m�p�o�r�t�a�n�t� �d�e�t�e�r�m�i�n�a�n�t� �o�f� �p�r�o�d�u�c�t�i�o�n� �c�o�s�t�s� �i�s� �t�h�e� �s�h�a�p�e� �o�f� �t�h�e� �t�o�t�a�l� �c�o�s�t� �c�u�r�v�e�,� �i�.�e�.�,� �t�h�e� 
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�p�r�e�s�e�n�c�e� �o�r� �a�b�s�e�n�c�e� �o�f� �e�c�o�n�o�m�i�e�s� �o�f� �s�c�a�l�e�;� �t�h�e�r�e�f�o�r�e� �W�a�l�k�e�r� �a�n�d� �W�e�b�e�r ��s� �r�e�s�u�l�t�s� �t�e�n�d� �t�o� 

�s�u�p�p�o�r�t� �t�h�e� �s�c�a�l�e� �e�c�o�n�o�m�i�e�s� �f�r�a�m�e�w�o�r�k�.� 

�J�o�h�n� �a�n�d� �W�e�i�t�z� �(�1�9�8�8�)� �s�u�r�v�e�y�e�d� �a� �s�a�m�p�l�e� �o�f� �8�7� �i�n�d�u�s�t�r�i�a�l� �f�i�r�m�s� �a�n�d� �f�o�u�n�d� �m�i�x�e�d� 

�s�u�p�p�o�r�t� �f�o�r� �t�h�e� �p�r�e�d�i�c�t�i�o�n�s� �o�f� �t�h�e� �s�c�a�l�e� �e�c�o�n�o�m�i�e�s� �f�r�a�m�e�w�o�r�k�.� �S�a�l�e�s� �t�e�r�r�i�t�o�r�i�e�s� �w�h�i�c�h� �w�e�r�e� 

�l�e�s�s� �d�e�n�s�e�l�y� �p�o�p�u�l�a�t�e�d� �w�i�t�h� �a� �f�i�r�m ��s� �c�u�s�t�o�m�e�r�s� �t�e�n�d�e�d� �t�o� �b�e� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �l�e�s�s� �i�n�t�e�g�r�a�t�e�d� 

�c�h�a�n�n�e�l�s� �o�f� �d�i�s�t�r�i�b�u�t�i�o�n�.� �A�s�s�u�m�i�n�g� �t�h�a�t� �t�h�e� �l�e�s�s� �d�e�n�s�e� �c�u�s�t�o�m�e�r� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �w�e�r�e� 

�c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �s�m�a�l�l�e�r� �c�h�a�n�n�e�l� �v�o�l�u�m�e�s�,� �t�h�e�s�e� �s�m�a�l�l�e�r� �v�o�l�u�m�e�s� �m�a�y� �h�a�v�e� �p�r�o�m�p�t�e�d� �f�i�r�m�s� �t�o� 

�s�p�i�n�-�o�f�f� �c�h�a�n�n�e�l� �f�u�n�c�t�i�o�n�s� �t�o� �i�n�t�e�r�m�e�d�i�a�r�y� �f�i�r�m�s�,� �w�h�o� �c�o�u�l�d� �c�o�m�b�i�n�e� �v�o�l�u�m�e�s� �f�r�o�m� �s�e�v�e�r�a�l� 

�p�r�o�d�u�c�e�r�s� �a�n�d� �r�e�a�l�i�z�e� �s�c�a�l�e� �e�c�o�n�o�m�i�e�s�.� 

�K�l�e�i�n� �(�1�9�8�9�)� �a�n�d� �K�l�e�i�n� �e�t� �a�l�.� �(�1�9�9�0�)� �s�u�r�v�e�y�e�d� �C�a�n�a�d�i�a�n� �e�x�p�o�r�t� �f�i�r�m�s� �t�o� �i�n�v�e�s�t�i�g�a�t�e� 

�t�h�e� �l�e�v�e�l� �o�f� �i�n�t�e�g�r�a�t�i�o�n� �i�n� �i�n�t�e�r�n�a�t�i�o�n�a�l� �m�a�r�k�e�t�s�.� �T�h�e�i�r� �r�e�s�u�l�t�s� �s�u�p�p�o�r�t�e�d� �t�h�e� �s�c�a�l�e� 

�e�c�o�n�o�m�i�e�s�/�f�u�n�c�t�i�o�n�a�l� �s�p�i�n�-�o�f�f� �f�r�a�m�e�w�o�r�k� �p�r�e�d�i�c�t�i�o�n�s� �b�y� �d�e�m�o�n�s�t�r�a�t�i�n�g� �t�h�a�t� �i�n�t�e�g�r�a�t�e�d� 

�c�h�a�n�n�e�l�s� �w�e�r�e� �t�h�e� �r�u�l�e� �w�h�e�n� �p�r�o�d�u�c�t� �s�a�l�e�s� �v�o�l�u�m�e� �w�a�s� �h�i�g�h�.� 

�A�n�d�e�r�s�o�n� �(�1�9�8�2�)� �a�n�d� �A�n�d�e�r�s�o�n� �a�n�d� �S�c�h�m�i�t�t�l�e�i�n� �(�1�9�8�4�)�,� �i�n� �a�n� �i�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �f�i�r�m�s �� 

�p�r�o�p�e�n�s�i�t�y� �t�o� �u�s�e� �d�i�r�e�c�t� �v�e�r�s�u�s� �i�n�d�i�r�e�c�t� �s�a�l�e�s� �f�o�r�c�e�s�,� �m�e�a�s�u�r�e�d� �c�h�a�n�n�e�l� �v�o�l�u�m�e� �b�y� 

�e�s�t�i�m�a�t�i�n�g� �t�h�e� �s�i�z�e� �o�f� �f�i�r�m�s� �i�n� �t�h�e� �s�t�u�d�y�.� �I�f� �f�i�r�m� �s�i�z�e� �i�s� �a�s�s�u�m�e�d� �t�o� �b�e� �i�n�d�i�c�a�t�i�v�e� �o�f� �c�h�a�n�n�e�l� 

�v�o�l�u�m�e�,� �t�h�e�s�e� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e�d� �a� �p�o�s�i�t�i�v�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �c�h�a�n�n�e�l� �v�o�l�u�m�e� �a�n�d� �t�h�e� 

�f�i�r�m ��s� �u�s�e� �o�f� �a� �d�i�r�e�c�t� �s�a�l�e�s� �f�o�r�c�e�,� �a� �f�i�n�d�i�n�g� �w�h�i�c�h� �s�u�p�p�o�r�t�s� �t�h�e� �p�r�e�d�i�c�t�i�o�n�s� �o�f� �t�h�e� �s�c�a�l�e� 

�e�c�o�n�o�m�i�e�s�/�f�u�n�c�t�i�o�n�a�l� �s�p�i�n�-�o�f�f� �f�r�a�m�e�w�o�r�k�.� 

�S�u�m�m�a�r�y� �o�f� �S�c�a�l�e� �E�c�o�n�o�m�i�e�s� �a�n�d� �F�u�n�c�t�i�o�n�a�l� �S�p�i�n�-�O�f�f� �F�r�a�m�e�w�o�r�k�s� 

�T�h�e�s�e� �t�w�o� �f�r�a�m�e�w�o�r�k�s� �a�d�d�r�e�s�s� �e�s�s�e�n�t�i�a�l�l�y� �t�h�e� �s�a�m�e� �i�s�s�u�e�,� �i�.�e�.�,� �p�r�o�d�u�c�t�i�o�n� �c�o�s�t�s�.� 

�A�l�t�h�o�u�g�h� �t�h�e�r�e� �i�s� �a� �f�a�i�r� �a�m�o�u�n�t� �o�f� �e�m�p�i�r�i�c�a�l� �s�u�p�p�o�r�t� �f�o�r� �t�h�i�s� �i�s�s�u�e� �w�i�t�h� �r�e�g�a�r�d� �t�o� �d�i�s�t�r�i�b�u�t�i�o�n� 

�c�o�s�t�s� �a�n�d� �c�h�a�n�n�e�l� �s�t�r�u�c�t�u�r�e�,� �t�h�e�r�e� �e�x�i�s�t�s� �w�i�t�h�i�n� �t�h�e�s�e� �f�r�a�m�e�w�o�r�k�s�  ��t�h�e� �b�i�a�s� �i�n� �f�a�v�o�r� �o�f� 

�p�r�o�d�u�c�t�i�o�n� �c�o�s�t� �d�e�t�e�r�m�i�n�i�s�m�"� �(�D�a�y� �a�n�d� �K�l�e�i�n� �1�9�8�7�,� �p�.� �4�6�)� �t�h�a�t� �c�h�a�r�a�c�t�e�r�i�z�e�s� �t�h�e� �m�a�j�o�r�i�t�y� �o�f� 

�2�2



�e�c�o�n�o�m�i�c�s� �l�i�t�e�r�a�t�u�r�e�.� �T�h�i�s� �b�i�a�s� �i�g�n�o�r�e�s� �t�h�e� �t�r�a�n�s�a�c�t�i�o�n� �c�o�s�t� �a�s�p�e�c�t� �o�f� �a�g�r�e�e�m�e�n�t�s� �a�n�d� 

�r�e�l�a�t�i�o�n�s�h�i�p�s� �a�m�o�n�g� �f�i�r�m�s� �i�n� �a� �d�i�s�t�r�i�b�u�t�i�o�n� �c�h�a�n�n�e�l�.� 

�M�A�R�K�E�T�S� �A�N�D� �S�E�R�V�I�C�E�S� � � 

�C�o�n�c�e�p�t�u�a�l� �R�e�s�e�a�r�c�h� 

�B�u�c�k�l�i�n� �(�1�9�6�6�)� �m�a�i�n�t�a�i�n�e�d� �t�h�a�t� �t�h�e� �s�t�r�u�c�t�u�r�e� �o�f� �d�i�s�t�r�i�b�u�t�i�o�n� �c�h�a�n�n�e�l�s� �a�r�o�s�e� �i�n� 

�r�e�s�p�o�n�s�e� �t�o� �c�o�m�p�e�t�i�t�i�v�e� �p�r�e�s�s�u�r�e�s�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �h�e� �c�o�n�t�e�n�d�e�d� �t�h�a�t� �s�p�e�c�i�a�l�i�z�a�t�i�o�n� �o�f� �l�a�b�o�r� 

�w�i�t�h�i�n� �a� �c�h�a�n�n�e�l� �h�a�d� �t�h�e� �g�o�a�l� �o�f� �a�c�c�o�m�p�l�i�s�h�i�n�g� �t�h�e� �c�h�a�n�n�e�l� �f�u�n�c�t�i�o�n�s� �a�t� �t�h�e� �l�o�w�e�s�t� �c�o�s�t�.� 

�B�u�c�k�l�i�n� �i�d�e�n�t�i�f�i�e�d� �t�h�r�e�e� �m�a�r�k�e�t� �a�n�d� �s�e�r�v�i�c�e�s� �f�a�c�t�o�r�s� �t�h�a�t� �w�e�r�e� �h�y�p�o�t�h�e�s�i�z�e�d� �t�o� �a�f�f�e�c�t� �t�h�e� 

�c�o�s�t�s� �i�n�v�o�l�v�e�d� �i�n� �c�h�a�n�n�e�l� �f�u�n�c�t�i�o�n�s�:� 

�1�)� �N�u�m�b�e�r� �a�n�d� �s�i�z�e� �o�f� �t�h�e� �f�i�r�m ��s� �c�u�s�t�o�m�e�r�s� 

�2�)� �G�e�o�g�r�a�p�h�i�c�a�l� �d�i�s�p�e�r�s�i�o�n�/�l�o�c�a�t�i�o�n� �o�f� �t�h�e� �f�i�r�m ��s� �c�u�s�t�o�m�e�r�s� 

�3�)� �C�u�s�t�o�m�e�r� �s�e�r�v�i�c�e� �r�e�q�u�i�r�e�m�e�n�t�s�,� �s�u�c�h� �a�s� �d�e�l�i�v�e�r�y� �t�i�m�e�,� �o�r�d�e�r� �s�i�z�e�,� �a�n�d� 
�a�v�a�i�l�a�b�i�l�i�t�y� �o�f� �p�r�o�d�u�c�t�s� 

�A�c�c�o�r�d�i�n�g� �t�o� �B�u�c�k�l�i�n�,� �d�i�r�e�c�t� �c�h�a�n�n�e�l�s� �a�r�e� �m�o�r�e� �e�f�f�i�c�i�e�n�t� �w�h�e�n� �a� �f�i�r�m� �f�a�c�e�s� �a� �f�e�w� �l�a�r�g�e� 

�c�u�s�t�o�m�e�r�s� �w�h�o� �a�r�e� �c�o�n�c�e�n�t�r�a�t�e�d� �g�e�o�g�r�a�p�h�i�c�a�l�l�y� �a�n�d� �d�e�m�a�n�d� �o�n�l�y� �m�o�d�e�r�a�t�e� �l�e�v�e�l�s� �o�f� 

�c�u�s�t�o�m�e�r� �s�e�r�v�i�c�e�,� �s�i�n�c�e� �t�h�e� �i�n�v�e�s�t�m�e�n�t�s� �i�n�v�o�l�v�e�d� �i�n� �s�e�r�v�i�n�g� �t�h�e�s�e� �c�u�s�t�o�m�e�r�s� �a�r�e� �m�o�r�e� �l�i�k�e�l�y� 

�t�o� �b�e� �r�e�c�o�v�e�r�e�d�.� �H�o�w�e�v�e�r�,� �i�f� �a� �f�i�r�m�'�s� �c�u�s�t�o�m�e�r�s� �i�n�c�l�u�d�e� �m�a�n�y� �s�m�a�l�l�,� �g�e�o�g�r�a�p�h�i�c�a�l�l�y� 

�d�i�s�p�e�r�s�e�d� �c�u�s�t�o�m�e�r�s�,� �w�h�o� �d�e�m�a�n�d� �h�i�g�h� �l�e�v�e�l�s� �o�f� �c�u�s�t�o�m�e�r� �s�e�r�v�i�c�e�,� �i�n�d�i�r�e�c�t� �c�h�a�n�n�e�l�s� �a�r�e� 

�m�o�r�e� �e�f�f�i�c�i�e�n�t�,� �s�i�n�c�e� �t�h�e� �c�o�s�t� �t�o� �t�h�e� �f�i�r�m� �o�f� �p�r�o�v�i�d�i�n�g� �t�h�e� �s�e�r�v�i�c�e� �l�e�v�e�l�s� �d�e�m�a�n�d�e�d� �t�o� �e�a�c�h� �o�f� 

�t�h�e�s�e� �s�m�a�l�l� �c�u�s�t�o�m�e�r�s� �w�o�u�l�d� �b�e� �p�r�o�h�i�b�i�t�i�v�e� �(�B�u�c�k�l�i�n� �1�9�6�6�;� �F�r�a�z�i�e�r� �1�9�9�0�;� �F�r�a�z�i�e�r�,� �S�a�w�h�e�n�y�,� 

�a�n�d� �S�h�e�r�v�a�n�i� �1�9�9�0�)�.� 

�2�3



�E�m�p�i�r�i�c�a�l� �R�e�s�e�a�r�c�h� 

�A�l�t�h�o�u�g�h� �t�h�e�r�e� �a�r�e� �n�o� �e�m�p�i�r�i�c�a�l� �s�t�u�d�i�e�s� �t�h�a�t� �e�x�p�l�i�c�i�t�l�y� �t�e�s�t�e�d� �B�u�c�k�l�i�n ��s� �p�r�e�d�i�c�t�i�o�n�s�,� 

�t�h�e� �r�e�s�u�l�t�s� �o�f� �b�o�t�h� �L�i�l�i�e�n� �(�1�9�7�9�)� �a�n�d� �A�n�d�e�r�s�o�n� �(�1�9�8�5�)� �s�u�p�p�o�r�t�e�d� �t�h�e� �c�u�s�t�o�m�e�r� �s�e�r�v�i�c�e� 

�r�e�q�u�i�r�e�m�e�n�t� �f�a�c�t�o�r� �m�e�n�t�i�o�n�e�d� �b�y� �B�u�c�k�l�i�n�.� �L�i�l�i�e�n� �f�o�u�n�d� �t�h�a�t� �r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �a� �h�i�g�h� �l�e�v�e�l� �o�f� 

�t�e�c�h�n�i�c�a�l� �s�e�r�v�i�c�e� �w�e�r�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �d�i�r�e�c�t� �c�h�a�n�n�e�l�s�,� �w�h�i�l�e� �A�n�d�e�r�s�o�n� �f�o�u�n�d� �t�h�a�t� �w�h�e�n� �t�h�e� 

�i�m�p�o�r�t�a�n�c�e� �o�f� �n�o�n�s�e�l�l�i�n�g� �a�c�t�i�v�i�t�i�e�s� �w�a�s� �h�i�g�h�,� �"�e�.�g�.�,� �.� �.� �.� �s�e�r�v�i�c�e� �f�r�o�m� �t�h�e� �s�a�l�e�s�p�e�r�s�o�n� �a�f�t�e�r� 

�t�h�e� �s�a�l�e�"� �(�1�9�8�5�,� �p�.� �2�4�6�)�,� �d�i�r�e�c�t� �s�a�l�e�s� �f�o�r�c�e�s� �t�e�n�d�e�d� �t�o� �b�e� �t�h�e� �r�u�l�e�.� 

�S�u�m�m�a�r�y� �o�f� �M�a�r�k�e�t�s� �a�n�d� �S�e�r�v�i�c�e�s� �F�r�a�m�e�w�o�r�k� 

�T�w�o� �p�o�i�n�t�s� �r�e�g�a�r�d�i�n�g� �t�h�i�s� �f�r�a�m�e�w�o�r�k� �a�r�e� �n�o�t�e�w�o�r�t�h�y�.� �O�n�e� �i�s� �i�t�s� �e�m�p�h�a�s�i�s� �o�n� 

�c�u�s�t�o�m�e�r� �d�e�m�a�n�d�s�,� �a�n�d� �t�h�e� �o�t�h�e�r� �i�s� �t�h�e� �c�o�n�s�i�d�e�r�a�t�i�o�n� �t�h�a�t� �t�h�e� �f�r�a�m�e�w�o�r�k� �g�i�v�e�s� �t�o� �t�h�e� �r�o�l�e� 

�o�f� �l�o�g�i�s�t�i�c�s� �(�p�h�y�s�i�c�a�l� �d�i�s�t�r�i�b�u�t�i�o�n�)� �f�u�n�c�t�i�o�n�s� �i�n� �c�h�a�n�n�e�l� �i�n�t�e�g�r�a�t�i�o�n� �d�e�c�i�s�i�o�n�s� �(�F�r�a�z�i�e�r�,� 

�S�a�w�h�e�n�y�,� �a�n�d� �S�h�e�r�v�a�n�i� �1�9�9�0�)�.� 

�T�R�A�N�S�A�C�T�I�O�N� �C�O�S�T� �A�N�A�L�Y�S�I�S� 

�C�o�n�c�e�p�t�u�a�l� �R�e�s�e�a�r�c�h� 

�T�h�e� �p�r�i�m�a�r�y� �c�o�n�t�r�i�b�u�t�o�r�s� �t�o� �t�h�e� �c�o�n�c�e�p�t�u�a�l� �f�o�u�n�d�a�t�i�o�n� �o�f� �t�h�e� �T�C�A� �f�r�a�m�e�w�o�r�k� �a�r�e� 

�R�o�n�a�l�d� �C�o�a�s�e� �(�1�9�3�7�)�,� �G�e�o�r�g�e� �S�t�i�g�l�e�r� �(�1�9�5�1�)�,� �H�e�r�b�e�r�t� �S�i�m�o�n� �(�1�9�5�7�)�,� �K�e�n�n�e�t�h� �A�r�r�o�w� �(�1�9�6�1�)�,� 

�a�n�d� �O�l�i�v�e�r� �W�i�l�l�i�a�m�s�o�n� �(�1�9�7�1�,� �1�9�7�5�,� �1�9�7�9�,� �1�9�8�1�a�,� �1�9�8�1�b�,� �1�9�8�5�,� �1�9�8�8�,� �1�9�9�1�)�,� �b�u�t� 

�e�l�e�m�e�n�t�s� �o�f� �t�h�i�s� �c�o�n�c�e�p�t�u�a�l� �f�r�a�m�e�w�o�r�k� �c�a�n� �b�e� �s�e�e�n� �i�n� �e�a�r�l�i�e�r� �e�c�o�n�o�m�i�c� �w�r�i�t�i�n�g�s�.� 

�A�s� �e�a�r�l�y� �a�s� �1�9�2�7�,� �L�a�v�i�n�g�t�o�n�,� �i�n� �c�o�m�m�e�n�t�s� �b�a�s�e�d� �o�n� �M�a�r�s�h�a�l�l�'�s� �I�n�d�u�s�t�r�y� �a�n�d� �T�r�a�d�e�,� 

�c�o�m�m�e�n�t�e�d� �o�n� �"�c�e�r�t�a�i�n� �t�e�c�h�n�i�c�a�l� �c�o�n�d�i�t�i�o�n�s� �w�h�i�c�h� �p�a�r�t�i�a�l�l�y� �n�e�u�t�r�a�l�i�z�e� �t�h�e� �e�f�f�e�c�t� �.�.� �.� �o�f� �t�h�e� 

�m�a�i�n� �f�o�r�c�e�s� �w�o�r�k�i�n�g� �f�o�r� �t�h�e� �v�e�r�t�i�c�a�l� �d�i�s�s�o�l�u�t�i�o�n� �o�f� �p�r�o�c�e�s�s�e�s �� �(�p�.� �2�7�}�.� �L�a�v�i�n�g�t�o�n ��s� 

�d�i�s�c�u�s�s�i�o�n� �o�f� �t�h�e� �"�t�e�c�h�n�i�c�a�l� �c�o�n�d�i�t�i�o�n�s�"� �i�s� �r�e�m�a�r�k�a�b�l�y� �s�i�m�i�l�a�r� �t�o� �W�i�l�l�i�a�m�s�o�n�'�s� �(�1�9�7�5�)� 

�e�x�p�l�i�c�a�t�i�o�n� �o�f� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �a�n�d� �u�n�c�e�r�t�a�i�n�t�y�.� 

�2�4



�J�e�w�k�e�s� �(�1�9�3�0�)� �d�i�s�c�u�s�s�e�d� 

�[�t�h�e� �d�i�s�t�i�n�c�t�i�o�n�]� �b�e�t�w�e�e�n� �i�t�s� �[�i�n�t�e�g�r�a�t�i�o�n ��s�]� �a�d�v�a�n�t�a�g�e�s� �o�n� �t�h�e� �o�n�e� �s�i�d�e�,� �d�u�r�i�n�g� 
�p�e�r�i�o�d�s� �o�f� �r�e�l�a�t�i�v�e� �s�t�a�b�i�l�i�t�y� �a�n�d� �f�r�e�e� �c�o�m�p�e�t�i�t�i�o�n� �a�n�d�,� �o�n� �t�h�e� �o�t�h�e�r�,� �w�h�e�n� �m�o�n�o�p�o�l�y� 
�i�n�f�l�u�e�n�c�e�s� �a�r�e� �a�t� �w�o�r�k� �(�e�m�p�h�a�s�i�s� �a�d�d�e�d�)� �(�p�.� �6�2�2�)�.� 

�I�n� �a�d�d�i�t�i�o�n�,� �J�e�w�k�e�s� �a�l�l�u�d�e�d� �t�o� 

�t�h�e� �d�i�v�e�r�s�e� �w�a�y�s� �i�n� �w�h�i�c�h� �i�n�t�e�g�r�a�t�i�o�n� �r�e�a�c�t�s� �t�o� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �n�a�t�u�r�e� �o�f� �t�h�e� 
�s�u�r�r�o�u�n�d�i�n�g� �e�c�o�n�o�m�y� �(�p�.� �6�3�8�)�.� 

�E�c�h�o�e�s� �o�f� �J�e�w�k�e�s �� �c�o�n�t�r�a�s�t� �b�e�t�w�e�e�n� �f�r�e�e� �c�o�m�p�e�t�i�t�i�o�n� �a�n�d� �m�o�n�o�p�o�l�y� �c�a�n� �b�e� �r�e�c�o�g�n�i�z�e�d� �i�n� 

�W�i�l�l�i�a�m�s�o�n ��s� �(�1�9�7�5�)� �d�i�s�c�u�s�s�i�o�n� �o�f� �s�m�a�l�l� �n�u�m�b�e�r�s� �b�a�r�g�a�i�n�i�n�g� �w�h�e�n� �s�p�e�c�i�f�i�c� �a�s�s�e�t�s� �a�r�e� 

�i�n�v�o�l�v�e�d�,� �w�h�i�l�e� �t�h�e� �f�i�r�m ��s� �r�e�a�c�t�i�o�n� �t�o� �t�h�e� �"�n�a�t�u�r�e� �o�f� �t�h�e� �s�u�r�r�o�u�n�d�i�n�g� �e�c�o�n�o�m�y�,�"� �r�e�f�e�r�r�e�d� �t�o� 

�b�y� �J�e�w�k�e�s�,� �i�s� �r�e�f�l�e�c�t�e�d� �i�n� �W�i�l�l�i�a�m�s�o�n�'�s� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �o�f� �l�e�v�e�l�s� �o�f� �i�n�t�e�g�r�a�t�i�o�n� �a�n�d� 

�u�n�c�e�r�t�a�i�n�t�y�.� 

�C�o�a�s�e�.� �C�o�a�s�e ��s� �"�T�h�e� �N�a�t�u�r�e� �o�f� �t�h�e� �F�i�r�m�"� �(�1�9�3�7�)� �a�t�t�e�m�p�t�e�d� �t�o� �d�e�a�l� �w�i�t�h� �d�e�f�i�c�i�e�n�c�i�e�s� 
� � 

�i�n� �c�l�a�s�s�i�c� �e�c�o�n�o�m�i�c� �t�h�e�o�r�y� �a�n�d� �d�i�s�c�o�v�e�r� �w�h�y� �f�i�r�m�s� �e�x�i�s�t�.� �H�i�s� �p�r�i�m�a�r�y� �c�o�n�t�r�i�b�u�t�i�o�n� �w�a�s� �a�n� 

�e�x�a�m�i�n�a�t�i�o�n� �a�n�d� �c�r�i�t�i�q�u�e� �o�f� �a� �f�u�n�d�a�m�e�n�t�a�l� �a�s�s�u�m�p�t�i�o�n� �o�f� �c�l�a�s�s�i�c�a�l� �e�c�o�n�o�m�i�c� �t�h�e�o�r�y�,� �i�.�e�.�,� 

�t�h�a�t� �t�h�e� �p�r�i�c�e� �m�e�c�h�a�n�i�s�m� �f�o�r� �r�e�g�u�l�a�t�i�n�g� �m�a�r�k�e�t�s� �i�s� �c�o�s�t�l�e�s�s�.� �C�o�a�s�e� �m�a�i�n�t�a�i�n�e�d� �t�h�a�t� �f�i�r�m�s� 

�e�x�i�s�t� �b�e�c�a�u�s�e� �i�n�f�o�r�m�a�t�i�o�n� �i�s�,� �i�n� �f�a�c�t�,� �i�m�p�e�r�f�e�c�t� �a�n�d� �c�o�s�t�l�y�;� �t�h�a�t� �i�s�,� �m�a�r�k�e�t�s� �a�r�e� �c�h�a�r�a�c�t�e�r�i�z�e�d� 

�b�y� �i�n�f�o�r�m�a�t�i�o�n� �a�s�y�m�m�e�t�r�i�e�s� �a�n�d� �e�x�c�h�a�n�g�e� �c�o�s�t�s�.� �I�n� �C�o�a�s�e ��s� �w�o�r�d�s�:� 

�t�h�e� �o�p�e�r�a�t�i�o�n� �o�f� �a� �m�a�r�k�e�t� �c�o�s�t�s� �s�o�m�e�t�h�i�n�g� �a�n�d� �b�y� �f�o�r�m�i�n�g� �a�n� �o�r�g�a�n�i�z�a�t�i�o�n� �[�t�h�e� �f�i�r�m�]� 
�a�n�d� �a�l�l�o�w�i�n�g� �s�o�m�e� �a�u�t�h�o�r�i�t�y� �.� �.� �.� �t�o� �d�i�r�e�c�t� �t�h�e� �r�e�s�o�u�r�c�e�s�,� �c�e�r�t�a�i�n� �.� �.� �.� �c�o�s�t�s� �a�r�e� �s�a�v�e�d� 
�(�p�.�3�3�8�)�.� 

�I�n� �a� �l�a�t�e�r� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �t�r�a�n�s�a�c�t�i�o�n� �c�o�s�t�s� �C�o�a�s�e� �(�1�9�8�8�b�)� �w�r�o�t�e�:� 

�T�h�e�r�e� �a�r�e� �a� �v�a�s�t� �n�u�m�b�e�r� �o�f� �p�o�s�s�i�b�l�e� �c�o�n�t�r�a�c�t�u�a�l� �a�r�r�a�n�g�e�m�e�n�t�s� �l�[�i�.�e�.�,� �n�e�g�o�t�i�a�t�i�o�n�s� �a�n�d� 
�a�f�f�i�l�i�a�t�i�o�n�s�]� �b�u�t�,� �a�b�s�e�n�t� �f�i�r�m�s�,� �.� �.� �.� �a� �g�r�e�a�t� �p�a�r�t� �o�f� �t�h�e� �a�v�a�i�l�a�b�l�e� �r�e�s�o�u�r�c�e�s� �w�o�u�l�d� �b�e� 
�a�b�s�o�r�b�e�d� �i�n� �m�a�k�i�n�g� �t�h�e� �a�r�r�a�n�g�e�m�e�n�t�s� �f�o�r� �t�h�e� �c�o�n�t�r�a�c�t�s� �n�e�e�d�e�d� �t�o� �b�r�i�n�g� �a�b�o�u�t� �t�h�e�s�e� 
�t�r�a�n�s�a�c�t�i�o�n�s� �a�n�d� �i�n� �p�r�o�v�i�d�i�n�g� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �t�h�e� �b�a�s�i�s� �o�f� �w�h�i�c�h� �d�e�c�i�s�i�o�n�s� �w�o�u�l�d� 
�b�e� �m�a�d�e� �(�p�.� �3�8�)�.� 

�S�t�i�g�l�e�r�.� �T�h�e� �f�u�n�d�a�m�e�n�t�a�l� �p�r�e�m�i�s�e� �o�f� �G�e�o�r�g�e� �S�t�i�g�l�e�r ��s� �(�1�9�5�1�)� �a�r�t�i�c�l�e� �"�T�h�e� �D�i�v�i�s�i�o�n� �o�f� 

�L�a�b�o�r� �i�s� �L�i�m�i�t�e�d� �b�y� �t�h�e� �E�x�t�e�n�t� �o�f� �t�h�e� �M�a�r�k�e�t�"� �(�a�s� �d�i�s�c�u�s�s�e�d� �a�b�o�v�e� �u�n�d�e�r� �S�C�A�L�E� 

�2�5



�E�C�O�N�O�M�I�E�S� �A�N�D� �F�U�N�C�T�I�O�N�A�L� �S�P�I�N�-�O�F�F�)� �i�s� �t�h�a�t� �t�h�e� �l�e�v�e�l� �o�f� �i�n�t�e�g�r�a�t�i�o�n� �d�e�p�e�n�d�s� �o�n� �t�h�e� 

�m�a�t�u�r�i�t�y� �o�f� �t�h�e� �i�n�d�u�s�t�r�y� �o�r� �m�a�r�k�e�t�.� �A�c�c�o�r�d�i�n�g� �t�o� �S�t�i�g�l�e�r ��s� �p�r�e�d�i�c�t�i�o�n�s�,� �f�i�r�m�s� �i�n� �b�o�t�h� �n�e�w� �a�n�d� 

�d�e�c�l�i�n�i�n�g� �m�a�r�k�e�t�s� �t�e�n�d� �t�o� �b�e� �v�e�r�t�i�c�a�l�l�y� �i�n�t�e�g�r�a�t�e�d� �b�e�c�a�u�s�e� �t�h�e� �m�a�r�k�e�t� �i�s� �n�o�t� �d�e�v�e�l�o�p�e�d� 

�e�n�o�u�g�h� �t�o� �s�u�p�p�o�r�t� �t�h�e� �e�x�i�s�t�e�n�c�e� �o�f� �f�u�n�c�t�i�o�n�a�l� �i�n�t�e�r�m�e�d�i�a�r�i�e�s� �o�r� �s�p�e�c�i�a�l�i�s�t�s�,� �w�h�i�l�e� �f�i�r�m�s� �i�n� 

�m�a�t�u�r�e�,� �v�i�t�a�l� �m�a�r�k�e�t�s� �a�r�e� �l�e�s�s� �i�n�t�e�g�r�a�t�e�d� �b�e�c�a�u�s�e� �t�h�e�s�e� �m�a�r�k�e�t�s� �c�a�n� �s�u�p�p�o�r�t� �t�h�e� �e�x�i�s�t�e�n�c�e� 

�o�f� �f�u�n�c�t�i�o�n�a�l� �s�p�e�c�i�a�l�i�s�t�s� �t�h�a�t� �c�a�n� �p�r�o�f�i�t�a�b�l�y� �p�e�r�f�o�r�m� �i�n�t�e�r�m�e�d�i�a�t�e� �t�a�s�k�s�.� 

�S�t�i�g�l�e�r ��s� �p�r�i�m�a�r�y� �c�o�n�t�r�i�b�u�t�i�o�n� �t�o� �T�C�A� �c�a�n� �b�e� �s�e�e�n� �i�n� �W�i�l�l�i�a�m�s�o�n ��s� �e�x�p�l�i�c�a�t�i�o�n� �o�f� �t�h�e� 

�t�r�a�n�s�a�c�t�i�o�n� �d�i�m�e�n�s�i�o�n� �o�f� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y�.� �A�s� �d�i�s�c�u�s�s�e�d� �b�e�l�o�w� �(�s�e�e� �W�i�l�l�i�a�m�s�o�n�)�,� �t�h�e� �c�e�n�t�r�a�l� 

�t�h�e�m�e� �o�f� �t�h�e� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �d�i�m�e�n�s�i�o�n� �i�s� �t�h�e� �c�o�n�c�e�p�t� �o�f� �s�m�a�l�l� �n�u�m�b�e�r�s� �b�a�r�g�a�i�n�i�n�g�,� �w�i�t�h� 

�t�h�e� �c�o�n�c�o�m�i�t�a�n�t� �i�n�c�r�e�a�s�e� �i�n� �t�r�a�n�s�a�c�t�i�o�n� �c�o�s�t�s�.� �T�h�e� �f�a�c�t� �t�h�a�t� �o�n�l�y� �s�m�a�l�l� �n�u�m�b�e�r�s� �o�f� 

�i�n�t�e�r�m�e�d�i�a�r�i�e�s� �o�r� �s�p�e�c�i�a�l�i�s�t�s� �a�r�e� �p�r�e�s�e�n�t� �i�n� �a�n� �i�n�d�u�s�t�r�y� �o�r� �m�a�r�k�e�t� �i�s� �a� �d�i�r�e�c�t� �r�e�s�u�l�t� �o�f� �A�d�a�m� 

�S�m�i�t�h ��s� �t�h�e�o�r�e�m� �t�h�a�t� �t�h�e� �"�d�i�v�i�s�i�o�n� �o�f� �l�a�b�o�r� �[�s�p�e�c�i�a�l�i�z�a�t�i�o�n�]� �i�s� �l�i�m�i�t�e�d� �b�y� �t�h�e� �e�x�t�e�n�t� �o�f� �t�h�e� 

�m�a�r�k�e�t �� �(�S�t�i�g�l�e�r� �1�9�5�1�,� �p�.� �1�8�5�)�.� 

�S�i�m�o�n�.� �H�e�r�b�e�r�t� �S�i�m�o�n ��s� �(�1�9�5�7�)� �c�o�n�t�r�i�b�u�t�i�o�n� �t�o� �T�C�A� �d�e�r�i�v�e�s� �f�r�o�m� �h�i�s� �c�l�a�r�i�f�i�c�a�t�i�o�n� �o�f� 

� � 

�b�o�u�n�d�e�d� �r�a�t�i�o�n�a�l�i�t�y�,� �w�h�i�c�h� �a�p�p�e�a�r�s� �a�s� �o�n�e� �o�f� �t�w�o� �i�m�p�o�r�t�a�n�t� �b�e�h�a�v�i�o�r�a�l� �a�s�s�u�m�p�t�i�o�n�s� �i�n� �t�h�e� 

�T�C�A� �f�r�a�m�e�w�o�r�k�.� �D�e�c�i�s�i�o�n� �m�a�k�e�r�s� �a�r�e� �s�a�i�d� �t�o� �e�x�h�i�b�i�t� �b�o�u�n�d�e�d� �r�a�t�i�o�n�a�l�i�t�y� �b�e�c�a�u�s�e�,� �a�l�t�h�o�u�g�h� 

�t�h�e�y� �m�a�y� �i�n�t�e�n�d� �t�o� �m�a�k�e� �r�a�t�i�o�n�a�l� �d�e�c�i�s�i�o�n�s�,� �t�h�i�s� �r�a�t�i�o�n�a�l�i�t�y� �i�s� �r�e�s�t�r�i�c�t�e�d� �b�y� �t�h�e� �f�a�c�t� �t�h�a�t� 

�a�c�q�u�i�s�i�t�i�o�n� �o�f� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �a�l�l� �p�o�s�s�i�b�l�e� �a�l�t�e�r�n�a�t�i�v�e�s� �i�s� �l�i�m�i�t�e�d� �a�n�d� �c�o�s�t�l�y�.� 

�A�r�r�o�w�.� �K�e�n�n�e�t�h� �A�r�r�o�w� �(�1�9�6�9�)� �s�u�b�m�i�t�t�e�d� �t�e�s�t�i�m�o�n�y� �t�o� �t�h�e� �C�o�n�g�r�e�s�s�i�o�n�a�l� �J�o�i�n�t� 

�E�c�o�n�o�m�i�c� �C�o�m�m�i�t�t�e�e� �t�h�a�t� �a�t�t�e�m�p�t�e�d� �t�o� �e�x�p�l�a�i�n� �m�a�r�k�e�t� �f�a�i�l�u�r�e�,� �i�.�e�.�,� �t�o� �c�l�a�r�i�f�y� �t�h�e� �c�o�n�d�i�t�i�o�n�s� 

�u�n�d�e�r� �w�h�i�c�h� �t�h�e� �"�p�r�i�c�e� �s�y�s�t�e�m� �i�s� �a�n� �e�f�f�i�c�i�e�n�t� �r�e�s�o�u�r�c�e� �a�l�l�o�c�a�t�i�n�g� �m�e�c�h�a�n�i�s�m� �.� �.� �.� �[�a�s� �w�e�l�l� �a�s�]� 

�w�h�e�n� �i�t� �f�a�i�l�s� �t�o� �f�u�n�c�t�i�o�n�"� �(�p�.�4�7�)�.� �A�r�r�o�w� �p�o�i�n�t�e�d� �o�u�t� �t�h�a�t� �u�n�d�e�r� �c�e�r�t�a�i�n� �c�o�n�d�i�t�i�o�n�s�,� 

�t�r�a�n�s�a�c�t�i�o�n� �c�o�s�t�s� �i�n�t�e�r�f�e�r�e� �w�i�t�h� �m�a�r�k�e�t� �(�p�r�i�c�e�)� �a�l�l�o�c�a�t�i�o�n� �o�f� �r�e�s�o�u�r�c�e�s�.� �H�e� �d�e�f�i�n�e�d� 

�t�r�a�n�s�a�c�t�i�o�n� �c�o�s�t�s� �a�s� �t�h�e� �"�c�o�s�t�s� �o�f� �r�u�n�n�i�n�g� �t�h�e� �e�c�o�n�o�m�i�c� �s�y�s�t�e�m �� �(�p�.� �4�8�)�,� �i�.�e�.�,� �t�h�e� �"�c�o�s�t�s� �o�f� 

�b�a�r�g�a�i�n�i�n�g�,� �a�s�s�e�m�b�l�i�n�g� �i�n�f�o�r�m�a�t�i�o�n�,� �m�o�n�i�t�o�r�i�n�g� �c�o�m�p�l�i�a�n�c�e� �w�i�t�h� �a�g�r�e�e�m�e�n�t�s �� �(�J�o�h�n� �1�9�8�4�,� 

�2�6



�p�.� �2�7�9�)� �a�n�d� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �v�e�r�t�i�c�a�l� �i�n�t�e�g�r�a�t�i�o�n� �o�c�c�u�r�s� �w�h�e�n� �t�h�e� �c�o�s�t�s� �o�f� �i�n�t�r�a�f�i�r�m� �"�b�u�y�i�n�g� 

�a�n�d� �s�e�l�l�i�n�g �� �a�r�e� �l�o�w�e�r� �t�h�a�n� �t�h�e� �c�o�s�t�s� �o�f� �b�u�y�i�n�g� �a�n�d� �s�e�l�l�i�n�g� �o�n� �t�h�e� �m�a�r�k�e�t�.� 

�A�r�r�o�w ��s� �c�o�n�t�r�i�b�u�t�i�o�n�s� �t�o� �T�C�A� �a�r�e� �d�e�r�i�v�e�d� �p�r�i�m�a�r�i�l�y� �f�r�o�m� �h�i�s� �d�i�s�c�u�s�s�i�o�n�s� �o�f�:� �1�)� 

�u�n�c�e�r�t�a�i�n�t�y� �"�a�s� �t�o� �w�h�i�c�h� �o�f� �s�e�v�e�r�a�l� �s�t�a�t�e�s� �o�f� �t�h�e� �w�o�r�l�d� �w�i�l�l� �o�b�t�a�i�n�"� �(�p�.� �5�4�)�,� �2�)� �i�n�f�o�r�m�a�t�i�o�n� 

�a�s�y�m�m�e�t�r�i�e�s�,� �3�)� �a�p�p�r�o�p�r�i�a�b�i�l�i�t�y� �o�f� �c�o�m�m�o�d�i�t�i�e�s�,� �a�n�d� �4�)� �s�m�a�l�l� �n�u�m�b�e�r�s� �o�f� �b�u�y�e�r�s� �a�n�d� �s�e�l�l�e�r�s�.� 

�T�h�e�s�e� �t�h�e�m�e�s� �c�a�n� �b�e� �s�e�e�n� �i�n� �W�i�l�l�i�a�m�s�o�n�'�s� �(�1�9�7�5�,� �1�9�8�5�)� �a�r�g�u�m�e�n�t�s� �r�e�g�a�r�d�i�n�g�:� �1�)� 

�u�n�c�e�r�t�a�i�n�t�y�,� �2�)� �o�p�p�o�r�t�u�n�i�s�m�,� �3�)� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y�,� �a�n�d� �4�)� �s�m�a�l�l� �n�u�m�b�e�r�s� �b�a�r�g�a�i�n�i�n�g�.� 

�W�i�l�l�i�a�m�s�o�n�.� �D�e�s�p�i�t�e� �t�h�e� �f�a�c�t� �t�h�a�t� �C�o�a�s�e�,� �S�t�i�g�l�e�r�,� �S�i�m�o�n�,� �a�n�d� �A�r�r�o�w� �m�a�d�e� �s�i�g�n�i�f�i�c�a�n�t� 

�c�o�n�c�e�p�t�u�a�l� �c�o�n�t�r�i�b�u�t�i�o�n�s� �t�o� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �T�C�A� �f�r�a�m�e�w�o�r�k�,� �O�l�i�v�e�r� �W�i�l�l�i�a�m�s�o�n� �i�s� 

�g�e�n�e�r�a�l�l�y� �a�c�k�n�o�w�l�e�d�g�e�d� �t�o� �b�e� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �d�e�v�e�l�o�p�i�n�g� �T�C�A� �s�u�f�f�i�c�i�e�n�t�l�y� �t�o� �p�e�r�m�i�t� 

�h�y�p�o�t�h�e�s�i�s� �t�e�s�t�i�n�g�.� �A�l�t�h�o�u�g�h� �p�o�r�t�i�o�n�s� �o�f� �W�i�l�l�i�a�m�s�o�n�'�s� �f�r�a�m�e�w�o�r�k� �h�a�v�e� �i�m�p�l�i�c�a�t�i�o�n�s� �f�o�r� 

�a�n�t�i�t�r�u�s�t� �i�s�s�u�e�s�,� �l�a�b�o�r� �r�e�l�a�t�i�o�n�s�,� �a�n�d� �o�r�g�a�n�i�z�a�t�i�o�n�a�l� �f�o�r�m�s� �(�1�9�7�5�,� �1�9�8�5�)�,� �t�h�e� �r�e�l�e�v�a�n�t� �p�o�r�t�i�o�n�s� 

�o�f� �t�h�e� �T�C�A� �f�r�a�m�e�w�o�r�k� �f�o�r� �t�h�e� �p�r�e�s�e�n�t� �s�t�u�d�y� �c�o�n�c�e�r�n�:� �1�)� �t�h�e� �b�e�h�a�v�i�o�r�a�l� �a�s�s�u�m�p�t�i�o�n�s� �a�n�d� �2�)� 

�t�h�e� �d�i�m�e�n�s�i�o�n�a�l�i�z�i�n�g� �o�f� �t�r�a�n�s�a�c�t�i�o�n�s�.� 

�I�n� �h�i�s� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �t�h�e� �b�e�h�a�v�i�o�r�a�l� �a�s�s�u�m�p�t�i�o�n�s� �o�f� �t�h�e� �T�C�A� �f�r�a�m�e�w�o�r�k�,� �W�i�l�l�i�a�m�s�o�n� 

�a�s�s�e�r�t�e�d� �t�h�a�t� 

�t�r�a�n�s�a�c�t�i�o�n� �c�o�s�t� �a�n�a�l�y�s�i�s� �c�h�a�r�a�c�t�e�r�i�z�e�s� �h�u�m�a�n� �n�a�t�u�r�e� �a�s� �w�e� �k�n�o�w� �i�t� �b�y� �r�e�f�e�r�e�n�c�e� �t�o� 
�b�o�u�n�d�e�d� �r�a�t�i�o�n�a�l�i�t�y� �a�n�d� �o�p�p�o�r�t�u�n�i�s�m�.� �T�h�e� �f�i�r�s�t� �a�c�k�n�o�w�l�e�d�g�e�s� �l�i�m�i�t�s� �o�n� �c�o�g�n�i�t�i�v�e� 
�c�o�m�p�e�t�e�n�c�e�.� �T�h�e� �s�e�c�o�n�d� �s�u�b�s�t�i�t�u�t�e�s� �s�u�b�t�l�e� �f�o�r� �s�i�m�p�l�e� �s�e�l�f� �i�n�t�e�r�e�s�t� �s�e�e�k�i�n�g� 
�{�e�m�p�h�a�s�i�s� �a�d�d�e�d�)� �(�1�9�8�5�,� �p�.� �4�4�)�.� 

�B�o�u�n�d�e�d� �r�a�t�i�o�n�a�l�i�t�y� �i�s� �a� �"�s�e�m�i�s�t�r�o�n�g� �f�o�r�m� �o�f� �r�a�t�i�o�n�a�l�i�t�y �� �(�W�i�l�l�i�a�m�s�o�n� �1�9�8�5�,� �p�.� �4�5�)� 

�t�h�a�t� �a�c�k�n�o�w�l�e�d�g�e�s� �h�u�m�a�n� �l�i�m�i�t�s� �o�n� �r�a�t�i�o�n�a�l� �d�e�c�i�s�i�o�n� �m�a�k�i�n�g� �a�b�i�l�i�t�i�e�s�.� �R�e�f�e�r�e�n�c�i�n�g� �A�r�r�o�w ��s� 

�d�i�s�c�u�s�s�i�o�n� �o�f� �i�n�f�o�r�m�a�t�i�o�n� �a�s�y�m�m�e�t�r�i�e�s� �a�n�d� �m�a�r�k�e�t� �f�a�i�l�u�r�e�,� �b�o�u�n�d�e�d� �r�a�t�i�o�n�a�l�i�t�y� �c�a�n� �b�e� 

�t�h�o�u�g�h�t� �o�f� �a�s� �a� �c�o�n�s�e�q�u�e�n�c�e� �o�f� �t�h�e� �c�o�s�t� �o�f� �a�c�q�u�i�r�i�n�g� �i�n�f�o�r�m�a�t�i�o�n�.� �U�n�d�e�r� �t�h�e� �a�s�s�u�m�p�t�i�o�n� �o�f� 

�b�o�u�n�d�e�d� �r�a�t�i�o�n�a�l�i�t�y�,� �t�r�a�n�s�a�c�t�i�o�n� �c�o�s�t�s�,� �w�h�i�c�h� �a�r�e� �t�h�e� �c�o�s�t�s� �o�f� �"�p�l�a�n�n�i�n�g�,� �a�d�a�p�t�i�n�g�,� �a�n�d� 
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�m�o�n�i�t�o�r�i�n�g� �t�r�a�n�s�a�c�t�i�o�n�s �� �(�W�i�l�l�i�a�m�s�o�n� �1�9�8�5�,� �p�.� �4�6�)�,� �a�s�s�u�m�e� �i�n�c�r�e�a�s�e�d� �s�i�g�n�i�f�i�c�a�n�c�e� �i�n� �t�h�e� 

�i�s�s�u�e� �o�f� �S�t�r�u�c�t�u�r�i�n�g� �e�c�o�n�o�m�i�c� �a�c�t�i�v�i�t�i�e�s�.� 

�W�i�l�l�i�a�m�s�o�n� �(�1�9�8�8�)� �m�a�i�n�t�a�i�n�e�d� �t�h�a�t� �o�p�p�o�r�t�u�n�i�s�m� �r�e�q�u�i�r�e�s� �e�c�o�n�o�m�i�c� �a�c�t�i�v�i�t�y� �t�o� �b�e� 

�o�r�g�a�n�i�z�e�d� �s�o� �t�h�a�t� �p�a�r�t�i�e�s� �w�h�o� �v�o�l�u�n�t�a�r�i�l�y� �c�a�r�r�y� �o�u�t� �t�h�e� �t�e�r�m�s� �o�f� �a�n� �a�g�r�e�e�m�e�n�t� �(�c�o�n�t�r�a�c�t�)� �w�i�l�l� 

�n�o�t� �b�e� �i�n�j�u�r�e�d� �b�y� �p�a�r�t�i�e�s� �w�h�o� �f�a�i�l� �t�o� �a�d�h�e�r�e� �t�o� �t�h�e� �c�o�n�t�r�a�c�t�.� �T�a�b�l�e� �2� �s�u�m�m�a�r�i�z�e�s� �t�h�e� 

�g�o�v�e�r�n�a�n�c�e�/�e�c�o�n�o�m�i�c� �s�t�r�u�c�t�u�r�e� �i�m�p�l�i�c�a�t�i�o�n�s� �o�f� �t�h�e� �b�e�h�a�v�i�o�r�a�l� �a�s�s�u�m�p�t�i�o�n�s� �o�f� �T�C�A�.� 

�T�h�e� �T�C�A� �f�r�a�m�e�w�o�r�k� �e�x�a�m�i�n�e�s� �t�h�e� �e�x�t�e�n�t� �o�f� �f�i�r�m� �b�o�u�n�d�a�r�i�e�s�,� �i�.�e�.�,� �w�h�i�c�h� �f�u�n�c�t�i�o�n�s� 

�a�r�e� �o�r�g�a�n�i�z�e�d� �i�n�t�e�r�n�a�l�l�y� �v�e�r�s�u�s� �e�x�t�e�r�n�a�l�l�y�,� �b�y� �s�c�r�u�t�i�n�i�z�i�n�g� �t�h�e� �t�r�a�n�s�a�c�t�i�o�n�(�s�)� �t�h�a�t� �m�u�s�t� �o�c�c�u�r� 

�i�n� �o�r�d�e�r� �t�o� �p�e�r�f�o�r�m� �a� �f�u�n�c�t�i�o�n�.� �T�h�e� �f�r�a�m�e�w�o�r�k� �c�o�n�s�i�d�e�r�s� �t�h�e� �r�a�n�g�e� �o�f� �m�e�t�h�o�d�s� �f�o�r� 

�g�o�v�e�r�n�i�n�g� �t�r�a�n�s�a�c�t�i�o�n�s�,� �a� �r�a�n�g�e� �w�h�i�c�h� �e�x�t�e�n�d�s� �f�r�o�m� �g�o�v�e�r�n�a�n�c�e� �b�y� �t�h�e� �p�r�i�c�e� �m�e�c�h�a�n�i�s�m� �o�f� 

�m�a�r�k�e�t�s�,� �t�h�r�o�u�g�h� �i�n�c�r�e�a�s�i�n�g�l�y� �e�l�a�b�o�r�a�t�e� �c�o�n�t�r�a�c�t�s� �b�e�t�w�e�e�n� �t�w�o� �f�i�r�m�s�,� �t�o� �t�h�e� �i�n�t�e�r�n�a�l� 

�h�i�e�r�a�r�c�h�i�c�a�l� �g�o�v�e�r�n�a�n�c�e� �(�b�y� �f�i�a�t�)� �t�h�a�t� �o�c�c�u�r�s� �w�i�t�h�i�n� �a�n� �o�r�g�a�n�i�z�a�t�i�o�n� �(�W�i�l�l�i�a�m�s�o�n� �1�9�7�5�,� 

�1�9�7�9�)�.� 

�T�h�e� �n�o�r�m�a�t�i�v�e� �p�e�r�f�o�r�m�a�n�c�e� �i�m�p�l�i�c�a�t�i�o�n�s� �o�f� �t�h�e� �T�C�A� �f�r�a�m�e�w�o�r�k� �a�d�d�r�e�s�s�e�s� �t�h�e� �g�o�a�l� 

�o�f� �e�c�o�n�o�m�i�z�i�n�g� �o�n� �t�h�e� �s�u�m� �o�f� �t�r�a�n�s�a�c�t�i�o�n� �a�n�d� �p�r�o�d�u�c�t�i�o�n� �c�o�s�t�s�,� �n�o�t� �t�o� �t�h�e� �c�o�n�s�i�d�e�r�a�t�i�o�n� �o�f� 

�o�n�e� �t�o� �t�h�e� �e�x�c�l�u�s�i�o�n� �o�f� �t�h�e� �o�t�h�e�r� �(�D�a�y� �a�n�d� �K�l�e�i�n� �1�9�8�7�)�.� �I�n�d�e�e�d�,� �W�i�l�l�i�a�m�s�o�n� �m�a�d�e� �t�h�e� �p�o�i�n�t� 

�t�h�a�t�:� 

�w�h�e�t�h�e�r� �t�r�a�n�s�a�c�t�i�o�n� �c�o�s�t� �e�c�o�n�o�m�i�e�s� �a�r�e� �r�e�a�l�i�z�e�d� �a�t� �t�h�e� �e�x�p�e�n�s�e� �o�f� �s�c�a�l�e� �e�c�o�n�o�m�i�e�s� 
�o�r� �s�c�o�p�e� �e�c�o�n�o�m�i�e�s� �.� �.� �.� �n�e�e�d�s� �t�o� �b�e� �a�s�s�e�s�s�e�d�.� �A� �t�r�a�d�e�o�f�f� �f�r�a�m�e�w�o�r�k� �i�s� �n�e�e�d�e�d� �t�o� 
�e�x�a�m�i�n�e� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �c�o�s�t� �a�n�d� �g�o�v�e�r�n�a�n�c�e� �[�t�r�a�n�s�a�c�t�i�o�n�]� �c�o�s�t� �r�a�m�i�f�i�c�a�t�i�o�n�s� �o�f� 
�a�l�t�e�r�n�a�t�i�v�e� �m�o�d�e�s� �o�f� �o�r�g�a�n�i�z�a�t�i�o�n� �s�i�m�u�l�t�a�n�e�o�u�s�l�y� �(�1�9�8�5�,� �p�.� �6�1�)�.� 
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�T�h�e� �s�e�c�o�n�d� �o�f� �W�i�l�l�i�a�m�s�o�n ��s� �t�w�o� �p�r�i�m�a�r�y� �c�o�n�t�r�i�b�u�t�i�o�n�s� �l�i�e�s� �i�n� �t�h�e� �d�i�m�e�n�s�i�o�n�a�l�i�z�a�t�i�o�n� 

�o�f� �t�r�a�n�s�a�c�t�i�o�n�s� �a�c�c�o�r�d�i�n�g� �t�o� �c�e�r�t�a�i�n� �c�r�i�t�i�c�a�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.� �T�h�i�s� �d�i�m�e�n�s�i�o�n�a�l�i�z�a�t�i�o�n� 

�a�c�c�o�m�p�l�i�s�h�e�d� �t�h�r�e�e� �o�b�j�e�c�t�i�v�e�s�:� �1�)� �t�r�a�n�s�a�c�t�i�o�n�s� �c�a�n� �b�e� �c�a�t�e�g�o�r�i�z�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �c�r�i�t�i�c�a�l� 

�d�i�m�e�n�s�i�o�n�s� �o�r� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�,� �2�)� �t�h�e� �c�a�t�e�g�o�r�i�e�s� �c�a�n� �b�e� �m�a�t�c�h�e�d� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �e�c�o�n�o�m�i�c� 

�s�t�r�u�c�t�u�r�e�s�,� �a�n�d� �3�)� �n�o�r�m�a�t�i�v�e� �p�e�r�f�o�r�m�a�n�c�e� �i�m�p�l�i�c�a�t�i�o�n�s� �c�a�n� �b�e� �d�e�r�i�v�e�d� �u�s�i�n�g� �t�h�e� �t�r�a�n�s�a�c�t�i�o�n� 

�c�a�t�e�g�o�r�i�z�a�t�i�o�n�s� �a�n�d� �t�h�e� �b�e�h�a�v�i�o�r�a�l� �a�s�s�u�m�p�t�i�o�n�s� �o�f� �T�C�A�.� �T�h�e�s�e� �t�h�r�e�e� �o�b�j�e�c�t�i�v�e�s� �e�n�a�b�l�e�d� �t�h�e� 

�c�o�n�s�t�r�u�c�t�s� �o�f� �t�h�e� �f�r�a�m�e�w�o�r�k� �t�o� �b�e� �o�p�e�r�a�t�i�o�n�a�l�i�z�e�d�,� �m�a�k�i�n�g� �h�y�p�o�t�h�e�s�i�s� �t�e�s�t�i�n�g� �p�o�s�s�i�b�l�e�.� 

�T�h�e� �t�h�r�e�e� �d�i�m�e�n�s�i�o�n�s� �W�i�l�l�i�a�m�s�o�n� �u�s�e�d� �t�o� �c�h�a�r�a�c�t�e�r�i�z�e� �t�r�a�n�s�a�c�t�i�o�n�s� �i�n�c�l�u�d�e�d�:� �1�)� �t�h�e� 

�e�x�t�e�n�t� �t�o� �w�h�i�c�h� �t�r�a�n�s�a�c�t�i�o�n� �s�p�e�c�i�f�i�c� �a�s�s�e�t�s� �a�r�e� �r�e�q�u�i�r�e�d� �o�r� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y�,� �2�)� �t�h�e� �d�e�g�r�e�e� �o�f� 

�u�n�c�e�r�t�a�i�n�t�y�/�c�o�m�p�l�e�x�i�t�y� �s�u�r�r�o�u�n�d�i�n�g� �t�h�e� �t�r�a�n�s�a�c�t�i�o�n�,� �a�n�d� �3�)� �t�h�e� �f�r�e�q�u�e�n�c�y� �o�f� �t�r�a�n�s�a�c�t�i�o�n� 

�o�c�c�u�r�r�e�n�c�e� �(�1�9�7�1�,� �1�9�7�5�,� �1�9�8�1�a�)�.� �R�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �s�p�e�c�i�f�i�c� �a�s�s�e�t�s� �c�a�n� �t�a�k�e� �f�o�u�r� �f�o�r�m�s�:� 

�S�i�t�e� �s�p�e�c�i�f�i�c�i�t�y�,� �p�h�y�s�i�c�a�l� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y�,� �h�u�m�a�n� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �(�"�l�e�a�r�n�i�n�g� �b�y� �d�o�i�n�g�"� 

�(�1�9�8�1�a�,� �p�.� �5�5�5�)�)�,� �a�n�d� �d�e�d�i�c�a�t�e�d� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y�.� 

�S�i�t�e� �s�p�e�c�i�f�i�c�i�t�y� �r�e�f�e�r�s� �t�o� �t�h�e� �l�o�c�a�t�i�o�n� �o�f� �s�u�c�c�e�s�s�i�v�e� �s�t�a�g�e�s� �o�f� �p�r�o�d�u�c�t�i�o�n� �(�o�r� 

�d�i�s�t�r�i�b�u�t�i�o�n�)� �i�n� �p�r�o�x�i�m�i�t�y� �s�o� �a�s� �t�o� �d�e�c�r�e�a�s�e� �p�r�o�d�u�c�t�i�o�n� �c�o�s�t�s� �(�e�.�g�.�,� �i�n�v�e�n�t�o�r�y�,� �t�r�a�n�s�p�o�r�t�a�t�i�o�n�)�.� 

�T�h�e�s�e� �a�s�s�e�t�s� �a�r�e� �g�e�n�e�r�a�l�l�y� �i�m�m�o�b�i�l�e�,� �m�a�k�i�n�g� �r�e�l�o�c�a�t�i�o�n� �c�o�s�t�l�y�.� �P�h�y�s�i�c�a�l� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� 

�r�e�f�e�r�s� �t�o� �t�h�e� �r�e�q�u�i�r�e�m�e�n�t� �o�f� �s�p�e�c�i�a�l�i�z�e�d� �p�r�o�d�u�c�t�i�o�n� �(�d�i�s�t�r�i�b�u�t�i�o�n�)� �e�q�u�i�p�m�e�n�t�.� �H�u�m�a�n� �a�s�s�e�t� 

�s�p�e�c�i�f�i�c�i�t�y� �r�e�f�e�r�s� �t�o� �s�p�e�c�i�a�l�i�z�e�d� �k�n�o�w�l�e�d�g�e� �o�r� �e�x�p�e�r�i�e�n�c�e� �t�h�a�t� �i�s� �g�a�i�n�e�d� �b�y� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� 

�o�f� �a� �j�o�b� �t�a�s�k� �o�r� �f�u�n�c�t�i�o�n�.� �F�i�n�a�l�l�y�,� �a�n� �e�x�a�m�p�l�e� �o�f� �d�e�d�i�c�a�t�e�d� �a�s�s�e�t�s� �m�i�g�h�t� �i�n�v�o�l�v�e� �t�h�e� 

�e�x�p�a�n�s�i�o�n� �o�f� �p�l�a�n�t� �c�a�p�a�c�i�t�y� �i�n� �o�r�d�e�r� �t�o� �a�c�c�o�m�m�o�d�a�t�e� �t�h�e� �n�e�e�d�s� �o�f� �a� �p�a�r�t�i�c�u�l�a�r� �b�u�y�e�r� 

�(�W�i�l�l�i�a�m�s�o�n� �1�9�8�5�)�.� 

�T�h�e� �s�i�g�n�i�f�i�c�a�n�c�e� �o�f� �t�h�e� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �d�i�m�e�n�s�i�o�n� �f�o�r� �t�r�a�n�s�a�c�t�i�o�n� �c�o�s�t�s� �l�i�e�s� �i�n� �t�h�e� 

�f�a�c�t� �t�h�a�t� �b�o�t�h� �p�a�r�t�i�e�s� �(�t�h�e� �"�b�u�y�e�r�"� �a�n�d� �t�h�e� �"�s�e�l�l�e�r�"�)� �a�r�e� �b�o�u�n�d� �t�o�g�e�t�h�e�r� �t�o� �s�o�m�e� �d�e�g�r�e�e�.� 

�T�h�e� �b�u�y�e�r� �i�s� �b�o�u�n�d� �b�e�c�a�u�s�e� �t�h�e� �s�p�e�c�i�f�i�c�i�t�y� �o�f� �t�h�e� �a�s�s�e�t�s� �r�e�q�u�i�r�e�d� �p�r�e�c�l�u�d�e�s� �t�h�e�r�e� �b�e�i�n�g� �l�a�r�g�e� 

�n�u�m�b�e�r�s� �o�f� �s�e�l�l�e�r�s�;� �t�h�e� �s�e�l�l�e�r� �i�s� �b�o�u�n�d� �b�e�c�a�u�s�e� �t�h�e� �s�p�e�c�i�f�i�c�i�t�y� �o�f� �t�h�e� �a�s�s�e�t�s� �r�e�q�u�i�r�e�d� 

�3�0



�p�r�e�c�l�u�d�e�s� �t�h�e�r�e� �b�e�i�n�g� �a�l�t�e�r�n�a�t�i�v�e� �u�s�e�s� �(�a�n�d� �t�h�e�r�e�f�o�r�e� �b�u�y�e�r�s�)� �f�o�r� �t�h�e� �a�s�s�e�t�s�.� �T�h�e� �b�e�h�a�v�i�o�r�a�l� 

�a�s�s�u�m�p�t�i�o�n� �o�f� �o�p�p�o�r�t�u�n�i�s�m� �i�n�t�r�o�d�u�c�e�s� �t�h�e� �p�o�s�s�i�b�i�l�i�t�y� �t�h�a�t� �t�h�e� �s�e�l�l�e�r� �w�i�l�l� �"�h�o�l�d� �u�p�"� �t�h�e� �b�u�y�e�r�.� 

�T�h�a�t� �i�s�,� �k�n�o�w�i�n�g� �t�h�a�t� �t�h�e� �b�u�y�e�r� �h�a�s� �f�e�w� �o�r� �n�o� �a�l�t�e�r�n�a�t�i�v�e� �s�u�p�p�l�i�e�r�s� �(�o�t�h�e�r� �s�e�l�l�e�r�s�)� �o�f� �t�h�e� 

�a�s�s�e�t�s�,� �t�h�e� �s�e�l�l�e�r� �w�i�l�l� �d�e�m�a�n�d� �e�x�o�r�b�i�t�a�n�t� �f�e�e�s� �f�o�r� �t�h�e� �u�s�e� �o�f� �t�h�e� �s�p�e�c�i�a�l�i�z�e�d� �a�s�s�e�t�s� 

�(�W�i�l�l�i�a�m�s�o�n� �1�9�8�1�a�)�.� �W�i�l�l�i�a�m�s�o�n� �s�t�a�t�e�s�:� 

�w�h�e�r�e� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �i�s� �g�r�e�a�t�,� �b�u�y�e�r� �a�n�d� �s�e�l�l�e�r� �w�i�l�l� �m�a�k�e� �s�p�e�c�i�a�l� �e�f�f�o�r�t�s� �t�o� �d�e�s�i�g�n� 
�a�n� �e�x�c�h�a�n�g�e� �r�e�l�a�t�i�o�n�s�h�i�p� �t�h�a�t� �h�a�s� �g�o�o�d� �c�o�n�t�i�n�u�i�t�y� �p�r�o�p�e�r�t�i�e�s� �(�1�9�8�1�b�,� �p�.� �1�5�4�6�)�.� 

�W�i�l�l�i�a�m�s�o�n� �m�a�i�n�t�a�i�n�e�d� �t�h�a�t� �e�f�f�o�r�t�s� �t�o� �p�r�o�v�i�d�e� �"�g�o�o�d� �c�o�n�t�i�n�u�i�t�y� �p�r�o�p�e�r�t�i�e�s�"� �m�a�y� �i�n�c�l�u�d�e� 

�i�n�t�e�r�n�a�l� �o�r�g�a�n�i�z�a�t�i�o�n� �o�f� �t�r�a�n�s�a�c�t�i�o�n�s� �i�f� �t�h�e� �d�e�g�r�e�e� �o�f� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �i�s� �g�r�e�a�t� �e�n�o�u�g�h�.� 

�W�i�l�l�i�a�m�s�o�n� �r�e�f�e�r�s� �t�o� �t�h�e� �s�e�c�o�n�d� �t�r�a�n�s�a�c�t�i�o�n� �d�i�m�e�n�s�i�o�n� �a�s� �c�o�m�p�l�e�x�i�t�y�/�u�n�c�e�r�t�a�i�n�t�y� �i�n� 

�h�i�s� �e�a�r�l�i�e�r� �w�r�i�t�i�n�g�s� �(�1�9�7�1�,� �1�9�7�5�)�,� �w�h�i�l�e� �l�a�t�e�r� �w�o�r�k� �(�1�9�8�5�,� �1�9�8�1�a�,� �1�9�8�1�b�,� �1�9�8�8�,� �1�9�9�1�)� 

�r�e�f�e�r�s� �t�o� �t�h�e� �d�i�m�e�n�s�i�o�n� �s�i�m�p�l�y� �a�s� �u�n�c�e�r�t�a�i�n�t�y�.� �T�h�i�s� �d�i�m�e�n�s�i�o�n� �i�s� �c�r�i�t�i�c�a�l� �t�o� �c�a�t�e�g�o�r�i�z�i�n�g� 

�t�r�a�n�s�a�c�t�i�o�n�s� �d�u�e� �t�o� �t�h�e� �t�w�o� �b�e�h�a�v�i�o�r�a�l� �a�s�s�u�m�p�t�i�o�n�s� �o�f� �b�o�u�n�d�e�d� �r�a�t�i�o�n�a�l�i�t�y� �a�n�d� �o�p�p�o�r�t�u�n�i�s�m�.� 

�C�o�n�d�i�t�i�o�n�s� �o�f� �u�n�c�e�r�t�a�i�n�t�y� �m�a�y� �a�f�f�e�c�t� �b�u�y�e�r�s� �a�n�d� �s�e�l�l�e�r�s� �d�i�f�f�e�r�e�n�t�l�y�,� �s�o� �t�h�a�t� �t�h�e� �b�o�u�n�d�a�r�i�e�s� 

�i�m�p�o�s�e�d� �o�n� �t�h�e� �r�a�t�i�o�n�a�l�i�t�y� �o�f� �d�e�c�i�s�i�o�n� �m�a�k�e�r�s� �m�a�y� �r�e�s�u�l�t� �i�n� �i�n�f�o�r�m�a�t�i�o�n� �a�s�y�m�m�e�t�r�i�e�s�.� �T�h�e�s�e� 

�i�n�f�o�r�m�a�t�i�o�n� �a�s�y�m�m�e�t�r�i�e�s� �i�n�t�r�o�d�u�c�e� �t�h�e� �c�h�a�n�c�e� �f�o�r� �p�a�r�t�i�e�s� �o�n� �e�i�t�h�e�r� �s�i�d�e� �o�f� �t�h�e� �t�r�a�n�s�a�c�t�i�o�n� �t�o� 

�t�a�k�e� �a�d�v�a�n�t�a�g�e� �o�f� �t�h�e� �o�t�h�e�r� �p�a�r�t�y ��s� �r�e�l�a�t�i�v�e� �l�a�c�k� �o�f� �r�e�l�e�v�a�n�t� �i�n�f�o�r�m�a�t�i�o�n�,� �i�.�e�.�,� �t�o� �b�e�h�a�v�e� 

�o�p�p�o�r�t�u�n�i�s�t�i�c�a�l�l�y� �(�W�i�l�l�i�a�m�s�o�n� �1�9�7�1�,� �1�9�7�5�)�.� �I�n� �t�h�i�s� �c�a�s�e�:� 

�i�n�t�e�r�n�a�l� �o�r�g�a�n�i�z�a�t�i�o�n� �[�v�e�r�t�i�c�a�l� �i�n�t�e�g�r�a�t�i�o�n�]� �o�f�t�e�n� �h�a�s� �a�t�t�r�a�c�t�i�v�e� �p�r�o�p�e�r�t�i�e�s� �i�n� �t�h�a�t� �i�t� 
�p�e�r�m�i�t�s� �t�h�e� �p�a�r�t�i�e�s� �t�o� �d�e�a�l� �w�i�t�h� �u�n�c�e�r�t�a�i�n�t�y�/�c�o�m�p�l�e�x�i�t�y� �i�n� �a�n� �a�d�a�p�t�i�v�e�,� �s�e�q�u�e�n�t�i�a�l� 
�f�a�s�h�i�o�n� �w�i�t�h�o�u�t� �i�n�c�u�r�r�i�n�g� �t�h�e� �s�a�m�e� �t�y�p�e�s� �o�f� �o�p�p�o�r�t�u�n�i�s�m� �h�a�z�a�r�d�s� �t�h�a�t� �m�a�r�k�e�t� 
�c�o�n�t�r�a�c�t�i�n�g� �w�o�u�l�d� �p�o�s�e�.� �S�u�c�h� �a�d�a�p�t�i�v�e�,� �s�e�q�u�e�n�t�i�a�l� �d�e�c�i�s�i�o�n� �p�r�o�c�e�s�s�e�s� �e�c�o�n�o�m�i�z�e� 
�g�r�e�a�t�l�y� �o�n� �b�o�u�n�d�e�d� �r�a�t�i�o�n�a�l�i�t�y� �[�s�e�e� �T�a�b�l�e� �2�]�.� �R�a�t�h�e�r� �t�h�a�n� �s�p�e�c�i�f�y�i�n�g� �t�h�e� �d�e�c�i�s�i�o�n� 
�t�r�e�e� �e�x�h�a�u�s�t�i�v�e�l�y� �i�n� �a�d�v�a�n�c�e�,� �a�n�d� �d�e�r�i�v�i�n�g� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �[�c�o�n�t�i�n�g�e�n�c�i�e�s�]�.� �.� �.� �,� 
�e�v�e�n�t�s� �a�r�e� �p�e�r�m�i�t�t�e�d� �t�o� �u�n�f�o�l�d� �a�n�d� �a�t�t�e�n�t�i�o�n� �r�s� �r�e�s�t�r�i�c�t�e�d� �t�o� �o�n�l�y� �t�h�e� �a�c�t�u�a�l� �r�a�t�h�e�r� 
�t�h�a�n� �a�l�l� �p�o�s�s�i�b�l�e� �o�u�t�c�o�m�e�s� �(�e�m�p�h�a�s�i�s� �a�d�d�e�d�)� �(�W�i�l�l�i�a�m�s�o�n� �1�9�7�5�,� �p�.� �2�5�)�.� 

�W�i�l�l�i�a�m�s�o�n ��s� �(�1�9�8�5�)� �r�a�t�i�o�n�a�l�e� �r�e�g�a�r�d�i�n�g� �t�h�i�s� �d�i�m�e�n�s�i�o�n� �r�e�v�e�a�l�s� �t�h�a�t� �t�h�e� �u�n�c�e�r�t�a�i�n�t�y� 

�t�h�a�t� �i�s� �o�f� �c�o�n�c�e�r�n� �i�s� �u�n�c�e�r�t�a�i�n�t�y� �p�r�o�m�p�t�s� �a�n� �i�n�c�r�e�a�s�i�n�g� �n�u�m�b�e�r� �o�f� �c�o�n�t�i�n�g�e�n�c�i�e�s� �t�o� �b�e� 

�c�o�n�s�i�d�e�r�e�d� �w�h�e�n� �a�t�t�e�m�p�t�i�n�g� �t�o� �f�o�r�g�e� �a�n�d� �a�d�m�i�n�i�s�t�e�r� �a�g�r�e�e�m�e�n�t�s� �(�i�.�e�.�,� �c�o�n�t�r�a�c�t�s�)� �b�e�t�w�e�e�n� 
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�t�w�o� �p�a�r�t�i�e�s� �f�o�r� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �a� �f�u�n�c�t�i�o�n�.� �A�s� �t�h�e� �n�u�m�b�e�r� �o�f� �c�o�n�t�i�n�g�e�n�c�i�e�s� �i�n�c�r�e�a�s�e�s�,� �i�t� 

�b�e�c�o�m�e�s� �p�r�o�g�r�e�s�s�i�v�e�l�y� �m�o�r�e� �d�i�f�f�i�c�u�l�t� �t�o� �c�o�n�s�t�r�u�c�t�,� �m�o�n�i�t�o�r�,� �a�n�d� �e�n�f�o�r�c�e� �e�x�i�s�t�i�n�g� �a�g�r�e�e�m�e�n�t�s� 

�o�r� �c�o�n�t�r�a�c�t�s�.� �U�n�c�e�r�t�a�i�n�t�y� �t�h�a�t� �h�a�s� �t�h�i�s� �e�f�f�e�c�t� �v�a�r�i�e�s� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �c�o�n�t�e�x�t� �o�f� �t�h�e� �f�u�n�c�t�i�o�n� 

�o�f� �i�n�t�e�r�e�s�t�,� �b�u�t� �e�x�a�m�p�l�e�s� �i�n�c�l�u�d�e�:� �1�)� �u�n�p�r�e�d�i�c�t�a�b�i�l�i�t�y� �i�n� �e�i�t�h�e�r� �a�v�a�i�l�a�b�i�l�i�t�y� �o�r� �p�r�i�c�e� �o�f� 

�m�a�n�u�f�a�c�t�u�r�i�n�g� �i�n�p�u�t�s� �o�r�,� �e�s�p�e�c�i�a�l�l�y� �i�n� �a� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �c�o�n�t�e�x�t�,� �2�)� �e�v�e�n�t�s� �t�h�a�t� �c�a�u�s�e� 

�u�n�p�r�e�d�i�c�t�a�b�i�l�i�t�y� �i�n� �t�h�e� �a�c�t�i�v�i�t�i�e�s� �(�i�.�e�.�,� �p�i�c�k�u�p�/�d�e�l�i�v�e�r�y� �a�n�d�/�o�r� �t�r�a�n�s�p�o�r�t�a�t�i�o�n�)� �s�u�r�r�o�u�n�d�i�n�g� �t�h�e� 

�m�o�v�e�m�e�n�t� �o�f� �g�o�o�d�s� �(�B�a�r�d�i� �a�n�d� �T�r�a�c�e�y� �1�9�9�1�)�.� �E�x�a�m�p�l�e�s� �m�i�g�h�t� �i�n�c�l�u�d�e� �w�e�a�t�h�e�r� �c�o�n�d�i�t�i�o�n�s�,� 

�l�a�b�o�r� �u�n�r�e�s�t�,� �o�r� �r�o�a�d� �r�e�p�a�i�r�s� �t�h�a�t� �c�a�u�s�e� �d�e�l�a�y�s� �a�l�o�n�g� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �r�o�u�t�e�s�.� 

�O�n�e� �o�f� �t�h�e� �a�s�p�e�c�t�s� �o�f� �m�o�n�i�t�o�r�i�n�g� �c�o�n�t�r�a�c�t�s� �o�r� �a�g�r�e�e�m�e�n�t�s� �t�h�a�t� �W�i�l�l�i�a�m�s�o�n� �(�1�9�8�1�a�)� 

�s�p�e�c�i�f�i�c�a�l�l�y� �c�o�n�s�i�d�e�r�e�d� �w�a�s� �r�e�l�a�t�e�d� �t�o� �w�h�a�t� �A�l�c�h�i�a�n� �a�n�d� �D�e�m�s�e�t�z� �(�1�9�7�2�)� �t�e�r�m�e�d� �t�h�e� �p�r�o�b�l�e�m� 

�o�f� �"�m�e�t�e�r�i�n�g� �i�n�p�u�t� �p�r�o�d�u�c�t�i�o�n� �a�n�d� �.� �.� �.� �r�e�w�a�r�d�s �� �(�p�.� �7�7�8�)�.� �T�h�i�s� �p�r�o�b�l�e�m� �i�s� �e�s�p�e�c�i�a�l�l�y� 

�s�i�g�n�i�f�i�c�a�n�t� �w�h�e�n� �t�h�e� �t�a�s�k�s� �r�e�q�u�i�r�e�d� �f�o�r� �p�e�r�f�o�r�m�i�n�g� �a� �f�u�n�c�t�i�o�n� �a�r�e� �c�o�m�p�l�e�x� �a�n�d�/�o�r� �t�h�e�r�e� �i�s� 

�i�n�c�r�e�a�s�e�d� �u�n�c�e�r�t�a�i�n�t�y� �s�u�r�r�o�u�n�d�i�n�g� �t�h�e� �f�u�n�c�t�i�o�n�.� �E�x�a�m�p�l�e�s� �o�f� �t�h�i�s� �i�n� �a� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �c�o�n�t�e�x�t� 

�m�i�g�h�t� �b�e�:� �1�)� �t�h�e� �o�c�c�u�r�r�e�n�c�e� �o�f� �c�o�m�p�l�e�x� �r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �l�o�a�d�i�n�g�/�u�n�l�o�a�d�i�n�g� �o�f� �a� �p�a�r�t�i�c�u�l�a�r� 

�t�y�p�e� �o�f� �p�r�o�d�u�c�t�,� �o�r� �2�)� �d�e�l�a�y�s� �i�n� �l�i�n�e� �h�a�u�l� �o�r� �p�i�c�k�u�p�/�d�e�l�i�v�e�r�y� �t�i�m�e�s� �b�e�c�a�u�s�e� �o�f� �r�o�a�d� �o�r� 

�w�e�a�t�h�e�r� �c�o�n�d�i�t�i�o�n�s�.� �W�i�l�l�i�a�m�s�o�n� �m�a�i�n�t�a�i�n�e�d� �t�h�a�t� �t�h�i�s� �a�s�p�e�c�t� �o�f� �m�o�n�i�t�o�r�i�n�g� �h�u�m�a�n� 

�p�r�o�d�u�c�t�i�v�i�t�y� �i�s� �t�h�e� �"�i�n�t�e�r�n�a�l� �.� �.� �.� �c�o�u�n�t�e�r�p�a�r�t� �f�o�r� �u�n�c�e�r�t�a�i�n�t�y �� �(�1�9�8�1�a�,� �p�.� �5�6�4�)�.� 

�I�t� �i�s� �w�o�r�t�h� �n�o�t�i�n�g� �h�e�r�e� �t�h�a�t� �t�h�e� �c�o�n�s�t�r�u�c�t� �o�f� �u�n�c�e�r�t�a�i�n�t�y� �a�s� �w�e�l�l� �a�s� �i�t�s� �r�e�l�a�t�i�o�n�s�h�i�p� �t�o� 

�o�r�g�a�n�i�z�a�t�i�o�n�a�l� �s�t�r�u�c�t�u�r�e� �h�a�s� �b�e�e�n� �d�e�a�l�t� �w�i�t�h� �e�x�t�e�n�s�i�v�e�l�y� �i�n� �o�r�g�a�n�i�z�a�t�i�o�n�a�l�,� �s�t�r�a�t�e�g�i�c� 

�m�a�n�a�g�e�m�e�n�t�,� �a�n�d� �p�u�b�l�i�c� �p�o�l�i�c�y� �r�e�s�e�a�r�c�h�.� �H�o�w�e�v�e�r�,� �t�h�e� �d�e�f�i�n�i�t�i�o�n� �a�n�d�,� �c�o�n�s�e�q�u�e�n�t�l�y�,� �t�h�e� 

�o�p�e�r�a�t�i�o�n�a�l�i�z�a�t�i�o�n� �o�f� �u�n�c�e�r�t�a�i�n�t�y� �i�n� �t�h�i�s� �r�e�s�e�a�r�c�h� �h�a�s� �v�a�r�i�e�d� �r�a�t�h�e�r� �w�i�d�e�l�y� �(�N�o�o�r�d�e�w�i�e�r�,� �J�o�h�n�,� 

�a�n�d� �N�e�v�i�n� �1�9�9�0�)�.� 

�F�o�r� �e�x�a�m�p�l�e�,� �L�a�w�r�e�n�c�e� �a�n�d� �L�o�r�s�c�h� �(�1�9�6�7�)�,� �H�a�y�e�s� �a�n�d� �A�b�e�r�n�a�t�h�y� �(�1�9�8�0�)�,� �P�o�r�t�e�r� 

�(�1�9�8�0�)�,� �a�n�d� �H�a�r�r�i�g�a�n� �(�1�9�8�3�)� �a�l�l� �m�a�i�n�t�a�i�n�e�d� �t�h�a�t� �t�h�e�r�e� �a�r�e� �i�n�h�e�r�e�n�t� �d�a�n�g�e�r�s� �i�n� �v�e�r�t�i�c�a�l� 

�i�n�t�e�g�r�a�t�i�o�n� �i�n� �i�n�d�u�s�t�r�i�e�s� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �i�n�s�t�a�b�i�l�i�t�y� �(�e�.�g�.�,� �v�o�l�a�t�i�l�i�t�y�,� �u�n�c�e�r�t�a�i�n�t�y�)�.� �T�h�e� 
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�r�a�t�i�o�n�a�l�e� �f�o�r� �t�h�e� �h�a�z�a�r�d�s� �i�n�h�e�r�e�n�t� �i�n� �v�e�r�t�i�c�a�l� �i�n�t�e�g�r�a�t�i�o�n� �i�n�c�l�u�d�e�s� �t�h�e� �n�e�c�e�s�s�i�t�y� �f�o�r� �s�t�r�a�t�e�g�i�c� 

�f�l�e�x�i�b�i�l�i�t�y� �i�n� �a� �v�o�l�a�t�i�l�e� �e�n�v�i�r�o�n�m�e�n�t�,� �a�s� �i�l�l�u�s�t�r�a�t�e�d�,� �f�o�r� �e�x�a�m�p�l�e�,� �b�y� �t�h�e� �f�i�n�a�n�c�i�a�l� �d�a�n�g�e�r� �o�f� 

�i�n�v�e�s�t�m�e�n�t� �i�n� �a�s�s�e�t�s� �w�h�i�c�h� �m�i�g�h�t� �b�e�c�o�m�e� �t�e�c�h�n�i�c�a�l�l�y� �o�b�s�o�l�e�t�e�.� 

�D�u�n�c�a�n� �(�1�9�7�2�)�,� �i�n� �r�e�s�e�a�r�c�h� �t�h�a�t� �d�e�v�e�l�o�p�e�d� �a� �s�c�a�l�e� �m�e�a�s�u�r�i�n�g� �p�e�r�c�e�i�v�e�d� �u�n�c�e�r�t�a�i�n�t�y�,� 

�m�a�i�n�t�a�i�n�e�d� �t�h�a�t� �u�n�c�e�r�t�a�i�n�t�y� �c�o�n�s�i�s�t�e�d� �o�f� �t�h�r�e�e� �c�o�m�p�o�n�e�n�t�s�:� �1�)� �l�a�c�k� �o�f� �i�n�f�o�r�m�a�t�i�o�n� �r�e�g�a�r�d�i�n�g� 

�r�e�l�e�v�a�n�t� �e�n�v�i�r�o�n�m�e�n�t�a�l� �f�a�c�t�o�r�s�,� �2�)� �l�a�c�k� �o�f� �i�n�f�o�r�m�a�t�i�o�n� �r�e�g�a�r�d�i�n�g� �o�r�g�a�n�i�z�a�t�i�o�n�a�l� �o�u�t�c�o�m�e�s�,� 

�a�n�d� �3�)� �l�a�c�k� �o�f� �a�b�i�l�i�t�y� �t�o� �a�s�s�i�g�n� �p�r�o�b�a�b�i�l�i�t�i�e�s� �t�o� �d�e�c�i�s�i�o�n� �o�u�t�c�o�m�e�s�.� �D�u�n�c�a�n� �p�r�o�p�o�s�e�d� �t�w�o� 

�d�i�m�e�n�s�i�o�n�s�,� �s�i�m�p�l�e�-�c�o�m�p�l�e�x� �a�n�d� �s�t�a�t�i�c�-�d�y�n�a�m�i�c�,� �t�h�a�t� �c�o�n�t�r�i�b�u�t�e�d� �t�o� �p�e�r�c�e�p�t�i�o�n�s� �o�f� 

�e�n�v�i�r�o�n�m�e�n�t�a�l� �u�n�c�e�r�t�a�i�n�t�y�.� �T�h�e� �s�i�m�p�l�e�-�c�o�m�p�l�e�x� �d�i�m�e�n�s�i�o�n� �d�e�a�l�s� �w�i�t�h� �t�h�e� �n�u�m�b�e�r� �o�f� 

�d�e�c�i�s�i�o�n� �f�a�c�t�o�r�s� �i�n� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�,� �w�h�i�l�e� �t�h�e� �s�t�a�t�i�c�-�d�y�n�a�m�i�c� �d�i�m�e�n�s�i�o�n� �c�o�n�s�i�d�e�r�s� �h�o�w� 

�m�u�c�h� �d�e�c�i�s�i�o�n� �f�a�c�t�o�r�s� �c�h�a�n�g�e� �o�v�e�r� �t�i�m�e�.� �D�u�n�c�a�n ��s� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �e�n�v�i�r�o�n�m�e�n�t�s� 

�c�h�a�r�a�c�t�e�r�i�z�e�d� �a�s� �c�o�m�p�l�e�x�-�d�y�n�a�m�i�c� �r�e�s�u�l�t�e�d� �i�n� �t�h�e� �g�r�e�a�t�e�s�t� �a�m�o�u�n�t� �o�f� �p�e�r�c�e�i�v�e�d� �u�n�c�e�r�t�a�i�n�t�y�.� 

�S�i�n�c�e� �t�h�e� �p�r�i�m�a�r�y� �g�o�a�l� �o�f� �D�u�n�c�a�n ��s� �r�e�s�e�a�r�c�h� �w�a�s� �t�o� �d�e�v�e�l�o�p� �a� �m�e�a�s�u�r�e� �o�f� �p�e�r�c�e�i�v�e�d� 

�u�n�c�e�r�t�a�i�n�t�y�,� �t�h�e�r�e� �w�e�r�e� �n�o� �p�r�e�d�i�c�t�i�o�n�s� �c�o�n�c�e�r�n�i�n�g� �o�r�g�a�n�i�z�a�t�i�o�n�a�l� �s�t�r�u�c�t�u�r�e� �u�n�d�e�r� �v�a�r�i�o�u�s� 

�d�e�g�r�e�e�s� �o�f� �u�n�c�e�r�t�a�i�n�t�y�.� 

�P�t�e�f�f�e�r� �a�n�d� �S�a�l�a�n�c�i�k� �(�1�9�7�8�)� �v�i�e�w�e�d� �u�n�c�e�r�t�a�i�n�t�y� �a�s� �b�e�i�n�g� �t�h�e� �r�e�s�u�l�t� �o�f�:� �1�)� 

�e�n�v�i�r�o�n�m�e�n�t�a�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �(�e�.�g�.�,� �i�n�d�u�s�t�r�y� �c�o�n�c�e�n�t�r�a�t�i�o�n�,� �a�v�a�i�l�a�b�i�l�i�t�y� �o�f� �s�c�a�r�c�e� �r�e�s�o�u�r�c�e�s�,� 

�n�a�t�u�r�e� �a�n�d� �e�x�t�e�n�t� �o�f� �l�i�n�k�a�g�e�s� �a�m�o�n�g� �o�r�g�a�n�i�z�a�t�i�o�n�s�)� �a�n�d� �2�)� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p�s� �a�m�o�n�g� 

�o�r�g�a�n�i�z�a�t�i�o�n�s� �i�n� �a�n� �i�n�d�u�s�t�r�y� �(�e�.�g�.�,� �d�e�g�r�e�e� �o�f� �c�o�n�f�l�i�c�t� �a�n�d� �i�n�t�e�r�d�e�p�e�n�d�e�n�c�e� �a�m�o�n�g� 

�o�r�g�a�n�i�z�a�t�i�o�n�s�)� �a�n�d� �p�r�o�p�o�s�e�d� �t�h�a�t� �v�e�r�t�i�c�a�l� �m�e�r�g�e�r�s� �w�e�r�e� �p�r�o�m�p�t�e�d� �b�y� �a� �d�e�s�i�r�e� �t�o� �r�e�d�u�c�e� 

�p�r�o�b�l�e�m�a�t�i�c� �r�e�s�o�u�r�c�e� �i�n�t�e�r�d�e�p�e�n�d�e�n�c�e�.� �A�n� �a�n�a�l�y�s�i�s� �o�f� �8�5�4� �m�e�r�g�e�r�s� �r�e�v�e�a�l�e�d� �t�h�a�t� �"�r�e�s�o�u�r�c�e� 

�i�n�t�e�r�d�e�p�e�n�d�e�n�c�e� �a�c�c�o�u�n�t�e�d� �f�o�r� �4�9�.�2� �p�e�r�c�e�n�t� �o�f� �m�e�r�g�e�r� �a�c�t�i�v�i�t�y �� �(�p�.� �1�1�8�)�,� �t�h�a�t� �i�s�,� �f�i�r�m�s� 

�t�e�n�d�e�d� �t�o� �m�e�r�g�e� �w�i�t�h� �f�i�r�m�s� �t�h�e�y� �s�o�l�d� �t�o� �a�n�d�/�o�r� �f�i�r�m�s� �t�h�e�y� �p�u�r�c�h�a�s�e�d� �f�r�o�m�.� 

�S�c�h�o�o�n�h�o�v�e�n� �(�1�9�8�1�)�,� �d�e�f�i�n�i�n�g� �t�e�c�h�n�o�l�o�g�i�c�a�l� �u�n�c�e�r�t�a�i�n�t�y� �a�s� �t�a�s�k� �(�w�o�r�k�f�l�o�w�)� 

�u�n�c�e�r�t�a�i�n�t�y�,� �i�n�v�e�s�t�i�g�a�t�e�d� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n� �o�f� �o�r�g�a�n�i�z�a�t�i�o�n�a�l� �s�t�r�u�c�t�u�r�e� �a�n�d� �t�e�c�h�n�o�l�o�g�i�c�a�l� 
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�u�n�c�e�r�t�a�i�n�t�y� �o�n� �o�r�g�a�n�i�z�a�t�i�o�n�a�l� �e�f�f�e�c�t�i�v�e�n�e�s�s�.� �H�o�w�e�v�e�r�,� �o�r�g�a�n�i�z�a�t�i�o�n�a�l� �s�t�r�u�c�t�u�r�e� �i�n� �t�h�i�s� �s�t�u�d�y� 

�c�o�n�s�i�s�t�e�d� �o�f� �/�n�t�r�a�-�o�r�g�a�n�i�z�a�t�i�o�n�a�l� �s�t�r�u�c�t�u�r�e� �(�e�.�g�.�,� �d�e�s�t�a�n�d�a�r�d�i�z�a�t�i�o�n�,� �d�e�c�e�n�t�r�a�l�i�z�a�t�i�o�n�,� �a�n�d� 

�p�r�o�f�e�s�s�i�o�n�a�l�i�z�a�t�i�o�n�)�,� �n�o�t� �t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �l�i�n�k�a�g�e�s� �b�e�t�w�e�e�n� �o�r�g�a�n�i�z�a�t�i�o�n�s�.� �L�e�b�l�e�b�i�c�i� 

�a�n�d� �S�a�l�a�n�c�i�k� �(�1�9�8�1�)� �d�i�s�c�u�s�s�e�d� �w�h�a�t� �t�h�e�y� �t�e�r�m�e�d� �t�w�o� �c�o�m�p�o�n�e�n�t�s� �o�f� �u�n�c�e�r�t�a�i�n�t�y�,� �v�o�/�a�t�i�l�i�t�y� 

�a�n�d� �d�i�v�e�r�s�i�t�y�.� �V�o�l�a�t�i�l�i�t�y� �w�a�s� �d�e�f�i�n�e�d� �a�s� �t�h�e� �"�r�a�t�e� �o�f� �c�h�a�n�g�e� �a�m�o�n�g� �[�a�n� �o�r�g�a�n�i�z�a�t�i�o�n�'�s� 

�e�n�v�i�r�o�n�m�e�n�t�a�l�]� �a�c�t�i�v�i�t�i�e�s�"�,� �w�h�i�l�e� �d�i�v�e�r�s�i�t�y� �w�a�s� �d�e�f�i�n�e�d� �a�s� �"�t�h�e� �r�a�n�g�e� �o�f� �a�n� �o�r�g�a�n�i�z�a�t�i�o�n�'�s� 

�e�n�v�i�r�o�n�m�e�n�t�a�l� �a�c�t�i�v�i�t�i�e�s �� �(�p�.� �5�7�8�)�.� �A�l�t�h�o�u�g�h� �t�h�e�i�r� �r�e�s�e�a�r�c�h�,� �l�i�k�e� �S�c�h�o�o�n�h�o�v�e�n ��s�,� �d�e�a�l�t� 

�p�r�i�m�a�r�i�l�y� �w�i�t�h� �i�n�t�r�a�-�o�r�g�a�n�i�z�a�t�i�o�n�a�l� �s�t�r�u�c�t�u�r�e�,� �t�h�e�i�r� �a�r�g�u�m�e�n�t� �t�h�a�t� �a�n� �u�n�c�e�r�t�a�i�n� �e�n�v�i�r�o�n�m�e�n�t� 

�r�e�q�u�i�r�e�d� �f�l�e�x�i�b�i�l�i�t�y� �c�o�u�l�d� �h�a�v�e� �i�m�p�l�i�c�a�t�i�o�n�s� �f�o�r� �i�n�t�e�r�-�o�r�g�a�n�i�z�a�t�i�o�n�a�l� �s�t�r�u�c�t�u�r�e�.� 

�T�h�e� �p�r�i�m�a�r�y� �g�o�a�l� �o�f� �D�e�s�s� �a�n�d� �B�e�a�r�d ��s� �(�1�9�8�4�)� �r�e�s�e�a�r�c�h� �w�a�s� �t�o� �e�s�t�a�b�l�i�s�h� �c�o�n�s�t�r�u�c�t� 

�v�a�l�i�d�i�t�y� �a�n�d� �r�e�l�i�a�b�i�l�i�t�y� �f�o�r� �t�h�e� �d�i�m�e�n�s�i�o�n�s� �d�e�s�c�r�i�b�i�n�g� �o�r�g�a�n�i�z�a�t�i�o�n�a�l� �e�n�v�i�r�o�n�m�e�n�t�s�.� �T�h�e�y� 

�d�e�s�c�r�i�b�e�d� �t�h�r�e�e� �e�n�v�i�r�o�n�m�e�n�t�a�l� �d�i�m�e�n�s�i�o�n�s�:� �m�u�n�i�f�i�c�e�n�c�e�,� �d�y�n�a�m�i�s�m�,� �a�n�d� �c�o�m�p�l�e�x�i�t�y�.� �T�h�e�y� 

�d�e�f�i�n�e�d� �d�y�n�a�m�i�s�m� �a�s� �"�c�h�a�n�g�e� �t�h�a�t� �i�s� �h�a�r�d� �t�o� �p�r�e�d�i�c�t�"� �(�p�.� �5�6�)�,� �a�n�d� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �l�o�n�g� �t�e�r�m� 

�c�o�n�t�r�a�c�t�s� �a�n�d� �v�e�r�t�i�c�a�l� �i�n�t�e�g�r�a�t�i�o�n� �w�e�r�e� �s�t�r�a�t�e�g�i�e�s� �u�s�e�d� �t�o� �c�r�e�a�t�e� �a� �m�o�r�e� �p�r�e�d�i�c�t�a�b�l�e� 

�e�n�v�i�r�o�n�m�e�n�t�.� �E�n�v�i�r�o�n�m�e�n�t�a�l� �c�o�m�p�l�e�x�i�t�y� �w�a�s� �d�e�f�i�n�e�d� �a�s� �b�e�i�n�g� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� 

�h�e�t�e�r�o�g�e�n�e�o�u�s� �a�c�t�i�v�i�t�i�e�s� �(�e�.�g�.�,� �r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �m�u�l�t�i�p�l�e� �m�a�n�u�f�a�c�t�u�r�i�n�g� �i�n�p�u�t�s� �a�n�d�/�o�r� �t�h�e� 

�p�r�o�d�u�c�t�i�o�n� �o�f� �m�u�l�t�i�p�l�e� �p�r�o�d�u�c�t�s�)�.� �D�e�s�s� �a�n�d� �B�e�a�r�d� �c�o�n�t�e�n�d�e�d� �t�h�a�t� �c�o�m�p�l�e�x�i�t�y� �i�n�c�r�e�a�s�e�d� 

�i�n�f�o�r�m�a�t�i�o�n� �p�r�o�c�e�s�s�i�n�g� �r�e�q�u�i�r�e�m�e�n�t�s� �a�n�d� �p�e�r�c�e�p�t�i�o�n�s� �o�f� �u�n�c�e�r�t�a�i�n�t�y�,� �b�u�t� �o�f�f�e�r�e�d� �n�o� 

�p�r�e�d�i�c�t�i�o�n�s� �r�e�g�a�r�d�i�n�g� �c�o�m�p�l�e�x�i�t�y ��s� �e�f�f�e�c�t� �o�n� �i�n�t�e�r�-�o�r�g�a�n�i�z�a�t�i�o�n�a�l� �l�i�n�k�a�g�e�s�.� 

�B�a�l�a�k�r�i�s�h�n�a�n� �a�n�d� �W�e�r�n�e�r�f�e�l�t� �(�1�9�8�6�)� �a�s�s�e�r�t�e�d� �t�h�a�t� �s�i�n�c�e� �s�p�e�c�i�a�l�i�z�e�d� �a�s�s�e�t�s�,� �b�y� 

�d�e�f�i�n�i�t�i�o�n�,� �h�a�v�e� �l�o�w� �s�a�l�v�a�g�e� �v�a�l�u�e�,� �i�n�v�e�s�t�m�e�n�t� �i�n� �t�h�e�s�e� �a�s�s�e�t�s� �{�i�.�e�.�,� �v�e�r�t�i�c�a�l� �i�n�t�e�g�r�a�t�i�o�n�)� �i�n� �a�n� 

�e�n�v�i�r�o�n�m�e�n�t� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �t�e�c�h�n�o�l�o�g�i�c�a�l� �u�n�c�e�r�t�a�i�n�t�y� �w�o�u�l�d� �b�e� �l�e�s�s� �t�h�a�n� �d�e�s�i�r�a�b�l�e�.� �T�h�i�s� �i�s� 

�b�e�c�a�u�s�e� �"�a�s� �t�h�e� �l�i�k�e�l�i�h�o�o�d� �o�f� �o�b�s�o�l�e�s�c�e�n�c�e� �g�o�e�s� �u�p�,� �t�h�e� �e�x�p�e�c�t�e�d� �p�r�o�f�i�t�a�b�i�l�i�t�y� �o�f� �t�h�e� 

�i�n�v�e�s�t�m�e�n�t� �g�o�e�s� �d�o�w�n�"� �(�p�.� �3�4�8�)�.� �A�c�c�o�r�d�i�n�g� �t�o� �B�a�l�a�k�r�i�s�h�n�a�n� �a�n�d� �W�e�r�n�e�r�f�e�l�t�,� �t�h�e� 

�c�o�n�t�r�a�d�i�c�t�i�o�n� �b�e�t�w�e�e�n� �t�h�i�s� �p�r�e�d�i�c�t�i�o�n� �a�n�d� �W�i�l�l�i�a�m�s�o�n ��s� �u�n�c�e�r�t�a�i�n�t�y� �h�y�p�o�t�h�e�s�i�s� �i�s� �e�x�p�l�a�i�n�e�d� 
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�b�y� �t�h�a�t� �f�a�c�t� �t�h�a�t� �t�e�c�h�n�o�l�o�g�i�c�a�l� �u�n�c�e�r�t�a�i�n�t�y�  ��d�o�e�s� �n�o�t� �i�n�c�r�e�a�s�e� �t�h�e� �n�u�m�b�e�r� �o�f� �c�o�n�t�i�n�g�e�n�c�i�e�s� 

�i�n� �a� �h�y�p�o�t�h�e�t�i�c�a�l� �c�o�n�t�r�a�c�t� �w�i�t�h� �a�n� �i�n�d�e�p�e�n�d�e�n�t� �s�u�p�p�l�i�e�r�,� �i�t� �o�n�l�y� �m�a�k�e�s� �t�h�e� �s�i�n�g�l�e� 

�c�o�n�t�i�n�g�e�n�c�y� �[�t�e�c�h�n�i�c�a�l� �o�b�s�o�l�e�s�c�e�n�c�e�]� �m�o�r�e� �l�i�k�e�l�y �� �(�p�.� �3�4�8�)�.� �I�n� �o�t�h�e�r� �w�o�r�d�s�,� �t�e�c�h�n�o�l�o�g�i�c�a�l� 

�u�n�c�e�r�t�a�i�n�t�y� �d�o�e�s� �n�o�t�h�i�n�g� �t�o� �i�n�c�r�e�a�s�e� �t�r�a�n�s�a�c�t�i�o�n� �c�o�s�t�s�.� 

�F�i�n�a�l�l�y�,� �V�e�n�k�a�t�r�a�m�a�n� �(�1�9�8�9�)� �a�t�t�e�m�p�t�e�d� �t�o� �m�o�r�e� �p�r�e�c�i�s�e�l�y� �d�e�f�i�n�e� �t�h�e� �c�o�n�c�e�p�t� �o�f� �f�i�t� 

�(�e�.�g�.�,� �f�i�t� �b�e�t�w�e�e�n� �d�e�g�r�e�e� �o�f� �e�n�v�i�r�o�n�m�e�n�t�a�l� �u�n�c�e�r�t�a�i�n�t�y� �a�n�d� �o�r�g�a�n�i�z�a�t�i�o�n�a�l� �s�t�r�u�c�t�u�r�e�)�.� �H�e� 

�d�i�s�c�u�s�s�e�d�:� �1�)� �f�i�t� �a�s� �m�o�d�e�r�a�t�i�o�n� �(�e�.�g�.�,� �e�f�f�e�c�t� �o�f� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n� �o�f� �u�n�c�e�r�t�a�i�n�t�y� �a�n�d� �s�t�r�u�c�t�u�r�e� 

�o�n� �o�r�g�a�n�i�z�a�t�i�o�n�a�l� �p�e�r�f�o�r�m�a�n�c�e�)�;� �2�)� �f�i�t� �a�s� �m�e�d�i�a�t�i�o�n� �(�e�.�g�.�,� �o�r�g�a�n�i�z�a�t�i�o�n�a�l� �s�t�r�u�c�t�u�r�e� �a�s� �a�n� 

�i�n�t�e�r�v�e�n�i�n�g� �v�a�r�i�a�b�l�e� �b�e�t�w�e�e�n� �u�n�c�e�r�t�a�i�n�t�y� �a�n�d� �o�r�g�a�n�i�z�a�t�i�o�n�a�l� �p�e�r�f�o�r�m�a�n�c�e�)�;� �3�)� �f�i�t� �a�s� �m�a�t�c�h�i�n�g� 

�(�e�.�g�.�,� �f�i�t� �b�e�t�w�e�e�n� �u�n�c�e�r�t�a�i�n�t�y� �a�n�d� �s�t�r�u�c�t�u�r�e� �w�i�t�h�o�u�t� �r�e�g�a�r�d� �t�o� �e�f�f�e�c�t�s� �o�n� �p�e�r�f�o�r�m�a�n�c�e�}�;� �4�)� �f�i�t� 

�a�s� �g�e�s�t�a�l�t�s� �(�e�.�g�.�,� �M�i�l�e�s� �a�n�d� �S�n�o�w ��s� �t�o�p�o�l�o�g�y� �o�f� �s�t�r�a�t�e�g�i�c� �a�d�a�p�t�a�t�i�o�n�)�;� �5�)� �f�i�t� �a�s� �p�r�o�f�i�l�e� 

�d�e�v�i�a�t�i�o�n� �(�e�.�g�.�,� �e�x�p�l�o�r�a�t�i�o�n� �o�f� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �a� �f�i�r�m ��s� �d�e�v�i�a�t�i�o�n� �f�r�o�m� �a�n� �"�i�d�e�a�l�"� 

�p�r�e�-�s�p�e�c�i�f�i�e�d� �p�r�o�f�i�l�e� �a�n�d� �t�h�a�t� �f�i�r�m ��s� �p�e�r�f�o�r�m�a�n�c�e�)�;� �a�n�d� �6�)� �f�i�t� �a�s� �c�o�v�a�r�i�a�t�i�o�n� �(�e�.�g�.�,� �a� �p�a�t�t�e�r�n� �o�f� 

�d�e�c�i�s�i�o�n�s� �"�r�e�f�l�e�c�t�i�n�g� �a�n� �i�n�t�e�r�n�a�l�l�y� �c�o�n�s�i�s�t�e�n�t� �b�u�s�i�n�e�s�s� �s�t�r�a�t�e�g�y�"� �(�p�.� �4�3�6�)�)�.� �T�h�e� �s�i�g�n�i�f�i�c�a�n�c�e� 

�o�f� �V�e�n�k�a�t�r�a�m�a�n ��s� �s�t�u�d�y� �f�o�r� �t�h�i�s� �r�e�s�e�a�r�c�h� �i�s� �t�h�a�t� �t�h�e� �f�i�t� �b�e�t�w�e�e�n� �d�e�g�r�e�e� �o�f� �u�n�c�e�r�t�a�i�n�t�y� �a�n�d� 

�s�t�r�u�c�t�u�r�e� �i�n� �t�h�i�s� �s�t�u�d�y� �w�a�s� �c�o�n�c�e�p�t�u�a�l�i�z�e�d� �a�n�d� �a�n�a�l�y�z�e�d� �a�s� �a� �m�o�d�e�r�a�t�i�o�n� �o�r� �i�n�t�e�r�a�c�t�i�o�n� 

�e�f�f�e�c�t�.� 

�A� �l�a�t�e�r� �s�e�c�t�i�o�n� �o�f� �t�h�i�s� �c�h�a�p�t�e�r� �(�S�u�m�m�a�r�y�:� �S�u�p�p�o�r�t� �f�o�r� �T�C�A� �T�r�a�n�s�a�c�t�i�o�n� �D�i�m�e�n�s�i�o�n�s�)� 

�e�x�a�m�i�n�e�s� �t�h�e� �v�a�r�i�o�u�s� �d�e�f�i�n�i�t�i�o�n�s� �o�f� �u�n�c�e�r�t�a�i�n�t�y� �u�s�e�d� �i�n� �e�m�p�i�r�i�c�a�l� �T�C�A� �r�e�s�e�a�r�c�h�,� �a�l�o�n�g� �w�i�t�h� 

�t�h�e� �s�o�m�e�t�i�m�e�s� �c�o�n�t�r�a�d�i�c�t�o�r�y� �p�r�e�d�i�c�t�i�o�n�s� �a�n�d� �r�e�s�u�l�t�s� �f�o�r� �t�h�e� �f�i�t� �b�e�t�w�e�e�n� �u�n�c�e�r�t�a�i�n�t�y� �a�n�d� 

�c�h�a�n�n�e�l� �s�t�r�u�c�t�u�r�e�.� 

�T�h�e� �f�i�n�a�l� �d�i�m�e�n�s�i�o�n� �o�f�f�e�r�e�d� �b�y� �W�i�l�l�i�a�m�s�o�n� �f�o�r� �c�a�t�e�g�o�r�i�z�i�n�g� �t�r�a�n�s�a�c�t�i�o�n�s� �i�s� �f�r�e�q�u�e�n�c�y�.� 

�T�h�e� �s�i�g�n�i�f�i�c�a�n�c�e� �o�f� �t�h�i�s� �d�i�m�e�n�s�i�o�n� �l�i�e�s� �i�n� �t�h�e� �f�a�c�t� �t�h�a�t� 

�s�p�e�c�i�a�l�i�z�e�d� �s�t�r�u�c�t�u�r�e�s� �[�i�n�t�e�r�n�a�l� �o�r�g�a�n�i�z�a�t�i�o�n�]� �c�o�m�e� �a�t� �g�r�e�a�t� �c�o�s�t� �[�e�.�g�.�,� �c�a�p�i�t�a�l� 
�i�n�v�e�s�t�m�e�n�t� �i�n� �e�q�u�i�p�m�e�n�t�]�,� �a�n�d� �t�h�e� �q�u�e�s�t�i�o�n� �i�s� �w�h�e�t�h�e�r� �t�h�e� �c�o�s�t�s� �c�a�n� �b�e� �j�u�s�t�i�f�i�e�d�.� 

�3�5



�T�h�i�s� �v�a�r�i�e�s� �w�i�t�h� �t�h�e� �b�e�n�e�f�i�t�s� �o�n� �t�h�e� �o�n�e� �h�a�n�d� �a�n�d� �t�h�e� �d�e�g�r�e�e� �o�f� �u�t�i�l�i�z�a�t�i�o�n� �o�n� �t�h�e� 
�o�t�h�e�r� �(�e�m�p�h�a�s�i�s� �a�d�d�e�d�)� �(�W�i�l�l�i�a�m�s�o�n� �1�9�8�5�,� �p�.� �6�1�)�.� 

�T�h�e� �b�e�n�e�f�i�t�s� �m�e�n�t�i�o�n�e�d� �b�y� �W�i�l�l�i�a�m�s�o�n� �a�r�e� �g�r�e�a�t�e�s�t� �f�o�r� �f�u�n�c�t�i�o�n�s� �t�h�a�t� �r�e�q�u�i�r�e� �s�p�e�c�i�f�i�c� �a�s�s�e�t�s�,� 

�f�o�r� �t�h�e� �r�e�a�s�o�n�s� �a�l�r�e�a�d�y� �d�i�s�c�u�s�s�e�d�.� �T�h�e� �d�e�g�r�e�e� �o�f� �u�t�i�l�i�z�a�t�i�o�n� �o�r� �t�h�e� �v�o�l�u�m�e� �i�n�v�o�l�v�e�d� �i�s� 

�d�e�t�e�r�m�i�n�e�d� �b�y� �t�h�e� �f�r�e�q�u�e�n�c�y� �d�i�m�e�n�s�i�o�n�.� �T�h�e� �f�r�e�q�u�e�n�c�y� �d�i�m�e�n�s�i�o�n� �d�e�a�l�s� �w�i�t�h� �t�h�e� �s�c�a�l�e� 

�e�c�o�n�o�m�y� �i�s�s�u�e�,� �e�.�g�.�,� �w�h�e�t�h�e�r� �o�r� �n�o�t� �t�h�e� �v�o�l�u�m�e� �o�f� �p�r�o�d�u�c�t�s� �t�r�a�n�s�p�o�r�t�e�d� �i�s� �e�n�o�u�g�h� �t�o� �j�u�s�t�i�f�y� 

�t�h�e� �c�o�s�t� �o�f� �t�h�e� �i�n�t�e�r�n�a�l� �g�o�v�e�r�n�a�n�c�e� �(�t�h�e� �c�o�s�t� �o�f� �t�h�e� �f�i�r�m ��s� �i�n�v�e�s�t�m�e�n�t� �i�n� �t�h�e� �r�e�q�u�i�r�e�d� �a�s�s�e�t�s�,� 

�e�.�g�.�,� �c�a�r�r�i�e�r�s�)�.� �O�r� �a�s� �W�i�l�l�i�a�m�s�o�n� �p�u�t� �i�t�,� �"�t�h�e� �c�o�s�t� �o�f� �s�p�e�c�i�a�l�i�z�e�d� �g�o�v�e�r�n�a�n�c�e� �s�t�r�u�c�t�u�r�e�s� �w�i�l�l� 

�b�e� �e�a�s�i�e�r� �t�o� �r�e�c�o�v�e�r� �f�o�r� �l�a�r�g�e� �t�r�a�n�s�a�c�t�i�o�n�s� �o�f� �a� �r�e�c�u�r�r�i�n�g� �k�i�n�d �� �(�1�9�8�5�,� �p�.� �6�0�)�.� �I�n� �e�x�p�l�i�c�a�t�i�n�g� 

�t�h�e� �T�C�A� �f�r�a�m�e�w�o�r�k�,� �W�i�l�l�i�a�m�s�o�n� �d�e�a�l�t� �o�n�l�y� �w�i�t�h� �o�c�c�a�s�i�o�n�a�l� �a�n�d� �r�e�c�u�r�r�e�n�t� �t�r�a�n�s�a�c�t�i�o�n�s� 

�b�e�c�a�u�s�e�:� 

�a�l�t�h�o�u�g�h� �d�i�s�c�r�e�t�e� �t�r�a�n�s�a�c�t�i�o�n�s� �a�r�e� �i�n�t�r�i�g�u�i�n�g� �.� �.� �.� �f�e�w� �t�r�a�n�s�a�c�t�i�o�n�s� �h�a�v�e� �t�h�i�s�.� �.� �.� 
�i�s�o�l�a�t�e�d� �c�h�a�r�a�c�t�e�r� �.� �.� �.� �[�a�n�d�]� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �o�n�e�-�t�i�m�e� �a�n�d� �o�c�c�a�s�i�o�n�a�l� 

�t�r�a�n�s�a�c�t�i�o�n�s� �i�s� �n�o�t� �a�p�p�a�r�e�n�t� �(�1�9�7�9�,� �p�.� �2�4�7�)�.� 

�S�u�m�m�a�r�y�:� �C�o�n�c�e�p�t�u�a�l� �R�e�s�e�a�r�c�h� �o�n� �T�C�A� 

�W�i�l�l�i�a�m�s�o�n� �r�e�p�r�e�s�e�n�t�e�d� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n�s� �b�e�t�w�e�e�n� �t�h�e� �t�h�r�e�e� �T�C�A� �d�i�m�e�n�s�i�o�n�s� �(�a�s�s�e�t� 

�s�p�e�c�i�f�i�c�i�t�y�,� �u�n�c�e�r�t�a�i�n�t�y�,� �a�n�d� �f�r�e�q�u�e�n�c�y�)� �a�n�d� �t�h�e� �c�o�n�s�e�q�u�e�n�t� �e�f�f�i�c�i�e�n�t� �g�o�v�e�r�n�a�n�c�e� �s�t�r�u�c�t�u�r�e�s� 

�b�y� �h�o�l�d�i�n�g� �o�n�e� �d�i�m�e�n�s�i�o�n� �c�o�n�s�t�a�n�t� �a�n�d� �c�o�n�s�i�d�e�r�i�n�g� �v�a�r�i�a�n�c�e� �i�n� �t�h�e� �o�t�h�e�r� �t�w�o� �d�i�m�e�n�s�i�o�n�s�.� 

�T�a�b�l�e� �3� �i�l�l�u�s�t�r�a�t�e�s� �t�h�e� �e�f�f�i�c�i�e�n�t� �g�o�v�e�r�n�a�n�c�e� �s�t�r�u�c�t�u�r�e� �i�f� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �a�n�d� �f�r�e�q�u�e�n�c�y� �a�r�e� 

�v�a�r�i�e�d�,� �w�h�i�l�e� �h�o�l�d�i�n�g� �u�n�c�e�r�t�a�i�n�t�y� �c�o�n�s�t�a�n�t�.� 

�I�f� �t�r�a�n�s�a�c�t�i�o�n�s� �o�c�c�u�r� �e�i�t�h�e�r� �o�c�c�a�s�i�o�n�a�l�l�y� �o�r� �r�e�c�u�r�r�e�n�t�l�y� �a�n�d� �r�e�q�u�i�r�e� �n�o�n�s�p�e�c�i�f�i�c� �a�s�s�e�t�s� 

�(�c�e�l�l�s� �A� �a�n�d� �C�)�,� �t�h�e� �m�o�s�t� �e�f�f�i�c�i�e�n�t� �a�l�t�e�r�n�a�t�i�v�e� �i�s� �f�o�r� �t�h�e� �f�i�r�m� �t�o� �o�r�g�a�n�i�z�e� �t�h�e� �f�u�n�c�t�i�o�n� 

�e�x�t�e�r�n�a�l�l�y�;� �t�h�e� �n�o�n�s�p�e�c�i�f�i�c� �n�a�t�u�r�e� �o�f� �t�h�e� �a�s�s�e�t�s� �r�e�q�u�i�r�e�d� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �t�h�e�r�e� �w�i�l�l� �b�e� �l�a�r�g�e� 

�n�u�m�b�e�r�s� �o�f� �s�e�l�l�e�r�s� �w�i�l�l�i�n�g� �t�o� �p�e�r�f�o�r�m� �t�h�e� �f�u�n�c�t�i�o�n�,� �t�h�e�r�e�f�o�r�e� �t�h�e� �f�i�r�m� �c�a�n� �c�o�n�t�a�c�t� �t�h�e� �s�e�l�l�e�r� 

�w�h�o�s�e� �t�e�r�m�s� �a�n�d� �p�r�i�c�e� �a�r�e� �m�o�s�t� �c�o�m�p�e�t�i�t�i�v�e�.� �W�h�e�n� �t�h�e� �a�s�s�e�t�s� �r�e�q�u�i�r�e�d� �f�o�r� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� 
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�o�f� �t�h�e� �f�u�n�c�t�i�o�n� �b�e�c�o�m�e� �m�o�r�e� �s�p�e�c�i�f�i�c� �a�n�d� �t�h�e� �t�r�a�n�s�a�c�t�i�o�n�s� �a�r�e� �p�e�r�f�o�r�m�e�d� �o�c�c�a�s�i�o�n�a�l�l�y� �(�c�e�l�l� 

�B�)�,� �e�v�e�n� �t�h�o�u�g�h� �t�h�e�r�e� �a�r�e� �f�e�w�e�r� �s�e�l�l�e�r�s� �w�i�t�h� �t�h�e� �s�p�e�c�i�f�i�c� �a�s�s�e�t�s� �n�e�e�d�e�d�,� �t�h�e� �o�c�c�a�s�i�o�n�a�l� 

�n�a�t�u�r�e� �o�f� �t�h�e� �t�r�a�n�s�a�c�t�i�o�n�s� �m�a�k�e�s� �i�t� �d�i�f�f�i�c�u�l�t� �f�o�r� �t�h�e� �f�i�r�m� �t�o� �r�e�c�o�v�e�r� �a�n� �i�n�v�e�s�t�m�e�n�t� �i�n� �t�h�e�s�e� 

�a�s�s�e�t�s�.� �I�n� �t�h�i�s� �c�a�s�e�,� �t�h�e� �f�i�r�m� �w�o�u�l�d� �c�o�n�t�r�a�c�t� �w�i�t�h� �a� �s�e�l�l�e�r� �t�o� �p�e�r�f�o�r�m� �t�h�e� �f�u�n�c�t�i�o�n�,� �b�u�t� 

�w�o�u�l�d� �s�e�e�k� �t�o� �s�p�e�c�i�f�y� �t�h�e� �t�e�r�m�s� �o�f� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �w�i�t�h� �a� �s�o�m�e�w�h�a�t� �m�o�r�e� �e�l�a�b�o�r�a�t�e� 

�c�o�n�t�r�a�c�t� �t�h�a�n� �t�h�e� �s�t�a�n�d�a�r�d�i�z�e�d� �o�n�e� �u�s�e�d� �f�o�r� �t�h�e� �n�o�n�s�p�e�c�i�f�i�c� �a�s�s�e�t� �c�a�s�e�s� �d�e�s�c�r�i�b�e�d� �a�b�o�v�e�.� 

�F�i�n�a�l�l�y�,� �i�f� �t�h�e� �f�u�n�c�t�i�o�n� �o�c�c�u�r�s� �f�r�e�q�u�e�n�t�l�y� �a�n�d� �t�h�e� �a�s�s�e�t�s� �r�e�q�u�i�r�e�d� �a�r�e� �s�p�e�c�i�f�i�c� �(�c�e�l�l� �D�)�,� �t�h�e� 

�v�o�l�u�m�e� �o�f� �t�r�a�n�s�a�c�t�i�o�n�s� �a�n�d� �t�h�e� �b�e�n�e�f�i�t�s� �o�f� �i�n�t�e�r�n�a�l�l�y� �o�r�g�a�n�i�z�i�n�g� �t�h�e� �f�u�n�c�t�i�o�n� �t�o� �p�r�e�v�e�n�t� 

�o�p�p�o�r�t�u�n�i�s�m� �b�y� �s�e�l�l�e�r�s� �m�e�a�n� �t�h�a�t� �t�h�e� �f�i�r�m� �i�s� �b�e�t�t�e�r� �o�f�f� �t�o� �"�m�a�k�e�"� �i�n�s�t�e�a�d� �o�f� �"�b�u�y ��.� 

�A�n� �i�n�c�r�e�a�s�e� �i�n� �u�n�c�e�r�t�a�i�n�t�y� �f�o�r� �t�h�e� �c�o�n�d�i�t�i�o�n�s� �i�n� �T�a�b�l�e� �3� �w�o�u�l�d� �h�a�v�e� �t�h�e� �f�o�l�l�o�w�i�n�g� 

�e�f�f�e�c�t�s�.� �F�o�r� �t�h�o�s�e� �t�r�a�n�s�a�c�t�i�o�n�s�/�f�u�n�c�t�i�o�n�s� �r�e�q�u�i�r�i�n�g� �n�o�n�s�p�e�c�i�f�i�c� �a�s�s�e�t�s� �(�c�e�l�l�s� �A� �a�n�d� �C�)�,� �t�h�e� 

�m�o�s�t� �e�f�f�i�c�i�e�n�t� �m�o�d�e� �o�f� �g�o�v�e�r�n�a�n�c�e� �o�r� �o�r�g�a�n�i�z�a�t�i�o�n� �r�e�m�a�i�n�s� �m�a�r�k�e�t� �(�"�b�u�y�"�)�.� �H�e�n�c�e�,� 

�a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �T�C�A� �f�r�a�m�e�w�o�r�k�,� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �m�u�s�t� �a�c�c�o�m�p�a�n�y� �u�n�c�e�r�t�a�i�n�t�y� �f�o�r� 

�i�n�c�r�e�a�s�e�d� �t�r�a�n�s�a�c�t�i�o�n� �c�o�s�t�s� �t�o� �o�c�c�u�r�,� �a� �s�i�g�n� �t�h�a�t� �"�m�a�k�e �� �r�a�t�h�e�r� �t�h�a�n� �"�b�u�y�"� �m�a�y� �b�e� �t�h�e� �m�o�r�e� 

�e�f�f�i�c�i�e�n�t� �s�t�r�u�c�t�u�r�e�.� �T�h�e� �r�a�t�i�o�n�a�l�e� �f�o�r� �t�h�i�s� �e�f�f�e�c�t� �i�s� �t�h�a�t�,� �w�h�e�n� �n�o�n�s�p�e�c�i�f�i�c� �a�s�s�e�t�s� �a�r�e� 

�i�n�v�o�l�v�e�d�,� �t�h�e� �l�a�r�g�e� �n�u�m�b�e�r� �o�f� �s�e�l�l�e�r�s� �t�h�a�t� �t�h�e� �f�i�r�m� �c�a�n� �c�h�o�o�s�e� �f�r�o�m� �d�e�c�r�e�a�s�e�s� �t�h�e� 

�r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �c�o�n�t�i�n�u�i�t�y� �o�f� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� �t�h�e� �f�i�r�m� �(�t�h�e� �b�u�y�e�r�)� �a�n�d� �t�h�e� �s�e�l�l�e�r�s�.� 

�T�h�a�t� �i�s�,� �w�h�e�n� �t�h�e�r�e� �a�r�e� �n�o� �s�p�e�c�i�a�l�i�z�e�d� �i�n�v�e�s�t�m�e�n�t�s� �r�e�q�u�i�r�e�d�,� �t�h�e� �f�i�r�m� �h�a�s� �p�l�e�n�t�y� �o�f� 

�c�o�m�p�e�t�i�n�g� �s�e�l�l�e�r�s� �t�o� �c�h�o�o�s�e� �f�r�o�m� �e�a�c�h� �t�i�m�e� �t�h�e� �f�u�n�c�t�i�o�n� �m�u�s�t� �b�e� �p�e�r�f�o�r�m�e�d�.� �H�o�w�e�v�e�r�,� 

�w�h�e�n� �a�s�s�e�t�s� �b�e�c�o�m�e� �m�o�r�e� �s�p�e�c�i�f�i�c�,� �t�h�e�r�e� �a�r�e� �s�m�a�l�l�e�r� �n�u�m�b�e�r�s� �o�f� �s�e�l�l�e�r�s� �p�o�s�s�e�s�s�i�n�g� �t�h�e� 

�n�e�c�e�s�s�a�r�y� �e�q�u�i�p�m�e�n�t�.� �A�c�c�o�r�d�i�n�g� �t�o� �W�i�l�l�i�a�m�s�o�n�:� 

�c�o�n�t�i�n�u�i�t�y� �n�o�w� �m�a�t�t�e�r�s� �.� �.� �.� �[�a�n�d�]� �i�n�c�r�e�a�s�i�n�g� �t�h�e� �d�e�g�r�e�e� �o�f� �u�n�c�e�r�t�a�i�n�t�y� �m�a�k�e�s� �i�t� �m�o�r�e� 
�i�m�p�e�r�a�t�i�v�e� �t�o� �o�r�g�a�n�i�z�e� �t�r�a�n�s�a�c�t�i�o�n�s� �w�i�t�h�i�n� �g�o�v�e�r�n�a�n�c�e� �s�t�r�u�c�t�u�r�e�s� �t�h�a�t� �h�a�v�e� �t�h�e� 
�C�a�p�a�c�i�t�y� �t�o� �"�w�o�r�k� �t�h�i�n�g�s� �o�u�t�"�.� �F�a�i�l�u�r�e� �t�o� �s�u�p�p�o�r�t� �t�r�a�n�s�a�c�t�i�o�n�-�s�p�e�c�i�f�i�c� �a�s�s�e�t�s� �w�i�t�h� 
�p�r�o�t�e�c�t�i�v�e� �g�o�v�e�r�n�a�n�c�e� �s�t�r�u�c�t�u�r�e�s� �p�r�e�d�i�c�t�a�b�l�y� �r�e�s�u�l�t�s� �i�n� �c�o�s�t�l�y� �h�a�g�g�l�i�n�g� �(�1�9�8�5�,� �p�.� �7�9�)�.� 
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�T�A�B�L�E� �3� 

�F� 

�r� 
�e� 
�q� 
�u� 
�e� 
�n� 
�C�c� 

�E�F�F�I�C�I�E�N�T� �G�O�V�E�R�N�A�N�C�E� �S�T�R�U�C�T�U�R�E�S� �U�N�D�E�R� �V�A�R�Y�I�N�G� 
�C�O�N�D�I�T�I�O�N�S� �O�F� �A�S�S�E�T� �S�P�E�C�I�F�I�C�I�T�Y� �A�N�D� �F�R�E�Q�U�E�N�C�Y� 
�A�d�a�p�t�e�d� �f�r�o�m� �W�i�l�l�i�a�m�s�o�n� �(�1�9�8�5�,� �p�.� �7�9�)�.� 

�A�s�s�e�t� �S�p�e�c�i�f�i�c�i�t�y� 

�N�o�n�s�p�e�c�i�f�i�c� �S�p�e�c�i�f�i�c� 

�O�c�c�a�s�i�o�n�a�l� �(�A�)� �B�u�y�/�M�a�r�k�e�t� �(�B�)� �B�u�y�/�C�o�n�t�r�a�c�t� 

�R�e�c�u�r�r�e�n�t� �(�C�)� �B�u�y�/�M�a�r�k�e�t� �(�D�)� �M�a�k�e�/�I�n�t�e�r�n�a�l� 
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�T�h�e�r�e�f�o�r�e�,� �i�n�c�r�e�a�s�i�n�g� �u�n�c�e�r�t�a�i�n�t�y� �w�i�l�l� �m�e�a�n� �t�h�e� �m�o�r�e� �e�f�f�i�c�i�e�n�t� �g�o�v�e�r�n�a�n�c�e� �o�r� �o�r�g�a�n�i�z�a�t�i�o�n�a�l� 

�s�t�r�u�c�t�u�r�e� �f�o�r� �c�e�l�l� �B� �i�s� �M�a�k�e�/�I�n�t�e�r�n�a�l� �i�n�s�t�e�a�d� �o�f� �B�u�y�/�C�o�n�t�r�a�c�t� �(�W�i�l�l�i�a�m�s�o�n� �1�9�7�9�,� �1�9�8�5�)�.� 

�T�h�e� �T�C�A� �f�r�a�m�e�w�o�r�k� �o�f�f�e�r�s� �a� �c�o�n�c�i�s�e� �m�e�a�n�s� �o�f� �a�c�h�i�e�v�i�n�g� �a�n� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� 

�c�h�a�n�n�e�l� �s�t�r�u�c�t�u�r�e� �a�n�d� �p�e�r�f�o�r�m�a�n�c�e�.� �I�n� �t�h�e� �w�o�r�d�s� �o�f� �F�r�a�z�i�e�r�,� �S�a�w�h�n�e�y�,� �a�n�d� �S�h�e�r�v�a�n�i� �(�1�9�9�0�)�:� 

�[�T�C�A�]� �d�i�s�t�i�l�l�s� �a� �g�r�e�a�t� �n�u�m�b�e�r� �o�f� �p�o�t�e�n�t�i�a�l� �c�o�n�s�t�r�u�c�t�s� �i�n�t�o� �t�h�r�e�e� �a�b�s�t�r�a�c�t� �c�o�n�s�t�r�u�c�t�s� 
�t�h�a�t� �a�p�p�e�a�r� �t�o� �h�a�v�e� �a� �g�r�e�a�t� �i�m�p�o�r�t�a�n�c�e� �i�n� �e�x�p�l�a�i�n�i�n�g� �l�e�v�e�l�s� �o�f� �.� �.� �.� �i�n�t�e�g�r�a�t�i�o�n� �(�p�.� 

�2�7�3�-�2�7�4�)�.� 

�E�m�p�i�r�i�c�a�l� �R�e�s�e�a�r�c�h� 

�T�a�b�l�e� �4� �c�o�n�t�a�i�n�s� �a� �s�u�m�m�a�r�y� �o�f� �e�m�p�i�r�i�c�a�l� �r�e�s�e�a�r�c�h� �o�n� �t�h�e� �T�C�A� �f�r�a�m�e�w�o�r�k�.� �T�h�i�s� 

�s�e�c�t�i�o�n� �w�i�l�l� �i�n�t�e�g�r�a�t�e� �a�n�d� �s�u�m�m�a�r�i�z�e� �t�h�e� �r�e�l�e�v�a�n�t� �r�e�s�u�l�t�s� �o�f� �t�h�e� �e�m�p�i�r�i�c�a�l� �r�e�s�e�a�r�c�h� �o�n� �T�C�A�.� 

�I�n� �r�e�v�i�e�w�i�n�g� �e�m�p�i�r�i�c�a�l� �r�e�s�e�a�r�c�h� �o�n� �T�C�A�,� �f�o�u�r� �c�o�n�c�l�u�s�i�o�n�s� �e�m�e�r�g�e�.� 

�1�)� �T�h�e�r�e� �i�s� �d�i�s�p�a�r�i�t�y� �i�n� �h�o�w� �o�f�t�e�n�,� �a�s� �w�e�l�l� �a�s� �t�h�e� �m�a�n�n�e�r� �i�n� �w�h�i�c�h� �T�C�A� 
�d�i�m�e�n�s�i�o�n�s� �a�r�e� �m�e�a�s�u�r�e�d�.� �M�o�s�t� �e�m�p�i�r�i�c�a�l� �s�t�u�d�i�e�s� �m�e�a�s�u�r�e�d� �a�s�s�e�t� 
�s�p�e�c�i�f�i�c�i�t�y�;� �h�o�w�e�v�e�r�,� �u�n�c�e�r�t�a�i�n�t�y� �h�a�s� �a�p�p�e�a�r�e�d� �i�n� �s�o�m�e�w�h�a�t� �f�e�w�e�r� �s�t�u�d�i�e�s�,� 
�a�n�d� �f�r�e�q�u�e�n�c�y� �i�n� �f�e�w�e�r� �s�t�i�l�l�.� �N�o�t� �s�u�r�p�r�i�s�i�n�g�l�y�,� �t�h�e�r�e�f�o�r�e�,� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �h�a�s� 
�r�e�c�e�i�v�e�d� �a� �g�r�e�a�t� �d�e�a�l� �o�f� �e�m�p�i�r�i�c�a�l� �s�u�p�p�o�r�t�,� �w�h�i�l�e� �s�u�p�p�o�r�t� �f�o�r� �t�h�e� �d�i�m�e�n�s�i�o�n�s� 
�o�f� �u�n�c�e�r�t�a�i�n�t�y� �a�n�d� �f�r�e�q�u�e�n�c�y� �v�a�r�i�e�s� �f�r�o�m� �i�n�c�o�n�s�i�s�t�e�n�t� �t�o� �n�o�n�e�x�i�s�t�e�n�t�.� 
�F�u�r�t�h�e�r�m�o�r�e�,� �T�C�A ��s� �p�r�e�d�i�c�t�e�d� �i�n�t�e�r�a�c�t�i�o�n�s� �b�e�t�w�e�e�n� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y�,� 
�u�n�c�e�r�t�a�i�n�t�y�,� �a�n�d� �v�o�l�u�m�e� �h�a�v�e� �n�o�t� �b�e�e�n� �e�x�a�m�i�n�e�d�,� �e�x�c�e�p�t� �f�o�r� �a� �f�e�w� �s�t�u�d�i�e�s� 
�w�h�i�c�h� �i�n�v�e�s�t�i�g�a�t�e�d� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n� �o�f� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �a�n�d� �u�n�c�e�r�t�a�i�n�t�y�.� 

�2�}� �A�s� �t�h�e� �M�e�t�h�o�d� �c�o�l�u�m�n� �o�f� �T�a�b�l�e� �4� �d�e�m�o�n�s�t�r�a�t�e�s�,� �d�e�s�c�r�i�p�t�i�v�e� �m�e�t�h�o�d�o�l�o�g�y� 
�(�e�.�g�.�,� �s�u�r�v�e�y�s�,� �i�n�t�e�r�v�i�e�w�s�)� �d�o�m�i�n�a�t�e�s� �t�h�e� �e�x�t�a�n�t� �T�C�A� �e�m�p�i�r�i�c�a�l� �r�e�s�e�a�r�c�h�.� 

�3�)� �T�h�e� �m�a�j�o�r�i�t�y� �o�f� �t�h�e� �r�e�s�e�a�r�c�h� �o�n� �T�C�A� �i�s� �n�o�t� �n�o�r�m�a�t�i�v�e�,� �i�.�e�.�,� �t�h�e� �r�e�s�e�a�r�c�h� 
�s�i�m�p�l�y� �a�s�s�e�s�s�e�s� �w�h�e�t�h�e�r� �f�i�r�m�s� �h�a�v�e� �f�o�l�l�o�w�e�d� �t�h�e� �p�r�e�d�i�c�t�i�o�n�s� �o�f� �T�C�A� �i�n� �t�h�e�i�r� 
�v�e�r�t�i�c�a�l� �i�n�t�e�g�r�a�t�i�o�n� �d�e�c�i�s�i�o�n�s� �a�n�d� �d�o�e�s� �n�o�t� �c�o�m�p�a�r�e� �t�h�e� �i�n�t�e�g�r�a�t�e�d� �a�n�d� �n�o�n�-� 
�i�n�t�e�g�r�a�t�e�d� �s�t�r�u�c�t�u�r�e� �t�o� �s�e�e� �w�h�e�t�h�e�r� �o�r� �n�o�t� �t�h�e�s�e� �d�e�c�i�s�i�o�n�s� �r�e�s�u�l�t�e�d� �i�n� �m�o�r�e� 
�e�f�f�i�c�i�e�n�t� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �t�h�e� �f�o�c�a�l� �f�u�n�c�t�i�o�n�.� 

�4�)� �E�x�i�s�t�i�n�g� �r�e�s�e�a�r�c�h� �o�n� �T�C�A� �m�a�k�e�s� �n�o� �a�t�t�e�m�p�t� �t�o� �a�s�s�e�s�s� �t�h�e� �t�o�t�a�l� �o�f� 
�t�r�a�n�s�a�c�t�i�o�n� �a�n�d� �p�r�o�d�u�c�t�i�o�n� �c�o�s�t�s�,� �a� �c�o�n�c�e�p�t� �t�h�a�t� �i�s� �f�u�n�d�a�m�e�n�t�a�l� �t�o� 
�W�i�l�l�i�a�m�s�o�n ��s� �c�o�n�c�e�p�t�u�a�l�i�z�a�t�i�o�n�.� 

�T�h�e� �d�i�s�c�u�s�s�i�o�n� �o�f� �e�x�i�s�t�i�n�g� �e�m�p�i�r�i�c�a�l� �r�e�s�e�a�r�c�h� �o�n� �T�C�A� �i�s� �o�r�g�a�n�i�z�e�d� �a�r�o�u�n�d� �t�h�e�s�e� �f�o�u�r� 

�c�o�n�c�l�u�s�i�o�n�s�.� 
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�S�u�p�p�o�r�t� �f�o�r� �T�C�A� �T�r�a�n�s�a�c�t�i�o�n� �D�i�m�e�n�s�i�o�n�s�.� �T�h�e� �f�i�r�s�t� �g�r�o�u�p� �o�f� �s�t�u�d�i�e�s� �d�i�s�c�u�s�s�e�d� �i�n� 

�t�h�i�s� �s�e�c�t�i�o�n� �a�r�e� �m�a�n�u�f�a�c�t�u�r�i�n�g� �s�t�u�d�i�e�s�;� �t�h�e� �s�e�c�o�n�d� �g�r�o�u�p� �a�r�e� �s�t�u�d�i�e�s� �o�f� �d�i�s�t�r�i�b�u�t�i�o�n� 

�f�u�n�c�t�i�o�n�s�.� 

�1�.� �M�a�n�u�f�a�c�t�u�r�i�n�g� �S�t�u�d�i�e�s�.� �K�l�e�i�n�,� �C�r�a�w�f�o�r�d�,� �a�n�d� �A�l�c�h�i�a�n ��s� �(�1�9�7�8�)� �i�n�-�d�e�p�t�h� �c�a�s�e� �s�t�u�d�y� 

�o�f� �G�e�n�e�r�a�l� �M�o�t�o�r ��s� �v�e�r�t�i�c�a�l� �m�e�r�g�e�r� �w�i�t�h� �F�i�s�h�e�r� �B�o�d�y� �i�n�v�e�s�t�i�g�a�t�e�d� �o�n�l�y� �t�h�e� �T�C�A� �d�i�m�e�n�s�i�o�n� �o�f� 

�a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y�;� �t�h�e� �s�t�u�d�y� �w�a�s� �s�t�r�o�n�g�l�y� �s�u�p�p�o�r�t�i�v�e� �o�f� �i�n�t�e�r�n�a�l�i�z�a�t�i�o�n� �f�o�r� �s�i�t�e�-�s�p�e�c�i�f�i�c� 

�m�a�n�u�f�a�c�t�u�r�i�n�g� �a�s�s�e�t�s�.� 

�L�e�v�y ��s� �(�1�9�8�1�,� �1�9�8�5�)� �r�e�s�u�l�t�s� �f�a�i�l�e�d� �t�o� �s�u�p�p�o�r�t� �s�i�t�e� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y�,� �b�u�t� �d�i�d� �p�r�o�v�i�d�e� 

�s�u�p�p�o�r�t� �f�o�r� �p�h�y�s�i�c�a�l� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y�.� �P�h�y�s�i�c�a�l� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y�,� �a�s� �s�i�g�n�i�f�i�e�d� �b�y� �t�h�e� �d�e�g�r�e�e� 

�o�f� �p�r�o�d�u�c�t� �d�i�f�f�e�r�e�n�t�i�a�t�i�o�n� �a�n�d� �m�e�a�s�u�r�e�d� �b�y� �a�d�v�e�r�t�i�s�i�n�g� �i�n�t�e�n�s�i�t�y� �a�n�d� �r�e�s�e�a�r�c�h�/�d�e�v�e�l�o�p�m�e�n�t� 

�e�x�p�e�n�d�i�t�u�r�e�s�,� �p�r�o�v�e�d� �t�o� �b�e� �a� �s�i�g�n�i�f�i�c�a�n�t� �d�e�t�e�r�m�i�n�a�n�t� �o�f� �v�e�r�t�i�c�a�l� �i�n�t�e�g�r�a�t�i�o�n�.� �L�e�v�y� �a�l�s�o� 

�e�x�a�m�i�n�e�d� �u�n�c�e�r�t�a�i�n�t�y�,� �b�u�t� �n�o�t� �f�r�e�q�u�e�n�c�y�.� �U�n�c�e�r�t�a�i�n�t�y� �w�a�s� �m�e�a�s�u�r�e�d� �b�y� �f�i�r�m� �a�n�d� �i�n�d�u�s�t�r�y� 

�l�e�v�e�l� �d�a�t�a� �d�e�m�o�n�s�t�r�a�t�i�n�g� �"�t�h�e� �d�e�g�r�e�e� �o�f� �u�n�a�n�t�i�c�i�p�a�t�e�d� �e�v�e�n�t�s�,�"�  ��u�n�a�n�t�i�c�i�p�a�t�e�d� �v�a�r�i�a�n�c�e� �i�n� 

�f�i�r�m� �s�a�l�e�s�,�"� �a�n�d� �"�s�y�s�t�e�m�a�t�i�c� �r�i�s�k� �i�n� �p�r�o�f�i�t�s�.�"� �R�e�s�u�l�t�s� �d�e�m�o�n�s�t�r�a�t�e�d� �a� �p�o�s�i�t�i�v�e� �r�e�l�a�t�i�o�n�s�h�i�p� 

�b�e�t�w�e�e�n� �l�e�v�e�l� �o�f� �u�n�c�e�r�t�a�i�n�t�y� �a�n�d� �t�h�e� �d�e�c�i�s�i�o�n� �t�o� �i�n�t�e�g�r�a�t�e�.� 

�M�o�n�t�e�v�e�r�d�e� �a�n�d� �T�e�e�c�e� �(�1�9�8�2�)� �s�t�u�d�i�e�d� �t�h�e� �e�x�t�e�n�t� �t�o� �w�h�i�c�h� �s�p�e�c�i�f�i�c� �h�u�m�a�n� �a�s�s�e�t�s� 

�a�f�f�e�c�t�e�d� �t�h�e� �d�e�g�r�e�e� �o�f� �(�b�a�c�k�w�a�r�d�)� �i�n�t�e�g�r�a�t�i�o�n� �i�n�v�o�l�v�e�d� �i�n� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �a�u�t�o�m�o�b�i�l�e� 

�c�o�m�p�o�n�e�n�t� �p�a�r�t�s�.� �T�h�e� �d�e�g�r�e�e� �o�f� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y�,� �m�e�a�s�u�r�e�d� �b�y� �r�a�t�i�n�g�s� �o�f� �t�h�e� �i�n�v�e�s�t�m�e�n�t� �o�f� 

�e�n�g�i�n�e�e�r�i�n�g� �e�f�f�o�r�t�/�c�o�s�t� �i�n� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �e�a�c�h� �c�o�m�p�o�n�e�n�t�,� �w�a�s� �p�o�s�i�t�i�v�e�l�y� �r�e�l�a�t�e�d� �t�o� �t�h�e� 

�v�e�r�t�i�c�a�l� �i�n�t�e�g�r�a�t�i�o�n� �d�e�c�i�s�i�o�n�.� �N�e�i�t�h�e�r� �u�n�c�e�r�t�a�i�n�t�y� �n�o�r� �f�r�e�q�u�e�n�c�y� �w�a�s� �i�n�v�e�s�t�i�g�a�t�e�d� �i�n� �t�h�i�s� 

�s�t�u�d�y�.� 

�M�a�s�t�e�n� �(�1�9�8�4�)� �m�e�a�s�u�r�e�d� �p�h�y�s�i�c�a�l� �a�n�d� �s�i�t�e� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �b�y� �s�c�a�l�e� �i�t�e�m�s� �i�n� �h�i�s� 

�i�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �t�h�e� �p�r�o�c�u�r�e�m�e�n�t� �o�f� �m�a�n�u�f�a�c�t�u�r�i�n�g� �i�n�p�u�t�s� �i�n� �t�h�e� �a�e�r�o�s�p�a�c�e� �i�n�d�u�s�t�r�y�.� �H�e� 

�f�o�u�n�d� �s�t�r�o�n�g� �s�u�p�p�o�r�t� �f�o�r� �p�h�y�s�i�c�a�l� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y�.� �M�a�s�t�e�n� �a�l�s�o� �m�e�a�s�u�r�e�d� �c�o�m�p�l�e�x�i�t�y� �(�b�u�t� 

�n�o�t� �u�n�c�e�r�t�a�i�n�t�y�)� �b�y� �u�s�i�n�g� �t�h�e� �f�i�r�m ��s� �r�a�n�k�i�n�g� �o�f� �a�n� �i�n�p�u�t ��s� �c�o�m�p�l�e�x�i�t�y�.� �T�h�e� �r�a�n�k�i�n�g� �w�a�s� 
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�D�a�t�e� �A�u�t�h�o�r�{�s�)� �M�e�t�h�o�d� �D�a�t�a� �A�n�a�l�y�s�i�s� �R�e�s�u�l�t�s� 

�1�9�7�8� �K�l�e�i�n�,� �C�a�s�e� �G�M�,� �F�i�s�h�e�r� �Q�u�a�l�i�t�a�t�i�v�e� �S�u�p�p�o�r�t�e�d� 
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�A�s�s�e�t�s�,� 
�U�n�c�e�r�t ��y� 

�1�9�8�1� �L�e�v�y� �C�o�m�p�u�s�t�a�t� �6�9� �F�i�r�m�s� �i�n� �3�7� �L�e�a�s�t� �S�u�p�p�o�r�t�e�d� 
�1�9�8�5� �d�a�t�a� �o�f� �I�n�d�u�s�t�r�i�e�s� �S�q�u�a�r�e�s� �U�n�c�e�r�t ��y�,� 
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�1�9�8�4� �M�a�s�t�e�n� �S�u�r�v�e�y� �1�8�8�7� �P�r�o�b�i�t� �S�u�p�p�o�r�t�e�d� 

�C�o�m�p�o�n�e�n�t�s�,� �C�o�m�p�l�x ��t�y�/� 
�A�e�r�o�s�p�a�c�e� �U�n�c�e�r�t ��y�,� 
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�A�s�s�e�t�s� 
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�W�e�b�e�r� �f�o�r� �S�o�u�r�c�i�n�g� �L�e�a�s�t� �C�o�s�t�s� �m�o�r�e� 

�A�u�t�o� �S�q�u�a�r�e�s� �o�f� �P�r�e�d�i�c�t�i�v�e� 
�C�o�m�p�o�n�e�n�t�s� �S�t�r�u�c�t�u�r�a�l� �t�h�a�n� 
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�1�9�8�5� �|� �A�n�d�e�r�s�o�n� �S�u�r�v�e�y� �1�5�9� �S�a�l�e�s� �L�o�g�i�s�t�i�c� �S�u�p�p�o�r�t�e�d� 
�D�i�s�t�r�i�c�t�s�,� �R�e�g�r�e�s�s�i�o�n� �C�o�m�p�l�x ��t�y�/� 
�E�l�e�c�t�r�o�n�i�c� �U�n�c�e�r�t ��y�,� 
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�i�n� �1�0� �C�o�m�p�l�x ��t�y�/� 
�i�n�d�u�s�t�r�i�e�s� �U�n�c�e�r�t ��y� 

�1�9�8�6� �|� �B�a�l�a�k�r�i�s�h�n�a�n� �F�T�C� �L�i�n�e� �o�f� �9�3� �M�f�g� �L�e�a�s�t� �T�e�c�h�.� �U�n�c�e�r�t ��y� 
�&� �W�e�r�n�e�r�f�e�l�t� �B�u�s�i�n�e�s�s� �I�n�d�u�s�t�r�i�e�s� �S�q�u�a�r�e�s� �I�n�h�i�b�i�t�s� 

�R�e�g�r�e�s�s�i�o�n� �I�n�t�e�g�r�a�t ��n� 

�1�9�8�8� �G�a�t�i�g�n�o�n� �&� �H�a�r�v�a�r�d� �E�n�t�r�y� �M�o�d�e�s� �M�u�l�t�i�n�o�m�i�a�l� �S�u�p�p�o�r�t�e�d� 
�A�n�d�e�r�s�o�n� �M�u�l�t�i�n�a�t ��l� �o�f� �1�8�0� �U�S� �L�o�g�i�t� �S�p�e�c�i�f�i�c� �A�s�s�e�t�s� 

�E�n�t�e�r�p�r�i�s�e� �M�u�l�t�i�n�a�t ��l� 
�P�r�o�j�e�c�t� �F�i�r�m�s� 
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�1�9�9�0� �|� �N�o�o�r�d�e�w�i�e�r�,� �S�u�r�v�e�y� �1�4�0� �O�E�M� �M�A�N�O�V�A� �S�u�p�p�o�r�t�e�d� 
�J�o�h�n�,� �N�e�v�i�n� �(�B�e�a�r�i�n�g�s�)� �U�n�c�e�r�t ��y� 

�P�u�r�c�h�a�s�e�r�s� �(�N�o�r�m�a�t�i�v�e� 
�S�t�u�d�y�)� � � � � � � 
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�T�A�B�L�E� �4� �(�C�O�N�T�I�N�U�E�D�)� �T�C�A� �E�M�P�I�R�I�C�A�L� �R�E�S�E�A�R�C�H� 

� � 

� � � � 

� � 

� � � � � � � � � � � � � � 

�D�a�t�e� �A�u�t�h�o�r�(�s�)� �M�e�t�h�o�d� �D�a�t�a� �A�n�a�l�y�s�i�s� �R�e�s�u�l�t�s� 

�1�9�9�1� �W�a�l�k�e�r� �&� �I�n�t�e�r�v�i�e�w�s�,� �C�a�s�e� �6�7� �M�f�g� �I�n�p�u�t�s� �L�I�S�R�E�L� �S�u�p�p�o�r�t�e�d� 
�P�o�p�p�o� �S�t�u�d�i�e�s�;� �S�u�r�v�e�y� �f�o�r� �C�o�n�s�u�m�e�r� �S�p�e�c�i�f�i�c� �A�s�s�e�t�s� 

�P�r�o�d�u�c�t�s� �(�N�o�r�m�a�t�i�v�e� 
�S�t�u�d�y�)� 

�1�9�9�8�0� �|� �M�o�s�a�k�o�w�s�k�i� �S�E�C� �D�a�t�a� �1�2�2� �C�o�m�p�u�t�e�r� �T�w�o�-�S�t�a�g�e� �L�e�a�s�t� �W�e�a�k� �S�u�p�p�o�r�t� 
�F�i�r�m�s� �S�q�u�a�r�e�s� �f�o�r� �S�p�e�c�i�f�i�c� 

�R�e�g�r�e�s�s�i�o�n� �A�s�s�e�t�s� 
�{�N�o�r�m�a�t�i�v�e� 

�S�t�u�d�y�)� 

�1�9�9�2� �|� �M�a�l�t�z� �S�u�r�v�e�y� �1�6�0� �L�o�g�i�s�t�i�c�s� �L�o�g�i�s�t�i�c� �S�u�p�p�o�r�t�e�d� 

�M�a�n�a�g�e�r�s�,� �R�e�g�r�e�s�s�i�o�n� �S�p�e�c�i�f�i�c� �A�s�s�e�t�s� 
�F�o�u�r� �I�n�d�u�s�t�r�i�e�s� � � � � � � 
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�b�a�s�e�d� �o�n� �t�h�e� �n�u�m�b�e�r� �o�f� �d�e�t�a�i�l�s� �i�n�v�o�l�v�e�d� �i�n� �t�h�e� �i�n�p�u�t ��s� �p�r�o�d�u�c�t�i�o�n�,�  ��t�h�e� �m�o�r�e� �d�e�t�a�i�l�s� �t�o� �b�e� 

�a�c�c�o�u�n�t�e�d� �f�o�r� �.�.� �.� �t�h�e� �m�o�r�e� �d�i�m�e�n�s�i�o�n�s� �i�n� �w�h�i�c�h� �s�o�m�e�t�h�i�n�g� �c�a�n� �g�o� �w�r�o�n�g �� �(�p�.� �4�0�9�)� �a�n�d� 

�f�o�u�n�d� �s�u�p�p�o�r�t� �f�o�r� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �c�o�m�p�l�e�x�i�t�y� �i�n� �t�h�e� �m�a�k�e� �o�r� �b�u�y� �d�e�c�i�s�i�o�n�.� �A�c�c�o�r�d�i�n�g� �t�o� 

�M�a�s�t�e�n�,� �"�c�o�m�p�l�e�x�i�t�y� �.�.� �.� �m�a�y� �b�e� �u�s�e�d� �a�s� �a� �p�r�o�x�y� �f�o�r� �t�h�e� �d�e�g�r�e�e� �o�f� �u�n�c�e�r�t�a�i�n�t�y� �o�n� �t�h�e� 

�p�r�o�d�u�c�t�i�o�n� �s�i�d�e �� �(�p�.� �4�0�9�)�.� �H�o�w�e�v�e�r�,� �i�n� �t�h�e� �c�o�n�t�e�x�t� �o�f� �M�a�s�t�e�n ��s� �s�t�u�d�y�,� �c�o�m�p�l�e�x�i�t�y� �a�p�p�e�a�r�s� 

�t�o� �b�e� �a� �p�r�o�x�y� �f�o�r� �p�h�y�s�i�c�a�l� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y�,� �h�e�n�c�e�,� �t�h�e� �s�u�p�p�o�r�t� �h�e� �f�o�u�n�d� �f�o�r� �t�h�e� �c�o�m�p�l�e�x�i�t�y� 

�d�i�m�e�n�s�i�o�n� �c�a�n� �m�o�r�e� �l�i�k�e�l�y� �b�e� �a�t�t�r�i�b�u�t�e�d� �t�o� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y�.� �F�r�e�q�u�e�n�c�y� �w�a�s� �n�o�t� �m�e�a�s�u�r�e�d� �i�n� 

�M�a�s�t�e�n ��s� �s�t�u�d�y�.� 

�W�a�l�k�e�r� �&� �W�e�b�e�r� �(�1�9�8�4�)� �m�e�a�s�u�r�e�d� �p�h�y�s�i�c�a�l� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �(�m�e�a�s�u�r�e�d� �b�y� �t�h�e� 

�n�u�m�b�e�r� �o�f� �s�u�p�p�l�i�e�r�s� �i�n� �t�h�e� �m�a�r�k�e�t�;� �m�o�r�e� �s�u�p�p�l�i�e�r�s� �w�a�s� �t�a�k�e�n� �a�s� �a�n� �i�n�d�i�c�a�t�i�o�n� �o�f� �l�e�s�s� �a�s�s�e�t� 

�s�p�e�c�i�f�i�c�i�t�y�)� �a�n�d� �h�u�m�a�n� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �(�m�e�a�s�u�r�e�d� �b�y� �s�c�a�l�e� �i�t�e�m�s� �a�s�s�e�s�s�i�n�g� �a�m�o�u�n�t� �o�f� 

�p�r�o�d�u�c�t�i�o�n� �e�x�p�e�r�i�e�n�c�e�)�.� �H�e�i�d�e� �a�n�d� �J�o�h�n� �(�1�9�9�0�)� �m�e�a�s�u�r�e�d� �b�o�t�h� �p�h�y�s�i�c�a�l� �a�n�d� �d�e�d�i�c�a�t�e�d� 

�s�p�e�c�i�f�i�c� �a�s�s�e�t�s� �b�y� �L�i�k�e�r�t� �s�c�a�l�e� �i�t�e�m�s�.� �T�h�e�s�e� �t�w�o� �s�t�u�d�i�e�s� �h�a�d� �m�i�x�e�d� �f�i�n�d�i�n�g�s� �r�e�g�a�r�d�i�n�g� �a�s�s�e�t� 

�s�p�e�c�i�f�i�c�i�t�y�;� �W�a�l�k�e�r� �a�n�d� �W�e�b�e�r� �f�o�u�n�d� �n�o� �e�f�f�e�c�t�s�,� �w�h�i�l�e� �H�e�i�d�e� �a�n�d� �J�o�h�n� �(�1�9�9�0�)� �f�o�u�n�d� 

�s�i�g�n�i�f�i�c�a�n�t� �e�f�f�e�c�t�s� �f�o�r� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y�.� �U�n�c�e�r�t�a�i�n�t�y� �w�a�s� �a�l�s�o� �i�n�v�e�s�t�i�g�a�t�e�d� �a�n�d� �m�e�a�s�u�r�e�d� 

�s�i�m�i�l�a�r�i�t�y� �i�n� �b�o�t�h� �o�f� �t�h�e�s�e� �s�t�u�d�i�e�s� �a�s� �a� �t�w�o� �d�i�m�e�n�s�i�o�n�a�l� �c�o�n�s�t�r�u�c�t�:� �1�)� �v�o�l�u�m�e� �u�n�c�e�r�t�a�i�n�t�y� 

�(�f�l�u�c�t�u�a�t�i�o�n� �i�n� �v�o�l�u�m�e� �r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �m�a�n�u�f�a�c�t�u�r�i�n�g� �i�n�p�u�t�s� �a�n�d� �u�n�c�e�r�t�a�i�n� �v�o�l�u�m�e� 

�r�e�q�u�i�r�e�m�e�n�t� �e�s�t�i�m�a�t�e�s� �f�o�r� �m�a�n�u�f�a�c�t�u�r�i�n�g� �c�o�m�p�o�n�e�n�t�s�)� �a�n�d� �2�)� �t�e�c�h�n�o�l�o�g�i�c�a�l� �u�n�c�e�r�t�a�i�n�t�y� �(�h�o�w� 

�o�f�t�e�n� �c�h�a�n�g�e�s� �i�n� �s�p�e�c�i�f�i�c�a�t�i�o�n�s� �o�c�c�u�r� �a�n�d� �t�h�e� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �t�e�c�h�n�o�l�o�g�i�c�a�l� �i�m�p�r�o�v�e�m�e�n�t�s� �f�o�r� 

�c�o�m�p�o�n�e�n�t�s�)�.� �T�h�i�s� �t�w�o� �d�i�m�e�n�s�i�o�n�a�l� �e�v�a�l�u�a�t�i�o�n� �w�a�s� �a�n� �e�f�f�o�r�t� �t�o� �c�a�p�t�u�r�e� �t�h�e� �a�u�t�h�o�r�s �� 

�h�y�p�o�t�h�e�s�i�z�e�d� �m�i�x�e�d� �e�f�f�e�c�t�s� �o�f� �u�n�c�e�r�t�a�i�n�t�y� �a�n�d� �r�e�f�i�n�e� �w�h�a�t� �t�h�e� �a�u�t�h�o�r�s� �f�e�l�t� �w�a�s� �W�i�l�l�i�a�m�s�o�n ��s� 

�r�a�t�h�e�r� �b�r�o�a�d� �e�x�p�l�i�c�a�t�i�o�n� �o�f� �t�h�e� �u�n�c�e�r�t�a�i�n�t�y� �c�o�n�s�t�r�u�c�t�.� �H�e�i�d�e� �a�n�d� �J�o�h�n� �(�1�9�9�0�)� �c�o�n�t�e�n�d�e�d� 

�t�h�a�t�,� �a�c�c�o�r�d�i�n�g� �t�o� �W�i�l�l�i�a�m�s�o�n ��s� �f�r�a�m�e�w�o�r�k�,� �v�o�l�u�m�e� �u�n�c�e�r�t�a�i�n�t�y� �s�h�o�u�l�d� �l�e�a�d� �t�o� �m�o�r�e� 

�i�n�t�e�g�r�a�t�i�o�n� �(�b�e�c�a�u�s�e� �i�n�t�e�r�n�a�l�i�z�a�t�i�o�n� �f�a�c�i�l�i�t�a�t�e�s� �s�e�q�u�e�n�t�i�a�l� �d�e�c�i�s�i�o�n� �m�a�k�i�n�g�)�,� �w�h�i�l�e� �W�a�l�k�e�r� �a�n�d� 

�W�e�b�e�r�,� �b�o�r�r�o�w�i�n�g� �f�r�o�m� �o�r�g�a�n�i�z�a�t�i�o�n�a�l� �t�h�e�o�r�y� �(�s�e�e� �d�i�s�c�u�s�s�i�o�n� �o�f� �t�h�e� �u�n�c�e�r�t�a�i�n�t�y� �c�o�n�s�t�r�u�c�t� �i�n� 
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�o�r�g�a�n�i�z�a�t�i�o�n�a�l� �t�h�e�o�r�y� �u�n�d�e�r� �W�i�l�l�i�a�m�s�o�n�)�,� �h�y�p�o�t�h�e�s�i�z�e�d� �t�h�a�t� �t�e�c�h�n�o�l�o�g�i�c�a�l� �u�n�c�e�r�t�a�i�n�t�y� 

�i�n�f�l�u�e�n�c�e�d� �f�i�r�m�s� �t�o�w�a�r�d� �d�i�s�-�i�n�t�e�g�r�a�t�i�o�n� �i�n� �o�r�d�e�r� �t�o� �m�a�i�n�t�a�i�n� �t�h�e� �f�l�e�x�i�b�i�l�i�t�y� �n�e�e�d�e�d� �t�o� �f�a�c�i�l�i�t�a�t�e� 

�s�w�i�t�c�h�i�n�g� �s�u�p�p�l�i�e�r�s� �a�n�d�/�o�r� �p�r�o�c�e�s�s�e�s� �i�n� �a� �t�e�c�h�n�o�l�o�g�i�c�a�l�l�y� �u�n�c�e�r�t�a�i�n� �e�n�v�i�r�o�n�m�e�n�t�.� �T�h�e�s�e� �t�w�o� 

�s�t�u�d�i�e�s� �h�a�d� �m�i�x�e�d� �f�i�n�d�i�n�g�s� �f�o�r� �t�h�e� �u�n�c�e�r�t�a�i�n�t�y� �c�o�n�s�t�r�u�c�t�.� �W�a�l�k�e�r� �a�n�d� �W�e�b�e�r� �f�o�u�n�d� �v�o�l�u�m�e� 

�u�n�c�e�r�t�a�i�n�t�y� �t�o� �b�e� �a� �s�i�g�n�i�f�i�c�a�n�t�l�y� �p�o�s�i�t�i�v�e� �d�e�t�e�r�m�i�n�a�n�t� �o�f� �v�e�r�t�i�c�a�l� �i�n�t�e�g�r�a�t�i�o�n� �d�e�c�i�s�i�o�n�s�;� �H�e�i�d�e� 

�a�n�d� �J�o�h�n� �(�1�9�9�0�)� �d�i�d� �n�o�t�.� �T�e�c�h�n�o�l�o�g�i�c�a�l� �u�n�c�e�r�t�a�i�n�t�y� �w�a�s� �s�u�p�p�o�r�t�e�d� �a�s� �a� �d�e�t�e�r�r�e�n�t� �t�o� 

�i�n�t�e�g�r�a�t�i�o�n� �b�y� �H�e�i�d�e� �a�n�d� �J�o�h�n�,� �b�u�t� �n�o�t� �i�n� �t�h�e� �W�a�l�k�e�r� �a�n�d� �W�e�b�e�r� �s�t�u�d�y�.� �F�r�e�q�u�e�n�c�y� �w�a�s� �n�o�t� 

�i�n�v�e�s�t�i�g�a�t�e�d� �i�n� �e�i�t�h�e�r� �s�t�u�d�y�.� 

�B�a�l�a�k�r�i�s�h�n�a�n� �a�n�d� �W�e�r�n�e�r�f�e�l�t� �(�1�9�8�6�)�,� �a�l�s�o� �i�n�v�e�s�t�i�g�a�t�e�d� �t�h�e� �e�f�f�e�c�t� �o�f� �t�e�c�h�n�o�l�o�g�i�c�a�l� 

�u�n�c�e�r�t�a�i�n�t�y� �o�n� �v�e�r�t�i�c�a�l� �i�n�t�e�g�r�a�t�i�o�n�.� �T�h�e�i�r� �m�o�d�e�l� �m�e�a�s�u�r�e�d� �t�e�c�h�n�o�l�o�g�i�c�a�l� �u�n�c�e�r�t�a�i�n�t�y� �a�s� �t�h�e� 

�m�e�a�n� �l�i�f�e� �o�f� �p�l�a�n�t� �a�n�d� �e�q�u�i�p�m�e�n�t� �i�n� �a�n� �i�n�d�u�s�t�r�y�.� �T�h�e�i�r� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �i�n� �h�i�g�h�l�y� 

�c�o�m�p�e�t�i�t�i�v�e� �i�n�d�u�s�t�r�i�e�s� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �f�r�e�q�u�e�n�t� �t�e�c�h�n�o�l�o�g�i�c�a�l� �c�h�a�n�g�e�,� �i�n�t�e�g�r�a�t�i�o�n� �w�a�s� �l�e�s�s� 

�d�e�s�i�r�a�b�l�e�.� �T�h�e�i�r� �s�t�u�d�y� �e�x�a�m�i�n�e�d� �n�e�i�t�h�e�r� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �n�o�r� �f�r�e�q�u�e�n�c�y�.� 

�N�o�o�r�d�e�w�i�e�r�,� �J�o�h�n�,� �a�n�d� �N�e�v�i�n� �(�1�9�9�0�)� �d�i�d� �n�o�t� �e�x�a�m�i�n�e� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y�;� �h�o�w�e�v�e�r� 

�t�h�e�y� �d�i�d� �i�n�v�e�s�t�i�g�a�t�e� �u�n�c�e�r�t�a�i�n�t�y� �b�y� �m�e�a�s�u�r�i�n�g� �e�n�v�i�r�o�n�m�e�n�t�a�l� �u�n�c�e�r�t�a�i�n�t�y� �(�m�a�r�k�e�t� �t�u�r�b�u�l�e�n�c�e� 

�p�r�i�c�e�/�v�o�l�u�m�e� �u�n�c�e�r�t�a�i�n�t�i�e�s�)� �u�s�i�n�g� �a� �f�i�v�e� �i�t�e�m� �s�c�a�l�e�.� �T�h�e�y� �f�o�u�n�d� �t�h�a�t� �p�e�r�f�o�r�m�a�n�c�e� �u�n�d�e�r� 

�e�n�v�i�r�o�n�m�e�n�t�a�l�l�y� �u�n�c�e�r�t�a�i�n� �c�o�n�d�i�t�i�o�n�s� �w�a�s� �e�n�h�a�n�c�e�d� �w�h�e�n�,� �w�h�a�t� �t�h�e�y� �t�e�r�m�e�d�,� �r�e�l�a�t�i�o�n�a�l�,� 

�r�a�t�h�e�r� �t�h�a�n� �m�a�r�k�e�t� �g�o�v�e�r�n�a�n�c�e� �s�t�r�u�c�t�u�r�e�s� �w�e�r�e� �e�m�p�l�o�y�e�d�.� �T�h�e� �r�e�s�u�l�t�s� �f�o�r� �f�r�e�q�u�e�n�c�y�,� �w�h�i�c�h� 

�w�a�s� �e�x�a�m�i�n�e�d� �u�s�i�n�g� �a� �s�c�a�l�e� �i�t�e�m� �a�s�s�e�s�s�i�n�g� �o�r�d�e�r� �f�r�e�q�u�e�n�c�y�,� �w�e�r�e� �n�o�t� �s�u�p�p�o�r�t�i�v�e� �o�f� �t�h�e� 

�T�C�A� �p�r�e�d�i�c�t�i�o�n�s�.� �H�o�w�e�v�e�r�,� �t�h�e� �m�e�a�s�u�r�e�m�e�n�t� �o�f� �f�r�e�q�u�e�n�c�y� �i�n� �t�h�i�s� �s�t�u�d�y� �d�o�e�s� �n�o�t� �a�p�p�e�a�r� �t�o� 

�c�o�m�p�l�e�t�e�l�y� �t�a�p� �W�i�l�l�i�a�m�s�o�n�'�s� �(�1�9�8�5�)� �e�x�p�l�a�n�a�t�i�o�n� �o�f� �t�h�e� �c�o�n�c�e�p�t�.� �A�n�o�t�h�e�r� �f�a�c�t�o�r� �m�e�a�s�u�r�e�d� 

�b�y� �t�h�e� �a�u�t�h�o�r�s�,� �w�h�i�c�h� �t�h�e�y� �t�e�r�m� �a�m�o�u�n�t� �(�t�h�e� �t�o�t�a�l� �d�o�l�l�a�r� �v�o�l�u�m�e� �o�f� �p�u�r�c�h�a�s�e�s�)� �a�p�p�e�a�r�s� �t�o� �b�e� 

�a� �m�o�r�e� �a�c�c�u�r�a�t�e� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �W�i�l�l�i�a�m�s�o�n ��s� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �o�f� �f�r�e�q�u�e�n�c�y�.� �R�e�s�u�l�t�s� �f�o�r� �t�h�i�s� 

�v�a�r�i�a�b�l�e� �(�a�m�o�u�n�t�)� �w�e�r�e� �s�o�m�e�w�h�a�t� �m�o�r�e� �s�u�p�p�o�r�t�i�v�e� �o�f� �T�C�A� �p�r�e�d�i�c�t�i�o�n�s�.� 
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�W�a�l�k�e�r� �a�n�d� �P�o�p�p�o� �(�1�9�9�1�)�,� �w�h�o� �m�e�a�s�u�r�e�d� �p�h�y�s�i�c�a�l� �a�n�d� �h�u�m�a�n� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �w�i�t�h� 

�t�w�o� �L�i�k�e�r�t� �s�c�a�l�e� �i�t�e�m�s�,� �f�o�u�n�d� �t�h�a�t� �a�c�q�u�i�s�i�t�i�o�n� �o�f� �s�p�e�c�i�a�l�i�z�e�d� �m�a�n�u�f�a�c�t�u�r�i�n�g� �i�n�p�u�t�s� �(�i�.�e�.�,� �t�h�o�s�e� 

�w�h�i�c�h� �r�e�q�u�i�r�e�d� �s�p�e�c�i�a�l�i�z�e�d� �p�h�y�s�i�c�a�l� �a�s�s�e�t�s� �f�o�r� �p�r�o�d�u�c�t�i�o�n�)� �t�e�n�d�e�d� �t�o� �b�e� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� 

�l�o�w�e�r� �t�r�a�n�s�a�c�t�i�o�n� �c�o�s�t�s� �w�h�e�n� �t�h�i�s� �f�u�n�c�t�i�o�n� �w�a�s� �i�n�t�e�r�n�a�l�i�z�e�d�.� �N�e�i�t�h�e�r� �u�n�c�e�r�t�a�i�n�t�y� �n�o�r� 

�f�r�e�q�u�e�n�c�y� �w�e�r�e� �i�n�v�e�s�t�i�g�a�t�e�d�.� 

�2�.� �D�i�s�t�r�i�b�u�t�i�o�n� �S�t�u�d�i�e�s�.� �W�i�l�s�o�n� �(�1�9�8�0�)�,� �i�n� �a� �s�e�r�i�e�s� �o�f� �u�n�s�t�r�u�c�t�u�r�e�d� �i�n�t�e�r�v�i�e�w�s� �o�v�e�r� �a� 

�p�e�r�i�o�d� �o�f� �f�i�v�e� �y�e�a�r�s�,� �s�t�u�d�i�e�d� �t�h�e� �N�e�w� �E�n�g�l�a�n�d� �f�r�e�s�h� �f�i�s�h� �m�a�r�k�e�t�.� �H�e� �f�o�u�n�d� �t�h�a�t� �t�h�e� �m�a�r�k�e�t� 

�w�a�s� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �a� �f�a�i�r�l�y� �h�i�g�h� �d�e�g�r�e�e� �o�f� �u�n�c�e�r�t�a�i�n�t�y� �a�s� �w�e�l�l� �a�s� �p�h�y�s�i�c�a�l� �a�n�d� �h�u�m�a�n� �a�s�s�e�t� 

�s�p�e�c�i�f�i�c�i�t�y�.� �T�h�e� �u�n�c�e�r�t�a�i�n�t�y� �a�r�o�s�e� �b�e�c�a�u�s�e�:� �1�)� �m�a�r�k�e�t� �p�r�i�c�e�s� �f�o�r� �f�i�s�h� �t�e�n�d�e�d� �t�o� �b�e� �h�i�g�h�l�y� 

�v�a�r�i�a�b�l�e� �a�n�d� �2�)� �t�h�e� �q�u�a�l�i�t�y� �o�f� �t�h�e� �f�i�s�h� �w�a�s� �n�o�t� �a�b�l�e� �t�o� �b�e� �d�e�t�e�r�m�i�n�e�d� �u�n�t�i�l� �a�f�t�e�r� �a� �t�r�a�n�s�a�c�t�i�o�n� 

�t�o�o�k� �p�l�a�c�e� �a�n�d� �t�h�e� �f�i�s�h� �w�e�r�e� �o�f�f�-�l�o�a�d�e�d�.� �T�h�e� �c�o�n�d�i�t�i�o�n� �o�f� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �a�r�o�s�e� �b�e�c�a�u�s�e� 

�t�h�e� �f�a�c�i�l�i�t�i�e�s� �f�o�r� �o�f�f�-�l�o�a�d�i�n�g� �f�i�s�h�i�n�g� �b�o�a�t�s� �w�e�r�e� �f�e�w� �i�n� �n�u�m�b�e�r� �a�n�d� �p�r�i�v�a�t�e�l�y� �o�w�n�e�d�,� �w�h�i�c�h�,� 

�b�e�c�a�u�s�e� �o�f� �t�i�m�e� �a�n�d� �d�i�s�t�a�n�c�e� �c�o�n�s�i�d�e�r�a�t�i�o�n�s�,� �e�f�f�e�c�t�i�v�e�l�y� �p�r�o�h�i�b�i�t�e�d� �l�a�r�g�e� �n�u�m�b�e�r�s� �o�f� �b�u�y�e�r�s� 

�a�n�d� �s�e�l�l�e�r�s� �f�r�o�m� �e�x�i�s�t�i�n�g� �f�o�r� �a�n�y� �g�i�v�e�n� �t�r�a�n�s�a�c�t�i�o�n�.� �A�c�c�o�r�d�i�n�g� �t�o� �W�i�l�s�o�n�,� �s�i�n�c�e� �t�h�e�s�e� �t�w�o� 

�d�i�m�e�n�s�i�o�n�s� �(�u�n�c�e�r�t�a�i�n�t�y� �a�n�d� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y�)� �p�r�e�c�l�u�d�e�d� �m�a�r�k�e�t� �e�x�c�h�a�n�g�e�s�,� �t�h�e�r�e� �a�r�o�s�e� �a� 

�r�a�t�h�e�r� �e�x�t�e�n�s�i�v�e� �n�e�t�w�o�r�k� �o�f� �i�n�f�o�r�m�a�l� �c�o�n�t�r�a�c�t�u�a�l� �a�r�r�a�n�g�e�m�e�n�t�s� �t�h�a�t� �t�e�n�d�e�d� �t�o� �r�e�l�y� �o�n� 

�r�e�c�i�p�r�o�c�i�t�y� �t�o� �t�i�e� �t�h�e� �p�a�r�t�i�e�s� �o�f� �t�h�e� �e�x�c�h�a�n�g�e�s� �m�o�r�e� �c�l�o�s�e�l�y� �t�o�g�e�t�h�e�r� �a�n�d� �l�o�w�e�r� �t�r�a�n�s�a�c�t�i�o�n� 

�c�o�s�t�s�.� 

�F�i�n�d�i�n�g�s� �o�n� �t�h�e� �s�i�g�n�i�f�i�c�a�n�c�e� �o�f� �s�p�e�c�i�f�i�c� �p�h�y�s�i�c�a�l� �a�n�d� �h�u�m�a�n� �a�s�s�e�t�s� �i�n� �f�o�r�w�a�r�d� 

�i�n�t�e�g�r�a�t�i�o�n� �(�d�i�s�t�r�i�b�u�t�i�o�n�)� �i�n�c�l�u�d�e�d� �o�n�e� �s�t�u�d�y� �t�h�a�t�,� �e�v�e�n� �t�h�o�u�g�h� �i�t� �o�n�l�y� �i�n�v�e�s�t�i�g�a�t�e�d� �t�h�e� �T�C�A� 

�d�i�m�e�n�s�i�o�n� �o�f� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y�,� �h�a�s� �p�a�r�t�i�c�u�l�a�r� �s�i�g�n�i�f�i�c�a�n�c�e� �i�n� �l�i�g�h�t� �o�f� �t�h�e� �p�r�e�s�e�n�t� �s�t�u�d�y ��s� 

�r�e�s�e�a�r�c�h� �q�u�e�s�t�i�o�n�.� �P�a�l�a�y� �(�1�9�8�4�}� �e�x�a�m�i�n�e�d� �t�h�e� �g�o�v�e�r�n�a�n�c�e� �o�f� �r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� �r�a�i�l� 

�f�r�e�i�g�h�t� �s�h�i�p�p�e�r�s� �a�n�d� �c�a�r�r�i�e�r�s�.� �B�y� �c�o�n�s�t�r�u�c�t�i�n�g� �a� �s�e�r�i�e�s� �o�f� �t�a�b�l�e�s� �c�o�n�t�a�i�n�i�n�g� �t�a�b�u�l�a�t�e�d� 

�i�n�t�e�r�v�i�e�w� �d�a�t�a�,� �P�a�l�a�y� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t�,� �a�s� �f�r�e�i�g�h�t� �r�e�q�u�i�r�e�d� �m�o�r�e� �s�p�e�c�i�a�l�i�z�e�d� �r�a�i�l� �c�a�r�s�,� �t�h�e� 

�r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e� �f�r�e�i�g�h�t� �s�h�i�p�p�e�r� �a�n�d� �t�h�e� �r�a�i�l� �c�a�r�r�i�e�r� �w�a�s� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �i�n�c�r�e�a�s�i�n�g�l�y� 

�4�6



�e�l�a�b�o�r�a�t�e�,� �l�o�n�g� �t�e�r�m� �c�o�n�t�r�a�c�t�s�,� �a�n�d� �f�i�n�a�l�l�y�,� �b�y� �v�e�r�t�i�c�a�l� �i�n�t�e�g�r�a�t�i�o�n� �(�i�.�e�.�,� �s�h�i�p�p�e�r� �o�w�n�e�r�s�h�i�p� �o�f� 

�r�a�i�l� �c�a�r�s�)�.� 

�I�n� �p�e�r�h�a�p�s� �t�h�e� �m�o�s�t� �e�x�t�e�n�s�i�v�e� �i�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �T�C�A� �i�n� �a� �d�i�s�t�r�i�b�u�t�i�o�n� �c�o�n�t�e�x�t�,� 

�A�n�d�e�r�s�o�n� �(�1�9�8�2�)� �a�n�d� �A�n�d�e�r�s�o�n� �&� �S�c�h�m�i�t�t�l�e�i�n� �(�1�9�8�4�)� �e�x�a�m�i�n�e�d� �t�h�e� �m�a�k�e� �o�r� �b�u�y� �d�e�c�i�s�i�o�n� �f�o�r� 

�t�h�e� �s�a�l�e�s� �f�u�n�c�t�i�o�n� �i�n� �t�h�e� �e�l�e�c�t�r�i�c�a�l� �c�o�m�p�o�n�e�n�t�s� �i�n�d�u�s�t�r�y�,� �i�.�e�.�,� �w�h�e�t�h�e�r� �f�i�r�m�s� �u�s�e�d� �d�i�r�e�c�t� �s�a�l�e�s� 

�f�o�r�c�e�s� �o�r� �i�n�d�e�p�e�n�d�e�n�t� �m�a�n�u�f�a�c�t�u�r�e�r�s �� �r�e�p�r�e�s�e�n�t�a�t�i�v�e�s�.� �A�n�d�e�r�s�o�n� �m�e�a�s�u�r�e�d� �h�u�m�a�n� �a�s�s�e�t� 

�s�p�e�c�i�f�i�c�i�t�y� �(�s�p�e�c�i�a�l�i�z�e�d� �k�n�o�w�l�e�d�g�e� �a�n�d� �w�o�r�k�i�n�g� �r�e�l�a�t�i�o�n�s�h�i�p�s�)�,� �u�n�c�e�r�t�a�i�n�t�y� �(�e�n�v�i�r�o�n�m�e�n�t�a�l� 

�u�n�p�r�e�d�i�c�t�a�b�i�l�i�t�y� �a�n�d� �d�i�f�f�i�c�u�l�t�y� �o�f� �m�o�n�i�t�o�r�i�n�g� �p�e�r�f�o�r�m�a�n�c�e�)�,� �a�n�d� �f�r�e�q�u�e�n�c�y� �(�t�e�r�r�i�t�o�r�y� �d�e�n�s�i�t�y�)� 

�w�i�t�h� �a� �s�e�r�i�e�s� �o�f� �s�c�a�l�e� �i�t�e�m�s�.� �T�h�e� �s�i�n�g�l�e� �b�e�s�t� �p�r�e�d�i�c�t�o�r� �o�f� �i�n�t�e�g�r�a�t�i�o�n� �w�a�s� �s�i�z�e� �o�f� �t�h�e� �f�i�r�m� �(�a�s� 

�m�e�a�s�u�r�e�d� �b�y� �n�u�m�b�e�r� �o�f� �e�m�p�l�o�y�e�e�s�)�.� �H�o�w�e�v�e�r�,� �t�h�i�s� �r�e�s�u�l�t� �s�e�e�m�s� �t�a�u�t�o�l�o�g�i�c�a�l�,� �s�i�n�c�e� �m�o�r�e� 

�h�i�g�h�l�y� �i�n�t�e�g�r�a�t�e�d� �f�i�r�m�s� �w�o�u�l�d� �b�e� �l�i�k�e�l�y� �t�o� �h�a�v�e� �a� �l�a�r�g�e�r� �n�u�m�b�e�r� �o�f� �e�m�p�l�o�y�e�e�s� �t�h�a�n� �l�e�s�s� 

�i�n�t�e�g�r�a�t�e�d� �f�i�r�m�s�.� �F�u�r�t�h�e�r�m�o�r�e�,� �a� �s�t�u�d�y� �d�i�s�c�u�s�s�e�d� �b�e�l�o�w� �(�A�n�d�e�r�s�o�n� �1�9�8�5�)� �f�o�u�n�d� �t�h�a�t�,� �w�h�e�n� 

�o�t�h�e�r� �f�a�c�t�o�r�s� �w�e�r�e� �c�o�n�t�r�o�l�l�e�d� �f�o�r�,� �f�i�r�m� �s�i�z�e� �h�a�d� �n�o� �e�f�f�e�c�t� �o�n� �i�n�t�e�g�r�a�t�i�o�n�.� �T�h�e� �r�e�s�u�l�t�s� �o�f� 

�A�n�d�e�r�s�o�n� �(�1�9�8�2�)� �a�n�d� �A�n�d�e�r�s�o�n� �a�n�d� �S�c�h�m�i�t�t�l�e�i�n� �(�1�9�8�4�)� �s�u�p�p�o�r�t�e�d� �h�u�m�a�n� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� 

�a�n�d� �i�n�t�e�r�n�a�l� �u�n�c�e�r�t�a�i�n�t�y� �(�d�i�f�f�i�c�u�l�t�y� �o�f� �m�o�n�i�t�o�r�i�n�g� �p�e�r�f�o�r�m�a�n�c�e� �o�n�l�y�)�.� �E�x�t�e�r�n�a�l� �u�n�c�e�r�t�a�i�n�t�y� 

�(�e�n�v�i�r�o�n�m�e�n�t�a�l� �u�n�c�e�r�t�a�i�n�t�y�)� �a�n�d� �f�r�e�q�u�e�n�c�y� �(�t�e�r�r�i�t�o�r�y� �d�e�n�s�i�t�y�)� �w�e�r�e� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t� �p�r�e�d�i�c�t�o�r�s� 

�o�f� �l�e�v�e�l� �o�f� �i�n�t�e�g�r�a�t�i�o�n�.� 

�A�n�d�e�r�s�o�n� �(�1�9�8�5�)� �a�l�s�o� �i�n�v�e�s�t�i�g�a�t�e�d� �s�a�l�e�s� �f�o�r�c�e� �i�n�t�e�g�r�a�t�i�o�n� �u�s�i�n�g� �a� �s�e�r�i�e�s� �o�f� �s�c�a�l�e� 

�i�t�e�m�s� �s�i�m�i�l�a�r� �t�o� �A�n�d�e�r�s�o�n� �(�1�9�8�2�)� �t�o� �m�e�a�s�u�r�e� �T�C�A� �d�i�m�e�n�s�i�o�n�s�.� �H�u�m�a�n� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y�,� 

�i�n�t�e�r�n�a�l� �u�n�c�e�r�t�a�i�n�t�y� �(�d�i�f�f�i�c�u�l�t�y� �o�f� �m�o�n�i�t�o�r�i�n�g� �p�e�r�f�o�r�m�a�n�c�e�)�,� �a�n�d� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n� �o�f� �u�n�c�e�r�t�a�i�n�t�y� 

�(�e�n�v�i�r�o�n�m�e�n�t�a�l� �u�n�p�r�e�d�i�c�t�a�b�i�l�i�t�y�)� �x� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �p�r�o�v�e�d� �t�o� �b�e� �s�t�r�o�n�g� �p�r�e�d�i�c�t�o�r�s� �o�f� 

�i�n�t�e�g�r�a�t�i�o�n�.� �R�e�s�u�l�t�s� �f�o�r� �t�h�e� �d�i�m�e�n�s�i�o�n� �o�f� �f�r�e�q�u�e�n�c�y� �(�s�a�l�e�s� �t�e�r�r�i�t�o�r�y� �d�e�n�s�i�t�y�)� �w�e�r�e� �n�o�t� 

�s�u�p�p�o�r�t�i�v�e� �o�f� �T�C�A� �p�r�e�d�i�c�t�i�o�n�s�.� �A�s� �m�e�n�t�i�o�n�e�d� �a�b�o�v�e�,� �s�i�z�e� �o�f� �t�h�e� �f�i�r�m� �i�n� �t�h�i�s� �s�t�u�d�y� �w�a�s� �n�o�t� 

�s�i�g�n�i�f�i�c�a�n�t� �w�h�e�n� �a�l�l� �o�t�h�e�r� �f�a�c�t�o�r�s� �w�e�r�e� �c�o�n�t�r�o�l�l�e�d� �f�o�r�.� 
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�D�w�y�e�r� �a�n�d� �W�e�l�s�h� �(�1�9�8�5�)� �e�x�a�m�i�n�e�d� �o�n�l�y� �u�n�c�e�r�t�a�i�n�t�y�,� �w�h�i�c�h� �w�a�s� �m�e�a�s�u�r�e�d� �b�y� �u�s�i�n�g� 

�s�c�a�l�e� �i�t�e�m�s� �i�n�d�i�c�a�t�i�n�g� �v�a�r�i�a�b�i�l�i�t�y� �o�f� �d�e�m�a�n�d�.� �T�h�e�i�r� �r�e�s�u�l�t�s� �s�u�p�p�o�r�t�e�d� �a� �p�o�s�i�t�i�v�e� �r�e�l�a�t�i�o�n�s�h�i�p� 

�b�e�t�w�e�e�n� �u�n�c�e�r�t�a�i�n�t�y� �(�d�e�m�a�n�d� �v�a�r�i�a�b�i�l�i�t�y�)� �a�n�d� �i�n�t�e�g�r�a�t�i�o�n�.� 

�W�h�i�l�e� �n�o�t� �s�p�e�c�i�f�i�c�a�l�l�y� �i�n�v�e�s�t�i�g�a�t�i�n�g� �t�h�e� �v�e�r�t�i�c�a�l� �i�n�t�e�g�r�a�t�i�o�n� �d�e�c�i�s�i�o�n�,� �H�e�i�d�e� �a�n�d� �J�o�h�n� 

�(�1�9�8�8�)� �m�e�a�s�u�r�e�d� �h�u�m�a�n� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �u�s�i�n�g� �a� �s�e�t� �o�f� �s�c�a�l�e� �i�t�e�m�s�.� �T�h�e�i�r� �r�e�s�u�l�t�s� 

�d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �w�h�e�n� �t�h�e�r�e� �w�e�r�e� �t�r�a�n�s�a�c�t�i�o�n� �s�p�e�c�i�f�i�c� �p�h�y�s�i�c�a�l� �o�r� �h�u�m�a�n� �a�s�s�e�t�s� �i�n�v�o�l�v�e�d�,� 

�t�h�e� �p�a�r�t�i�e�s� �t�e�n�d�e�d� �t�o� �t�a�k�e� �s�t�e�p�s� �t�o� �g�u�a�r�d� �t�h�e�s�e� �a�s�s�e�t�s� �a�g�a�i�n�s�t� �a�p�p�r�o�p�r�i�a�t�i�o�n�.� �N�e�i�t�h�e�r� 

�u�n�c�e�r�t�a�i�n�t�y� �n�o�r� �f�r�e�q�u�e�n�c�y� �w�e�r�e� �e�x�a�m�i�n�e�d� �i�n� �t�h�i�s� �s�t�u�d�y�.� 

�J�o�h�n� �a�n�d� �W�e�i�t�z� �(�1�9�8�8�)�,� �i�n�v�e�s�t�i�g�a�t�i�n�g� �t�h�e� �d�e�g�r�e�e� �o�f� �c�h�a�n�n�e�l� �i�n�t�e�g�r�a�t�i�o�n� �(�p�e�r�c�e�n�t�a�g�e� 

�o�f� �p�r�o�d�u�c�t�s� �s�o�l�d� �d�i�r�e�c�t�l�y� �t�o� �e�n�d� �u�s�e�r�s�)�,� �m�e�a�s�u�r�e�d� �h�u�m�a�n� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y�,� �u�n�c�e�r�t�a�i�n�t�y�,� �a�n�d� 

�f�r�e�q�u�e�n�c�y� �u�s�i�n�g� �a� �s�e�r�i�e�s� �o�f� �s�c�a�l�e� �i�t�e�m�s�,� �s�o�m�e� �o�f� �w�h�i�c�h� �w�e�r�e� �a�d�a�p�t�e�d� �f�r�o�m� �A�n�d�e�r�s�o�n� 

�(�1�9�8�2�)�.� �U�n�c�e�r�t�a�i�n�t�y� �i�t�e�m�s� �e�v�a�l�u�a�t�e�d� �b�o�t�h� �e�x�t�e�r�n�a�l� �u�n�c�e�r�t�a�i�n�t�y� �(�e�n�v�i�r�o�n�m�e�n�t�a�l� 

�t�u�r�b�u�l�e�n�c�e�/�v�o�l�a�t�i�l�i�t�y�)� �a�n�d� �i�n�t�e�r�n�a�l� �u�n�c�e�r�t�a�i�n�t�y� �(�l�e�n�g�t�h� �o�f� �s�e�l�l�i�n�g� �c�y�c�l�e�,� �w�h�i�c�h� �w�a�s� �a�s�s�u�m�e�d� �t�o� 

�i�n�c�r�e�a�s�e� �t�h�e� �d�i�f�f�i�c�u�l�t�y� �o�f� �a�s�s�e�s�s�i�n�g� �p�e�r�f�o�r�m�a�n�c�e�)�.� �T�h�e� �s�t�u�d�y� �a�l�s�o� �m�e�a�s�u�r�e�d� �f�r�e�q�u�e�n�c�y�,� �b�o�t�h� 

�a�s� �d�e�n�s�i�t�y� �o�f� �s�a�l�e�s� �t�e�r�r�i�t�o�r�i�e�s� �a�n�d� �p�r�o�d�u�c�t� �l�i�n�e� �s�a�l�e�s� �v�o�l�u�m�e�.� �R�e�s�u�l�t�s� �s�u�p�p�o�r�t�e�d� �b�o�t�h� �a�s�s�e�t� 

�s�p�e�c�i�f�i�c�i�t�y� �a�n�d� �i�n�t�e�r�n�a�l�/�e�x�t�e�r�n�a�l� �u�n�c�e�r�t�a�i�n�t�y�.� �N�e�i�t�h�e�r� �f�r�e�q�u�e�n�c�y� �m�e�a�s�u�r�e�m�e�n�t� �(�t�e�r�r�i�t�o�r�y� 

�d�e�n�s�i�t�y� �o�r� �s�a�l�e�s� �v�o�l�u�m�e�)� �h�a�d� �a�n� �e�f�f�e�c�t� �o�n� �t�h�e� �l�e�v�e�l� �o�f� �i�n�t�e�g�r�a�t�i�o�n�.� 

�A�n�d�e�r�s�o�n� �a�n�d� �C�o�u�g�h�l�a�n� �(�1�9�8�7�)�,� �G�a�t�i�g�n�o�n� �a�n�d� �A�n�d�e�r�s�o�n� �(�1�9�8�8�)�,� �K�l�e�i�n� �(�1�9�8�9�)�,� �a�n�d� 

�K�l�e�i�n�,� �F�r�a�z�i�e�r�,� �a�n�d� �R�o�t�h� �(�1�9�9�0�)� �a�l�l� �i�n�v�e�s�t�i�g�a�t�e�d� �t�h�e� �n�a�t�u�r�e� �o�f� �d�i�s�t�r�i�b�u�t�i�o�n� �c�h�a�n�n�e�l�s� �u�s�e�d� �f�o�r� 

�e�n�t�r�y� �i�n�t�o� �f�o�r�e�i�g�n� �m�a�r�k�e�t�s�.� �A�l�l� �o�f� �t�h�e� �s�t�u�d�i�e�s�,� �e�x�c�e�p�t� �G�a�t�i�g�n�o�n� �a�n�d� �A�n�d�e�r�s�o�n�,� �m�e�a�s�u�r�e�d� 

�p�h�y�s�i�c�a�l� �a�n�d� �h�u�m�a�n� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �u�s�i�n�g� �s�c�a�l�e� �i�t�e�m�s� �s�i�m�i�l�a�r� �t�o� �t�h�o�s�e� �o�f� �A�n�d�e�r�s�o�n� �(�1�9�8�5�)�.� 

�G�a�t�i�g�n�o�n� �a�n�d� �A�n�d�e�r�s�o�n� �u�s�e�d� �d�a�t�a�b�a�s�e� �i�n�f�o�r�m�a�t�i�o�n� �t�o� �j�u�d�g�e� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �b�y� �a�s�s�e�s�s�i�n�g� 

�t�h�e� �p�r�o�p�r�i�e�t�a�r�y� �c�o�n�t�e�n�t� �a�n�d� �t�e�c�h�n�i�c�a�l� �s�o�p�h�i�s�t�i�c�a�t�i�o�n� �o�f� �a� �p�r�o�d�u�c�t�;� �t�h�e�s�e� �f�a�c�t�o�r�s� �w�e�r�e� 

�m�e�a�s�u�r�e�d� �b�y� �a�d�v�e�r�t�i�s�i�n�g� �i�n�t�e�n�s�i�t�y� �a�n�d� �R� �&� �D� �i�n�t�e�n�s�i�t�y�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 
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�A�l�l� �f�o�u�r� �o�f� �t�h�e�s�e� �i�n�t�e�r�n�a�t�i�o�n�a�l� �s�t�u�d�i�e�s�,� �e�x�c�e�p�t� �A�n�d�e�r�s�o�n� �a�n�d� �C�o�u�g�h�l�a�n�,� �i�n�v�e�s�t�i�g�a�t�e�d� 

�u�n�c�e�r�t�a�i�n�t�y� �.� �G�a�t�i�g�n�o�n� �a�n�d� �A�n�d�e�r�s�o�n� �m�e�a�s�u�r�e�d� �u�n�c�e�r�t�a�i�n�t�y� �b�y� �r�a�t�i�n�g� �c�o�u�n�t�r�i�e�s� �o�n� �a� 

�"�c�o�u�n�t�r�y� �r�i�s�k �� �i�n�d�e�x�,� �w�h�i�c�h� �w�a�s� �b�a�s�e�d� �o�n� �f�a�c�t�o�r�s� �s�u�c�h� �a�s� �g�o�v�e�r�n�m�e�n�t�a�l� �s�t�a�b�i�l�i�t�y�,� 

�r�e�s�t�r�i�c�t�i�o�n�s� �o�n� �f�o�r�e�i�g�n� �i�n�v�e�s�t�m�e�n�t�,� �c�l�i�m�a�t�e�,� �a�n�d� �c�u�l�t�u�r�a�l� �d�i�s�s�i�m�i�l�a�r�i�t�i�e�s�.� �G�a�t�i�g�n�o�n� �a�n�d� 

�A�n�d�e�r�s�o�n� �h�y�p�o�t�h�e�s�i�z�e�d� �t�h�a�t� �c�o�u�n�t�r�y� �r�i�s�k� �a�l�o�n�e� �(�w�h�e�n� �a�s�s�e�t�s� �w�e�r�e� �n�o�n�s�p�e�c�i�f�i�c�)� �w�o�u�l�d� 

�d�e�c�r�e�a�s�e� �i�n�t�e�g�r�a�t�i�o�n�.� �T�h�e�i�r� �d�e�f�i�n�i�t�i�o�n� �a�n�d� �e�v�a�l�u�a�t�i�o�n� �o�f� �u�n�c�e�r�t�a�i�n�t�y� �i�s� �s�o� �b�r�o�a�d� �a�n�d� �c�o�n�t�a�i�n�s� 

�s�e�v�e�r�a�l� �f�a�c�t�o�r�s� �(�e�.�g�.�,� �c�u�l�t�u�r�a�l� �d�i�s�s�i�m�i�l�a�r�i�t�i�e�s�)� �t�h�a�t� �d�o� �n�o�t� �a�p�p�e�a�r� �t�o� �c�o�n�f�o�r�m� �t�o� �W�i�l�l�i�a�m�s�o�n�'�s� 

�c�o�n�c�e�p�t�u�a�l�i�z�a�t�i�o�n� �o�f� �u�n�c�e�r�t�a�i�n�t�y� �t�h�a�t� �i�t� �w�o�u�l�d� �b�e� �d�i�f�f�i�c�u�l�t� �t�o� �i�n�t�e�r�p�r�e�t� �t�h�e�i�r� �r�e�s�u�l�t�s� �a�s� �e�i�t�h�e�r� 

�s�u�p�p�o�r�t�i�v�e� �o�r� �n�o�n�-�s�u�p�p�o�r�t�i�v�e� �o�f� �T�C�A� �o�n� �t�h�i�s� �d�i�m�e�n�s�i�o�n�.� �K�l�e�i�n� �e�v�a�l�u�a�t�e�d� �u�n�c�e�r�t�a�i�n�t�y� �b�y� 

�u�s�i�n�g� �L�i�k�e�r�t� �s�c�a�l�e� �i�t�e�m�s� �m�e�a�s�u�r�i�n�g� �t�w�o� �d�i�m�e�n�s�i�o�n�s� �h�e� �d�e�s�i�g�n�a�t�e�d�  ��u�n�c�e�r�t�a�i�n�t�y�-�c�o�m�p�l�e�x�i�t�y �� 

�{�n�u�m�b�e�r� �o�f� �p�o�s�s�i�b�l�e� �s�o�u�r�c�e�s� �o�f� �u�n�c�e�r�t�a�i�n�t�y� �i�n� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�)� �a�n�d�  ��u�n�c�e�r�t�a�i�n�t�y�-�d�y�n�a�m�i�s�m�"� 

�{�r�a�t�e� �o�f� �c�h�a�n�g�e� �i�n� �e�n�v�i�r�o�n�m�e�n�t�)�.� �K�l�e�i�n�,� �F�r�a�z�i�e�r�,� �a�n�d� �R�o�t�h� �m�e�a�s�u�r�e�d� �u�n�c�e�r�t�a�i�n�t�y� �s�i�m�i�l�a�r�l�y� �t�o� 

�W�a�l�k�e�r� �a�n�d� �W�e�b�e�r� �(�1�9�8�4�)� �(�s�e�e� �d�i�s�c�u�s�s�i�o�n� �a�b�o�v�e�)�.� �T�h�e�y� �h�y�p�o�t�h�e�s�i�z�e�d� �t�w�o� �d�i�m�e�n�s�i�o�n�s� �o�f� 

�u�n�c�e�r�t�a�i�n�t�y�:� �e�n�v�i�r�o�n�m�e�n�t�a�l� �v�o�l�a�t�i�l�i�t�y�,� �o�r� �h�o�w� �r�a�p�i�d�l�y� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� �c�h�a�n�g�e�s� �(�e�x�p�e�c�t�e�d� �t�o� 

�e�n�c�o�u�r�a�g�e� �i�n�t�e�g�r�a�t�i�o�n�)�;� �a�n�d� �e�n�v�i�r�o�n�m�e�n�t�a�l� �d�i�v�e�r�s�i�t�y�,� �o�r� �h�o�w� �m�u�l�t�i�p�l�e� �a�r�e� �t�h�e� �s�o�u�r�c�e�s� �o�f� 

�u�n�c�e�r�t�a�i�n�t�y� �i�n� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�.� �E�n�v�i�r�o�n�m�e�n�t�a�l� �d�i�v�e�r�s�i�t�y� �w�a�s� �e�x�p�e�c�t�e�d� �t�o� �d�i�s�c�o�u�r�a�g�e� 

�i�n�t�e�g�r�a�t�i�o�n� �b�e�c�a�u�s�e� �i�n�t�e�g�r�a�t�i�o�n� �w�o�u�l�d� �m�a�k�e� �i�t� �m�o�r�e� �d�i�f�f�i�c�u�l�t� �t�o� �m�a�i�n�t�a�i�n� �t�h�e� �f�l�e�x�i�b�i�l�i�t�y� �n�e�e�d�e�d� 

�t�o� �f�a�c�i�l�i�t�a�t�e� �s�w�i�t�c�h�i�n�g� �s�u�p�p�l�i�e�r�s� �a�n�d�/�o�r� �p�r�o�c�e�s�s�e�s�.� �T�h�i�s� �f�l�e�x�i�b�i�l�i�t�y� �w�a�s� �e�x�p�e�c�t�e�d� �t�o� �b�e� 

�n�e�c�e�s�s�a�r�y� �t�o� �p�r�o�s�p�e�r� �i�n� �a� �d�i�v�e�r�s�e� �e�n�v�i�r�o�n�m�e�n�t� �(�s�e�e� �d�i�s�c�u�s�s�i�o�n� �a�b�o�v�e� �o�f� �W�a�l�k�e�r� �a�n�d� �W�e�b�e�r�'�s� 

�m�e�a�s�u�r�e� �o�f� �t�e�c�h�n�o�l�o�g�i�c�a�l� �u�n�c�e�r�t�a�i�n�t�y�,� �a�s� �w�e�l�l� �a�s� �d�i�s�c�u�s�s�i�o�n� �o�f� �t�h�e� �u�n�c�e�r�t�a�i�n�t�y� �c�o�n�s�t�r�u�c�t� �i�n� 

�o�r�g�a�n�i�z�a�t�i�o�n�a�l� �t�h�e�o�r�y� �r�e�s�e�a�r�c�h� �u�n�d�e�r� �W�i�l�l�i�a�m�s�o�n�)�.� �T�h�e�s�e� �u�n�c�e�r�t�a�i�n�t�y� �d�i�m�e�n�s�i�o�n�s� �w�e�r�e� 

�m�e�a�s�u�r�e�d� �b�y� �s�c�a�l�e� �i�t�e�m�s� �d�e�v�e�l�o�p�e�d� �f�o�r� �t�h�e� �s�t�u�d�y�.� 

�T�h�e� �o�n�l�y� �o�n�e� �o�f� �t�h�e� �f�o�u�r� �i�n�t�e�r�n�a�t�i�o�n�a�l� �s�t�u�d�i�e�s� �t�h�a�t� �i�n�v�e�s�t�i�g�a�t�e�d� �i�n�t�e�r�a�c�t�i�o�n� �e�f�f�e�c�t�s� 

�w�a�s� �G�a�t�i�g�n�o�n� �a�n�d� �A�n�d�e�r�s�o�n�,� �w�h�o� �e�x�a�m�i�n�e�d� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n� �o�f� �R� �&� �D�/�a�d�v�e�r�t�i�s�i�n�g� �i�n�t�e�n�s�i�t�y� 

�{�a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y�)� �a�n�d� �c�o�u�n�t�r�y� �r�i�s�k� �(�u�n�c�e�r�t�a�i�n�t�y�)�.� 
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�N�e�i�t�h�e�r� �A�n�d�e�r�s�o�n� �a�n�d� �C�o�u�g�h�l�a�n� �o�r� �G�a�t�i�g�n�o�n� �a�n�d� �A�n�d�e�r�s�o�n� �o�s�t�e�n�s�i�b�l�y� �m�e�a�s�u�r�e�d� 

�f�r�e�q�u�e�n�c�y�.� �G�a�t�i�g�n�o�n� �a�n�d� �A�n�d�e�r�s�o�n� �a�t�t�e�m�p�t�e�d� �t�o� �a�c�c�o�u�n�t� �f�o�r� �w�h�a�t� �t�h�e�y� �t�e�r�m�e�d�  ��s�c�a�l�e� 

�e�f�f�e�c�t�s�"� �b�y� �a�s�s�e�s�s�i�n�g� �f�i�r�m� �s�i�z�e� �(�n�u�m�b�e�r� �o�f� �e�m�p�l�o�y�e�e�s�)�,� �b�u�t� �t�h�i�s� �m�e�a�s�u�r�e�m�e�n�t� �a�p�p�e�a�r�s� �t�o� 

�h�a�v�e� �l�i�t�t�l�e� �v�a�l�i�d�i�t�y� �a�s� �a� �m�e�a�s�u�r�e� �o�f� �p�o�t�e�n�t�i�a�l� �e�c�o�n�o�m�i�e�s� �o�f� �s�c�a�l�e� �i�n� �t�h�e� �c�o�n�t�e�x�t� �o�f� �a� 

�d�i�s�t�r�i�b�u�t�i�o�n� �c�h�a�n�n�e�l�,� �a�n�d� �i�n� �f�a�c�t�,� �a�p�p�e�a�r�s� �t�a�u�t�o�l�o�g�i�c�a�l� �a�s� �a� �p�r�e�d�i�c�t�o�r� �o�f� �i�n�t�e�g�r�a�t�i�o�n� �(�s�e�e� 

�d�i�s�c�u�s�s�i�o�n� �o�f� �A�n�d�e�r�s�o�n� �1�9�8�2�,� �a�b�o�v�e�)�.� 

�K�l�e�i�n� �h�y�p�o�t�h�e�s�i�z�e�d� �e�f�f�e�c�t�s� �f�o�r� �b�o�t�h� �f�r�e�q�u�e�n�c�y� �a�n�d� �v�o�l�u�m�e�.� �T�h�e� �t�w�o� �c�o�n�s�t�r�u�c�t�s� �w�e�r�e� 

�m�e�a�s�u�r�e�d� �w�i�t�h� �s�c�a�l�e� �i�t�e�m�s�:� �f�r�e�q�u�e�n�c�y� �w�a�s� �m�e�a�s�u�r�e�d� �a�s� �t�h�e� �n�u�m�b�e�r� �o�f� �o�r�d�e�r�s� �r�e�c�e�i�v�e�d� �a�n�d� 

�t�h�e� �n�u�m�b�e�r� �o�f� �s�h�i�p�m�e�n�t�s�;� �v�o�l�u�m�e� �w�a�s� �m�e�a�s�u�r�e�d� �a�s� �t�h�e� �d�o�l�l�a�r� �v�a�l�u�e� �o�f� �s�h�i�p�m�e�n�t�s�.� �T�h�e� 

�m�e�a�s�u�r�e�m�e�n�t� �o�f� �v�o�l�u�m�e� �a�p�p�e�a�r�s� �t�o� �t�a�p� �a�n� �i�m�p�o�r�t�a�n�t� �c�o�m�p�o�n�e�n�t� �o�f� �W�i�l�l�i�a�m�s�o�n ��s� �(�1�9�8�5�)� 

�c�o�n�c�e�p�t�u�a�l�i�z�a�t�i�o�n� �o�f� �t�h�e� �f�r�e�q�u�e�n�c�y� �c�o�n�s�t�r�u�c�t�,� �i�.�e�.�,� �t�h�a�t� �o�f� �s�c�a�l�e� �e�c�o�n�o�m�i�e�s�,� �o�r� �w�h�e�t�h�e�r� �t�h�e� 

�v�o�l�u�m�e� �o�f� �t�r�a�n�s�a�c�t�i�o�n�s� �i�s� �l�a�r�g�e� �e�n�o�u�g�h� �t�o� �s�u�p�p�o�r�t� �t�h�e� �"�s�p�e�c�i�a�l�i�z�e�d� �s�t�r�u�c�t�u�r�e ��,� �i�.�e�.�,� �t�h�e� 

�i�n�t�e�r�n�a�l� �o�r�g�a�n�i�z�a�t�i�o�n� �o�f� �a� �c�h�a�n�n�e�l� �f�u�n�c�t�i�o�n�.� 

�K�l�e�i�n�,� �F�r�a�z�i�e�r�,� �a�n�d� �R�o�t�h� �d�i�d� �n�o�t� �o�s�t�e�n�s�i�b�l�y� �m�e�a�s�u�r�e� �f�r�e�q�u�e�n�c�y�;� �i�n� �t�h�e�i�r� �w�o�r�d�s�,� �"�t�h�e� 

�f�r�e�q�u�e�n�c�y� �v�a�r�i�a�b�l�e� �i�s� �n�o�t� �e�x�a�m�i�n�e�d� �b�e�c�a�u�s�e� �.� �.� �.� �[�t�h�e� �i�n�t�e�r�e�s�t� �i�s� �o�n�l�y� �i�n�]� �r�e�c�u�r�r�e�n�t� �e�x�c�h�a�n�g�e �� 

�(�p�.� �1�9�8�}�.� �H�o�w�e�v�e�r�,� �t�h�e�y� �d�i�d� �m�e�a�s�u�r�e� �c�h�a�n�n�e�l� �v�o�l�u�m�e� �(�u�s�i�n�g� �s�c�a�l�e� �i�t�e�m�s�)�,� �a� �c�o�n�s�t�r�u�c�t� �w�h�i�c�h� 

�a�p�p�e�a�r�s� �t�o� �c�o�n�f�o�r�m� �t�o� �W�i�l�l�i�a�m�s�o�n ��s� �(�1�9�8�5�)� �(�s�c�a�l�e� �e�c�o�n�o�m�y�)� �c�o�n�c�e�p�t�u�a�l�i�z�a�t�i�o�n� �o�f� �f�r�e�q�u�e�n�c�y�.� 

�A�l�l� �o�f� �t�h�e� �i�n�t�e�r�n�a�t�i�o�n�a�l� �s�t�u�d�i�e�s� �f�o�u�n�d� �s�u�p�p�o�r�t� �f�o�r� �t�h�e� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �d�i�m�e�n�s�i�o�n� �a�s� �a� 

�p�r�e�d�i�c�t�o�r� �o�f� �l�e�v�e�l� �o�f� �i�n�t�e�g�r�a�t�i�o�n�.� �K�l�e�i�n� �f�o�u�n�d� �s�u�p�p�o�r�t� �f�o�r� �b�o�t�h� �o�f� �h�i�s� �t�w�o� �d�i�m�e�n�s�i�o�n�a�l� 

�u�n�c�e�r�t�a�i�n�t�y� �f�a�c�t�o�r�s�;� �u�n�c�e�r�t�a�i�n�t�y�-�c�o�m�p�l�e�x�i�t�y� �i�n�c�r�e�a�s�e�d� �i�n�t�e�g�r�a�t�i�o�n� �a�n�d� �u�n�c�e�r�t�a�i�n�t�y�-�d�y�n�a�m�i�s�m� 

�d�e�c�r�e�a�s�e�d� �i�n�t�e�g�r�a�t�i�o�n�.� �L�i�k�e�w�i�s�e�,� �K�l�e�i�n�,� �F�r�a�z�i�e�r�,� �a�n�d� �R�o�t�h� �d�e�m�o�n�s�t�r�a�t�e�d� �s�u�p�p�o�r�t� �f�o�r� �t�h�e�i�r� �t�w�o� 

�d�i�m�e�n�s�i�o�n�a�l� �u�n�c�e�r�t�a�i�n�t�y� �f�a�c�t�o�r�s�;� �e�n�v�i�r�o�n�m�e�n�t�a�l� �v�o�l�a�t�i�l�i�t�y� �l�e�d� �t�o� �i�n�c�r�e�a�s�e�d� �i�n�t�e�g�r�a�t�i�o�n�,� �b�u�t� 

�e�n�v�i�r�o�n�m�e�n�t�a�l� �d�i�v�e�r�s�i�t�y� �l�e�d� �t�o� �d�e�c�r�e�a�s�e�d� �i�n�t�e�g�r�a�t�i�o�n�.� �A�n�d�e�r�s�o�n� �a�n�d� �G�a�t�i�g�n�o�n� �f�o�u�n�d� �s�u�p�p�o�r�t� 

�f�o�r� �t�h�e�i�r� �h�y�p�o�t�h�e�s�i�z�e�d� �n�e�g�a�t�i�v�e� �e�f�f�e�c�t� �o�f� �c�o�u�n�t�r�y� �r�i�s�k� �o�n� �i�n�t�e�g�r�a�t�i�o�n�,� �b�u�t� �f�o�u�n�d� �n�o� �s�u�p�p�o�r�t� 

�f�o�r� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n� �o�f� �R� �&� �D�/�a�d�v�e�r�t�i�s�i�n�g� �i�n�t�e�n�s�i�t�y� �(�a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y�)� �a�n�d� �c�o�u�n�t�r�y� �r�i�s�k� 
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�(�u�n�c�e�r�t�a�i�n�t�y�)�.� �K�l�e�i�n ��s� �r�e�s�u�l�t�s� �s�u�p�p�o�r�t�e�d� �T�C�A� �p�r�e�d�i�c�t�i�o�n�s� �f�o�r� �b�o�t�h� �f�r�e�q�u�e�n�c�y� �a�n�d� �v�o�l�u�m�e�;� 

�K�l�e�i�n�,� �F�r�a�z�i�e�r�,� �a�n�d� �R�o�t�h� �f�o�u�n�d� �s�u�p�p�o�r�t� �f�o�r� �c�h�a�n�n�e�l� �v�o�l�u�m�e�.� 

�M�o�s�a�k�o�w�s�k�i� �(�1�9�9�1�)� �e�s�t�i�m�a�t�e�d� �a� �n�o�r�m�a�t�i�v�e� �m�o�d�e�l� �t�h�a�t� �d�e�m�o�n�s�t�r�a�t�e�d� �w�e�a�k� �s�u�p�p�o�r�t� 

�f�o�r� �a�n� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �x� �u�n�c�e�r�t�a�i�n�t�y� �i�n�t�e�r�a�c�t�i�o�n�.� �W�i�t�h� �t�h�e� �a�s�s�u�m�p�t�i�o�n� �t�h�a�t� �t�h�e� �R� �&� �D� 

�f�u�n�c�t�i�o�n� �w�a�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �h�i�g�h�e�r� �l�e�v�e�l�s� �o�f� �s�p�e�c�i�f�i�c� �p�h�y�s�i�c�a�l� �a�n�d� �h�u�m�a�n� �a�s�s�e�t�s�,� �a�s� �w�e�l�l� �a�s� 

�u�n�c�e�r�t�a�i�n�t�y�,� �s�h�e� �f�o�u�n�d� �t�h�a�t� �t�h�e� �e�c�o�n�o�m�i�c� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �f�i�r�m�s� �w�h�o� �c�o�n�t�r�a�c�t�e�d� �f�o�r� �t�h�e� �R� �&� 

�D� �f�u�n�c�t�i�o�n� �w�a�s� �l�o�w�e�r� �t�h�a�n� �t�h�a�t� �o�f� �f�i�r�m�s� �t�h�a�t� �p�e�r�f�o�r�m�e�d� �t�h�e� �R� �&� �D� �f�u�n�c�t�i�o�n� �i�n�t�e�r�n�a�l�l�y�.� 

�F�r�e�q�u�e�n�c�y� �w�a�s� �n�o�t� �e�x�a�m�i�n�e�d� �i�n� �t�h�i�s� �s�t�u�d�y�.� 

�M�a�l�t�z� �(�1�9�9�2�)� �a�n�a�l�y�z�e�d� �t�h�e� �m�a�k�e� �o�r� �b�u�y� �d�e�c�i�s�i�o�n� �f�o�r� �t�h�e� �l�o�g�i�s�t�i�c�s� �f�u�n�c�t�i�o�n� �o�f� 

�w�a�r�e�h�o�u�s�i�n�g�.� �A�l�l� �t�h�r�e�e� �T�C�A� �d�i�m�e�n�s�i�o�n�s� �w�e�r�e� �e�v�a�l�u�a�t�e�d� �u�s�i�n�g� �s�c�a�l�e� �i�t�e�m�s�.� �A�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� 

�m�e�a�s�u�r�e�s� �i�n�c�l�u�d�e�d� �b�o�t�h� �h�u�m�a�n� �a�n�d� �p�h�y�s�i�c�a�l� �a�s�s�e�t� �i�t�e�m�s�;� �u�n�c�e�r�t�a�i�n�t�y� �i�t�e�m�s� �m�e�a�s�u�r�e�d� 

�e�n�v�i�r�o�n�m�e�n�t�a�l� �u�n�c�e�r�t�a�i�n�t�y� �a�n�d� �u�n�p�r�e�d�i�c�t�a�b�i�l�i�t�y�,� �a�s� �w�e�l�l� �a�s� �d�i�f�f�i�c�u�l�t�y� �o�f� �m�o�n�i�t�o�r�i�n�g� 

�p�e�r�f�o�r�m�a�n�c�e�.� �T�h�e� �s�i�n�g�l�e� �f�r�e�q�u�e�n�c�y� �i�t�e�m� �m�e�a�s�u�r�e�d� �o�r�d�e�r� �f�r�e�q�u�e�n�c�y�.� 

�R�e�s�u�l�t�s� �f�o�r� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �s�u�p�p�o�r�t�e�d� �t�h�e� �T�C�A� �p�r�e�d�i�c�t�i�o�n� �t�h�a�t� �i�n�c�r�e�a�s�i�n�g� �l�e�v�e�l�s� �o�f� 

�s�p�e�c�i�f�i�c� �a�s�s�e�t�s� �w�a�s� �a� �s�i�g�n�i�f�i�c�a�n�t� �d�e�t�e�r�m�i�n�a�n�t� �o�f� �t�h�e� �d�e�c�i�s�i�o�n� �t�o� �u�s�e� �p�r�i�v�a�t�e� �w�a�r�e�h�o�u�s�i�n�g�.� 

�H�o�w�e�v�e�r�,� �t�h�e� �r�e�s�u�l�t�s� �f�o�r� �t�h�e� �u�n�c�e�r�t�a�i�n�t�y� �a�n�d� �f�r�e�q�u�e�n�c�y� �d�i�m�e�n�s�i�o�n�s� �w�e�r�e� �e�i�t�h�e�r� 

�n�o�n�s�i�g�n�i�f�i�c�a�n�t� �o�r� �o�p�p�o�s�i�t�e� �f�r�o�m� �T�C�A� �p�r�e�d�i�c�t�i�o�n�s�.� �M�a�l�t�z� �c�r�e�d�i�t�s� �p�r�o�b�l�e�m�s� �w�i�t�h� �t�h�e� �s�c�a�l�e�s� �f�o�r� 

�u�n�c�e�r�t�a�i�n�t�y� �f�o�r� �t�h�e� �l�a�c�k� �o�f� �s�i�g�n�i�f�i�c�a�n�t� �r�e�s�u�l�t�s� �o�n� �t�h�i�s� �d�i�m�e�n�s�i�o�n�;� �t�h�e� �l�a�c�k� �o�f� �s�u�p�p�o�r�t� �f�o�r� �t�h�e� 

�f�r�e�q�u�e�n�c�y� �d�i�m�e�n�s�i�o�n� �a�p�p�e�a�r�s� �t�o� �b�e� �a� �f�u�n�c�t�i�o�n� �o�f� �t�h�e� �f�a�c�t� �t�h�a�t�,� �l�i�k�e� �K�l�e�i�n� �(�1�9�8�9�)�,� �M�a�l�t�z� 

�e�v�a�l�u�a�t�e�d� �f�r�e�q�u�e�n�c�y� �b�y� �m�e�a�s�u�r�i�n�g� �n�u�m�b�e�r� �o�f� �o�r�d�e�r�s� �o�r� �s�h�i�p�m�e�n�t�s�.� �T�h�i�s� �m�e�a�s�u�r�e�m�e�n�t� �o�f� 

�f�r�e�q�u�e�n�c�y� �m�a�y� �o�r� �m�a�y� �n�o�t� �b�e� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �p�r�o�d�u�c�t� �(�a�n�d� �d�o�l�l�a�r�)� �v�o�l�u�m�e� �o�f� �o�r�d�e�r�s� �o�r� 

�s�h�i�p�m�e�n�t�s�.� �W�h�i�l�e� �o�n�e� �m�i�g�h�t� �e�x�p�e�c�t� �o�r�d�e�r� �f�r�e�q�u�e�n�c�y� �t�o� �h�a�v�e� �a�n� �e�f�f�e�c�t� �o�n� �t�r�a�n�s�a�c�t�i�o�n� �c�o�s�t�s�,� 

�e�s�p�e�c�i�a�l�l�y� �i�n� �a� �l�o�g�i�s�t�i�c�s� �c�o�n�t�e�x�t�,� �t�h�e� �l�o�g�i�c� �t�h�a�t� �u�n�d�e�r�l�i�e�s� �W�i�l�l�i�a�m�s�o�n ��s� �(�1�9�8�5�)� �e�x�p�l�a�n�a�t�i�o�n� �o�f� 

�t�h�e� �f�r�e�q�u�e�n�c�y� �d�i�m�e�n�s�i�o�n� �a�p�p�e�a�r�s� �t�o� �r�e�q�u�i�r�e� �t�h�a�t� �v�o�/�u�m�e� �t�r�a�n�s�p�o�r�t�e�d� �(�f�o�r� �i�n�s�t�a�n�c�e�)� �b�e� 

�o�p�e�r�a�t�i�o�n�a�l�i�z�e�d� �t�o� �f�u�l�l�y� �t�a�p� �t�h�i�s� �d�i�m�e�n�s�i�o�n�.� 
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�S�u�m�m�a�r�y�:� �S�u�p�p�o�r�t� �f�o�r� �T�C�A� �T�r�a�n�s�a�c�t�i�o�n� �D�i�m�e�n�s�i�o�n�s�.� �A�l�t�h�o�u�g�h� �e�m�p�i�r�i�c�a�l� �s�u�p�p�o�r�t� 

�f�o�r� �t�h�e� �T�C�A� �d�i�m�e�n�s�i�o�n� �o�f� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �a�p�p�e�a�r�s� �f�a�i�r�l�y� �s�t�r�a�i�g�h�t�f�o�r�w�a�r�d� �a�n�d� �w�i�d�e�s�p�r�e�a�d�,� 

�t�h�e� �o�t�h�e�r� �t�w�o� �d�i�m�e�n�s�i�o�n�s� �(�u�n�c�e�r�t�a�i�n�t�y� �a�n�d� �f�r�e�q�u�e�n�c�y�)� �h�a�v�e� �n�o�t� �f�a�r�e�d� �n�e�a�r�l�y� �a�s� �w�e�l�l�.� �T�w�o� 

�f�a�c�t�o�r�s� �h�a�v�e� �c�o�n�t�r�i�b�u�t�e�d� �t�o� �t�h�i�s� �s�i�t�u�a�t�i�o�n�:� �1�)� �u�n�c�e�r�t�a�i�n�t�y� �a�n�d� �f�r�e�q�u�e�n�c�y� �h�a�v�e� �b�e�e�n� �e�x�a�m�i�n�e�d� 

�l�e�s�s� �f�r�e�q�u�e�n�t�l�y� �t�h�a�n� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �a�n�d� �2�)� �t�h�e� �d�e�f�i�n�i�t�i�o�n� �a�n�d� �m�e�a�s�u�r�e�m�e�n�t� �o�f� �t�h�e� 

�u�n�c�e�r�t�a�i�n�t�y� �a�n�d� �f�r�e�q�u�e�n�c�y� �d�i�m�e�n�s�i�o�n�s� �s�u�f�f�e�r� �f�r�o�m� �a� �l�a�c�k� �o�f� �c�a�r�e�f�u�l� �a�t�t�e�n�t�i�o�n� �t�o� �W�i�l�l�i�a�m�s�o�n ��s� 

�o�r�i�g�i�n�a�l� �c�o�n�c�e�p�t�u�a�l�i�z�a�t�i�o�n� �o�f� �t�h�e� �c�o�n�s�t�r�u�c�t�s�.� 

�O�f� �t�h�e� �2�3� �s�t�u�d�i�e�s� �e�x�a�m�i�n�e�d� �h�e�r�e�,� �a�l�l� �b�u�t� �t�h�r�e�e� �m�e�a�s�u�r�e�d� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y�;� �1�6� 

�e�x�a�m�i�n�e�d� �u�n�c�e�r�t�a�i�n�t�y�,� �a�n�d� �o�n�l�y� �t�h�r�e�e� �i�n�v�e�s�t�i�g�a�t�e�d� �i�n�t�e�r�a�c�t�i�o�n�s� �a�m�o�n�g� �t�h�e� �T�C�A� �d�i�m�e�n�s�i�o�n�s�.� 

�F�r�e�q�u�e�n�c�y� �w�a�s� �e�x�a�m�i�n�e�d� �i�n� �o�n�l�y� �7� �s�t�u�d�i�e�s�.� 

�A�l�m�o�s�t� �e�v�e�r�y� �s�t�u�d�y� �t�h�a�t� �h�a�s� �m�e�a�s�u�r�e�d� �u�n�c�e�r�t�a�i�n�t�y� �h�a�s� �u�s�e�d� �a� �d�i�f�f�e�r�e�n�t� �d�e�f�i�n�i�t�i�o�n�,� 

�s�o�m�e� �o�f� �w�h�i�c�h� �d�e�p�a�r�t�e�d� �c�o�n�s�i�d�e�r�a�b�l�y� �f�r�o�m� �W�i�l�l�i�a�m�s�o�n ��s� �(�1�9�7�5�,� �1�9�8�5�)� �d�e�f�i�n�i�t�i�o�n�:� �u�n�c�e�r�t�a�i�n�t�y� 

�i�n� �t�h�e� �c�i�r�c�u�m�s�t�a�n�c�e�s� �s�u�r�r�o�u�n�d�i�n�g� �t�h�e� �t�r�a�n�s�a�c�t�i�o�n�,� �w�h�i�c�h� �m�a�k�e�s� �i�t� �d�i�f�f�i�c�u�l�t� �o�r� �i�m�p�o�s�s�i�b�l�e� �t�o� 

�s�p�e�c�i�f�y� �a�l�l� �c�o�n�t�i�n�g�e�n�c�i�e�s� �f�o�r� �a� �c�o�n�t�i�n�u�i�n�g� �a�g�r�e�e�m�e�n�t�,� �a�s� �w�e�l�l� �a�s� �m�a�k�i�n�g� �i�t� �d�i�f�f�i�c�u�l�t� �(�a�n�d� 

�t�h�e�r�e�f�o�r�e� �c�o�s�t�l�y�)� �t�o� �m�o�n�i�t�o�r� �a�n�d� �e�n�f�o�r�c�e� �t�h�e� �c�o�n�t�i�n�g�e�n�c�i�e�s� �t�h�a�t� �a�r�e� �a�b�l�e� �t�o� �b�e� �s�p�e�c�i�f�i�e�d�.� 

�S�o�m�e� �r�e�s�e�a�r�c�h�e�r�s� �h�a�v�e� �s�e�p�a�r�a�t�e�d� �t�h�e� �c�o�n�s�t�r�u�c�t� �i�n�t�o� �t�w�o� �d�i�m�e�n�s�i�o�n�s�,� �e�,�g�.�,� �d�i�v�e�r�s�i�t�y� �a�n�d� 

�v�o�l�a�t�i�l�i�t�y�;� �e�n�v�i�r�o�n�m�e�n�t�a�l� �u�n�c�e�r�t�a�i�n�t�y� �a�n�d� �e�n�v�i�r�o�n�m�e�n�t�a�l� �u�n�p�r�e�d�i�c�t�a�b�i�l�i�t�y�;� �v�o�l�u�m�e� �u�n�c�e�r�t�a�i�n�t�y� 

�a�n�d� �t�e�c�h�n�o�l�o�g�i�c�a�l� �u�n�c�e�r�t�a�i�n�t�y�;� �u�n�c�e�r�t�a�i�n�t�y�-�c�o�m�p�l�e�x�i�t�y� �a�n�d� �u�n�c�e�r�t�a�i�n�t�y�-�d�y�n�a�m�i�s�m�.� �T�h�e�s�e� 

�t�w�o� �d�i�m�e�n�s�i�o�n�a�l� �c�o�n�c�e�p�t�u�a�l�i�z�a�t�i�o�n�s� �a�n�d� �m�e�a�s�u�r�e�m�e�n�t�s� �c�l�e�a�r�l�y� �h�a�v�e� �t�h�e�i�r� �o�r�i�g�i�n�s� �i�n� 

�o�r�g�a�n�i�z�a�t�i�o�n�a�l�,� �s�t�r�a�t�e�g�i�c� �m�a�n�a�g�e�m�e�n�t�,� �a�n�d�/�o�r� �p�u�b�l�i�c� �p�o�l�i�c�y� �r�e�s�e�a�r�c�h� �a�n�d� �a�p�p�e�a�r� �t�o� �b�e� 

�a�t�t�e�m�p�t�i�n�g� �t�o� �d�e�a�l� �w�i�t�h� �t�h�e� �f�a�c�t� �t�h�a�t� �t�h�e�r�e� �e�x�i�s�t� �c�o�n�t�r�a�d�i�c�t�o�r�y� �p�r�e�d�i�c�t�i�o�n�s� �f�o�r� �d�e�s�i�r�a�b�l�e� 

�g�o�v�e�r�n�a�n�c�e� �s�t�r�u�c�t�u�r�e�s� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �u�n�c�e�r�t�a�i�n�t�y� �(�s�e�e� �d�i�s�c�u�s�s�i�o�n� �u�n�d�e�r� �W�i�l�l�i�a�m�s�o�n�)�.� �F�o�r� 

�e�x�a�m�p�l�e�,� �m�u�c�h� �o�f� �t�h�e� �o�r�g�a�n�i�z�a�t�i�o�n�a�l�,� �s�t�r�a�t�e�g�i�c� �m�a�n�a�g�e�m�e�n�t�,� �a�n�d� �p�u�b�l�i�c� �p�o�l�i�c�y� �l�i�t�e�r�a�t�u�r�e� 

�p�r�o�p�o�s�e�s� �t�h�a�t� �v�e�r�t�i�c�a�l� �i�n�t�e�g�r�a�t�i�o�n� �i�s� �u�n�d�e�s�i�r�a�b�l�e� �w�h�e�n� �a�n� �u�n�c�e�r�t�a�i�n� �e�n�v�i�r�o�n�m�e�n�t� �m�a�n�d�a�t�e�s� 

�S�t�r�a�t�e�g�i�c� �f�l�e�x�i�b�i�l�i�t�y�.� �A�n� �i�l�l�u�s�t�r�a�t�i�o�n� �o�f� �t�h�i�s� �r�a�t�i�o�n�a�l�e� �i�s� �t�h�e� �n�e�c�e�s�s�i�t�y� �t�o� �g�u�a�r�d� �a�g�a�i�n�s�t� 

�5�2



�i�n�v�e�s�t�m�e�n�t�s� �i�n� �p�o�t�e�n�t�i�a�l�l�y� �t�e�c�h�n�i�c�a�l�l�y� �o�b�s�o�l�e�t�e� �a�s�s�e�t�s�.� �O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �a� �d�i�s�c�u�s�s�i�o�n� �b�y� 

�B�a�l�a�k�r�i�s�h�n�a�n� �a�n�d� �W�e�r�n�e�r�f�e�l�t� �(�1�9�8�6�)� �m�a�i�n�t�a�i�n�e�d� �t�h�a�t�,� �a�c�c�o�r�d�i�n�g� �t�o� �T�C�A�,� 

�t�h�e� �b�a�s�i�c� �a�r�g�u�m�e�n�t� �i�s� �t�h�a�t� �a�n� �i�n�d�e�p�e�n�d�e�n�t� �s�u�p�p�l�i�e�r� �w�i�l�l� �d�e�m�a�n�d� �a� �r�e�a�s�o�n�a�b�l�y� 
�c�o�m�p�l�e�t�e� �l�o�n�g�-�t�e�r�m� �c�o�n�t�r�a�c�t� �b�e�f�o�r�e� �c�o�m�m�i�t�t�i�n�g� �t�o� �i�n�v�e�s�t�m�e�n�t�s� �i�n� �a�n� �i�d�i�o�s�y�n�c�r�a�t�i�c� 
�a�s�s�e�t�.� �A�s� �t�h�e� �n�u�m�b�e�r� �o�f� �c�o�n�t�i�n�g�e�n�c�i�e�s� �i�n� �t�h�e� �c�o�n�t�r�a�c�t� �g�o�e�s� �u�p�,� �i�t� �b�e�c�o�m�e�s� �m�o�r�e� 
�e�x�p�e�n�s�i�v�e� �t�o� �w�r�i�t�e�,� �m�o�n�i�t�o�r� �a�n�d� �e�n�f�o�r�c�e� �s�o� �t�h�a�t� �v�e�r�t�i�c�a�l� �i�n�t�e�g�r�a�t�i�o�n� �b�e�c�o�m�e�s� �m�o�r�e� 
�a�t�t�r�a�c�t�i�v�e� �(�p�.� �3�4�8�)�.� 

�I�n� �s�u�m�m�a�r�y�,� �i�t� �a�p�p�e�a�r�s� �t�h�a�t� �t�h�e�s�e� �m�u�l�t�i�p�l�e� �o�p�e�r�a�t�i�o�n�a�l�i�z�a�t�i�o�n�s� �o�f� �u�n�c�e�r�t�a�i�n�t�y� �a�r�e� 

�e�n�d�e�a�v�o�r�i�n�g� �t�o� �s�e�p�a�r�a�t�e� �u�n�c�e�r�t�a�i�n�t�y� �a�b�o�u�t� �e�v�e�n�t�s� �i�n� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� �s�u�r�r�o�u�n�d�i�n�g� �t�h�e� �f�o�c�a�l� 

�t�r�a�n�s�a�c�t�i�o�n� �f�r�o�m� �u�n�c�e�r�t�a�i�n�t�y� �(�o�r� �v�o�l�a�t�i�l�i�t�y�}� �t�h�a�t� �r�e�q�u�i�r�e�s� �s�t�r�a�t�e�g�i�c� �f�l�e�x�i�b�i�l�i�t�y� �(�e�.�g�.�,� 

�t�e�c�h�n�o�l�o�g�i�c�a�l� �u�n�c�e�r�t�a�i�n�t�y�)�.� �C�a�r�e�f�u�l� �a�t�t�e�n�t�i�o�n� �t�o� �t�h�e� �o�r�i�g�i�n�a�l� �c�o�n�c�e�p�t�u�a�l�i�z�a�t�i�o�n� �a�n�d� �r�a�t�i�o�n�a�l�e� 

�f�o�r� �t�h�e� �u�n�c�e�r�t�a�i�n�t�y� �c�o�n�s�t�r�u�c�t� �r�e�v�e�a�l�s� �t�h�a�t� �t�h�e�r�e� �i�s� �n�o� �l�o�g�i�c�a�l� �b�a�s�i�s� �t�o� �e�x�p�e�c�t� �t�e�c�h�n�o�l�o�g�i�c�a�l� 

�u�n�c�e�r�t�a�i�n�t�y�,� �f�o�r� �e�x�a�m�p�l�e�,� �t�o� �a�f�f�e�c�t� �t�h�e� �d�i�f�f�i�c�u�l�t�y� �o�f� �s�p�e�c�i�f�y�i�n�g� �c�o�n�t�i�n�g�e�n�c�i�e�s� �f�o�r� �a� �c�o�n�t�r�a�c�t� 

�b�e�t�w�e�e�n� �t�w�o� �p�a�r�t�i�e�s� �f�o�r� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �a� �f�u�n�c�t�i�o�n�,� �a�n�d� �t�h�e�r�e�f�o�r�e�,� �n�o� �r�e�a�s�o�n� �t�o� �e�x�p�e�c�t� 

�t�h�i�s� �t�y�p�e� �o�f� �u�n�c�e�r�t�a�i�n�t�y� �t�o� �i�n�c�r�e�a�s�e� �t�r�a�n�s�a�c�t�i�o�n� �c�o�s�t�s�.� �A�n� �e�n�v�i�r�o�n�m�e�n�t� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� 

�r�a�p�i�d� �t�e�c�h�n�o�l�o�g�i�c�a�l� �c�h�a�n�g�e� �"�d�o�e�s� �n�o�t� �i�n�c�r�e�a�s�e� �t�h�e� �n�u�m�b�e�r� �o�f� �c�o�n�t�i�n�g�e�n�c�i�e�s� �i�n� �a� �h�y�p�o�t�h�e�t�i�c�a�l� 

�c�o�n�t�r�a�c�t� �.�.� �.� �i�t� �o�n�l�y� �m�a�k�e�s� �t�h�e� �s�i�n�g�l�e� �c�o�n�t�i�n�g�e�n�c�y� �[�t�e�c�h�n�o�l�o�g�i�c�a�l� �o�b�s�o�l�e�s�c�e�n�c�e�]� �m�o�r�e� �l�i�k�e�l�y �� 

�(�B�a�l�a�k�r�i�s�h�n�a�n� �a�n�d� �W�e�r�n�e�r�f�e�l�t� �1�9�8�6�,� �p�.� �3�4�8�)�.� �I�n�t�e�r�n�a�l�i�z�i�n�g� �i�n�v�e�s�t�m�e�n�t�s� �l�i�k�e�l�y� �t�o� �b�e�c�o�m�e� 

�t�e�c�h�n�o�l�o�g�i�c�a�l�l�y� �o�b�s�o�l�e�t�e� �d�o�e�s� �n�o�t�h�i�n�g� �t�o� �d�e�c�r�e�a�s�e� �t�h�e� �l�i�k�e�l�i�h�o�o�d� �o�f� �t�h�a�t� �o�b�s�o�l�e�s�c�e�n�c�e�.� 

�O�t�h�e�r� �r�e�s�e�a�r�c�h�e�r�s� �h�a�v�e� �v�i�e�w�e�d� �t�h�e� �c�o�n�s�t�r�u�c�t� �a�s� �b�e�i�n�g� �c�o�m�p�o�s�e�d� �o�f� �b�o�t�h� �e�x�t�e�r�n�a�l� 

�u�n�c�e�r�t�a�i�n�t�y� �(�e�n�v�i�r�o�n�m�e�n�t�a�l�)� �a�n�d� �i�n�t�e�r�n�a�l� �u�n�c�e�r�t�a�i�n�t�y� �(�d�i�f�f�i�c�u�l�t�y� �o�f� �m�o�n�i�t�o�r�i�n�g� �p�e�r�f�o�r�m�a�n�c�e�)�.� 

�T�h�e�r�e� �i�s� �r�e�a�l�l�y� �n�o� �f�u�n�d�a�m�e�n�t�a�l� �d�i�f�f�e�r�e�n�c�e� �i�n� �t�h�e�s�e� �d�i�m�e�n�s�i�o�n�s�,� �a�s�s�u�m�i�n�g� �t�h�a�t� �b�o�t�h� �i�n�c�r�e�a�s�e� 

�t�h�e� �d�i�f�f�i�c�u�l�t�y� �o�f� �c�o�n�s�t�r�u�c�t�i�n�g�,� �m�o�n�i�t�o�r�i�n�g�,� �a�n�d� �e�n�f�o�r�c�i�n�g� �a�g�r�e�e�m�e�n�t�s� �b�e�t�w�e�e�n� �t�w�o� �f�i�r�m�s� 

�w�h�e�n� �a� �f�u�n�c�t�i�o�n� �i�s� �e�x�t�e�r�n�a�l�i�z�e�d� �a�n�d� �u�n�c�e�r�t�a�i�n�t�y� �e�x�i�s�t�s� �i�n� �t�h�e� �f�a�c�t�o�r�s� �s�u�r�r�o�u�n�d�i�n�g� �t�h�e� 

�t�r�a�n�s�a�c�t�i�o�n�.� �V�a�l�i�d� �m�e�a�s�u�r�e�m�e�n�t� �o�r� �o�p�e�r�a�t�i�o�n�a�l�i�z�a�t�i�o�n� �o�f� �t�h�e� �u�n�c�e�r�t�a�i�n�t�y� �c�o�n�s�t�r�u�c�t� �r�e�q�u�i�r�e�s� 

�t�h�a�t� �c�a�r�e�f�u�l� �a�t�t�e�n�t�i�o�n� �b�e� �d�i�r�e�c�t�e�d� �t�o� �t�h�e� �s�u�b�s�t�a�n�t�i�v�e� �r�e�s�e�a�r�c�h� �c�o�n�t�e�x�t�.� �U�n�c�e�r�t�a�i�n�t�y� �s�h�o�u�l�d� 

�b�e� �m�e�a�s�u�r�e�d� �o�r� �o�p�e�r�a�t�i�o�n�a�l�i�z�e�d� �i�n� �s�u�c�h� �a� �w�a�y� �t�h�a�t� �a� �l�o�g�i�c�a�l� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e� 
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�p�r�e�s�e�n�c�e� �o�f� �u�n�c�e�r�t�a�i�n�t�y� �a�n�d� �t�h�e� �d�i�f�f�i�c�u�l�t�i�e�s� �o�f� �m�o�n�i�t�o�r�i�n�g� �t�h�e� �a�g�r�e�e�m�e�n�t�s� �w�i�t�h� �t�h�i�r�d� �p�a�r�t�i�e�s� 

�a�r�e� �e�v�i�d�e�n�t� �f�o�r� �t�h�a�t� �c�o�n�t�e�x�t�.� 

�i�n� �a� �l�o�g�i�s�t�i�c�s� �c�o�n�t�e�x�t�,� �u�n�c�e�r�t�a�i�n�t�y� �a�n�d�/�o�r� �c�o�m�p�l�e�x�i�t�y� �o�f� �t�h�e� �a�c�t�i�v�i�t�i�e�s� �s�u�r�r�o�u�n�d�i�n�g� �t�h�e� 

�f�u�n�c�t�i�o�n� �(�e�.�g�.�,� �p�i�c�k�u�p�/�d�e�l�i�v�e�r�y� �a�n�d�/�o�r� �l�i�n�e� �h�a�u�l�)� �m�a�y� �m�a�k�e� �m�o�n�i�t�o�r�i�n�g� �t�h�e� �t�e�r�m�s� �o�f� �t�h�e� 

�a�g�r�e�e�m�e�n�t� �b�e�t�w�e�e�n� �s�h�i�p�p�e�r� �a�n�d� �c�a�r�r�i�e�r� �(�e�.�g�.�,� �c�u�s�t�o�m�e�r� �s�e�r�v�i�c�e� �l�e�v�e�l�s�)� �m�o�r�e� �d�i�f�f�i�c�u�l�t� �(�s�e�e� 

�d�i�s�c�u�s�s�i�o�n� �o�f� �B�u�c�k�l�i�n ��s� �M�a�r�k�e�t�s� �a�n�d� �S�e�r�v�i�c�e�s� �f�r�a�m�e�w�o�r�k�)�.� �F�o�r� �e�x�a�m�p�l�e�,� �s�h�i�p�m�e�n�t�s� �w�h�o�s�e� 

�r�o�u�t�e�s� �t�r�a�v�e�r�s�e� �a�n� �a�r�e�a� �o�f� �t�h�e� �c�o�u�n�t�r�y� �t�h�a�t� �e�x�p�e�r�i�e�n�c�e�s� �a�d�v�e�r�s�e� �w�e�a�t�h�e�r� �c�o�n�d�i�t�i�o�n�s�,� �o�r� �t�h�e� 

�p�r�e�s�e�n�c�e� �o�f� �l�a�b�o�r� �u�n�r�e�s�t� �t�h�a�t� �c�a�u�s�e�s� �d�e�l�a�y�s� �i�n� �t�h�e� �t�i�m�e� �r�e�q�u�i�r�e�d� �f�o�r� �p�i�c�k�u�p�/�d�e�l�i�v�e�r�y� �o�r� �l�i�n�e� 

�h�a�u�l� �f�u�n�c�t�i�o�n�s� �m�a�y� �e�s�c�a�l�a�t�e� �t�h�e� �c�o�s�t�s� �o�f� �m�o�n�i�t�o�r�i�n�g� �a�n�d� �e�n�f�o�r�c�i�n�g� �a�g�r�e�e�m�e�n�t�s� �b�e�t�w�e�e�n� 

�s�h�i�p�p�e�r�s� �a�n�d� �c�a�r�r�i�e�r�s� �w�h�e�n� �s�p�e�c�i�a�l�i�z�e�d� �c�a�r�r�i�e�r� �a�s�s�e�t�s� �r�e�q�u�i�r�e� �t�h�e� �c�o�n�t�i�n�u�i�t�y� �o�f� �r�e�l�a�t�i�v�e�l�y� �l�o�n�g� 

�t�e�r�m� �a�g�r�e�e�m�e�n�t�s�.� �C�i�r�c�u�m�s�t�a�n�c�e�s� �t�h�a�t� �i�n�c�r�e�a�s�e� �n�e�g�o�t�i�a�t�i�n�g� �a�n�d� �m�o�n�i�t�o�r�i�n�g� �o�f� �a�g�r�e�e�m�e�n�t�s� 

�b�e�t�w�e�e�n� �p�a�r�t�i�e�s� �t�e�n�d� �t�o� �i�n�c�r�e�a�s�e� �t�r�a�n�s�a�c�t�i�o�n� �c�o�s�t�s�.� 

�F�i�n�a�l�l�y�,� �e�v�e�n� �t�h�o�u�g�h� �a� �v�i�t�a�l� �a�s�p�e�c�t� �o�f� �W�i�l�l�i�a�m�s�o�n � ��s� �(�1�9�7�1�,� �1�9�7�5�,� �1�9�8�5�)� �r�a�t�i�o�n�a�l�e� �f�o�r� 

�t�h�e� �T�C�A� �f�r�a�m�e�w�o�r�k� �c�o�n�c�e�r�n�e�d� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n�s� �a�m�o�n�g� �t�h�e� �t�h�r�e�e� �T�C�A� �d�i�m�e�n�s�i�o�n�s� �(�s�e�e� 

�d�i�s�c�u�s�s�i�o�n� �u�n�d�e�r� �S�u�m�m�a�r�y�:� �C�o�n�c�e�p�t�u�a�l� �R�e�s�e�a�r�c�h� �o�n� �T�C�A� �a�n�d� �T�a�b�l�e� �3�)�,� �v�e�r�y� �f�e�w� �e�m�p�i�r�i�c�a�l� 

�s�t�u�d�i�e�s� �h�a�v�e� �i�n�v�e�s�t�i�g�a�t�e�d� �i�n�t�e�r�a�c�t�i�o�n� �e�f�f�e�c�t�s�.� �O�n�l�y� �t�h�r�e�e� �s�t�u�d�i�e�s� �h�y�p�o�t�h�e�s�i�z�e�d� �a�n�d� �f�o�u�n�d� 

�S�u�p�p�o�r�t� �f�o�r� �a�n� �i�n�t�e�r�a�c�t�i�o�n� �e�f�f�e�c�t� �o�f� �u�n�c�e�r�t�a�i�n�t�y� �x� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y�.� �N�o�n�e� �o�f� �t�h�e� �o�t�h�e�r� 

�i�n�t�e�r�a�c�t�i�o�n�s� �p�o�s�i�t�e�d� �b�y� �W�i�l�l�i�a�m�s�o�n� �w�e�r�e� �h�y�p�o�t�h�e�s�i�z�e�d� �i�n� �t�h�e� �e�x�i�s�t�i�n�g� �e�m�p�i�r�i�c�a�l� �r�e�s�e�a�r�c�h� �o�n� 

�T�C�A�.� 

�T�u�r�n�i�n�g� �t�o� �t�h�e� �f�r�e�q�u�e�n�c�y� �d�i�m�e�n�s�i�o�n�,� �t�h�e� �f�o�u�n�d�a�t�i�o�n� �f�o�r� �W�i�l�l�i�a�m�s�o�n�'�s� �(�1�9�8�5�)� �r�a�t�i�o�n�a�l�e� 

�a�p�p�e�a�r�s� �t�o� �d�e�p�e�n�d� �o�n� �w�h�e�t�h�e�r� �o�r� �n�o�t� �e�n�o�u�g�h� �v�o�l�u�m�e� �c�a�n� �b�e� �g�e�n�e�r�a�t�e�d� �t�o� �r�e�c�o�v�e�r� �t�h�e� �f�i�r�m�'�s� 

�c�o�s�t� �o�f� �i�n�v�e�s�t�i�n�g� �i�n� �i�n�t�e�r�n�a�l� �p�r�o�d�u�c�t�i�o�n� �o�r� �d�i�s�t�r�i�b�u�t�i�o�n�.� �T�h�e�r�e�f�o�r�e�,� �a�n� �a�c�c�u�r�a�t�e� �m�e�a�s�u�r�e�m�e�n�t� 

�o�f� �f�r�e�q�u�e�n�c�y� �i�n� �a� �d�i�s�t�r�i�b�u�t�i�o�n� �c�o�n�t�e�x�t� �r�e�q�u�i�r�e�s� �s�o�m�e� �m�e�a�s�u�r�e� �o�f� �t�h�e� �v�o�l�u�m�e� �f�l�o�w�i�n�g� �t�h�r�o�u�g�h� 

�t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �c�h�a�n�n�e�l�.� �T�h�i�s� �v�o�l�u�m�e� �m�a�y� �o�r� �m�a�y� �n�o�t� �b�e� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �o�r�d�e�r� �o�r� �s�h�i�p�m�e�n�t� 

�f�r�e�q�u�e�n�c�y�;� �e�.�g�.�,� �m�a�n�y� �s�m�a�l�l� �o�r�d�e�r�s�/�s�h�i�p�m�e�n�t�s� �m�a�y� �o�r� �m�a�y� �n�o�t� �g�e�n�e�r�a�t�e� �a�s� �m�u�c�h� �v�o�l�u�m�e� �a�s� 
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�a� �f�e�w� �l�a�r�g�e� �o�r�d�e�r�s�/�s�h�i�p�m�e�n�t�s�.� �M�o�s�t� �o�f� �t�h�e� �s�t�u�d�i�e�s� �t�h�a�t� �o�s�t�e�n�s�i�b�l�y� �m�e�a�s�u�r�e�d� �t�h�e� �f�r�e�q�u�e�n�c�y� 

�c�o�n�s�t�r�u�c�t� �e�v�a�l�u�a�t�e�d� �t�h�i�s� �d�i�m�e�n�s�i�o�n� �o�n�l�y� �o�n� �t�h�e� �f�r�e�q�u�e�n�c�y� �o�f� �t�r�a�n�s�a�c�t�i�o�n�s� �(�o�r�d�e�r� �f�r�e�q�u�e�n�c�y�)�,� 

�a�n�d� �n�o�t� �n�e�c�e�s�s�a�r�i�l�y� �o�n� �v�o�l�u�m�e�.� �T�h�i�s� �m�a�y� �e�x�p�l�a�i�n� �w�h�y� �t�h�e� �r�e�s�u�l�t�s� �f�o�r� �t�h�i�s� �d�i�m�e�n�s�i�o�n� �a�r�e� 

�a�m�b�i�g�u�o�u�s�.� 

�D�o�m�i�n�a�t�i�o�n� �o�f� �D�e�s�c�r�i�p�t�i�v�e� �M�e�t�h�o�d�o�l�o�g�y� �i�n� �T�C�A� �E�m�p�i�r�i�c�a�l� �R�e�s�e�a�r�c�h�.� �A�n� �i�n�s�p�e�c�t�i�o�n� 

�o�f� �T�a�b�l�e� �4� �r�e�v�e�a�l�s� �t�h�e� �f�o�l�l�o�w�i�n�g�:� �f�o�u�r� �o�f� �t�h�e� �2�3� �s�t�u�d�i�e�s� �e�x�a�m�i�n�e�d� �h�e�r�e� �u�s�e�d� �i�n�t�e�r�v�i�e�w�s� 

�a�n�d�/�o�r� �c�a�s�e� �s�t�u�d�i�e�s�;� �o�n�e� �s�t�u�d�y� �u�s�e�d� �b�o�t�h� �i�n�t�e�r�v�i�e�w�/�c�a�s�e� �s�t�u�d�y� �a�n�d� �a� �s�u�r�v�e�y�;� �f�o�u�r� �s�t�u�d�i�e�s� 

�u�s�e�d� �s�e�c�o�n�d�a�r�y� �d�a�t�a� �(�s�o�m�e� �o�f� �w�h�i�c�h� �w�a�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �a�n� �e�a�r�l�i�e�r� �s�u�r�v�e�y�)�;� �a�n�d� �1�4� �u�s�e�d� 

�s�u�r�v�e�y�s�.� 

�A�c�c�o�r�d�i�n�g� �t�o� �M�c�G�r�a�t�h� �a�n�d� �B�r�i�n�b�e�r�g� �(�1�9�8�3�)�,� �a�l�l� �r�e�s�e�a�r�c�h� �m�e�t�h�o�d�s� �p�o�s�s�e�s�s� �l�i�m�i�t�a�t�i�o�n�s� 

�i�n� �t�e�r�m�s� �o�f� �b�o�t�h� �i�n�t�e�r�n�a�l� �a�n�d� �e�x�t�e�r�n�a�l� �v�a�l�i�d�i�t�y�.� �I�n� �t�h�e�i�r� �w�o�r�d�s�,� �"�a�l�l� �m�e�t�h�o�d�s� �a�r�e� �f�l�a�w�e�d�,� �b�u�t� 

�d�i�f�f�e�r�e�n�t� �m�e�t�h�o�d�s� �a�r�e� �f�l�a�w�e�d� �d�i�f�f�e�r�e�n�t�l�y �� �(�p�.� �1�1�6�)�.� �I�n� �r�e�c�o�m�m�e�n�d�i�n�g� �t�h�e� �u�s�e� �o�f� �m�u�l�t�i�p�l�e� 

�m�e�t�h�o�d�s� �f�o�r� �i�n�v�e�s�t�i�g�a�t�i�n�g� �r�e�s�e�a�r�c�h� �q�u�e�s�t�i�o�n�s�,� �M�c�G�r�a�t�h� �a�n�d� �B�r�i�n�b�e�r�g� �m�a�d�e� �t�h�e� �p�o�i�n�t� �t�h�a�t� �t�h�e� 

�u�s�e� �o�f� �m�u�l�t�i�p�l�e� �m�e�t�h�o�d�s� �i�s� �e�s�s�e�n�t�i�a�l� �s�o� �t�h�a�t� �"�d�i�f�f�e�r�e�n�t�l�y� �f�l�a�w�e�d� �m�e�t�h�o�d�s� �s�h�o�r�e� �u�p� �e�a�c�h� 

�o�t�h�e�r�s �� �v�u�l�n�e�r�a�b�i�l�i�t�i�e�s�"� �(�p�.�,� �1�1�6�)�.� 

�W�h�i�l�e� �t�h�e� �e�x�t�a�n�t� �e�m�p�i�r�i�c�a�l� �r�e�s�e�a�r�c�h� �o�n� �t�h�e� �T�C�A� �f�r�a�m�e�w�o�r�k�,� �w�h�i�c�h� �h�a�s� �e�m�p�l�o�y�e�d� 

�p�r�e�d�o�m�i�n�a�t�e�l�y� �d�e�s�c�r�i�p�t�i�v�e� �m�e�t�h�o�d�o�l�o�g�y�,� �h�a�s� �m�a�d�e� �v�a�l�u�a�b�l�e� �c�o�n�t�r�i�b�u�t�i�o�n�s�,� �i�t� �c�a�n� �b�e� �a�r�g�u�e�d� 

�t�h�a�t� �t�h�e�r�e� �e�x�i�s�t�s� �a� �n�e�e�d� �f�o�r� �a�l�t�e�r�n�a�t�i�v�e� �m�e�t�h�o�d�o�l�o�g�i�e�s�.� �A�c�c�o�r�d�i�n�g� �t�o� �M�c�G�r�a�t�h� �(�1�9�8�2�)�,� 

�m�e�t�h�o�d�o�l�o�g�i�c�a�l� �s�t�r�a�t�e�g�i�e�s� �f�o�r� �c�o�n�d�u�c�t�i�n�g� �r�e�s�e�a�r�c�h� �f�a�l�l� �i�n�t�o� �f�o�u�r� �g�e�n�e�r�i�c� �c�l�a�s�s�e�s� �(�I�,� �I�l�,� �I�l�l�,� �a�n�d� 

�I�V�,� �s�e�e� �F�i�g�u�r�e� �1�)�.� �T�h�e�s�e� �c�l�a�s�s�e�s� �d�i�f�f�e�r� �a�c�c�o�r�d�i�n�g� �t�o� �w�h�i�c�h� �o�n�e� �o�f� �t�h�r�e�e� �r�e�s�e�a�r�c�h� �g�o�a�l�s� �a�r�e� 

�m�a�x�i�m�i�z�e�d�.� �T�h�e� �t�h�r�e�e� �r�e�s�e�a�r�c�h� �g�o�a�l�s� �(�A�,� �B�,� �a�n�d� �C�,� �s�e�e� �F�i�g�u�r�e� �1�)� �a�r�e� �d�e�l�i�n�e�a�t�e�d� �b�y� �M�c�G�r�a�t�h� 

�a�s�:� 

�A�)� �T�h�e� �a�b�i�l�i�t�y� �t�o� �g�e�n�e�r�a�l�i�z�e� �t�o� �t�h�e� �p�o�p�u�l�a�t�i�o�n�(�s�)� �o�f� �i�n�t�e�r�e�s�t� 

�B�)� �P�r�e�c�i�s�i�o�n� �i�n� �c�o�n�t�r�o�l�/�m�e�a�s�u�r�e�m�e�n�t�/�m�a�n�i�p�u�l�a�t�i�o�n� �o�f� �v�a�r�i�a�b�l�e�s� 
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�O�b�t�r�u�s�i�v�e� �L�a�b�o�r�a�t�o�r�y� 
�E�x�p�e�r�i�m�e�n�t�s� 

�E�x�p�e�r�i�m�e�n�t�a�l� �.� 
�S�i�m�u�l�a�t�i�o�n�s� � � � � 

� � 
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�J�u�d�g�e�m�e�n�t� �T�a�s�k�s� � � �F�i�e�l�d� �E�x�p�e�r�i�m�e�n�t�s� � � � � 
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� � � 
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�-� �(�I�I� �S�a�m�p�l�e� �S�u�r�v�e�y�s� �F�i�e�l�d� �S�t�u�d�i�e�s� 

�F�o�r�m�a�l� �T�h�e�o�r�y� �C�o�m�p�u�t�e�r� 
�S�i�m�u�l�a�t�i�o�n�s� 

�U�n�o�b�t�r�u�s�i�v�e� 

�o�O� � � 
�+� � � �a� 

�U�n�i�v�e�r�s�a�l� �S�y�s�t�e�m�s� �P�a�r�t�i�c�u�l�a�r� �S�y�s�t�e�m�s� 

�A� �M�a�x�i�m�u�m� �G�e�n�e�r�a�l�i�z�a�b�i�l�i�t�y� 
�B� �M�a�x�i�m�u�m� �P�r�e�c�i�s�i�o�n�/�c�o�n�t�r�o�l� �.� 

� � �|� �S�e�t�t�i�n�g�s� �i�n� �n�a�t�u�r�a�l� �s�y�s�t�e�m�s� 
�I�t� �C�o�n�t�r�i�v�e�d�/�C�r�e�a�t�e�d� �S�e�t�t�i�n�g�s� 

�l�l�l� �B�e�h�a�v�i�o�r� �n�o�t� �s�e�t�t�i�n�g� �d�e�p�e�n�d�e�n�t� 
�I�V� �N�o� �o�b�s�e�r�v�a�t�i�o�n� �r�e�q�u�i�r�e�d� 

�F�I�G�U�R�E� �1� �R�E�S�E�A�R�C�H� �S�T�R�A�T�E�G�I�E�S� 
�A�d�a�p�t�e�d� �f�r�o�m� �M�c�G�r�a�t�h� �(�1�9�8�2�,� �p�.� �7�3�)� 

�C�c� �M�a�x�i�m�u�m� �R�e�a�l�i�s�m� �o�f� �c�o�n�t�e�x�t� 
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�C�)� �E�x�i�s�t�e�n�t�i�a�l� �r�e�a�l�i�s�m�,� �o�r� �w�h�e�t�h�e�r� �o�r� �n�o�t� �t�h�e� �r�e�s�e�a�r�c�h� �"�[�t�a�k�e�s�]� �p�l�a�c�e� �i�n� �s�e�t�t�i�n�g�s� 
�t�h�a�t� �a�r�e� �e�x�i�s�t�e�n�t�i�a�l�l�y�  ��r�e�a�l �� �f�o�r� �t�h�e� �p�a�r�t�i�c�i�p�a�n�t�s� �[�o�r� �o�b�j�e�c�t�s� �i�n� �t�h�e� �s�y�s�t�e�m� �o�f� 
�i�n�t�e�r�e�s�t�] �� �(�p�.� �7�4�)� 

�R�e�s�e�a�r�c�h� �g�o�a�l� �A�)� �a�d�d�r�e�s�s�e�s� �o�n�e� �d�i�m�e�n�s�i�o�n� �o�f� �e�x�t�e�r�n�a�l� �v�a�l�i�d�i�t�y�;� �t�h�e� �a�b�i�l�i�t�y� �t�o� �g�e�n�e�r�a�l�i�z�e� �t�o� �a� 

�p�o�p�u�l�a�t�i�o�n� �i�s� �c�o�n�t�i�n�g�e�n�t� �o�n� �h�o�w� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� �t�h�e� �s�a�m�p�l�e� �c�h�o�s�e�n� �i�s� �o�f� �t�h�e� �p�o�p�u�l�a�t�i�o�n� 

�(�C�o�o�k� �a�n�d� �C�a�m�p�b�e�l�l� �1�9�7�9�)�.� �R�e�s�e�a�r�c�h� �g�o�a�l� �B�)� �a�d�d�r�e�s�s�e�s� �"�t�h�e� �c�o�n�s�t�r�u�c�t� �v�a�l�i�d�i�t�y� �o�f� �a� 

�c�o�n�c�e�p�t�,� �a�s� �r�e�f�l�e�c�t�e�d� �i�n� �t�h�e� �c�o�n�v�e�r�g�e�n�c�e� �(�a�n�d� �d�i�s�c�r�i�m�i�n�a�t�i�o�n�)� �o�f� �s�o�m�e� �p�a�r�t�i�c�u�l�a�r� �s�e�t� �o�f� 

�o�p�e�r�a�t�i�o�n�a�l�i�z�a�t�i�o�n�s� �o�f� �i�t�"� �(�e�m�p�h�a�s�i�s� �a�d�d�e�d�)� �(�M�c�G�r�a�t�h� �a�n�d� �B�r�i�n�b�e�r�g� �1�9�8�3�,� �p�.� �1�1�5�)�.� �R�e�s�e�a�r�c�h� 

�g�o�a�l� �C�)� �a�d�d�r�e�s�s�e�s� �a� �s�e�c�o�n�d� �d�i�m�e�n�s�i�o�n� �o�f� �e�x�t�e�r�n�a�l� �v�a�l�i�d�i�t�y�,� �i�.�e�.�,� �t�h�a�t� �o�f� �r�e�a�l�i�s�m�,� �o�r� �w�h�e�t�h�e�r� �o�r� 

�n�o�t� �t�h�e� �c�o�n�t�e�x�t� �o�f� �t�h�e� �r�e�s�e�a�r�c�h� �c�l�o�s�e�l�y� �"�m�a�t�c�h�l�e�s�]� �s�o�m�e� �r�e�a�l� �w�o�r�l�d� �c�o�u�n�t�e�r�p�a�r�t �� �(�L�y�n�c�h� 

�1�9�8�2�,� �p�.� �2�3�1�)�.� 

�M�c�G�r�a�t�h� �m�a�i�n�t�a�i�n�e�d� �t�h�a�t� �a� �s�i�n�g�l�e� �r�e�s�e�a�r�c�h� �s�t�u�d�y�,� �t�h�r�o�u�g�h� �t�h�e� �m�e�t�h�o�d�o�l�o�g�i�c�a�l� 

�c�h�o�i�c�e�s� �t�h�a�t� �m�u�s�t� �b�e� �m�a�d�e� �w�i�t�h� �t�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�e� �s�t�u�d�y� �i�n� �m�i�n�d�,� �w�i�l�l� �o�f� �n�e�c�e�s�s�i�t�y�,� 

�e�m�p�h�a�s�i�z�e� �o�n�e� �r�e�s�e�a�r�c�h� �g�o�a�l�,� �t�o� �t�h�e� �d�e�t�r�i�m�e�n�t� �o�f� �t�h�e� �o�t�h�e�r� �t�w�o�.� �O�n�e� �o�f� �t�h�e� �f�o�u�r� �g�e�n�e�r�i�c� 

�r�e�s�e�a�r�c�h� �c�l�a�s�s�e�s� �d�i�s�c�u�s�s�e�d� �b�y� �M�c�G�r�a�t�h� �(�s�e�e� �F�i�g�u�r�e� �1�;� �I�,� �I�l�,� �l�l�l�,� �[�V�)� �i�n�c�l�u�d�e�d� �s�u�r�v�e�y�s� �(�I�l�l�,� 

�F�i�g�u�r�e� �1�)�,� �w�h�i�l�e� �a�n�o�t�h�e�r� �o�f� �t�h�e� �f�o�u�r� �c�l�a�s�s�e�s� �i�n�c�l�u�d�e�d� �c�o�m�p�u�t�e�r� �s�i�m�u�l�a�t�i�o�n� �(�I�V�,� �F�i�g�u�r�e� �1�}�,� �a�n�d� 

�a� �t�h�i�r�d� �i�n�c�l�u�d�e�d� �e�x�p�e�r�i�m�e�n�t�a�l� �(�n�o�t� �c�o�m�p�u�t�e�r�)� �s�i�m�u�l�a�t�i�o�n� �(�i�l�,� �F�i�g�u�r�e� �1�)�.� �S�u�r�v�e�y�s�,� �w�i�t�h� �t�h�e�i�r� 

�e�m�p�h�a�s�i�s� �o�n� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� �s�a�m�p�l�i�n�g�,� �s�e�e�k� �t�o� �m�a�x�i�m�i�z�e� �p�o�p�u�l�a�t�i�o�n� �g�e�n�e�r�a�l�i�z�a�b�i�l�i�t�y� �(�r�e�s�e�a�r�c�h� 

�g�o�a�l� �A�)�.� �H�o�w�e�v�e�r�,� �s�u�r�v�e�y�s� �a�r�e� �n�o�t� �a�b�l�e� �t�o� �a�d�d�r�e�s�s� �r�e�a�l�i�s�m� �o�f� �c�o�n�t�e�x�t� �(�r�e�s�e�a�r�c�h� �g�o�a�l� �C�)�,� 

�s�i�n�c�e� �t�h�e�y� �r�e�l�y� �o�n� �p�a�r�t�i�c�i�p�a�n�t�s �� �f�u�r�n�i�s�h�i�n�g� �r�e�s�p�o�n�s�e�s� �"�a�f�t�e�r� �t�h�e� �f�a�c�t�"� �i�n� �a�n� �e�x�p�e�r�i�e�n�t�i�a�l� �s�e�n�s�e�.� 

�C�o�m�p�u�t�e�r� �s�i�m�u�l�a�t�i�o�n� �p�r�i�m�a�r�i�l�y� �a�d�d�r�e�s�s�e�s� �t�h�e� �r�e�a�l�i�s�m� �o�f� �c�o�n�t�e�x�t� �g�o�a�l� �(�r�e�s�e�a�r�c�h� �g�o�a�l� �C�)�.� 

�H�o�w�e�v�e�r�,� �w�h�e�n� �a� �c�o�m�p�u�t�e�r� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �i�s� �u�s�e�d� �a�s� �t�h�e� �b�a�s�i�s� �f�o�r� �e�x�p�e�r�i�m�e�n�t�a�l� �a�n�a�l�y�s�i�s�,� 

�t�h�e� �m�o�d�e�l� �i�s� �a�m�e�n�a�b�l�e� �t�o� �m�a�n�i�p�u�l�a�t�i�o�n� �w�h�i�c�h� �w�o�u�l�d� �b�e� �i�m�p�o�s�s�i�b�l�e�,� �t�o�o� �e�x�p�e�n�s�i�v�e� �o�r� 
�i�m�p�r�a�c�t�i�c�a�l� �t�o� �p�e�r�f�o�r�m� �o�n� �t�h�e� �e�n�t�i�t�y� �i�t� �p�o�r�t�r�a�y�s� �[�e�.�g�.�,� �a� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m�]�.� �T�h�e� 
�o�p�e�r�a�t�i�o�n� �o�f� �m�o�d�e�l� �c�a�n� �b�e� �s�t�u�d�i�e�d� �a�n�d�,� �f�r�o�m� �i�t�,� �p�r�o�p�e�r�t�i�e�s� �c�o�n�c�e�r�n�i�n�g� �t�h�e� �b�e�h�a�v�i�o�r� 
�o�f� �t�h�e� �a�c�t�u�a�l� �s�y�s�t�e�m�.� �.� �.� �c�a�n� �b�e� �i�n�f�e�r�r�e�d� �(�S�h�u�b�i�k� �1�9�8�0�,� �p�.� �9�0�9�)�.� 
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�S�i�n�c�e� �e�x�p�e�r�i�m�e�n�t�a�l� �d�e�s�i�g�n� �a�n�d� �c�o�n�c�e�r�n� �w�i�t�h� �c�o�n�s�t�r�u�c�t� �v�a�l�i�d�i�t�y� �o�f� �c�o�n�c�e�p�t�s�,� �i�.�e�.�,� �p�r�e�c�i�s�i�o�n� �i�n� 

�c�o�n�t�r�o�l� �a�n�d� �m�a�n�i�p�u�l�a�t�i�o�n� �i�s� �a�d�d�r�e�s�s�e�d� �b�y� �r�e�s�e�a�r�c�h� �g�o�a�l� �B�)�,� �a� �c�o�m�p�u�t�e�r� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� 

�u�s�e�d� �a�s� �t�h�e� �b�a�s�i�s� �o�f� �a�n� �e�x�p�e�r�i�m�e�n�t�a�l� �d�e�s�i�g�n� �a�d�d�r�e�s�s�e�s� �r�e�s�e�a�r�c�h� �g�o�a�l�s� �B� �(�p�r�e�c�i�s�i�o�n� �i�n� �c�o�n�t�r�o�l�;� 

�m�e�a�s�u�r�e�m�e�n�t�/� �m�a�n�i�p�u�l�a�t�i�o�n� �o�f� �v�a�r�i�a�b�l�e�s�)� �a�n�d� �C� �(�e�x�i�s�t�e�n�t�i�a�l� �r�e�a�l�i�s�m� �o�r� �r�e�a�l�i�s�m� �o�f� �c�o�n�t�e�x�t�)�,� 

�b�u�t� �n�o�t� �r�e�s�e�a�r�c�h� �g�o�a�l� �A� �(�a�b�i�l�i�t�y� �t�o� �g�e�n�e�r�a�l�i�z�e� �t�o� �a� �p�o�p�u�l�a�t�i�o�n� �o�f� �i�n�t�e�r�e�s�t�)�.� 

�S�u�m�m�a�r�y�:� �D�o�m�i�n�a�t�i�o�n� �o�f� �D�e�s�c�r�i�p�t�i�v�e� �M�e�t�h�o�d�o�l�o�g�y� �i�n� �T�C�A� �R�e�s�e�a�r�c�h�.� �E�m�p�i�r�i�c�a�l� �T�C�A� 

�r�e�s�e�a�r�c�h� �h�a�s� �u�s�e�d� �d�e�s�c�r�i�p�t�i�v�e� �m�e�t�h�o�d�o�l�o�g�y�,� �p�r�i�m�a�r�i�l�y� �s�u�r�v�e�y�s�.� �S�u�r�v�e�y� �m�e�t�h�o�d�o�l�o�g�y� 

�a�d�d�r�e�s�s�e�s� �r�e�s�e�a�r�c�h� �g�o�a�l� �A�,� �g�e�n�e�r�a�l�i�z�a�b�i�l�i�t�y� �t�o� �t�h�e� �p�o�p�u�l�a�t�i�o�n� �o�f� �i�n�t�e�r�e�s�t�,� �b�u�t� �i�s� �n�o�t� �a�b�l�e� �t�o� 

�a�d�d�r�e�s�s� �r�e�s�e�a�r�c�h� �g�o�a�l� �B�,� �p�r�e�c�i�s�i�o�n� �i�n� �c�o�n�t�r�o�l� �a�n�d� �m�a�n�i�p�u�l�a�t�i�o�n�,� �o�r� �r�e�s�e�a�r�c�h� �g�o�a�l� �C�,� �r�e�a�l�i�s�m� �o�f� 

�c�o�n�t�e�x�t�.� �T�h�i�s� �s�t�u�d�y� �u�s�e�d� �a� �c�o�m�p�u�t�e�r� �n�e�t�w�o�r�k� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �t�o� �m�a�n�i�p�u�l�a�t�e� �v�a�r�i�a�b�l�e�s� 

�a�c�c�o�r�d�i�n�g� �t�o� �a�n� �e�x�p�e�r�i�m�e�n�t�a�l� �d�e�s�i�g�n�.� �T�h�i�s� �m�e�t�h�o�d�o�l�o�g�y� �a�d�d�r�e�s�s�e�d� �r�e�s�e�a�r�c�h� �g�o�a�l�s� �B�,� 

�p�r�e�c�i�s�i�o�n� �i�n� �c�o�n�t�r�o�l� �a�n�d� �m�a�n�i�p�u�l�a�t�i�o�n�,� �a�n�d� �C�,� �r�e�a�l�i�s�m� �o�f� �c�o�n�t�e�x�t�,� �w�h�i�c�h� �h�a�v�e� �n�o�t� �b�e�e�n� 

�a�d�d�r�e�s�s�e�d� �b�y� �t�h�e� �p�r�e�d�o�m�i�n�a�n�t� �m�e�t�h�o�d�o�l�o�g�y� �o�f� �e�x�i�s�t�i�n�g� �T�C�A� �e�m�p�i�r�i�c�a�l� �r�e�s�e�a�r�c�h�.� 

�E�v�a�l�u�a�t�i�o�n� �o�f� �T�C�A� �N�o�r�m�a�t�i�v�e� �P�e�r�f�o�r�m�a�n�c�e� �I�m�p�l�i�c�a�t�i�o�n�s�.� �A�l�t�h�o�u�g�h� �a� �p�r�i�m�a�r�y� 

�c�o�m�p�o�n�e�n�t� �o�f� �t�h�e� �T�C�A� �f�r�a�m�e�w�o�r�k� �c�o�n�c�e�r�n�s� �t�h�e� �n�o�r�m�a�t�i�v�e� �p�e�r�f�o�r�m�a�n�c�e� �i�m�p�l�i�c�a�t�i�o�n�s� �o�f� 

�m�a�t�c�h�i�n�g� �g�o�v�e�r�n�a�n�c�e� �s�t�r�u�c�t�u�r�e� �w�i�t�h� �t�r�a�n�s�a�c�t�i�o�n� �d�i�m�e�n�s�i�o�n�s�,� �v�e�r�y� �f�e�w� �s�t�u�d�i�e�s� �h�a�v�e� 

�i�n�v�e�s�t�i�g�a�t�e�d� �t�h�i�s� �a�s�p�e�c�t� �o�f� �t�h�e� �f�r�a�m�e�w�o�r�k�.� �R�a�t�h�e�r�,� �m�o�s�t� �s�t�u�d�i�e�s� �h�a�v�e� �s�c�r�u�t�i�n�i�z�e�d� �i�n�d�u�s�t�r�y� �o�r� 

�f�i�r�m� �p�r�a�c�t�i�c�e� �t�o� �s�e�e� �i�f� �t�h�e� �T�C�A� �p�r�e�s�c�r�i�p�t�i�o�n�s� �r�e�g�a�r�d�i�n�g� �t�h�e� �m�a�t�c�h� �b�e�t�w�e�e�n� �g�o�v�e�r�n�a�n�c�e� 

�s�t�r�u�c�t�u�r�e� �a�n�d� �t�r�a�n�s�a�c�t�i�o�n� �d�i�m�e�n�s�i�o�n�s� �(�s�e�e� �T�a�b�l�e� �3�)� �e�x�i�s�t�s�.� �O�n�l�y� �t�h�r�e�e� �o�f� �t�h�e� �s�t�u�d�i�e�s� �i�n� �T�a�b�l�e� 

�4� �a�t�t�e�m�p�t�e�d� �t�o� �a�s�s�e�s�s� �t�h�e� �n�o�r�m�a�t�i�v�e� �p�e�r�f�o�r�m�a�n�c�e� �i�m�p�l�i�c�a�t�i�o�n�s� �o�f� �T�C�A�.� 

�N�o�o�r�d�e�w�i�e�r�,� �J�o�h�n�,� �a�n�d� �N�e�v�i�n� �(�1�9�9�0�)� �u�s�e�d� �t�h�r�e�e� �m�e�a�s�u�r�e�s� �o�f� �p�u�r�c�h�a�s�i�n�g� 

�p�e�r�f�o�r�m�a�n�c�e� �(�i�n�v�e�n�t�o�r�y� �t�u�r�n�o�v�e�r�,� �p�r�o�d�u�c�t� �d�e�l�i�v�e�r�y�,� �a�n�d� �p�r�o�d�u�c�t� �r�e�j�e�c�t�i�o�n�s�)� �a�n�d� �f�o�u�n�d� 

�s�u�p�p�o�r�t� �f�o�r� �t�h�e� �T�C�A� �p�r�e�d�i�c�t�i�o�n� �o�f� �i�n�c�r�e�a�s�i�n�g� �i�n�t�e�g�r�a�t�i�o�n� �u�n�d�e�r� �c�o�n�d�i�t�i�o�n�s� �o�f� �u�n�c�e�r�t�a�i�n�t�y� 

�(�m�e�a�s�u�r�e�d� �a�s� �m�a�r�k�e�t� �t�u�r�b�u�l�e�n�c�e� �a�n�d� �p�r�i�c�e�/�v�o�l�u�m�e� �u�n�c�e�r�t�a�i�n�t�y�)�.� �M�o�s�a�k�o�w�s�k�i� �{�1�9�9�0�)� �u�s�e�d� 

�t�o�t�a�l� �s�a�l�e�s� �a�n�d� �n�e�t� �i�n�c�o�m�e� �(�o�v�e�r� �t�h�r�e�e� �y�e�a�r�s�)� �t�o� �m�e�a�s�u�r�e� �p�e�r�f�o�r�m�a�n�c�e� �a�n�d� �f�o�u�n�d� �s�o�m�e� 
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�s�u�p�p�o�r�t� �f�o�r� �d�e�c�r�e�a�s�e�d� �p�e�r�f�o�r�m�a�n�c�e� �w�h�e�n� �f�u�n�c�t�i�o�n�s� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �h�i�g�h� �l�e�v�e�l�s� �o�f� �s�p�e�c�i�f�i�c� 

�a�s�s�e�t�s� �a�n�d� �u�n�c�e�r�t�a�i�n�t�y� �(�e�.�g�.�,� �R� �&� �D�)� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �e�x�t�e�r�n�a�l� �t�o� �t�h�e� �f�i�r�m�.� �H�o�w�e�v�e�r�,� �d�u�e� �t�o� 

�t�h�e� �n�a�t�u�r�e� �o�f� �t�h�e� �d�a�t�a� �u�s�e�d� �(�S�E�C� �d�a�t�a�)�,� �M�o�s�a�k�o�w�s�k�i� �a�c�k�n�o�w�l�e�d�g�e�d� �t�h�e� �e�x�i�s�t�e�n�c�e� �o�f� 

�m�e�a�s�u�r�e�m�e�n�t� �p�r�o�b�l�e�m�s�,� �p�r�i�m�a�r�i�l�y� �f�r�o�m� �l�a�c�k� �o�f� �d�e�t�a�i�l� �i�n� �t�h�e� �d�a�t�a�.� �W�a�l�k�e�r� �a�n�d� �P�o�p�p�o� �(�1�9�9�1�)� 

�d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �t�r�a�n�s�a�c�t�i�o�n� �c�o�s�t�s� �(�w�h�i�c�h� �w�e�r�e� �m�e�a�s�u�r�e�d� �b�y� �L�i�k�e�r�t� �s�c�a�l�e�s� �a�s� �t�h�e� �d�i�f�f�i�c�u�l�t�y� 

�o�f� �a�g�r�e�e�m�e�n�t� �w�i�t�h� �s�u�p�p�l�i�e�r�s� �o�n� �t�h�e� �a�l�l�o�c�a�t�i�o�n� �o�f� �c�o�s�t�s� �f�o�r� �e�n�g�i�n�e�e�r�i�n�g� �a�n�d� �m�a�t�e�r�i�a�l� �c�h�a�n�g�e�s�}� 

�f�o�r� �m�a�n�u�f�a�c�t�u�r�i�n�g� �i�n�p�u�t�s� �r�e�q�u�i�r�i�n�g� �s�p�e�c�i�f�i�c� �a�s�s�e�t�s� �w�e�r�e� �l�o�w�e�r� �w�h�e�n� �i�n�t�e�r�n�a�l� �s�u�p�p�l�i�e�r�s� �w�e�r�e� 

�u�s�e�d� �t�h�a�n� �w�h�e�n� �e�x�t�e�r�n�a�l� �s�u�p�p�l�i�e�r�s� �w�e�r�e� �u�s�e�d�.� 

�N�o�r�m�a�t�i�v�e� �r�e�s�e�a�r�c�h� �o�n� �T�C�A� �h�a�s� �i�m�p�o�r�t�a�n�t� �t�h�e�o�r�e�t�i�c�a�l� �i�m�p�l�i�c�a�t�i�o�n�s�,� �s�i�n�c�e� �f�r�o�m� �t�h�e� 

�s�t�a�n�d�p�o�i�n�t� �o�f� �i�n�t�e�r�n�a�l� �v�a�l�i�d�i�t�y�,� �e�x�p�l�o�r�a�t�i�o�n� �o�f� �t�h�e� �T�C�A� �t�h�e�o�r�e�t�i�c�a�l� �f�r�a�m�e�w�o�r�k� �i�s� �d�e�f�i�c�i�e�n�t� 

�w�i�t�h�o�u�t� �g�e�n�e�r�a�t�i�n�g� �h�y�p�o�t�h�e�s�e�s� �a�n�d� �a�t�t�e�m�p�t�i�n�g� �t�o� �o�b�t�a�i�n� �e�m�p�i�r�i�c�a�l� �s�u�p�p�o�r�t� �f�o�r� �t�h�e� �n�o�r�m�a�t�i�v�e� 

�p�e�r�f�o�r�m�a�n�c�e� �i�m�p�l�i�c�a�t�i�o�n�s� �o�f� �t�h�e� �f�r�a�m�e�w�o�r�k�.� 

�N�o�r�m�a�t�i�v�e� �r�e�s�e�a�r�c�h� �a�l�s�o� �h�a�s� �s�i�g�n�i�f�i�c�a�n�t� �m�a�n�a�g�e�r�i�a�l� �r�a�m�i�f�i�c�a�t�i�o�n�s� �f�o�r� �"�m�a�k�e� �v�e�r�s�u�s� 

�b�u�y �� �d�e�c�i�s�i�o�n�s�,� �s�i�n�c�e� �"�m�a�n�a�g�e�r�i�a�l� �d�e�c�i�s�i�o�n� �r�u�l�e�s� �b�a�s�e�d� �o�n� �T�C�A� �a�r�e� �m�e�a�n�i�n�g�f�u�l� �o�n�l�y� �i�f� �t�h�e�y� 

�c�a�n� �b�e� �d�e�m�o�n�s�t�r�a�t�e�d� �t�o� �e�n�h�a�n�c�e� �p�e�r�f�o�r�m�a�n�c�e �� �(�N�o�o�r�d�e�w�i�e�r�,� �J�o�h�n�,� �a�n�d� �N�e�v�i�n� �1�9�9�0�,� �p�.� �9�0�)�.� 

�I�n� �t�h�e� �c�o�n�t�e�x�t� �o�f� �t�h�e� �p�r�e�s�e�n�t� �s�t�u�d�y�,� �i�.�e�.�,� �t�h�e� �i�s�s�u�e� �o�f� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �b�y� �p�r�i�v�a�t�e� �f�l�e�e�t� �v�e�r�s�u�s� 

�t�r�a�n�s�p�o�r�t�a�t�i�o�n� �o�u�t�s�o�u�r�c�i�n�g�,� �d�i�s�c�o�v�e�r�i�n�g� �w�h�a�t� �f�a�c�t�o�r�s� �i�m�p�a�c�t� �t�h�e� �d�e�c�i�s�i�o�n� �n�e�c�e�s�s�i�t�a�t�e�s� 

�c�o�n�s�i�d�e�r�a�t�i�o�n� �o�f� �t�h�e� �n�o�r�m�a�t�i�v�e� �p�e�r�f�o�r�m�a�n�c�e� �i�m�p�l�i�c�a�t�i�o�n�s� �o�f� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n� �o�f� �t�h�o�s�e� �f�a�c�t�o�r�s�.� 

�S�u�m�m�a�r�y�:� �E�v�a�l�u�a�t�i�o�n� �o�f� �T�C�A� �N�o�r�m�a�t�i�v�e� �P�e�r�f�o�r�m�a�n�c�e� �I�m�p�l�i�c�a�t�i�o�n�s�.� �R�e�s�e�a�r�c�h� �o�n� �t�h�e� 

�n�o�r�m�a�t�i�v�e� �p�e�r�f�o�r�m�a�n�c�e� �i�m�p�l�i�c�a�t�i�o�n�s� �o�f� �t�h�e� �T�C�A� �f�r�a�m�e�w�o�r�k� �h�a�s� �i�m�p�o�r�t�a�n�t� �t�h�e�o�r�e�t�i�c�a�l� �a�n�d� 

�m�a�n�a�g�e�r�i�a�l� �i�m�p�l�i�c�a�t�i�o�n�s� �a�n�d� �i�s� �c�l�e�a�r�l�y� �i�n� �n�e�e�d� �o�f� �e�x�p�l�o�r�a�t�i�o�n�.� �T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�i�s� �s�t�u�d�y� �m�a�k�e� 

�a� �c�o�n�t�r�i�b�u�t�i�o�n� �t�o� �t�h�i�s� �e�x�p�l�o�r�a�t�i�o�n�,� �s�i�n�c�e� �t�h�e� �d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e� �i�n� �t�h�e� �r�e�s�e�a�r�c�h� �d�e�s�i�g�n� �w�a�s� 

�p�e�r�f�o�r�m�a�n�c�e� �(�i�.�e�.�,� �e�f�f�i�c�i�e�n�c�y�)�,� �a�n�d� �n�o�t� �s�i�m�p�l�y� �t�h�e� �m�a�t�c�h� �o�f� �s�t�r�u�c�t�u�r�e� �(�m�a�k�e� �o�r� �b�u�y�)� �w�i�t�h� 

�t�r�a�n�s�a�c�t�i�o�n� �d�i�m�e�n�s�i�o�n�s�.� 
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�A�s�s�e�s�s�m�e�n�t� �o�f� �t�h�e� �S�u�m� �o�f� �T�r�a�n�s�a�c�t�i�o�n� �a�n�d� �P�r�o�d�u�c�t�i�o�n� �C�o�s�t�s�.� �A�n�o�t�h�e�r� �i�m�p�o�r�t�a�n�t� 

�c�o�m�p�o�n�e�n�t� �o�f� �t�h�e� �T�C�A� �f�r�a�m�e�w�o�r�k� �i�s� �t�h�e� �p�r�o�p�o�s�i�t�i�o�n� �t�h�a�t� �t�h�e� �b�a�s�i�s� �f�o�r� �t�h�e� �m�a�k�e� �o�r� �b�u�y� 

�d�e�c�i�s�i�o�n� �i�s� �n�o�t� �s�i�m�p�l�y� �t�h�e� �l�e�v�e�l� �o�f� �t�r�a�n�s�a�c�t�i�o�n� �c�o�s�t�s�,� �b�u�t� �i�n�s�t�e�a�d�,� �t�h�e� �t�o�t�a�/� �o�f� �t�r�a�n�s�a�c�t�i�o�n� �a�n�d� 

�p�r�o�d�u�c�t�i�o�n� �c�o�s�t�s�.� 

�W�i�l�l�i�a�m�s�o�n� �(�1�9�8�5�)� �c�o�n�t�e�n�d�e�d� �t�h�a�t� �i�f�,� �f�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �r�e�s�u�l�t� �o�f� �i�n�t�e�r�n�a�l�i�z�i�n�g� �a� 

�f�u�n�c�t�i�o�n� �w�a�s� �a� �d�e�c�r�e�a�s�e� �i�n� �t�r�a�n�s�a�c�t�i�o�n� �c�o�s�t�s�,� �a�n�d� �a� �c�o�n�c�o�m�i�t�a�n�t� �i�n�c�r�e�a�s�e� �i�n� �p�r�o�d�u�c�t�i�o�n� 

�c�o�s�t�s� �(�e�.�g�.�,� �d�u�e� �t�o� �d�i�s�-�e�c�o�n�o�m�i�e�s� �o�f� �s�c�a�l�e� �o�r� �s�c�o�p�e�)� �w�h�i�c�h� �c�a�u�s�e�d� �a� �n�e�t� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �t�o�t�a�l� 

�o�f� �t�r�a�n�s�a�c�t�i�o�n� �a�n�d� �p�r�o�d�u�c�t�i�o�n� �c�o�s�t�s�,� �t�h�e�n� �i�n�t�e�r�n�a�l�i�z�i�n�g� �t�h�e� �f�u�n�c�t�i�o�n� �w�a�s� �n�o�t� �a�p�p�r�o�p�r�i�a�t�e�.� 

�C�o�n�v�e�r�s�e�l�y�,� �i�f� �a� �f�i�r�m� �c�o�u�l�d� �r�e�a�l�i�z�e� �d�e�c�r�e�a�s�e�d� �p�r�o�d�u�c�t�i�o�n� �c�o�s�t�s� �b�y� �c�o�n�t�r�a�c�t�i�n�g� �w�i�t�h� �a�n� �o�u�t�s�i�d�e� 

�s�u�p�p�l�i�e�r� �(�w�h�o�,� �b�y� �c�o�m�b�i�n�i�n�g� �t�h�e� �v�o�l�u�m�e� �f�r�o�m� �s�e�v�e�r�a�l� �f�i�r�m�s�,� �i�s� �a�b�l�e� �t�o� �r�e�a�l�i�z�e� �s�c�a�l�e� 

�e�c�o�n�o�m�i�e�s�)�,� �o�n�l�y� �t�o� �e�x�p�e�r�i�e�n�c�e� �a�n� �i�n�c�r�e�a�s�e� �i�n� �t�r�a�n�s�a�c�t�i�o�n� �c�o�s�t�s� �(�{�e�.�g�.�,� �c�o�s�t�s� �i�n�c�u�r�r�e�d� �i�n� 

�n�e�g�o�t�i�a�t�i�o�n� �a�n�d� �r�e�-�n�e�g�o�t�i�a�t�i�o�n� �o�f� �t�h�e� �t�e�r�m�s� �o�f� �t�h�e� �a�g�r�e�e�m�e�n�t�,� �m�o�n�i�t�o�r�i�n�g� �a�n�d� �e�n�f�o�r�c�e�m�e�n�t� �o�f� 

�s�u�p�p�l�i�e�r� �p�e�r�f�o�r�m�a�n�c�e�)� �t�h�a�t� �r�e�s�u�l�t�s� �i�n� �a� �n�e�t� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �t�o�t�a�l� �o�f� �t�r�a�n�s�a�c�t�i�o�n� �a�n�d� �p�r�o�d�u�c�t�i�o�n� 

�c�o�s�t�s�,� �t�h�e�n� �e�x�t�e�r�n�a�l�i�z�i�n�g� �t�h�e� �f�u�n�c�t�i�o�n� �w�a�s� �a�n� �u�n�s�a�t�i�s�f�a�c�t�o�r�y� �o�p�t�i�o�n�.� 

�T�r�a�n�s�a�c�t�i�o�n� �c�o�s�t�s� �m�a�y� �b�e� �d�i�f�f�i�c�u�l�t� �t�o� �m�e�a�s�u�r�e�;� �t�h�e�s�e� �a�r�e� �p�r�i�m�a�r�i�l�y� �i�n�d�i�r�e�c�t� �c�o�s�t�s�.� 

�P�r�o�d�u�c�t�i�o�n� �c�o�s�t� �d�a�t�a� �m�a�y� �b�e� �p�r�o�p�r�i�e�t�a�r�y�,� �a�n�d�,� �t�h�e�r�e�f�o�r�e�,� �u�n�a�v�a�i�l�a�b�l�e�.� �P�o�s�s�i�b�l�y� �b�e�c�a�u�s�e� 

�d�i�r�e�c�t� �m�e�a�s�u�r�e�m�e�n�t� �o�f� �t�h�e�s�e� �c�o�s�t�s� �i�s� �p�r�o�b�l�e�m�a�t�i�c�,� �n�o�n�e� �o�f� �t�h�e� �e�m�p�i�r�i�c�a�l� �r�e�s�e�a�r�c�h� �o�n� �T�C�A� 

�h�a�s� �a�t�t�e�m�p�t�e�d� �t�o� �d�i�r�e�c�t�l�y� �a�s�s�e�s�s� �t�h�e� �t�o�t�a�l� �o�f� �t�r�a�n�s�a�c�t�i�o�n� �a�n�d� �p�r�o�d�u�c�t�i�o�n� �c�o�s�t�s�.� �F�u�r�t�h�e�r�m�o�r�e�,� 

�s�i�n�c�e� �i�t� �i�s� �i�m�p�o�s�s�i�b�l�e� �t�o� �m�a�n�i�p�u�l�a�t�e� �v�a�r�i�a�b�l�e�s� �(�e�.�g�.�,� �l�e�v�e�l�s� �o�f� �s�p�e�c�i�f�i�c� �a�s�s�e�t�s�,� �u�n�c�e�r�t�a�i�n�t�y�,� 

�f�r�e�q�u�e�n�c�y�)� �a�n�d� �m�e�a�s�u�r�e� �t�h�e� �r�e�s�u�l�t�i�n�g� �l�e�v�e�l�s� �o�f� �t�r�a�n�s�a�c�t�i�o�n� �a�n�d� �p�r�o�d�u�c�t�i�o�n� �c�o�s�t�s� �w�h�e�n� �u�s�i�n�g� 

�d�e�s�c�r�i�p�t�i�v�e� �m�e�t�h�o�d�o�l�o�g�y�,� �n�o� �r�e�s�e�a�r�c�h� �h�a�s� �c�o�m�p�a�r�e�d� �t�h�e� �t�o�t�a�l� �o�f� �t�r�a�n�s�a�c�t�i�o�n� �a�n�d� �p�r�o�d�u�c�t�i�o�n� 

�c�o�s�t�s� �f�o�r� �v�a�r�i�o�u�s� �l�e�v�e�l�s� �o�f� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y�,� �u�n�c�e�r�t�a�i�n�t�y�,� �a�n�d� �f�r�e�q�u�e�n�c�y�.� �M�a�n�i�p�u�l�a�t�i�n�g� �t�h�e� 

�t�r�a�n�s�a�c�t�i�o�n� �d�i�m�e�n�s�i�o�n�s� �o�f� �T�C�A� �i�n� �a� �c�o�n�t�r�o�l�l�e�d� �e�n�v�i�r�o�n�m�e�n�t� �w�o�u�l�d� �p�r�o�v�i�d�e� �t�h�e� �o�p�p�o�r�t�u�n�i�t�y� 

�f�o�r� �a�s�s�e�s�s�i�n�g� �t�h�e� �v�a�r�i�a�t�i�o�n� �i�n� �t�h�e� �t�o�t�a�l� �o�f� �t�r�a�n�s�a�c�t�i�o�n� �a�n�d� �p�r�o�d�u�c�t�i�o�n� �c�o�s�t�s�.� 
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�S�u�m�m�a�r�y�:� �A�s�s�e�s�s�m�e�n�t� �o�f� �t�h�e� �S�u�m� �o�f� �T�r�a�n�s�a�c�t�i�o�n� �a�n�d� �P�r�o�d�u�c�t�i�o�n� �C�o�s�t�s�.� �N�o�n�e� �o�f� 

�t�h�e� �e�x�i�s�t�i�n�g� �e�m�p�i�r�i�c�a�l� �T�C�A� �r�e�s�e�a�r�c�h� �e�x�p�l�i�c�i�t�l�y� �e�x�a�m�i�n�e�s� �t�h�e� �t�o�t�a�l� �o�f� �t�r�a�n�s�a�c�t�i�o�n� �p�l�u�s� 

�p�r�o�d�u�c�t�i�o�n� �c�o�s�t�s� �o�r� �t�h�e� �t�o�t�a�l� �o�f� �t�h�e�s�e� �t�w�o� �c�o�s�t�s� �u�n�d�e�r� �v�a�r�i�o�u�s� �t�r�a�n�s�a�c�t�i�o�n� �c�o�n�d�i�t�i�o�n�s�.� �T�h�e� 

�m�o�d�e�l�l�i�n�g� �a�n�d� �c�o�m�p�u�t�e�r� �s�i�m�u�l�a�t�i�o�n� �o�f� �a� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �n�e�t�w�o�r�k� �c�o�m�b�i�n�e�d� �w�i�t�h� �a�n� 

�e�x�p�e�r�i�m�e�n�t�a�l� �d�e�s�i�g�n� �i�n� �t�h�i�s� �r�e�s�e�a�r�c�h� �p�r�o�v�i�d�e�d� �a� �r�e�a�l�i�s�t�i�c�,� �y�e�t� �c�o�n�t�r�o�l�l�e�d� �e�n�v�i�r�o�n�m�e�n�t� �i�n� �w�h�i�c�h� 

�t�o� �a�d�d�r�e�s�s� �t�h�i�s� �i�s�s�u�e�.� 

�S�u�m�m�a�r�y�:� �E�m�p�i�r�i�c�a�l� �R�e�s�e�a�r�c�h� �o�n� �T�C�A� 

�E�x�i�s�t�i�n�g� �e�m�p�i�r�i�c�a�l� �T�C�A� �r�e�s�e�a�r�c�h�:� 

�1�)� �L�a�c�k�s� �e�i�t�h�e�r� �u�n�i�f�o�r�m� �r�e�s�u�l�t�s� �o�r� �a�n�y� �r�e�s�u�l�t�s� �o�n� �t�h�e� �t�h�r�e�e� �T�C�A� �t�r�a�n�s�a�c�t�i�o�n� 
�d�i�m�e�n�s�i�o�n�s� �a�n�d� �t�h�e�i�r� �i�n�t�e�r�a�c�t�i�o�n�s� 

�2�)� �H�a�s� �b�e�e�n� �c�o�n�d�u�c�t�e�d� �u�s�i�n�g� �p�r�i�m�a�r�i�l�y� �s�u�r�v�e�y� �m�e�t�h�o�d�o�l�o�g�y� 

�3�}� �R�e�q�u�i�r�e�s� �e�x�p�l�o�r�a�t�i�o�n� �o�f� �t�h�e� �n�o�r�m�a�t�i�v�e� �p�e�r�f�o�r�m�a�n�c�e� �i�m�p�l�i�c�a�t�i�o�n�s� �o�f� �t�h�e� 
�t�h�e�o�r�e�t�i�c�a�l� �f�r�a�m�e�w�o�r�k� 

�4�)� �H�a�s� �n�o�t� �a�d�e�q�u�a�t�e�l�y� �a�d�d�r�e�s�s�e�d� �t�h�e� �t�o�t�a�l� �o�f� �t�r�a�n�s�a�c�t�i�o�n� �p�l�u�s� �p�r�o�d�u�c�t�i�o�n� �c�o�s�t�s� 
�t�h�a�t� �i�s� �s�u�g�g�e�s�t�e�d� �b�y� �W�i�l�l�i�a�m�s�o�n ��s� �c�o�n�c�e�p�t�u�a�l�i�z�a�t�i�o�n� �o�f� �t�h�e� �T�C�A� �f�r�a�m�e�w�o�r�k� 

�T�h�e� �n�e�x�t� �s�e�c�t�i�o�n� �d�i�s�c�u�s�s�e�s� �a�n�d� �c�o�n�s�o�l�i�d�a�t�e�s� �t�h�e� �f�i�v�e� �f�r�a�m�e�w�o�r�k�s� �d�i�s�c�u�s�s�e�d� �i�n� �t�h�e� 

�p�r�e�v�i�o�u�s� �f�o�u�r� �s�e�c�t�i�o�n�s� �t�o� �f�o�r�m� �t�h�e� �c�o�n�c�e�p�t�u�a�l� �f�o�u�n�d�a�t�i�o�n� �f�o�r� �t�h�e� �p�r�e�s�e�n�t� �s�t�u�d�y�.� 

�C�O�N�S�O�L�I�D�A�T�I�O�N� �O�F� �F�R�A�M�E�W�O�R�K�S� �-� �C�O�N�C�E�P�T�U�A�L� �F�O�U�N�D�A�T�I�O�N� �F�O�R� �P�R�E�S�E�N�T� 

�S�T�U�D�Y� 

�A� �c�o�m�p�a�r�i�s�o�n� �o�f� �t�h�e� �i�s�s�u�e�s� �d�i�s�c�u�s�s�e�d� �i�n� �t�h�e� �s�u�m�m�a�r�i�e�s� �o�f� �e�a�c�h� �o�f� �t�h�e� �f�i�r�s�t� �f�o�u�r� 

�c�o�n�c�e�p�t�u�a�l� �f�r�a�m�e�w�o�r�k�s� �(�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �g�o�o�d�s�,� �s�c�a�l�e� �e�c�o�n�o�m�i�e�s�,� �f�u�n�c�t�i�o�n�a�l� �s�p�i�n�-�o�f�f�,� �a�n�d� 

�m�a�r�k�e�t�s� �a�n�d� �s�e�r�v�i�c�e�s�)� �u�s�e�d� �i�n� �m�a�r�k�e�t�i�n�g� �t�o� �i�n�v�e�s�t�i�g�a�t�e� �t�h�e� �s�u�b�j�e�c�t� �o�f� �c�h�a�n�n�e�l� �s�t�r�u�c�t�u�r�e� 

�r�e�v�e�a�l�s� �t�h�a�t� �m�o�s�t� �o�f� �t�h�e� �c�o�n�s�t�r�u�c�t�s� �c�o�n�t�a�i�n�e�d� �i�n� �t�h�e�s�e� �f�r�a�m�e�w�o�r�k�s� �c�a�n� �b�e� �v�i�e�w�e�d� �s�i�m�p�l�y� �a�s� 

�o�p�e�r�a�t�i�o�n�a�l�i�z�a�t�i�o�n�s� �o�f� �T�C�A� �d�i�m�e�n�s�i�o�n�s�.� 
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�B�u�c�k�l�i�n ��s� �m�a�r�k�e�t�s� �a�n�d� �s�e�r�v�i�c�e�s� �f�a�c�t�o�r�s� �(�n�u�m�b�e�r�,� �s�i�z�e�,� �g�e�o�g�r�a�p�h�i�c�a�l� �d�i�s�p�e�r�s�i�o�n� �o�f� 

�c�u�s�t�o�m�e�r�s�;� �c�u�s�t�o�m�e�r� �s�e�r�v�i�c�e� �r�e�q�u�i�r�e�m�e�n�t�s�,� �e�.�g�.�,� �d�e�l�i�v�e�r�y� �t�i�m�e�,� �o�r�d�e�r� �s�i�z�e�,� �a�n�d� �a�v�a�i�l�a�b�i�l�i�t�y� �o�f� 

�p�r�o�d�u�c�t�s�)� �c�a�n� �b�e� �v�i�e�w�e�d� �a�s� �m�a�n�i�f�e�s�t�a�t�i�o�n�s� �o�f� �u�n�c�e�r�t�a�i�n�t�y�/�c�o�m�p�l�e�x�i�t�y� �a�n�d�/�o�r� 

�f�r�e�q�u�e�n�c�y�/�v�o�l�u�m�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �s�u�r�r�o�u�n�d�i�n�g� �d�i�s�t�r�i�b�u�t�i�o�n� �t�r�a�n�s�a�c�t�i�o�n�s�,� �p�a�r�t�i�c�u�l�a�r�l�y� �i�n� �a� 

�l�o�g�i�s�t�i�c�s� �c�o�n�t�e�x�t�.� 

�T�h�e� �f�o�u�r�t�h� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �o�f� �g�o�o�d�s� �(�a�d�j�u�s�t�m�e�n�t� �o�r� �s�e�r�v�i�c�e� �r�e�q�u�i�r�e�d� �t�o� �m�e�e�t� �c�u�s�t�o�m�e�r� 

�n�e�e�d�s�)� �c�a�r�r�i�e�s� �w�i�t�h� �i�t� �t�h�e� �i�m�p�l�i�c�a�t�i�o�n� �t�h�a�t� �s�p�e�c�i�f�i�c� �m�a�n�u�f�a�c�t�u�r�i�n�g� �a�n�d�/�o�r� �d�i�s�t�r�i�b�u�t�i�o�n� �a�s�s�e�t�s� 

�m�a�y� �b�e� �r�e�q�u�i�r�e�d� �(�d�u�e� �t�o� �p�r�o�d�u�c�t� �c�o�m�p�l�e�x�i�t�y�)�;� �a�l�t�e�r�n�a�t�i�v�e�l�y�,� �t�h�i�s� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �m�a�y� �b�e� �a�n� 

�i�n�d�i�c�a�t�i�o�n� �o�f� �t�r�a�n�s�a�c�t�i�o�n� �v�o�l�u�m�e� �o�r� �c�o�m�p�l�e�x�i�t�y� �(�e�.�g�.�,� �r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �f�r�e�q�u�e�n�t� �s�h�i�p�m�e�n�t�s�)�.� 

�T�h�e� �f�i�r�s�t� �t�h�r�e�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �g�o�o�d�s� �(�a�m�o�u�n�t� �o�f� �s�e�a�r�c�h� �p�r�i�o�r� �t�o� �p�u�r�c�h�a�s�e�,� 

�p�u�r�c�h�a�s�e� �f�r�e�q�u�e�n�c�y�,� �t�i�m�e� �r�e�q�u�i�r�e�d� �t�o� �c�o�n�s�u�m�e�)�,� �a�s� �m�e�n�t�i�o�n�e�d� �p�r�e�v�i�o�u�s�l�y�,� �a�r�e� �c�l�o�s�e�l�y� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �e�a�c�h� �o�t�h�e�r�,� �a�n�d� �c�o�u�l�d� �b�e� �s�e�e�n� �a�s� �e�v�i�d�e�n�c�e� �o�f� �c�o�m�p�l�e�x�i�t�y�,� �p�a�r�t�i�c�u�l�a�r�l�y� �i�n� �a� 

�l�o�g�i�s�t�i�c�s� �c�o�n�t�e�x�t� �(�e�.�g�.�,� �n�a�t�u�r�e� �o�f� �d�e�l�i�v�e�r�i�e�s� �t�o� �r�e�t�a�i�l�e�r�s�;� �i�n�t�e�n�s�i�v�e� �v�e�r�s�u�s� �e�x�c�l�u�s�i�v�e� 

�d�i�s�t�r�i�b�u�t�i�o�n�)�.� 

�T�h�e� �s�c�a�l�e� �e�c�o�n�o�m�i�e�s�/�f�u�n�c�t�i�o�n�a�l� �s�p�i�n�-�o�f�f� �f�r�a�m�e�w�o�r�k�,� �w�h�i�c�h� �e�m�p�h�a�s�i�z�e�s� �p�r�o�d�u�c�t�i�o�n� 

�c�o�s�t�s�,� �c�l�e�a�r�l�y� �h�a�s� �a� �p�l�a�c�e� �w�i�t�h�i�n� �t�h�e� �T�C�A� �f�r�a�m�e�w�o�r�k�,� �s�i�n�c�e� �T�C�A� �a�d�v�o�c�a�t�e�s� �e�c�o�n�o�m�i�z�i�n�g� �o�n� 

�t�h�e� �t�o�t�a�/� �o�f� �p�r�o�d�u�c�t�i�o�n� �a�n�d� �t�r�a�n�s�a�c�t�i�o�n� �c�o�s�t�s�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� �f�i�f�t�h� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �o�f� �g�o�o�d�s�,� 

�g�r�o�s�s� �m�a�r�g�i�n� �(�d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �s�e�l�l�i�n�g� �p�r�i�c�e� �a�n�d� �c�o�s�t� �o�f� �g�o�o�d�s� �s�o�l�d�)� �i�s� �r�e�l�a�t�e�d� �t�o� �s�c�a�l�e� 

�e�c�o�n�o�m�i�e�s� �b�e�c�a�u�s�e� �e�c�o�n�o�m�i�e�s� �o�f� �s�c�a�l�e� �(�e�i�t�h�e�r� �i�n� �p�r�o�d�u�c�t�i�o�n� �o�r� �d�i�s�t�r�i�b�u�t�i�o�n�)�,� �w�i�l�l� �l�o�w�e�r� �t�h�e� 

�c�o�s�t� �o�f� �g�o�o�d�s� �s�o�l�d�,� �t�h�e�r�e�b�y� �i�n�c�r�e�a�s�i�n�g� �t�h�e� �g�r�o�s�s� �m�a�r�g�i�n�.� 

�T�h�i�s� �s�e�c�t�i�o�n� �h�a�s� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �t�h�e� �c�o�n�s�t�r�u�c�t�s� �p�r�e�s�e�n�t� �i�n� �t�h�e� �o�t�h�e�r� �f�o�u�r� 

�f�r�a�m�e�w�o�r�k�s� �u�s�e�d� �i�n� �m�a�r�k�e�t�i�n�g� �t�o� �e�x�p�l�a�i�n� �c�h�a�n�n�e�l� �s�t�r�u�c�t�u�r�e� �c�o�n�f�i�g�u�r�a�t�i�o�n�s� �c�a�n� �b�e� �v�i�e�w�e�d� 

�p�r�i�m�a�r�i�l�y� �a�s� �l�o�w�e�r� �o�r�d�e�r� �c�o�n�s�t�r�u�c�t�s� �w�h�i�c�h� �a�r�e� �s�u�b�s�u�m�e�d� �u�n�d�e�r� �t�h�e� �h�i�g�h�e�r� �o�r�d�e�r� �T�C�A� 

�c�o�n�s�t�r�u�c�t�s� �o�f� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y�,� �u�n�c�e�r�t�a�i�n�t�y�,� �a�n�d� �f�r�e�q�u�e�n�c�y�.� �F�o�r� �t�h�i�s� �r�e�a�s�o�n�,� �t�h�e� �T�C�A� 

�c�o�n�s�t�r�u�c�t�s� �a�n�d� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p�s� �a�m�o�n�g� �t�h�e�m� �f�o�r�m�e�d� �t�h�e� �c�o�n�c�e�p�t�u�a�l� �b�a�s�i�s� �f�o�r� �t�h�i�s� �s�t�u�d�y�.� 
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�L�O�G�I�S�T�I�C�S� �R�E�S�E�A�R�C�H� 

�C�H�A�P�T�E�R� �|� �c�o�n�s�i�d�e�r�e�d� �w�h�y� �l�o�g�i�s�t�i�c�s�,� �p�a�r�t�i�c�u�l�a�r�l�y� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �e�f�f�i�c�i�e�n�c�y�,� �h�a�s� 

�s�u�b�s�t�a�n�t�i�a�l� �e�c�o�n�o�m�i�c� �i�m�p�l�i�c�a�t�i�o�n�s� �f�o�r� �t�h�e� �U�S�,� �a�n�d� �p�o�i�n�t�e�d� �o�u�t� �a� �n�u�m�b�e�r� �o�f� �c�h�a�n�g�e�s� �t�h�a�t� 

�h�a�v�e� �o�c�c�u�r�r�e�d� �i�n� �t�h�e� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �i�n�d�u�s�t�r�y� �s�i�n�c�e� �d�e�r�e�g�u�l�a�t�i�o�n�.� �T�h�i�s� �s�e�c�t�i�o�n� �o�f� �C�H�A�P�T�E�R� �I�l� 

�r�e�v�i�e�w�s� �l�o�g�i�s�t�i�c�s� �r�e�s�e�a�r�c�h� �w�h�i�c�h� �h�a�s� �c�o�n�s�i�d�e�r�e�d� �t�h�e� �m�a�k�e� �o�r� �b�u�y� �d�e�c�i�s�i�o�n�.� 

�T�h�i�s� �r�e�v�i�e�w� �i�s� �s�t�r�u�c�t�u�r�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �c�a�t�e�g�o�r�i�e�s� �c�o�n�t�a�i�n�e�d� �w�i�t�h�i�n� �M�e�n�t�z�e�r� �a�n�d� 

�K�a�h�n ��s� �(�1�9�9�3�)� �f�r�a�m�e�w�o�r�k� �f�o�r� �l�o�g�i�s�t�i�c�s� �r�e�s�e�a�r�c�h�.� �T�h�e� �f�r�a�m�e�w�o�r�k� �s�u�g�g�e�s�t�s� �f�o�u�r� �c�a�t�e�g�o�r�i�e�s� �o�f� 

�r�e�s�e�a�r�c�h�:� �n�o�r�m�a�t�i�v�e� �l�i�t�e�r�a�t�u�r�e�/�l�i�t�e�r�a�t�u�r�e� �r�e�v�i�e�w�s�,� �e�x�p�l�o�r�a�t�o�r�y� �s�t�u�d�i�e�s�,� �m�e�t�h�o�d�o�l�o�g�y� �r�e�v�i�e�w�s�,� 

�a�n�d� �h�y�p�o�t�h�e�s�i�s� �t�e�s�t�i�n�g�.� �A�c�c�o�r�d�i�n�g� �t�o� �M�e�n�t�z�e�r� �a�n�d� �K�a�h�n�,� �n�o�r�m�a�t�i�v�e� �l�i�t�e�r�a�t�u�r�e�/�l�i�t�e�r�a�t�u�r�e� 

�r�e�v�i�e�w�s� �a�n�d� �e�x�p�l�o�r�a�t�o�r�y� �s�t�u�d�i�e�s� �s�e�r�v�e� �t�h�e� �f�u�n�c�t�i�o�n� �o�f� �p�r�o�v�i�d�i�n�g� �s�u�b�s�t�a�n�t�i�v�e� �j�u�s�t�i�f�i�c�a�t�i�o�n� �f�o�r� 

�r�e�s�e�a�r�c�h� �i�n� �l�o�g�i�s�t�i�c�s� �b�y� �d�e�s�c�r�i�b�i�n�g� �e�m�p�i�r�i�c�a�l� �r�e�g�u�l�a�r�i�t�i�e�s�.� �H�o�w�e�v�e�r�,� �M�e�n�t�z�e�r� �a�n�d� �K�a�h�n� 

�m�a�i�n�t�a�i�n�e�d� �t�h�a�t� �o�n�l�y� �r�a�r�e�l�y� �d�o�e�s� �l�o�g�i�s�t�i�c�s� �r�e�s�e�a�r�c�h� �e�m�p�l�o�y� �a�n� �a�p�p�r�o�a�c�h� �w�h�i�c�h� �u�t�i�l�i�z�e�s� 

�h�y�p�o�t�h�e�s�i�s� �t�e�s�t�i�n�g�,� �r�e�l�i�a�b�i�l�i�t�y� �a�n�d� �v�a�l�i�d�i�t�y� �a�p�p�r�a�i�s�a�l�s�,� �a�n�d� �r�i�g�o�r�o�u�s� �a�n�a�l�y�t�i�c�a�l� �t�e�c�h�n�i�q�u�e�s�.� 

�T�h�e�y� �c�o�n�t�e�n�d�e�d� �t�h�a�t� �t�h�i�s� �a�p�p�r�o�a�c�h� �i�s� �r�e�q�u�i�r�e�d� �f�o�r� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �m�a�t�u�r�a�t�i�o�n� �o�f� 

�l�o�g�i�s�t�i�c�s� �r�e�s�e�a�r�c�h�.� 

�R�e�s�e�a�r�c�h� �r�e�v�i�e�w�e�d� �i�n� �t�h�i�s� �s�e�c�t�i�o�n� �w�i�l�l� �f�a�l�l� �i�n�t�o� �t�h�r�e�e� �o�f� �t�h�e� �f�o�u�r� �c�a�t�e�g�o�r�i�e�s� 

�e�n�u�m�e�r�a�t�e�d� �a�b�o�v�e�:� �h�y�p�o�t�h�e�s�i�s� �t�e�s�t�i�n�g� �s�t�u�d�i�e�s�,� �n�o�r�m�a�t�i�v�e� �l�i�t�e�r�a�t�u�r�e�/�l�i�t�e�r�a�t�u�r�e� �r�e�v�i�e�w�s�,� �a�n�d� 

�e�x�p�l�o�r�a�t�o�r�y� �s�t�u�d�i�e�s�.� �T�h�e� �r�e�v�i�e�w� �w�i�l�l� �b�e� �d�i�v�i�d�e�d� �i�n�t�o� �t�h�r�e�e� �s�e�g�m�e�n�t�s�.� 

�T�h�e� �f�i�r�s�t� �s�e�g�m�e�n�t� �w�i�l�l� �r�e�v�i�e�w� �s�t�u�d�i�e�s� �t�h�a�t� �e�i�t�h�e�r� �g�e�n�e�r�a�t�e� �o�r� �g�e�n�e�r�a�t�e� �a�n�d� �t�e�s�t� 

�h�y�p�o�t�h�e�s�e�s�.� �T�h�e�s�e� �s�t�u�d�i�e�s� �a�r�e� �r�e�l�e�v�a�n�t� �t�o� �t�h�e� �p�r�e�s�e�n�t� �r�e�s�e�a�r�c�h� �q�u�e�s�t�i�o�n� �b�e�c�a�u�s�e� �o�f� �t�h�e�i�r� 

�e�x�p�l�i�c�i�t� �o�r� �i�m�p�l�i�c�i�t� �u�s�e� �o�f� �a� �c�o�n�c�e�p�t�u�a�l� �f�r�a�m�e�w�o�r�k� �s�i�m�i�l�a�r� �t�o� �t�h�a�t� �o�f� �t�h�e� �p�r�e�s�e�n�t� �s�t�u�d�y�.� 

�T�h�e� �s�e�c�o�n�d� �s�e�g�m�e�n�t� �w�i�l�l� �s�u�m�m�a�r�i�z�e� �t�e�n� �s�t�u�d�i�e�s� �t�h�a�t� �a�r�e� �e�i�t�h�e�r� �n�o�r�m�a�t�i�v�e� �s�t�u�d�i�e�s�,� 

�l�i�t�e�r�a�t�u�r�e� �r�e�v�i�e�w�s�,� �o�r� �e�x�p�l�o�r�a�t�o�r�y� �s�t�u�d�i�e�s� �(�e�.�g�.�,� �s�u�r�v�e�y�s� �o�r� �c�a�s�e� �s�t�u�d�i�e�s� �o�f� �m�a�n�a�g�e�r�i�a�l� 

�p�r�a�c�t�i�c�e�)�.� �T�h�r�e�e� �o�f� �t�h�e� �s�t�u�d�i�e�s� �d�i�s�c�u�s�s� �o�u�t�s�o�u�r�c�i�n�g� �i�s�s�u�e�s� �f�o�r� �l�o�g�i�s�t�i�c�s� �f�u�n�c�t�i�o�n�s� �i�n� �g�e�n�e�r�a�l�;� 

�t�h�e� �o�t�h�e�r� �s�e�v�e�n� �s�t�u�d�i�e�s� �e�x�a�m�i�n�e� �o�u�t�s�o�u�r�c�i�n�g� �i�s�s�u�e�s� �f�o�r� �t�h�e� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �f�u�n�c�t�i�o�n� �i�n� 
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�p�a�r�t�i�c�u�l�a�r�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� �s�e�c�o�n�d� �s�e�g�m�e�n�t� �w�i�l�l� �e�x�a�m�i�n�e� �t�h�r�e�e� �c�a�s�e� �s�t�u�d�i�e�s� �w�h�i�c�h� �d�e�t�a�i�l� �t�h�e� 

�a�c�t�u�a�l� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �l�o�g�i�s�t�i�c�s� �o�r� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �m�a�k�e� �o�r� �b�u�y� �d�e�c�i�s�i�o�n� �o�u�t�c�o�m�e�s�.� 

�T�h�e� �r�e�v�i�e�w�s� �a�n�d� �e�x�p�l�o�r�a�t�o�r�y� �s�t�u�d�i�e�s� �d�i�s�c�u�s�s�e�d� �d�o� �n�o�t� �r�e�p�r�e�s�e�n�t� �a�n� �e�x�h�a�u�s�t�i�v�e� 

�c�o�m�p�i�l�a�t�i�o�n� �o�f� �t�h�e� �a�v�a�i�l�a�b�l�e� �l�i�t�e�r�a�t�u�r�e� �o�n� �o�u�t�s�o�u�r�c�i�n�g� �o�f� �l�o�g�i�s�t�i�c�s� �f�u�n�c�t�i�o�n�s�.� �S�u�c�h� �a� 

�c�o�m�p�i�l�a�t�i�o�n� �w�o�u�l�d� �b�e� �p�r�o�h�i�b�i�t�i�v�e�l�y� �l�e�n�g�t�h�y�,� �g�i�v�e�n� �t�h�e� �a�c�a�d�e�m�i�c� �a�n�d� �m�a�n�a�g�e�r�i�a�l� �i�n�t�e�r�e�s�t� �i�n� 

�t�h�i�s� �s�u�b�s�t�a�n�t�i�v�e� �a�r�e�a�.� �H�o�w�e�v�e�r�,� �t�h�e� �s�t�u�d�i�e�s� �c�h�o�s�e�n� �e�f�f�e�c�t�i�v�e�l�y� �i�l�l�u�s�t�r�a�t�e� �t�h�e� �r�e�l�e�v�a�n�t� �i�s�s�u�e�s�.� 

�T�h�e� �f�i�n�a�l� �s�e�g�m�e�n�t� �s�u�m�m�a�r�i�z�e�s� �t�h�e� �l�o�g�i�s�t�i�c�s� �r�e�s�e�a�r�c�h� �r�e�v�i�e�w�e�d� �i�n� �t�h�e� �f�i�r�s�t� �t�w�o� 

�s�e�g�m�e�n�t�s� �a�n�d� �i�n�d�i�c�a�t�e� �i�t�s� �r�e�l�e�v�a�n�c�e� �t�o� �t�h�e� �p�r�e�s�e�n�t� �r�e�s�e�a�r�c�h�.� 

�H�Y�P�O�T�H�E�S�I�S� �T�E�S�T�I�N�G�/�G�E�N�E�R�A�T�I�N�G� �R�E�S�E�A�R�C�H� 

�T�h�i�s� �s�e�g�m�e�n�t� �d�i�s�c�u�s�s�e�s� �t�h�r�e�e� �s�t�u�d�i�e�s� �t�h�a�t�,� �e�i�t�h�e�r� �e�x�p�l�i�c�i�t�l�y� �o�r� �i�m�p�l�i�c�i�t�l�y�,� �m�a�d�e� �u�s�e� �o�f� 

�a� �c�o�n�c�e�p�t�u�a�l� �f�r�a�m�e�w�o�r�k� �s�i�m�i�l�a�r� �t�o� �t�h�e� �o�n�e� �u�s�e�d� �i�n� �t�h�e� �p�r�e�s�e�n�t� �s�t�u�d�y� �a�n�d� �u�t�i�l�i�z�e� �a� �h�y�p�o�t�h�e�s�i�s� 

�t�e�s�t�i�n�g� �(�o�r� �h�y�p�o�t�h�e�s�i�s� �g�e�n�e�r�a�t�i�o�n�)� �a�p�p�r�o�a�c�h�.� 

�i�n� �a�n� �e�x�p�l�o�r�a�t�o�r�y� �s�t�u�d�y� �t�h�a�t� �s�u�r�v�e�y�e�d� �t�h�e� �u�s�e� �o�f� �"�f�a�c�i�l�i�t�a�t�i�n�g� �a�g�e�n�c�i�e�s�"� �u�s�e�d� �i�n� 

�e�x�p�o�r�t� �c�h�a�n�n�e�l�s�,� �R�e�i�d� �(�1�9�8�2�)� �m�e�a�s�u�r�e�d� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �a�n�d� �f�r�e�q�u�e�n�c�y� �(�u�s�i�n�g� �s�c�a�l�e� �i�t�e�m�s�)� 

�a�n�d� �f�o�u�n�d� �t�h�a�t� �h�i�g�h�e�r� �l�e�v�e�l�s� �o�f� �s�p�e�c�i�f�i�c� �h�u�m�a�n� �a�s�s�e�t�s� �a�n�d� �f�r�e�q�u�e�n�c�y� �m�a�d�e� �f�i�r�m�s� �m�o�r�e� �l�i�k�e�l�y� 

�t�o� �i�n�t�e�r�n�a�l�i�z�e� �e�x�p�o�r�t� �c�h�a�n�n�e�l� �a�c�t�i�v�i�t�y�.� �F�r�e�q�u�e�n�c�y� �w�a�s� �m�e�a�s�u�r�e�d� �i�n� �t�h�i�s� �s�t�u�d�y� �b�y� �v�o�l�u�m�e� �o�f� 

�e�x�p�o�r�t�s�,� �a�s� �w�e�l�l� �a�s� �t�r�a�n�s�a�c�t�i�o�n� �f�r�e�q�u�e�n�c�y� �(�e�.�g�.�,� �n�u�m�b�e�r� �o�f� �o�r�d�e�r�s�,� �n�u�m�b�e�r� �o�f� �s�h�i�p�m�e�n�t�s�)�.� 

�T�h�i�s� �m�e�a�s�u�r�e�m�e�n�t� �o�f� �f�r�e�q�u�e�n�c�y� �(�b�o�t�h� �v�o�l�u�m�e� �a�n�d� �n�u�m�b�e�r� �o�f� �o�r�d�e�r�s�)� �c�a�p�t�u�r�e�s� �t�h�e� �s�c�a�l�e� 

�e�c�o�n�o�m�i�e�s�/�p�r�o�d�u�c�t�i�o�n� �c�o�s�t� �a�s�p�e�c�t� �o�f� �W�i�l�l�i�a�m�s�o�n�'�s� �(�1�9�8�5�)� �f�r�e�q�u�e�n�c�y� �r�a�t�i�o�n�a�l�e�,� �a�s� �w�e�l�l� �a�s� �t�h�e� 

�c�u�s�t�o�m�e�r� �s�e�r�v�i�c�e� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� �(�e�.�g�.�,� �o�r�d�e�r� �c�y�c�l�e� �t�i�m�e�,� �f�r�e�q�u�e�n�c�y� �o�f� �s�h�i�p�m�e�n�t�s�)� �t�h�a�t� �a�r�e� 

�i�m�p�o�r�t�a�n�t� �i�n� �a� �l�o�g�i�s�t�i�c�s� �c�o�n�t�e�x�t�.� 

�A�l�t�h�o�u�g�h� �n�o�t� �a�n� �e�m�p�i�r�i�c�a�l� �a�r�t�i�c�l�e�,� �B�e�i�e�r� �(�1�9�8�9�)� �m�a�d�e� �e�x�p�l�i�c�i�t� �u�s�e� �o�f� �t�h�e� �T�C�A� 

�f�r�a�m�e�w�o�r�k� �t�o� �g�e�n�e�r�a�t�e� �h�y�p�o�t�h�e�s�e�s� �d�e�l�i�n�e�a�t�i�n�g� �t�h�e� �e�f�f�e�c�t�s� �o�f� �s�p�e�c�i�f�i�c� �h�u�m�a�n� �a�s�s�e�t�s� �(�i�.�e�.�,� 
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�l�e�a�r�n�i�n�g� �b�y� �d�o�i�n�g� �i�n� �t�h�e� �c�o�n�t�e�x�t� �o�f� �s�h�i�p�p�e�r�-�c�a�r�r�i�e�r� �r�e�l�a�t�i�o�n�s�h�i�p�s�)� �a�n�d� �f�r�e�q�u�e�n�c�y� �o�n� �t�h�e� �n�a�t�u�r�e� 

�o�f� �c�o�n�t�r�a�c�t�s� �b�e�t�w�e�e�n� �s�h�i�p�p�e�r�s� �a�n�d� �m�o�t�o�r� �c�a�r�r�i�e�r�s�.� �B�e�i�e�r� �m�a�i�n�t�a�i�n�e�d� �t�h�a�t�:� 

�W�i�l�l�i�a�m�s�o�n ��s� �l�o�g�i�c� �c�a�n� �e�a�s�i�l�y� �b�e� �a�p�p�l�i�e�d� �t�o� �t�h�e� �l�o�g�i�s�t�i�c�s� �t�r�a�n�s�a�c�t�i�o�n�.� �T�o� �u�s�e� �h�i�s� 
�t�e�r�m�s�,� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �s�h�i�p�p�e�r� �a�n�d� �c�a�r�r�i�e�r� �c�a�n� �b�e� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �r�e�c�u�r�r�i�n�g� 
�a�n�d� �f�r�e�q�u�e�n�t� �t�r�a�n�s�a�c�t�i�o�n�s� �i�n� �t�h�e� �f�o�r�m� �o�f� �r�e�g�u�l�a�r� �s�h�i�p�m�e�n�t�s�.� �S�p�e�c�i�a�l�i�z�e�d� �a�s�s�e�t�s� �m�a�y� 
�a�l�s�o� �b�e� �p�r�e�s�e�n�t� �i�n� �t�h�e� �f�o�r�m� �o�f� �u�n�i�q�u�e� �r�o�l�l�i�n�g� �s�t�o�c�k� �.� �.�.�.� �W�h�e�r�e� �t�h�e�r�e� �a�r�e� �n�o� 
�[�s�p�e�c�i�a�l�i�z�e�d�]� �i�n�v�e�s�t�m�e�n�t�s� �o�n� �t�h�e� �p�a�r�t� �o�f� �e�i�t�h�e�r� �p�a�r�t�y�,� �n�o�r� �a� �n�e�e�d� �f�o�r� �f�r�e�q�u�e�n�t� 
�i�n�t�e�r�a�c�t�i�o�n�,� �t�h�e�n� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�e�r�v�i�c�e�s� �a�r�e� �l�i�k�e�l�y� �t�o� �b�e� �t�r�a�d�e�d� �o�n� �a�n� �o�p�e�n� �o�r� �s�p�o�t� 
�m�a�r�k�e�t� �(�p�.� �7�6�)�.� 

�B�e�c�a�u�s�e� �o�f� �h�i�s� �e�x�p�l�i�c�i�t� �u�s�e� �o�f� �t�h�e� �T�C�A� �f�r�a�m�e�w�o�r�k�,� �M�a�l�t�z� �(�1�9�9�2�)� �h�a�s� �a�l�r�e�a�d�y� �b�e�e�n� 

�r�e�v�i�e�w�e�d� �i�n� �t�h�e� �s�e�c�t�i�o�n� �o�f� �t�h�i�s� �c�h�a�p�t�e�r� �w�h�i�c�h� �d�i�s�c�u�s�s�e�d� �e�m�p�i�r�i�c�a�l� �r�e�s�e�a�r�c�h� �o�n� �T�C�A�.� �M�a�l�t�z� 

�d�e�a�l�t� �w�i�t�h� �t�h�e� �l�o�g�i�s�t�i�c�s� �f�u�n�c�t�i�o�n� �o�f� �w�a�r�e�h�o�u�s�i�n�g�,� �u�s�i�n�g� �r�e�g�r�e�s�s�i�o�n� �t�o� �m�o�d�e�l� �t�h�e� �t�r�a�n�s�a�c�t�i�o�n� 

�d�i�m�e�n�s�i�o�n�s� �t�h�a�t� �p�r�e�d�i�c�t�e�d� �f�i�r�m�s �� �p�r�o�p�e�n�s�i�t�y� �t�o� �u�s�e� �p�r�i�v�a�t�e� �v�e�r�s�u�s� �p�u�b�l�i�c� �w�a�r�e�h�o�u�s�i�n�g�.� 

�A�l�t�h�o�u�g�h� �h�e� �m�e�a�s�u�r�e�d� �a�l�l� �t�h�r�e�e� �T�C�A� �d�i�m�e�n�s�i�o�n�s�,� �a�s� �w�e�l�l� �a�s� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n� �o�f� �a�s�s�e�t� 

�s�p�e�c�i�f�i�c�i�t�y� �a�n�d� �u�n�c�e�r�t�a�i�n�t�y�,� �M�a�l�t�z� �o�n�l�y� �f�o�u�n�d� �s�u�p�p�o�r�t� �f�o�r� �t�h�e� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �d�i�m�e�n�s�i�o�n�.� 

�S�u�m�m�a�r�y�:� �H�y�p�o�t�h�e�s�i�s� �T�e�s�t�i�n�g�/�G�e�n�e�r�a�t�i�n�g� �R�e�s�e�a�r�c�h� 

�T�h�e�s�e� �t�h�r�e�e� �l�o�g�i�s�t�i�c�s� �s�t�u�d�i�e�s� �e�x�h�i�b�i�t�e�d� �s�e�v�e�r�a�l� �o�f� �t�h�e� �d�e�f�i�c�i�e�n�c�i�e�s� �n�o�t�e�d� �i�n� �t�h�e� 

�p�r�e�v�i�o�u�s� �s�e�c�t�i�o�n� �o�n� �e�m�p�i�r�i�c�a�l� �T�C�A� �r�e�s�e�a�r�c�h�,� �i�.�e�.�,� �u�s�e� �o�f� �d�e�s�c�r�i�p�t�i�v�e� �m�e�t�h�o�d�o�l�o�g�y� �a�n�d� �f�a�i�l�u�r�e� 

�t�o� �m�e�a�s�u�r�e� �a�l�l� �T�C�A� �d�i�m�e�n�s�i�o�n�s� �a�n�d� �i�n�t�e�r�a�c�t�i�o�n�s�.� �H�o�w�e�v�e�r�,� �t�h�e�s�e� �s�t�u�d�i�e�s� �d�i�d� �p�r�o�v�i�d�e� 

�s�u�p�p�o�r�t� �f�o�r� �t�h�e� �T�C�A� �d�i�m�e�n�s�i�o�n�s� �o�f� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �a�n�d� �f�r�e�q�u�e�n�c�y� �i�n� �a� �l�o�g�i�s�t�i�c�s� �m�a�k�e� �o�r� �b�u�y� 

�c�o�n�t�e�x�t�.� 

�N�O�R�M�A�T�I�V�E� �S�T�U�D�I�E�S�/�L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W�S�;� �E�X�P�L�O�R�A�T�O�R�Y� �S�T�U�D�I�E�S� 

�T�h�e� �t�h�r�e�e� �s�t�u�d�i�e�s� �r�e�v�i�e�w�e�d� �i�n� �t�h�e� �f�i�r�s�t� �p�a�r�t� �o�f� �t�h�i�s� �s�e�g�m�e�n�t� �d�i�s�c�u�s�s� �t�h�e� �m�a�k�e� �o�r� �b�u�y� 

�d�e�c�i�s�i�o�n� �f�o�r� �l�o�g�i�s�t�i�c�s� �f�u�n�c�t�i�o�n�s� �i�n� �g�e�n�e�r�a�l�.� �T�h�e� �s�e�v�e�n� �s�t�u�d�i�e�s� �i�n� �t�h�e� �s�e�c�o�n�d� �p�a�r�t� �o�f� �t�h�e� 

�s�e�g�m�e�n�t� �d�i�s�c�u�s�s� �t�h�e� �m�a�k�e� �o�r� �b�u�y� �d�e�c�i�s�i�o�n� �f�o�r� �t�r�a�n�s�p�o�r�t�a�t�i�o�n�.� �T�h�e� �f�i�n�a�l� �p�a�r�t� �o�f� �t�h�i�s� �s�e�g�m�e�n�t� 
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�c�o�n�t�a�i�n�s� �t�h�r�e�e� �c�a�s�e� �s�t�u�d�i�e�s�,� �w�h�i�c�h� �d�e�t�a�i�l� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �a� �m�a�k�e� �v�e�r�s�u�s� �b�u�y� �d�e�c�i�s�i�o�n� 

�o�u�t�c�o�m�e� �f�o�r� �l�o�g�i�s�t�i�c�s�/�t�r�a�n�s�p�o�r�t�a�t�i�o�n� �i�n� �t�h�r�e�e� �f�i�r�m�s�.� 

�L�o�g�i�s�t�i�c�s� �O�u�t�s�o�u�r�c�i�n�g� �S�t�u�d�i�e�s� 

�F�e�r�n�i� �(�1�9�8�9�)� �s�u�r�v�e�y�e�d� �t�h�e� �e�x�t�e�n�t� �o�f� �o�u�t�s�o�u�r�c�i�n�g� �o�f� �r�e�t�a�i�l� �d�i�s�t�r�i�b�u�t�i�o�n� �s�e�r�v�i�c�e�s� �i�n� �t�h�e� 

�B�r�i�t�i�s�h� �r�e�t�a�i�l� �i�n�d�u�s�t�r�y�.� �T�h�e� �m�a�i�n� �r�e�a�s�o�n� �f�o�r� �c�o�n�t�r�a�c�t�i�n�g� �f�o�r� �d�i�s�t�r�i�b�u�t�i�o�n� �s�e�r�v�i�c�e�s� �p�r�o�v�e�d� �t�o� �b�e� 

�a� �d�e�s�i�r�e� �f�o�r� �c�o�s�t� �r�e�d�u�c�t�i�o�n�.� �E�x�t�e�r�n�a�l� �d�i�s�t�r�i�b�u�t�i�o�n� �s�p�e�c�i�a�l�i�s�t�s� �w�e�r�e� �o�f�t�e�n� �a�b�l�e� �t�o� �p�e�r�f�o�r�m� �t�h�e� 

�d�i�s�t�r�i�b�u�t�i�o�n� �f�u�n�c�t�i�o�n�s� �a�t� �a� �l�o�w�e�r� �c�o�s�t� �d�u�e� �t�o� �e�c�o�n�o�m�i�e�s� �o�f� �s�c�a�l�e�.� �T�h�e�s�e� �s�p�e�c�i�a�l�i�s�t�s�,� �b�y� 

�c�o�n�s�o�l�i�d�a�t�i�n�g� �t�h�e� �v�o�l�u�m�e�s� �f�r�o�m� �s�e�v�e�r�a�l� �f�i�r�m�s�,� �w�e�r�e� �a�b�l�e� �t�o� �n�e�g�o�t�i�a�t�e� �d�i�s�c�o�u�n�t�s� �o�n� �f�u�e�l�,� 

�v�e�h�i�c�l�e�s�,� �a�n�d� �a�n�c�i�l�l�a�r�y� �e�q�u�i�p�m�e�n�t�.� �O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �f�i�r�m�s� �i�n� �t�h�e� �s�u�r�v�e�y� �t�h�a�t� �i�n�t�e�r�n�a�l�i�z�e�d� 

�d�i�s�t�r�i�b�u�t�i�o�n� �s�e�r�v�i�c�e�s� �f�e�l�t� �t�h�a�t� �t�h�e�y� �w�e�r�e� �b�e�t�t�e�r� �a�b�l�e� �t�o� �m�o�n�i�t�o�r� �c�o�s�t�s� �a�n�d� �c�u�s�t�o�m�e�r� �s�e�r�v�i�c�e� 

�p�e�r�f�o�r�m�a�n�c�e�,� �a�s� �w�e�l�l� �a�s� �t�o� �r�e�a�l�i�z�e� �e�c�o�n�o�m�i�e�s� �o�f� �s�c�a�l�e�,� �b�y� �i�n�t�e�r�n�a�l�i�z�i�n�g� �t�h�e� �f�u�n�c�t�i�o�n�s�.� 

�C�a�v�i�n�a�t�o� �(�1�9�8�9�)� �c�o�n�d�u�c�t�e�d� �i�n�t�e�r�v�i�e�w�s� �w�i�t�h� �1�3�7� �m�a�n�u�f�a�c�t�u�r�e�r�s� �t�o� �e�x�p�l�o�r�e� �t�h�e� 

�r�e�a�s�o�n�s� �f�o�r� �o�u�t�s�o�u�r�c�i�n�g� �p�r�o�d�u�c�t�i�o�n� �o�r� �d�i�s�t�r�i�b�u�t�i�o�n� �f�u�n�c�t�i�o�n�s� �(�e�.�g�.�,� �p�r�o�d�u�c�t�i�o�n� �o�f� 

�m�a�n�u�f�a�c�t�u�r�i�n�g� �i�n�p�u�t�s�,� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �f�i�n�i�s�h�e�d� �o�r� �s�e�m�i�-�f�i�n�i�s�h�e�d� �p�r�o�d�u�c�t�s�)�.� �I�n� �a� �f�i�n�d�i�n�g� �s�i�m�i�l�a�r� 

�t�o� �F�e�r�n�i ��s� �r�e�t�a�i�l� �d�i�s�t�r�i�b�u�t�i�o�n� �o�u�t�s�o�u�r�c�i�n�g� �s�t�u�d�y� �a�b�o�v�e�,� �C�a�v�i�n�a�t�o ��s� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �c�o�s�t� 

�c�o�n�s�i�d�e�r�a�t�i�o�n�s� �w�e�r�e� �t�h�e� �p�r�i�m�a�r�y� �r�e�a�s�o�n� �t�h�e� �m�a�n�u�f�a�c�t�u�r�i�n�g� �f�i�r�m�s� �o�u�t�s�o�u�r�c�e�d�.� �C�a�p�a�c�i�t�y� 

�c�o�n�s�t�r�a�i�n�t�s� �a�n�d� �t�h�e� �d�e�s�i�r�e� �t�o� �a�v�o�i�d� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �t�e�c�h�n�i�c�a�l�l�y� �d�i�f�f�i�c�u�l�t� �p�r�o�c�e�d�u�r�e�s� �w�e�r�e� 

�a�d�d�i�t�i�o�n�a�l� �r�e�a�s�o�n�s� �g�i�v�e�n� �f�o�r� �o�u�t�s�o�u�r�c�i�n�g�.� �I�f� �o�n�e� �m�a�k�e�s� �t�h�e� �a�s�s�u�m�p�t�i�o�n� �t�h�a�t� �t�e�c�h�n�i�c�a�l�l�y� 

�d�i�f�f�i�c�u�l�t� �p�r�o�c�e�d�u�r�e�s� �r�e�q�u�i�r�e� �s�p�e�c�i�f�i�c� �a�s�s�e�t�s�,� �o�u�t�s�o�u�r�c�i�n�g� �o�f� �t�h�e�s�e� �p�r�o�c�e�d�u�r�e�s� �a�p�p�e�a�r�s� �t�o� 

�c�o�n�t�r�a�d�i�c�t� �t�h�e� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �p�r�o�p�o�s�i�t�i�o�n� �o�f� �T�C�A�.� �T�h�i�s� �c�o�n�t�r�a�d�i�c�t�i�o�n� �i�l�l�u�s�t�r�a�t�e�s� �t�h�e� 

�n�e�c�e�s�s�i�t�y� �f�o�r� �d�e�v�e�l�o�p�i�n�g� �a�n�d� �b�u�i�l�d�i�n�g� �a� �t�h�e�o�r�e�t�i�c�a�l� �f�o�u�n�d�a�t�i�o�n� �f�r�o�m� �w�h�i�c�h� �t�o� �v�i�e�w� �l�o�g�i�s�t�i�c�s� 

�m�a�k�e� �v�e�r�s�u�s� �b�u�y� �i�s�s�u�e�s�.� 

�S�o�m�e� �o�f� �t�h�e� �d�i�s�a�d�v�a�n�t�a�g�e�s� �a�n�d� �r�i�s�k�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �o�u�t�s�o�u�r�c�i�n�g� �t�h�a�t� �w�e�r�e� 

�m�e�n�t�i�o�n�e�d� �b�y� �C�a�v�i�n�a�t�o ��s� �s�u�r�v�e�y� �r�e�s�p�o�n�d�e�n�t�s� �i�n�c�l�u�d�e� �p�o�t�e�n�t�i�a�l� �c�o�m�p�e�t�i�t�i�o�n� �f�r�o�m� �a� �v�e�n�d�o�r� 
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�t�h�a�t� �"�l�e�a�r�n�s� �b�y� �d�o�i�n�g�"� �{�i�.�e�.�,� �a�c�q�u�i�r�e�s� �s�p�e�c�i�f�i�c� �h�u�m�a�n� �a�s�s�e�t�s�)� �a�s� �w�e�l�l� �a�s� �a� �l�o�s�s� �o�f� �r�e�s�e�a�r�c�h� 

�a�n�d� �d�e�v�e�l�o�p�m�e�n�t� �s�t�r�e�n�g�t�h�.� 

�N�e�w� �t�e�c�h�n�o�l�o�g�i�e�s� �.� �.� �.� �a�s� �w�e�l�l� �a�s� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �c�o�s�t� �r�e�d�u�c�t�i�o�n� �a�d�v�a�n�t�a�g�e�s� �o�f�t�e�n� 
�o�c�c�u�r� �b�e�c�a�u�s�e� �t�h�e� �r�e�s�e�a�r�c�h�,� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �e�n�g�i�n�e�e�r�i�n�g� �a�r�e� �i�n� �c�l�o�s�e� �p�r�o�x�i�m�i�t�y� �t�o� 
�t�h�e� �a�c�t�u�a�l� �p�r�o�d�u�c�t�i�o�n� �[�i�.�e�.�,� �s�i�t�e� �s�p�e�c�i�f�i�c� �a�s�s�e�t�s�]�.�.�.� �.� �[�M�J�a�n�y� �[�f�i�r�m�s�]� �.� �.� �.� �i�n�d�i�c�a�t�e�d� 
�t�h�a�t� �t�h�e�s�e� �a�d�v�a�n�t�a�g�e�s� �w�e�r�e� �d�i�m�i�n�i�s�h�e�d� �w�h�e�n� �t�h�e�i�r� �f�i�r�m�s� �o�u�t�s�o�u�r�c�e�d� �(�p�.� �2�0�)�.� 

�N�o�t�e� �t�h�e� �s�i�m�i�l�a�r�i�t�y� �o�f� �t�h�e�s�e� �r�e�s�u�l�t�s� �r�e�g�a�r�d�i�n�g� �t�h�e� �o�r�g�a�n�i�z�a�t�i�o�n� �o�f� �t�h�e� �R� �&� �D� �f�u�n�c�t�i�o�n� �t�o� �t�h�o�s�e� 

�o�f� �M�o�s�a�k�o�w�s�k�i� �(�s�e�e� �E�v�a�l�u�a�t�i�o�n� �o�f� �T�C�A� �N�o�r�m�a�t�i�v�e� �P�e�r�f�o�r�m�a�n�c�e� �i�m�p�l�i�c�a�t�i�o�n�s�)�,� �w�h�o� �f�o�u�n�d� 

�t�h�a�t� �o�u�t�s�o�u�r�c�i�n�g� �o�f� �t�h�e� �R� �&� �D� �f�u�n�c�t�i�o�n� �d�e�c�r�e�a�s�e�d� �f�i�r�m� �p�e�r�f�o�r�m�a�n�c�e�.� 

�S�h�e�f�f�i� �(�1�9�9�0�)�,� �i�n� �a�n� �a�r�t�i�c�l�e� �w�h�i�c�h� �i�l�l�u�s�t�r�a�t�e�d� �p�r�e�v�a�i�l�i�n�g� �t�r�e�n�d�s� �i�n� �t�h�i�r�d� �p�a�r�t�y� �l�o�g�i�s�t�i�c�s�,� 

�c�h�a�r�a�c�t�e�r�i�z�e�d� �t�h�e� �c�o�r�p�o�r�a�t�e� �d�e�c�i�s�i�o�n� �t�o� �o�u�t�s�o�u�r�c�e� �l�o�g�i�s�t�i�c�s� �f�u�n�c�t�i�o�n�s� �a�s� �"�a� �v�a�r�i�a�t�i�o�n� �o�f� �t�h�e� 

�c�l�a�s�s�i�c�a�l� �m�a�k�e�/�b�u�y�;� �c�o�m�p�a�n�i�e�s� �c�a�n� �e�i�t�h�e�r� �i�n�v�e�s�t� �.�.� �.� �o�r� �c�o�n�t�r�a�c�t� �t�h�i�s� �f�u�n�c�t�i�o�n� �o�u�t �� �(�p�.� �3�5�)�.� 

�S�h�e�f�f�i� �w�e�n�t� �o�n� �t�o� �s�t�a�t�e� �t�h�a�t� �t�h�e� �g�e�n�e�r�a�l� �t�r�e�n�d� �i�n� �o�u�t�s�o�u�r�c�i�n�g� �w�a�s� �f�o�r� �b�o�t�h� �v�e�r�y� �s�m�a�l�l� �a�n�d� 

�v�e�r�y� �l�a�r�g�e� �f�i�r�m�s� �t�o� �i�n�t�e�r�n�a�l�i�z�e� �l�o�g�i�s�t�i�c�s� �f�u�n�c�t�i�o�n�s�,� �w�i�t�h� �f�i�r�m�s� �i�n� �b�e�t�w�e�e�n� �t�h�e�s�e� �t�w�o� �e�x�t�r�e�m�e�s� 

�b�e�i�n�g� �t�h�e� �p�r�i�m�a�r�y� �c�a�n�d�i�d�a�t�e�s� �f�o�r� �o�u�t�s�o�u�r�c�i�n�g�.� 

�E�c�h�o�i�n�g� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �c�o�s�t� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� �o�f� �T�C�A� �(�a�n�d� �t�h�e� �s�c�a�l�e� 

�e�c�o�n�o�m�i�e�s�/�f�u�n�c�t�i�o�n�a�l� �s�p�i�n�-�o�f�f� �f�r�a�m�e�w�o�r�k�)�,� �S�h�e�f�f�i� �r�e�c�o�m�m�e�n�d�e�d� �t�h�a�t� �f�i�r�m�s� 

�l�o�o�k� �a�t� �t�h�e�i�r� �l�o�g�i�s�t�i�c�s� �d�e�p�a�r�t�m�e�n�t�s� �a�n�d� �d�e�c�i�d�e� �w�h�e�t�h�e�r� �t�o� �b�u�i�l�d� �o�r� �"�r�e�n�t�"� �m�o�d�e�r�n� 
�l�o�g�i�s�t�i�c�s� �c�a�p�a�b�i�l�i�t�i�e�s�.� �A�v�o�i�d�i�n�g� �t�h�i�s� �d�e�c�i�s�i�o�n� �m�e�a�n�s�,� �i�n� �m�a�n�y� �c�a�s�e�s�,� �l�e�a�v�i�n�g� 

�s�i�g�n�i�f�i�c�a�n�t� �m�o�n�i�e�s� �o�n� �t�h�e� �t�a�b�l�e� �a�n�d�,� �m�o�r�e� �i�m�p�o�r�t�a�n�t�l�y�,� �f�a�l�l�i�n�g� �b�e�h�i�n�d� �o�n� �c�u�s�t�o�m�e�r� 
�s�e�r�v�i�c�e� �a�n�d� �p�r�o�d�u�c�t�i�o�n� �c�o�s�t�s� �(�p�.� �3�6�)�.� 

�S�u�m�m�a�r�y�:� �L�o�g�i�s�t�i�c�s� �O�u�t�s�o�u�r�c�i�n�g� �S�t�u�d�i�e�s� 

�T�h�e� �i�s�s�u�e� �c�o�n�t�a�i�n�e�d� �i�n� �t�h�e� �t�h�r�e�e� �s�t�u�d�i�e�s� �j�u�s�t� �d�i�s�c�u�s�s�e�d� �w�h�i�c�h� �i�s� �r�e�l�e�v�a�n�t� �t�o� �t�h�e� 

�p�r�e�s�e�n�t� �r�e�s�e�a�r�c�h�,� �i�s� �t�h�e� �f�a�c�t� �t�h�a�t� �a� �m�a�j�o�r�i�t�y� �o�f� �t�h�e� �r�e�s�p�o�n�d�e�n�t�s� �i�n� �t�h�e�s�e� �s�t�u�d�i�e�s� �c�i�t�e�d� �c�o�s�t� 

�r�e�d�u�c�t�i�o�n� �a�s� �t�h�e� �p�r�i�n�c�i�p�a�l� �r�e�a�s�o�n� �f�o�r� �o�u�t�s�o�u�r�c�i�n�g�,� �a�n� �e�m�p�i�r�i�c�a�l� �f�i�n�d�i�n�g� �w�h�i�c�h� �p�r�o�v�i�d�e�s� 

�c�o�r�r�o�b�o�r�a�t�i�o�n� �f�o�r� �t�h�e� �e�c�o�n�o�m�i�z�i�n�g� �e�m�p�h�a�s�i�s� �o�f� �t�h�e� �T�C�A� �f�r�a�m�e�w�o�r�k�.� �A�n� �a�d�d�i�t�i�o�n�a�l� �i�s�s�u�e� 

�6�7



�m�e�n�t�i�o�n�e�d� �i�s� �t�h�e� �e�m�p�h�a�s�i�s� �o�n� �c�u�s�t�o�m�e�r� �s�e�r�v�i�c�e� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� �(�e�.�g�.�,� �o�r�d�e�r� �c�y�c�l�e� �t�i�m�e�)� �i�n� 

�l�o�g�i�s�t�i�c�s� �o�u�t�s�o�u�r�c�i�n�g� �d�e�c�i�s�i�o�n�s� �(�F�e�r�n�i�e� �1�9�8�9�;� �S�h�e�f�f�i� �1�9�9�0�)�.� 

�T�r�a�n�s�p�o�r�t�a�t�i�o�n� �O�u�t�s�o�u�r�c�i�n�g� �S�t�u�d�i�e�s� 

�T�h�e� �s�e�v�e�n� �s�t�u�d�i�e�s� �d�i�s�c�u�s�s�e�d� �h�e�r�e� �c�o�n�s�i�d�e�r� �s�o�m�e� �i�s�s�u�e�s� �t�h�a�t� �a�r�e� �r�e�l�e�v�a�n�t� �t�o� �t�h�e� 

�s�p�e�c�i�f�i�c� �c�o�n�t�e�x�t� �o�f� �t�h�e� �m�a�k�e� �o�r� �b�u�y� �d�e�c�i�s�i�o�n� �f�o�r� �t�r�a�n�s�p�o�r�t�a�t�i�o�n�.� 

�M�c�G�i�n�n�i�s� �(�1�9�7�8�)� �u�s�e�d� �c�l�u�s�t�e�r� �a�n�a�l�y�s�i�s� �t�o� �i�n�v�e�s�t�i�g�a�t�e� �w�h�e�t�h�e�r� �f�r�e�i�g�h�t� �m�a�r�k�e�t�s� �(�{�i�.�e�.�,� 

�s�h�i�p�p�e�r� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �r�e�q�u�i�r�e�m�e�n�t�s�)� �c�o�u�l�d� �b�e� �s�e�g�m�e�n�t�e�d�.� �T�h�i�s� �s�t�u�d�y� �i�s� �r�e�l�e�v�a�n�t� �t�o� �t�h�e� 

�p�r�e�s�e�n�t� �r�e�s�e�a�r�c�h� �b�e�c�a�u�s�e� �s�e�v�e�r�a�l� �o�f� �t�h�e� �f�a�c�t�o�r�s� �e�x�a�m�i�n�e�d� �b�y� �M�c�G�i�n�n�i�s� �a�s� �s�e�g�m�e�n�t�i�n�g� 

�v�a�r�i�a�b�l�e�s� �i�n�c�l�u�d�e� �i�t�e�m�s� �w�h�i�c�h� �a�r�e� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �p�r�e�s�e�n�t� �s�t�u�d�y ��s� �c�o�n�c�e�p�t�u�a�l� �f�r�a�m�e�w�o�r�k�.� 

�M�c�G�i�n�n�i�s� �f�o�u�n�d� �t�h�a�t� �t�h�e� �m�a�i�n� �s�o�u�r�c�e� �o�f� �c�o�m�p�e�t�i�t�i�o�n� �f�o�r� �c�o�m�m�o�n� �m�o�t�o�r� �c�a�r�r�i�e�r�s� �(�i�.�e�.�,� �f�o�r� �h�i�r�e� 

�c�a�r�r�i�e�r�s�)� �w�e�r�e� �p�r�i�v�a�t�e� �f�l�e�e�t�s� �o�p�e�r�a�t�e�d� �b�y� �s�h�i�p�p�e�r�s� �w�h�o� �m�a�r�k�e�t�e�d� �h�i�g�h� �v�a�l�u�e� �p�r�o�d�u�c�t�s� �t�o� 

�c�u�s�t�o�m�e�r�s� �w�h�o� �d�e�m�a�n�d�e�d� �a� �h�i�g�h� �l�e�v�e�l� �o�f� �c�u�s�t�o�m�e�r� �s�e�r�v�i�c�e�.� �H�i�g�h� �v�a�l�u�e� �p�r�o�d�u�c�t�s� �w�e�r�e� 

�d�i�s�c�u�s�s�e�d� �u�n�d�e�r� �t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �g�o�o�d�s� �f�r�a�m�e�w�o�r�k� �(�a�s�s�u�m�i�n�g� �t�h�a�t� �h�i�g�h� �v�a�l�u�e� �p�r�o�d�u�c�t�s� 

�i�m�p�l�i�e�s� �p�r�o�d�u�c�t�s� �w�i�t�h� �h�i�g�h� �g�r�o�s�s� �m�a�r�g�i�n�s�)�,� �a�n�d� �c�u�s�t�o�m�e�r� �s�e�r�v�i�c�e� �l�e�v�e�l�s� �w�e�r�e� �d�i�s�c�u�s�s�e�d� 

�u�n�d�e�r� �t�h�e� �m�a�r�k�e�t�s� �a�n�d� �s�e�r�v�i�c�e�s� �f�r�a�m�e�w�o�r�k�.� 

�C�a�v�i�n�a�t�o� �(�1�9�8�4�)� �c�o�n�d�u�c�t�e�d� �a�n� �a�n�a�l�y�s�i�s� �o�f� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �c�o�n�t�r�a�c�t�s�,� �a�s� �w�e�l�l� �a�s� �a� 

�s�e�r�i�e�s� �o�f� �i�n�t�e�r�v�i�e�w�s�,� �t�o� �e�x�a�m�i�n�e� �t�h�e� �b�e�n�e�f�i�t�s� �a�n�d� �d�r�a�w�b�a�c�k�s� �o�f� �a�g�r�e�e�m�e�n�t�s� �b�e�t�w�e�e�n� 

�s�h�i�p�p�e�r�s� �a�n�d� �c�a�r�r�i�e�r�s�.� �O�n�e� �o�f� �t�h�e� �d�r�a�w�b�a�c�k�s� �m�e�n�t�i�o�n�e�d� �s�p�e�c�i�f�i�c�a�l�l�y� �b�y� �C�a�v�i�n�a�t�o� �w�a�s� �t�h�e� 

�t�r�a�n�s�a�c�t�i�o�n� �c�o�s�t� �o�f� �c�o�n�t�r�a�c�t�i�n�g� �a�c�t�i�v�i�t�i�e�s�.� 

�T�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �c�o�n�t�r�a�c�t� �c�a�r�r�i�a�g�e� �a�r�r�a�n�g�e�m�e�n�t�s� �r�e�q�u�i�r�e�s� �a�l�n�]� �.� �.� �.� �i�n�v�e�s�t�m�e�n�t� �o�f� 
�t�i�m�e� �a�n�d� �e�f�f�o�r�t�.� �.� �.� �.� �[�f�o�r� �e�x�a�m�p�l�e�!� �c�a�r�e�f�u�l�l�y� �d�e�v�e�l�o�p�e�d� �p�r�o�p�o�s�a�l�s�,� �e�v�a�l�u�a�t�i�o�n�s�,� �a�n�d� 
�n�e�g�o�t�i�a�t�i�o�n�.� �T�h�u�s�,� �t�h�e� �a�c�t� �o�f� �c�o�n�t�r�a�c�t�i�n�g� �c�a�n� �b�e� �c�o�s�t�l�y� �(�p�.� �1�1�)�.� 

�C�a�v�i�n�a�t�o� �g�o�e�s� �o�n� �t�o� �d�i�s�c�u�s�s� �s�o�m�e� �f�a�c�t�o�r�s� �w�h�i�c�h� �m�i�g�h�t� �a�f�f�e�c�t� �t�h�e� �c�o�n�t�r�a�c�t�i�n�g� �p�r�o�c�e�s�s�,� �|�.�e�.�,� 

�b�e� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �i�n�c�r�e�a�s�i�n�g� �t�h�e� �c�o�s�t� �o�f� �c�o�n�t�r�a�c�t�i�n�g�.� 
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�D�i�f�f�e�r�e�n�c�e�s� �i�n� �c�o�m�m�o�d�i�t�y� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �.� �.� �.� �[�f�o�r� �e�x�a�m�p�l�e�]� �f�o�o�d� �i�t�e�m�s� �(�p�e�r�i�s�h�a�b�l�e� �.� �.� 
�.� �)�,� �h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l�s� �.�.� �.� �,� �l�i�q�u�i�d� �b�u�l�k� �m�a�t�e�r�i�a�l�s� �(�n�e�e�d�i�n�g� �s�p�e�c�i�a�l� �e�q�u�i�p�m�e�n�t�)�,� �.� �.� �.� 
�a�l�l� �r�e�q�u�i�r�e� �s�p�e�c�i�f�i�c� �c�o�n�t�r�a�c�t� �f�e�a�t�u�r�e�s�.� �S�i�m�i�l�a�r�l�y�,� �t�h�e� �n�u�m�b�e�r� �o�f� �o�r�i�g�i�n� �p�o�i�n�t�s�,� �r�o�u�t�e�s�,� 
�a�n�d� �d�e�l�i�v�e�r�y� �p�o�i�n�t�s� �m�a�y� �i�n�f�l�u�e�n�c�e� �t�h�e� �n�e�e�d� �t�o� �s�p�e�c�i�f�i�c�a�l�l�y� �i�d�e�n�t�i�f�y� �a�n�d� �a�c�c�o�u�n�t� �f�o�r� 
�t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �c�o�n�t�r�a�c�t�s� �(�p�.� �1�1�)�.� 

�C�a�v�i�n�a�t�o ��s� �s�t�u�d�y� �a�l�s�o� �c�o�n�t�a�i�n�s� �a� �l�i�s�t� �o�f� �w�h�a�t� �h�e� �t�e�r�m�s� �"�k�e�y� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�e�r�v�i�c�e� 

�c�o�n�t�r�a�c�t� �c�o�m�p�o�n�e�n�t�s �� �(�p�.� �1�2�}�.� �O�n�e� �o�f� �t�h�e�s�e� �k�e�y� �c�o�n�t�r�a�c�t� �c�o�m�p�o�n�e�n�t�s� �d�i�s�c�u�s�s�e�d� �t�h�e� 

�n�e�c�e�s�s�i�t�y� �f�o�r� �f�o�r�c�e� �m�a�j�u�r�e� �c�l�a�u�s�e�s�,� �w�h�i�c�h� �s�p�e�c�i�f�y� �c�o�n�t�r�a�c�t� �t�e�r�m�s� �i�n� �t�h�e� �f�a�c�e� �o�f� �c�a�t�a�s�t�r�o�p�h�i�c� 

�e�v�e�n�t�s� �o�f� �n�a�t�u�r�e�.� 

�C�a�v�i�n�a�t�o ��s� �d�i�s�c�u�s�s�i�o�n� �o�f� �c�o�n�t�r�a�c�t�i�n�g� �c�o�s�t�s�,� �a�n�d� �h�i�s� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �c�o�m�m�o�d�i�t�y� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �a�n�d� �k�e�y� �c�o�n�t�r�a�c�t� �c�o�m�p�o�n�e�n�t�s�,� �w�h�i�c�h� �a�r�e� �c�l�e�a�r�l�y� �m�a�n�i�f�e�s�t�a�t�i�o�n�s� �o�f� �a�s�s�e�t� 

�s�p�e�c�i�f�i�c�i�t�y� �a�n�d� �u�n�c�e�r�t�a�i�n�t�y�,� �m�a�k�e� �t�h�i�s� �s�t�u�d�y� �r�e�l�e�v�a�n�t� �t�o� �t�h�e� �p�r�e�s�e�n�t� �r�e�s�e�a�r�c�h�.� 

�L�a� �L�o�n�d�e�,� �C�o�o�p�e�r�,� �a�n�d� �N�o�o�r�d�e�w�i�e�r� �(�1�9�8�8�)� �a�n�d� �L�a� �L�o�n�d�e� �a�n�d� �C�o�o�p�e�r� �(�1�9�8�9�)� 

�s�u�r�v�e�y�e�d� �l�o�g�i�s�t�i�c�s� �m�a�n�a�g�e�m�e�n�t� �p�r�a�c�t�i�c�e�s� �a�n�d� �a�t�t�i�t�u�d�e�s� �p�e�r�t�a�i�n�i�n�g� �t�o� �c�u�s�t�o�m�e�r� �s�e�r�v�i�c�e� 

�i�s�s�u�e�s�.� �A�l�t�h�o�u�g�h� �b�o�t�h� �o�f� �t�h�e�s�e� �s�t�u�d�i�e�s� �e�n�c�o�m�p�a�s�s�e�d� �a�l�l� �l�o�g�i�s�t�i�c�s� �f�u�n�c�t�i�o�n�s�,� �o�n�l�y� �t�h�e� 

�f�i�n�d�i�n�g�s� �c�o�n�c�e�r�n�i�n�g� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �a�c�t�i�v�i�t�i�e�s� �w�i�l�l� �b�e� �d�i�s�c�u�s�s�e�d� �h�e�r�e�.� 

�A�n� �i�n�d�i�c�a�t�i�o�n� �t�h�a�t� �t�h�i�r�d� �p�a�r�t�y� �l�o�g�i�s�t�i�c�s� �r�e�l�a�t�i�o�n�s�h�i�p�s� �a�r�e� �a�n� �i�m�p�o�r�t�a�n�t� �a�s�p�e�c�t� �o�f� �t�h�e� 

�c�u�s�t�o�m�e�r� �s�e�r�v�i�c�e� �i�s�s�u�e� �w�a�s� �t�h�e� �f�i�n�d�i�n�g� �t�h�a�t� �t�h�e� �s�h�i�p�p�e�r�s� �s�u�r�v�e�y�e�d� �r�a�t�e�d� �p�r�i�c�i�n�g� �s�t�r�u�c�t�u�r�e� 

�(�e�.�g�.�,� �r�a�t�e�s� �a�n�d� �d�i�s�c�o�u�n�t�s�)� �a�n�d� �c�o�n�s�i�s�t�e�n�c�y� �o�f� �s�e�r�v�i�c�e� �(�e�.�g�.�,� �p�i�c�k�u�p�,� �d�e�l�i�v�e�r�y�,� �a�n�d� �t�o�t�a�l� 

�t�r�a�n�s�i�t� �t�i�m�e�)� �a�s� �t�h�e� �m�o�s�t� �i�m�p�o�r�t�a�n�t� �f�a�c�t�o�r�s� �i�n� �t�h�e�i�r� �s�e�l�e�c�t�i�o�n� �o�f� �a� �t�h�i�r�d� �p�a�r�t�y� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� 

�c�a�r�r�i�e�r�.� 

�W�h�e�n� �a�s�k�e�d� �f�o�r� �t�h�e�i�r� �p�r�o�j�e�c�t�i�o�n�s� �a�b�o�u�t� �t�h�e� �c�h�a�n�g�e�s� �i�n� �t�h�e� �p�r�o�p�o�r�t�i�o�n� �o�f� �s�h�i�p�m�e�n�t�s� 

�w�h�i�c�h� �m�o�v�e� �o�n� �p�r�i�v�a�t�e� �v�e�r�s�u�s� �c�o�m�m�o�n�/�c�o�n�t�r�a�c�t� �m�o�t�o�r� �c�a�r�r�i�e�r�,� �s�h�i�p�p�e�r�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t�,� �b�y� 

�1�9�9�5�,� �t�h�e�y� �e�x�p�e�c�t�e�d� �t�h�e�r�e� �t�o� �b�e� �a� �d�e�c�r�e�a�s�e� �i�n� �t�h�e� �p�r�o�p�o�r�t�i�o�n� �o�f� �s�h�i�p�m�e�n�t�s� �m�o�v�i�n�g� �o�n� 

�p�r�i�v�a�t�e� �c�a�r�r�i�e�r�s� �a�n�d� �a� �c�o�n�c�o�m�i�t�a�n�t� �i�n�c�r�e�a�s�e� �i�n� �s�h�i�p�m�e�n�t�s� �o�n� �c�o�m�m�o�n� �a�n�d� �c�o�n�t�r�a�c�t� �c�a�r�r�i�e�r�s�.� 

�O�v�e�r�a�l�l�,� �t�h�e�s�e� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e� �a� �r�e�l�a�t�i�v�e� �c�h�a�n�g�e� �i�n� �l�o�g�i�s�t�i�c�s� �c�h�a�n�n�e�l� �s�t�r�u�c�t�u�r�e� �f�r�o�m� �m�o�r�e� �t�o� 
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�l�e�s�s� �i�n�t�e�g�r�a�t�e�d�.� �H�o�w�e�v�e�r�,� �a�d�d�i�t�i�o�n�a�l� �s�t�r�u�c�t�u�r�a�l� �i�m�p�l�i�c�a�t�i�o�n�s� �d�i�s�c�u�s�s�e�d� �b�y� �t�h�e� �a�u�t�h�o�r�s� �a�l�s�o� 

�i�n�c�l�u�d�e�d� �t�h�e� �f�a�c�t� �t�h�a�t� 

�t�h�e�r�e� �w�i�l�l� �b�e� �a� �s�h�i�f�t� �f�r�o�m� �a� �p�u�r�e�l�y� �t�r�a�n�s�a�c�t�i�o�n�a�l� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �b�u�y�e�r�,� �s�e�l�l�e�r� �.� �.� 
�.� �t�o� �[�m�o�r�e� �o�f�]� �a� �c�o�n�t�r�a�c�t�u�a�l� �r�e�l�a�t�i�o�n�s�h�i�p� �.�.� �.� �[�a�s� �w�e�l�l� �a�s�]� �r�e�n�e�w�e�d� �p�r�e�s�s�u�r�e�s� �f�o�r� 
�s�h�i�p�m�e�n�t�s� �d�i�r�e�c�t� �f�r�o�m� �p�l�a�n�t� �t�o� �c�u�s�t�o�m�e�r� �(�L�a� �L�o�n�d�e�,� �C�o�o�p�e�r�,� �a�n�d� �N�o�o�r�d�e�w�i�e�r� �1�9�8�8�,� 
�p�.� �1�5�3�)�.� 

�T�h�e� �i�m�p�l�i�c�a�t�i�o�n�s� �f�r�o�m� �t�h�e�s�e� �s�t�u�d�i�e�s� �a�r�e�:� �1�)� �l�o�g�i�s�t�i�c�s� �c�h�a�n�n�e�l� �s�t�r�u�c�t�u�r�e� �i�s� �u�n�d�e�r�g�o�i�n�g� 

�a� �s�h�i�f�t�,� �n�o�t� �o�n�l�y� �a�w�a�y� �f�r�o�m� �i�n�t�e�g�r�a�t�i�o�n�,� �b�u�t� �a�l�s�o� �t�o�w�a�r�d� �m�o�r�e� �l�o�n�g� �t�e�r�m� �a�g�r�e�e�m�e�n�t�s� �(�i�.�e�.�,� 

�c�o�n�t�r�a�c�t�s�)� �b�e�t�w�e�e�n� �s�h�i�p�p�e�r�s� �a�n�d� �t�h�i�r�d� �p�a�r�t�y� �l�o�g�i�s�t�i�c�s� �p�r�o�v�i�d�e�r�s�,� �a�n�d� �2�)� �l�o�g�i�s�t�i�c�s� �c�h�a�n�n�e�l�s� �a�r�e�.� 

�e�x�p�e�r�i�e�n�c�i�n�g� �i�n�c�r�e�a�s�e�d� �s�e�r�v�i�c�e� �d�e�m�a�n�d�s�.� �A�n� �e�x�a�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �t�r�a�d�e�o�f�f� �o�f� �t�r�a�n�s�a�c�t�i�o�n� �a�n�d� 

�p�r�o�d�u�c�t�i�o�n� �c�o�s�t�s� �f�r�o�m� �t�h�e� �p�e�r�s�p�e�c�t�i�v�e� �o�f� �T�C�A� �c�o�u�l�d� �f�a�c�i�l�i�t�a�t�e� �a� �g�r�e�a�t�e�r� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�h�i�s� 

�p�r�o�j�e�c�t�e�d� �s�t�r�u�c�t�u�r�a�l� �c�h�a�n�g�e�.� 

�S�t�o�c�k� �(�1�9�8�8�)� �d�i�s�c�u�s�s�e�d� �t�h�e� �i�s�s�u�e� �o�f� �o�u�t�s�o�u�r�c�i�n�g� �t�h�e� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �f�u�n�c�t�i�o�n� �i�n� �t�h�e� 

�p�o�s�t�-�d�e�r�e�g�u�l�a�t�i�o�n� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �i�n�d�u�s�t�r�y�.� �H�i�s� �e�x�a�m�i�n�a�t�i�o�n� �o�f� �b�e�n�e�f�i�t�s� �t�o� �s�h�i�p�p�e�r�s� 

�o�u�t�s�o�u�r�c�i�n�g� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �f�u�n�c�t�i�o�n�s� �i�s� �r�e�l�e�v�a�n�t� �t�o� �t�h�e� �p�r�e�s�e�n�t� �s�t�u�d�y� �b�e�c�a�u�s�e� �o�f� �i�t�s� 

�a�c�c�e�n�t�u�a�t�i�o�n� �o�n� �s�c�a�l�e� �e�c�o�n�o�m�i�e�s�.� �T�h�e� �b�e�n�e�f�i�t�s� �i�d�e�n�t�i�f�i�e�d� �b�y� �S�t�o�c�k� �i�n�c�l�u�d�e�d� �h�i�g�h�e�r� 

�p�r�o�d�u�c�t�i�v�i�t�y�,� �i�n�c�r�e�a�s�e�d� �m�a�r�k�e�t�i�n�g� �a�n�d� �o�p�e�r�a�t�i�o�n�a�l� �f�l�e�x�i�b�i�l�i�t�y�,� �a�n�d� �i�n�c�r�e�a�s�e�d� �p�r�o�f�i�t�a�b�i�l�i�t�y�.� 

�A�c�c�o�r�d�i�n�g� �t�o� �S�t�o�c�k�,� �o�u�t�s�o�u�r�c�i�n�g� �e�n�a�b�l�e�s� �s�h�i�p�p�e�r�s� �t�o� �r�e�d�e�p�l�o�y� �f�u�n�d�s� �f�r�o�m� �i�n�v�e�s�t�m�e�n�t� �i�n� 

�t�r�a�n�s�p�o�r�t�a�t�i�o�n� �e�q�u�i�p�m�e�n�t� �t�o� �m�a�n�u�f�a�c�t�u�r�i�n�g� �o�r� �p�r�o�d�u�c�t� �d�e�v�e�l�o�p�m�e�n�t� �i�n�v�e�s�t�m�e�n�t�s�,� �a�n�d� �i�f� �t�h�e� 

�t�h�i�r�d� �p�a�r�t�y� �p�r�o�v�i�d�e�r� �o�f� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �e�n�j�o�y�s� �e�c�o�n�o�m�i�e�s� �o�f� �s�c�a�l�e�,� �o�u�t�s�o�u�r�c�i�n�g� �m�a�y� �a�l�l�o�w� 

�s�h�i�p�p�e�r� �f�i�r�m�s� �t�o� �r�e�d�u�c�e� �c�o�s�t�s�,� �e�v�e�n� �w�h�i�l�e� �i�m�p�r�o�v�i�n�g� �c�u�s�t�o�m�e�r� �s�e�r�v�i�c�e� �l�e�v�e�l�s�.� 

�M�c�G�i�n�n�i�s� �(�1�9�9�0�)� �c�o�m�p�a�r�e�d� �e�m�p�i�r�i�c�a�l� �f�i�n�d�i�n�g�s� �o�n� �f�a�c�t�o�r�s� �a�f�f�e�c�t�i�n�g� �t�h�e� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� 

�c�h�o�i�c�e� �d�e�c�i�s�i�o�n� �f�o�r� �p�r�e�-�d�e�r�e�g�u�l�a�t�i�o�n� �a�n�d� �p�o�s�t�-�d�e�r�e�g�u�l�a�t�i�o�n� �e�n�v�i�r�o�n�m�e�n�t�s�.� �P�r�e�-�d�e�r�e�g�u�l�a�t�i�o�n� 

�s�t�u�d�i�e�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �s�e�r�v�i�c�e� �f�a�c�t�o�r�s� �f�a�r� �o�u�t�w�e�i�g�h�e�d� �c�o�s�t� �f�a�c�t�o�r�s� �i�n� �t�h�e�i�r� �i�n�f�l�u�e�n�c�e� �o�n� 

�t�r�a�n�s�p�o�r�t�a�t�i�o�n� �c�h�o�i�c�e� �(�i�.�e�.�,� �p�r�i�v�a�t�e� �v�e�r�s�u�s� �f�o�r� �h�i�r�e� �c�a�r�r�i�e�r� �s�e�l�e�c�t�i�o�n�)�.� �P�o�s�t�-�d�e�r�e�g�u�l�a�t�i�o�n� 

�r�e�s�u�l�t�s� �e�x�h�i�b�i�t�e�d� �a� �s�o�m�e�w�h�a�t�,� �b�u�t� �n�o�t� �r�a�d�i�c�a�l�l�y�,� �d�i�f�f�e�r�e�n�t� �p�i�c�t�u�r�e�;� �a�l�t�h�o�u�g�h� �s�e�r�v�i�c�e� 
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�c�o�n�s�i�d�e�r�a�t�i�o�n�s� �a�r�e� �s�t�i�l�l� �e�m�p�h�a�s�i�z�e�d� �s�o�m�e�w�h�a�t� �m�o�r�e� �t�h�a�n� �c�o�s�t� �c�o�n�s�i�d�e�r�a�t�i�o�n�s�,� �c�o�s�t� 

�c�o�n�s�i�d�e�r�a�t�i�o�n�s� �h�a�v�e� �a�s�s�u�m�e�d� �a� �g�r�e�a�t�e�r� �i�m�p�o�r�t�a�n�c�e� �i�n� �t�h�e� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �c�h�o�i�c�e� �d�e�c�i�s�i�o�n� 

�s�i�n�c�e� �d�e�r�e�g�u�l�a�t�i�o�n�.� �A�c�c�o�r�d�i�n�g� �t�o� �M�c�G�i�n�n�i�s�,� �o�n�e� �r�e�a�s�o�n� �f�o�r� �t�h�i�s� �i�n�c�r�e�a�s�e�d� �i�m�p�o�r�t�a�n�c�e� �f�o�r� 

�c�o�s�t� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� �i�n� �t�h�e� �p�o�s�t�-�d�e�r�e�g�u�l�a�t�i�o�n� �e�n�v�i�r�o�n�m�e�n�t� �i�s� �t�h�a�t� �"�t�a�r�i�f�f�s� �a�n�d� �r�u�l�e�s� �h�a�v�e� �b�e�e�n� 

�r�e�p�l�a�c�e�d� �b�y� �t�h�e� �n�e�g�o�t�i�a�t�i�o�n� �o�f� �p�r�i�c�e�/�s�e�r�v�i�c�e� �p�a�c�k�a�g�e�s� �(�p�.� �1�8�)�.�"�_� �I�n� �o�t�h�e�r� �w�o�r�d�s�,� �b�e�f�o�r�e� 

�d�e�r�e�g�u�l�a�t�i�o�n�,� �p�r�i�c�e� �{�a�n�d� �t�o� �s�o�m�e� �e�x�t�e�n�t� �s�e�r�v�i�c�e�)� �w�a�s� �f�i�x�e�d� �a�s� �a� �r�e�s�u�l�t� �o�f� �g�o�v�e�r�n�m�e�n�t� 

�r�e�g�u�l�a�t�i�o�n� �o�f� �t�h�e� �m�o�t�o�r� �c�a�r�r�i�e�r� �i�n�d�u�s�t�r�y�.� �T�h�i�s� �s�t�u�d�y ��s� �f�i�n�d�i�n�g� �o�f� �a� �s�h�i�f�t� �i�n� �p�o�s�t�-�d�e�r�e�g�u�l�a�t�i�o�n� 

�d�e�c�i�s�i�o�n� �p�r�o�c�e�s�s�e�s� �h�a�s� �r�e�l�e�v�a�n�c�e� �t�o� �t�h�e� �p�r�e�s�e�n�t� �s�t�u�d�y�,� �s�i�n�c�e� �t�h�i�s� �c�h�a�n�g�e� �i�n� �t�h�e� �n�a�t�u�r�e� �o�f� �t�h�e� 

�d�e�c�i�s�i�o�n� �p�r�o�c�e�s�s� �c�o�u�l�d� �h�a�v�e� �t�r�a�n�s�a�c�t�i�o�n� �c�o�s�t� �i�m�p�l�i�c�a�t�i�o�n�s�.� 

�B�a�r�d�i� �a�n�d� �T�r�a�c�e�y� �(�1�9�9�1�)� �s�u�r�v�e�y�e�d� �a� �s�a�m�p�l�e� �o�f� �f�i�r�m�s� �i�n� �t�h�e� �U�S� �t�o� �d�e�t�e�r�m�i�n�e�:� �1�)� �h�o�w� 

�p�r�e�v�a�l�e�n�t� �o�u�t�s�o�u�r�c�i�n�g� �o�f� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �f�u�n�c�t�i�o�n�s� �w�a�s�,� �a�n�d� �2�)� �t�h�e� �r�e�a�s�o�n�s� �f�i�r�m�s� �o�u�t�s�o�u�r�c�e�d� 

�t�h�e�s�e� �f�u�n�c�t�i�o�n�s�.� �T�r�a�n�s�p�o�r�t�a�t�i�o�n� �f�u�n�c�t�i�o�n�s� �e�x�a�m�i�n�e�d� �b�y� �t�h�i�s� �s�t�u�d�y� �i�n�c�l�u�d�e�d�:� �i�n�t�e�r�n�a�t�i�o�n�a�l� 

�s�h�i�p�p�i�n�g�,� �f�r�e�i�g�h�t� �t�r�a�c�k�i�n�g�/�a�u�d�i�t�i�n�g� �a�n�d� �c�a�r�r�i�e�r� �s�e�l�e�c�t�i�o�n�/�c�o�n�t�r�a�c�t�i�n�g�/�n�e�g�o�t�i�a�t�i�n�g�.� �B�a�r�d�i� �a�n�d� 

�T�r�a�c�e�y� �f�o�u�n�d� �t�h�a�t� �m�o�r�e� �t�h�a�n� �7�5�%� �o�f� �t�h�e� �f�i�r�m�s� �t�h�e�y� �s�u�r�v�e�y�e�d� �o�u�t�s�o�u�r�c�e�d� �s�o�m�e� 

�t�r�a�n�s�p�o�r�t�a�t�i�o�n� �f�u�n�c�t�i�o�n�s�.� �A�l�t�h�o�u�g�h� �t�h�e� �s�i�z�e� �o�f� �f�i�r�m� �w�a�s� �n�o�t� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �o�u�t�s�o�u�r�c�i�n�g� 

�p�r�a�c�t�i�c�e�,� �t�h�e� �r�e�s�u�l�t�s� �d�i�d� �i�n�d�i�c�a�t�e� �t�h�a�t� �a�n�n�u�a�l� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �e�x�p�e�n�s�e�s� �w�e�r�e� �r�e�l�a�t�e�d� �t�o� 

�o�u�t�s�o�u�r�c�i�n�g�;� �t�h�e� �h�i�g�h�e�r� �t�h�e� �a�n�n�u�a�l� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �e�x�p�e�n�s�e�s�,� �t�h�e� �l�e�s�s� �l�i�k�e�l�y� �a� �f�i�r�m� �w�a�s� �t�o� 

�o�u�t�s�o�u�r�c�e� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �f�u�n�c�t�i�o�n�s�.� �T�h�e� �m�o�s�t� �f�r�e�q�u�e�n�t�l�y� �c�i�t�e�d� �r�e�a�s�o�n� �f�o�r� �o�u�t�s�o�u�r�c�i�n�g� �w�a�s� 

�a�n�t�i�c�i�p�a�t�i�o�n� �o�f� �c�o�s�t� �s�a�v�i�n�g�s�,� �a�n�d� �m�o�r�e� �t�h�a�n� �o�n�e�-�h�a�l�f� �o�f� �t�h�e� �f�i�r�m�s� �t�h�a�t� �o�u�t�s�o�u�r�c�e�d� �f�u�n�c�t�i�o�n�s� 

�d�i�d� �e�x�p�e�r�i�e�n�c�e� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �c�o�s�t�s� �s�a�v�i�n�g�s�.� �T�h�e� �m�o�s�t� �f�r�e�q�u�e�n�t�l�y� �c�i�t�e�d� �p�r�o�b�l�e�m� �w�i�t�h� 

�o�u�t�s�o�u�r�c�i�n�g� �w�a�s� �s�e�r�v�i�c�e� �c�o�n�s�i�s�t�e�n�c�y�.� 

�T�h�i�s� �s�t�u�d�y� �u�n�d�e�r�s�c�o�r�e�s� �t�h�e� �m�a�n�a�g�e�r�i�a�l� �i�m�p�o�r�t�a�n�c�e� �o�f� �t�h�e� �i�s�s�u�e� �o�f� �o�u�t�s�o�u�r�c�i�n�g�,� �a�s� 

�w�e�l�l� �a�s� �p�r�o�v�i�d�i�n�g� �e�v�i�d�e�n�c�e� �o�f� �t�h�e� �r�e�c�u�r�r�i�n�g� �e�m�p�h�a�s�i�s� �o�n� �c�o�s�t� �o�r� �e�f�f�i�c�i�e�n�c�y� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� �i�n� 

�f�i�r�m�s �� �d�e�c�i�s�i�o�n�s� �c�o�n�c�e�r�n�i�n�g� �m�a�k�e� �o�r� �b�u�y� �d�e�c�i�s�i�o�n�s�.� 
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�S�u�m�m�a�r�y�:� �T�r�a�n�s�p�o�r�t�a�t�i�o�n� �O�u�t�s�o�u�r�c�i�n�g� �S�t�u�d�i�e�s� 

�I�n� �s�u�m�m�a�r�y�,� �t�h�e� �s�e�v�e�n� �s�t�u�d�i�e�s� �d�i�s�c�u�s�s�e�d� �i�n� �t�h�i�s� �s�e�c�t�i�o�n� �h�a�v�e�:� 

�1�)� �P�r�o�v�i�d�e�d� �s�u�b�s�t�a�n�t�i�v�e� �e�v�i�d�e�n�c�e� �t�h�a�t� �t�h�e� �c�o�n�c�e�p�t�u�a�l� �f�r�a�m�e�w�o�r�k� �u�s�e�d� �i�n� �t�h�i�s� 
�s�t�u�d�y� �(�T�C�A�)� �i�s� �a� �u�s�e�f�u�l� �p�e�r�s�p�e�c�t�i�v�e� �f�r�o�m� �w�h�i�c�h� �t�o� �e�x�p�l�o�r�e� �t�h�e� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� 
�m�a�k�e� �o�r� �b�u�y� �d�e�c�i�s�i�o�n� �(�e�.�g�.�,� �C�a�v�i�n�a�t�o� �1�9�8�4�,� �1�9�8�9�;� �M�c�G�i�n�n�i�s� �1�9�7�8�)� 

�2�)� �P�r�e�s�e�n�t�e�d� �e�m�p�i�r�i�c�a�l� �e�v�i�d�e�n�c�e� �o�f� �s�t�r�u�c�t�u�r�a�l� �c�h�a�n�g�e�s� �t�h�a�t� �h�a�v�e� �o�c�c�u�r�r�e�d� �a�n�d� 
�c�o�n�t�i�n�u�e� �t�o� �o�c�c�u�r� �i�n� �t�h�e� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �i�n�d�u�s�t�r�y� �f�o�l�l�o�w�i�n�g� �d�e�r�e�g�u�l�a�t�i�o�n�,� 
�c�h�a�n�g�e�s� �w�h�i�c�h� �c�o�u�l�d� �h�a�v�e� �p�o�t�e�n�t�i�a�l� �i�m�p�l�i�c�a�t�i�o�n�s� �f�o�r� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �m�a�k�e� �o�r� 
�b�u�y� �d�e�c�i�s�i�o�n�s� �(�e�.�g�.�,� �L�a� �L�o�n�d�e�,� �C�o�o�p�e�r�,� �a�n�d� �N�o�o�r�d�e�w�i�e�r� �1�9�8�8�,� �L�a� �L�o�n�d�e� �a�n�d� 
�C�o�o�p�e�r� �1�9�8�9�,� �a�n�d� �M�c�G�i�n�n�i�s� �1�9�9�0�)� 

�3�)� �U�n�d�e�r�s�c�o�r�e�d� �t�h�e� �m�a�n�a�g�e�r�i�a�l� �i�n�t�e�r�e�s�t� �i�n� �a�n�d� �i�m�p�o�r�t�a�n�c�e� �o�f� �t�h�e� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� 
�m�a�k�e� �o�r� �b�u�y� �d�e�c�i�s�i�o�n� �(�e�.�g�.�,� �S�t�o�c�k� �1�9�8�8�;� �B�a�r�d�i� �a�n�d� �T�r�a�c�e�y� �1�9�9�1�)� 

�C�a�s�e� �S�t�u�d�i�e�s� 

�T�h�e� �f�i�r�s�t� �c�a�s�e� �s�t�u�d�y� �d�i�s�c�u�s�s�e�d� �c�o�n�c�e�r�n�s� �a� �f�i�r�m� �t�h�a�t� �m�o�v�e�d� �f�r�o�m� �i�n�t�e�r�n�a�l�l�y� �o�r�g�a�n�i�z�e�d� 

�l�o�g�i�s�t�i�c�s� �f�u�n�c�t�i�o�n�s� �t�o� �o�u�t�s�o�u�r�c�i�n�g� �t�h�e� �f�u�n�c�t�i�o�n�s�;� �t�h�e� �s�e�c�o�n�d� �c�a�s�e� �s�t�u�d�y� �c�o�n�s�i�d�e�r�s� �t�h�e� �m�a�k�e� 

�o�r� �b�u�y� �d�e�c�i�s�i�o�n� �f�o�r� �a� �s�m�a�l�l� �s�t�a�r�t�-�u�p� �f�i�r�m� �r�e�q�u�i�r�i�n�g� �l�o�g�i�s�t�i�c�s� �s�e�r�v�i�c�e�s�;� �a�n�d� �t�h�e� �t�h�i�r�d� �c�a�s�e� �s�t�u�d�y� 

�i�n�v�o�l�v�e�s� �a� �f�i�r�m ��s� �d�e�c�i�s�i�o�n� �t�o� �d�i�s�c�o�n�t�i�n�u�e� �i�t�s� �o�p�e�r�a�t�i�o�n� �o�f� �a� �p�r�i�v�a�t�e� �m�o�t�o�r� �c�a�r�r�i�e�r� �f�l�e�e�t� �a�n�d� 

�o�u�t�s�o�u�r�c�e� �t�h�e� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �f�u�n�c�t�i�o�n�.� 

�B�i�s�h�o�p� �a�n�d� �W�u�n�n�i�n�g� �(�1�9�8�8�)� �d�e�t�a�i�l�e�d� �t�h�e� �r�e�a�s�o�n�s� �a�n�d� �r�e�s�u�l�t�s� �o�f� �F�i�s�h�e�r� �C�o�n�t�r�o�l�s �� 

�m�o�v�e� �f�r�o�m� �i�n�t�e�r�n�a�l� �t�o� �e�x�t�e�r�n�a�l� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �t�h�e�i�r� �p�r�o�d�u�c�t�s� �(�r�e�p�l�a�c�e�m�e�n�t� �i�n�d�u�s�t�r�i�a�l� �v�a�l�v�e� 

�p�a�r�t�s�)�.� �A�m�o�n�g� �t�h�e� �r�e�a�s�o�n�s� �c�i�t�e�d� �f�o�r� �t�h�e� �c�h�a�n�g�e� �i�n� �d�i�s�t�r�i�b�u�t�i�o�n� �s�t�r�u�c�t�u�r�e� �w�a�s� �F�i�s�h�e�r�'�s� �l�a�c�k� �o�f� 

�e�f�f�i�c�i�e�n�c�y� �a�n�d� �c�o�n�s�i�s�t�e�n�c�y� �i�n� �p�r�o�v�i�d�i�n�g� �o�p�t�i�m�a�l� �c�u�s�t�o�m�e�r� �s�e�r�v�i�c�e� �p�e�r�f�o�r�m�a�n�c�e� �i�n� �d�i�s�t�r�i�b�u�t�i�o�n� 

�o�p�e�r�a�t�i�o�n�s�.� �F�i�s�h�e�r� �C�o�n�t�r�o�l�s� �e�n�t�e�r�e�d� �i�n�t�o� �a�n� �a�g�r�e�e�m�e�n�t� �w�i�t�h� �C�a�t�e�r�p�i�l�l�a�r� �L�o�g�i�s�t�i�c�s� �S�e�r�v�i�c�e�s�,� 

�i�n�c�.� �(�C�L�S�)�,� �a� �t�h�i�r�d� �p�a�r�t�y� �l�o�g�i�s�t�i�c�s� �s�e�r�v�i�c�e� �p�r�o�v�i�d�e�r�,� �t�o� �p�r�o�v�i�d�e� �d�i�s�t�r�i�b�u�t�i�o�n� �s�e�r�v�i�c�e�s� �f�o�r� �a�l�l� �o�f� 

�F�i�s�h�e�r ��s� �p�r�o�d�u�c�t�s�.� �F�i�s�h�e�r� �r�e�a�l�i�z�e�d� �s�u�b�s�t�a�n�t�i�a�l� �c�o�s�t� �s�a�v�i�n�g�s� �i�n� �t�h�e�i�r� �d�i�s�t�r�i�b�u�t�i�o�n� �o�p�e�r�a�t�i�o�n�s� 

�b�e�c�a�u�s�e� 
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�F�i�s�h�e�r� �p�a�y�s� �o�n�l�y� �f�o�r� �t�h�e� �s�e�r�v�i�c�e�s� �t�h�e�y� �u�t�i�l�i�z�e�.� �B�y� �c�o�m�b�i�n�i�n�g� �t�h�e� �v�o�l�u�m�e�s� �o�f� �a� 
�n�u�m�b�e�r� �o�f� �c�l�i�e�n�t�s�,� �[�C�L�S ��s�]� �c�o�s�t� �p�e�r� �u�n�i�t� �o�f� �t�h�r�o�u�g�h�p�u�t� �i�s� �m�u�c�h� �l�o�w�e�r�.� �F�i�s�h�e�r� �r�e�a�l�i�z�e�d� 
�i�m�m�e�d�i�a�t�e�l�y� �t�h�e� �e�c�o�n�o�m�i�e�s� �o�f� �s�c�a�l�e� �t�h�a�t� �C�L�S� �e�n�j�o�y�s� �(�p�.� �9�)�.� 

�B�u�c�k�n�e�r�,� �S�i�g�w�o�r�t�h�,� �a�n�d� �L�e�i�t�h� �(�1�9�8�9�)� �d�i�s�c�u�s�s�e�d� �t�h�e� �e�v�e�n�t�s� �t�h�a�t� �l�e�d� �t�o� �T�e�k�t�r�o�n�i�x� 

�L�o�g�i�s�t�i�c�s� �S�e�r�v�i�c�e�s� �p�r�o�v�i�d�i�n�g� �w�o�r�l�d�-�w�i�d�e� �d�i�s�t�r�i�b�u�t�i�o�n� �s�e�r�v�i�c�e�s� �t�o� �E�-�M�a�c�h�i�n�e�s�,� �a� �s�m�a�l�l� 

�m�a�n�u�f�a�c�t�u�r�e�r� �o�f� �l�a�r�g�e� �s�c�r�e�e�n� �d�i�s�p�l�a�y�s� �f�o�r� �M�a�c�i�n�t�o�s�h� �c�o�m�p�u�t�e�r�s�.� �W�h�e�n� �E�-�M�a�c�h�i�n�e�s�,� �a� �s�m�a�l�l� 

�s�t�a�r�t�-�u�p� �c�o�m�p�a�n�y�,� �e�x�p�e�r�i�e�n�c�e�d� �a�n� �u�n�e�x�p�e�c�t�e�d� �s�u�r�g�e� �o�f� �o�r�d�e�r�s� �f�o�r� �t�h�e�i�r� �p�r�o�d�u�c�t� �f�o�l�l�o�w�i�n�g� �a� 

�p�r�o�d�u�c�t� �d�e�m�o�n�s�t�r�a�t�i�o�n� �a�t� �a� �c�o�m�p�u�t�e�r� �t�r�a�d�e� �s�h�o�w� �i�n� �1�9�8�6�,� �t�h�e�y� �h�a�d� �n�o� �i�n�v�e�s�t�m�e�n�t�s� �o�r� 

�e�x�p�e�r�i�e�n�c�e� �i�n� �d�i�s�t�r�i�b�u�t�i�o�n� �o�p�e�r�a�t�i�o�n�s�.� �E�-�M�a�c�h�i�n�e�s� �r�e�q�u�i�r�e�d� �a�n� �i�m�m�e�d�i�a�t�e� �w�o�r�l�d�-�w�i�d�e� 

�d�i�s�t�r�i�b�u�t�i�o�n� �a�r�r�a�n�g�e�m�e�n�t� �t�o� �m�e�e�t� �i�t�s� �c�o�m�m�i�t�m�e�n�t�s�.� 

�[�T�e�k�t�r�o�n�i�c�s� �L�o�g�i�s�t�i�c�s� �S�e�r�v�i�c�e�s�]� �p�r�o�v�i�d�e�d� �a�n� �e�c�o�n�o�m�i�c�a�l� �s�o�l�u�t�i�o�n�.� �.�.�.� �T�h�e� 
�p�a�r�t�n�e�r�s�h�i�p� �w�i�t�h� �a� �m�u�l�t�i�n�a�t�i�o�n�a�l� �c�o�m�p�a�n�y� �[�T�e�k�t�r�o�n�i�c�s� �L�o�g�i�s�t�i�c�s� �S�e�r�v�i�c�e�s�]� �h�a�s� 
�p�r�o�v�i�d�e�d� �a�l�l�o�w�e�d� �u�s� �t�o� �c�o�n�t�r�o�l� �c�o�s�t�s� �b�y� �s�h�a�r�i�n�g� �i�n�t�e�r�n�a�t�i�o�n�a�l� �c�o�n�t�a�i�n�e�r�s� �[�a�n�d�]� 
�c�o�n�s�o�l�i�d�a�t�i�n�g� �l�o�c�a�l� �f�r�e�i�g�h�t� �(�p�.� �3�5�2�)�.� 

�L�a�n�i�g�a�n� �a�n�d� �M�u�r�r�a�y� �(�1�9�9�3�)� �p�r�e�s�e�n�t�e�d� �t�h�e� �s�u�c�c�e�s�s�f�u�l� �s�u�b�s�t�i�t�u�t�i�o�n� �o�f� �B�.�F�.� �G�o�o�d�r�i�c�h ��s� 

�p�r�i�v�a�t�e� �m�o�t�o�r� �c�a�r�r�i�e�r� �f�l�e�e�t� �w�i�t�h� �a� �t�h�i�r�d� �p�a�r�t�y� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �p�r�o�v�i�d�e�r�,� �S�c�h�n�e�i�d�e�r� �N�a�t�i�o�n�a�l� 

�C�a�r�r�i�e�r�s�,� �I�n�c�.� �W�i�t�h�i�n� �t�h�e� �o�r�g�a�n�i�z�a�t�i�o�n�,� �t�h�e� �B�.� �F�.� �G�o�o�d�r�i�c�h� �f�l�e�e�t� �o�p�e�r�a�t�e�d� �a�s� �a� �p�r�o�f�i�t� �c�e�n�t�e�r�,� 

�s�o� �t�h�a�t� �c�o�s�t� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� �w�e�r�e� �t�h�e� �p�r�i�m�a�r�y� �d�r�i�v�e�r�s� �i�n� �t�h�e� �d�e�c�i�s�i�o�n� �o�f� �w�h�e�t�h�e�r� �t�o� �m�a�i�n�t�a�i�n� 

�t�h�e� �p�r�i�v�a�t�e� �f�l�e�e�t� �o�r� �o�u�t�s�o�u�r�c�e� �t�h�e� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �f�u�n�c�t�i�o�n�.� 

�A� �c�o�m�p�a�r�i�s�o�n� �o�f� �c�o�s�t� �p�e�r� �m�i�l�e� �f�o�r� �t�h�e� �p�r�i�v�a�t�e� �f�l�e�e�t� �a�n�d� �t�h�i�r�d� �p�a�r�t�y� �a�l�t�e�r�n�a�t�i�v�e�s� �w�a�s� 

�d�o�n�e� �i�n� �1�9�8�4�,� �1�9�8�7�,� �a�n�d� �1�9�9�0�.� �T�h�e� �c�o�s�t� �a�d�v�a�n�t�a�g�e� �c�l�e�a�r�l�y� �w�e�n�t� �t�o� �t�h�e� �p�r�i�v�a�t�e� �f�l�e�e�t� �i�n� 

�1�9�8�4�.� �I�n� �1�9�8�7�,� �t�h�e�r�e� �w�a�s� �s�t�i�l�l� �a� �$�0�.�1�2� �p�e�r� �m�i�l�e� �a�d�v�a�n�t�a�g�e� �f�o�r� �t�h�e� �p�r�i�v�a�t�e� �f�l�e�e�t�.� �H�o�w�e�v�e�r�,� 

�i�n� �1�9�9�0�,� �t�h�e� �c�o�m�p�a�r�i�s�o�n� �r�e�v�e�a�l�e�d� �a� �a�d�v�a�n�t�a�g�e� �o�f� �$�1�.�0�6� �p�e�r� �m�i�l�e� �f�o�r� �t�h�e� �t�h�i�r�d� �p�a�r�t�y� 

�a�l�t�e�r�n�a�t�i�v�e�,� �a�n�d� �t�h�e� �d�e�c�i�s�i�o�n� �w�a�s� �m�a�d�e� �t�o� �c�e�a�s�e� �m�a�i�n�t�e�n�a�n�c�e� �o�f� �t�h�e� �p�r�i�v�a�t�e� �f�l�e�e�t� �a�n�d� �e�n�t�e�r� 

�i�n�t�o� �a� �t�h�i�r�d� �p�a�r�t�y� �r�e�l�a�t�i�o�n�s�h�i�p� �w�i�t�h� �S�c�h�n�e�i�d�e�r� �N�a�t�i�o�n�a�l� �C�a�r�r�i�e�r�s�,� �I�n�c�.� 

�A�l�t�h�o�u�g�h� �t�h�e� �a�g�r�e�e�m�e�n�t� �w�i�t�h� �S�c�h�n�e�i�d�e�r� �N�a�t�i�o�n�a�l� �C�a�r�r�i�e�r�s�,� �I�n�c�.� �c�o�n�s�i�s�t�e�d� �o�f� 

�e�x�t�e�n�s�i�v�e� �n�e�g�o�t�i�a�t�i�o�n�s� �a�n�d� �c�o�n�t�i�n�u�e�s� �t�o� �i�n�c�l�u�d�e� �t�h�o�r�o�u�g�h� �p�e�r�f�o�r�m�a�n�c�e� �m�o�n�i�t�o�r�i�n�g� �b�y� �B�.� �F�.� 
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�G�o�o�d�r�i�c�h�,� �t�h�e� �c�o�m�p�a�n�y� �r�e�p�o�r�t�e�d� �a� �c�o�s�t� �s�a�v�i�n�g�s� �o�v�e�r� �t�h�e� �t�h�r�e�e� �y�e�a�r�s� �s�i�n�c�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� 

�g�r�e�a�t�e�r� �t�h�a�n� �$�1� �m�i�l�l�i�o�n�.� 

�S�u�m�m�a�r�y�:� �C�a�s�e� �S�t�u�d�i�e�s� 

�T�h�e� �t�h�r�e�e� �c�a�s�e� �s�t�u�d�i�e�s� �r�e�v�i�e�w�e�d� �i�n� �t�h�i�s� �s�e�c�t�i�o�n� �i�l�l�u�s�t�r�a�t�e�d� �t�h�e� �r�e�l�e�v�a�n�c�e� �o�f� �t�h�e� �m�a�k�e� 

�o�r� �b�u�y� �d�e�c�i�s�i�o�n� �i�n� �a� �l�o�g�i�s�t�i�c�s�/�t�r�a�n�s�p�o�r�t�a�t�i�o�n� �c�o�n�t�e�x�t� �b�y� �d�e�m�o�n�s�t�r�a�t�i�n�g� �t�h�r�e�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� 

�o�f� �o�u�t�s�o�u�r�c�i�n�g� �t�h�a�t� �w�e�r�e� �v�i�e�w�e�d� �a�s� �s�u�c�c�e�s�s�f�u�l� �b�y� �t�h�e� �f�i�r�m�s� �i�n�v�o�l�v�e�d�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� �c�a�s�e� 

�s�t�u�d�i�e�s� �p�r�o�v�i�d�e�d� �a�d�d�i�t�i�o�n�a�l� �s�u�p�p�o�r�t� �f�o�r� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �t�h�a�t� �c�o�s�t� �r�e�d�u�c�t�i�o�n�,� �i�.�e�.�,� �e�f�f�i�c�i�e�n�c�y� 

�c�o�n�s�i�d�e�r�a�t�i�o�n�s�,� �p�l�a�y�s� �i�n� �t�h�e�s�e� �d�e�c�i�s�i�o�n�s�.� 

�S�U�M�M�A�R�Y�:� �L�O�G�I�S�T�I�C�S� �R�E�S�E�A�R�C�H� 

�A�l�t�h�o�u�g�h� �t�h�e�r�e� �w�e�r�e� �r�e�l�a�t�i�v�e�l�y� �f�e�w� �s�t�u�d�i�e�s� �i�n� �l�o�g�i�s�t�i�c�s� �t�h�a�t� �e�m�p�l�o�y�e�d� �a� �h�y�p�o�t�h�e�s�i�s� 

�t�e�s�t�i�n�g� �a�p�p�r�o�a�c�h� �t�o� �e�x�a�m�i�n�e� �t�h�e� �m�a�k�e� �o�r� �b�u�y� �d�e�c�i�s�i�o�n�,� �t�h�e� �h�y�p�o�t�h�e�s�i�s� �t�e�s�t�i�n�g� �s�t�u�d�i�e�s� 

�r�e�v�i�e�w�e�d� �h�e�r�e� �p�r�o�v�i�d�e� �s�o�m�e� �s�u�p�p�o�r�t� �f�o�r� �T�C�A� �c�o�n�s�t�r�u�c�t�s� �i�n� �t�h�e� �c�o�n�t�e�x�t� �o�f� �t�h�e� �l�o�g�i�s�t�i�c�s� �m�a�k�e� 

�o�r� �b�u�y� �i�s�s�u�e�.� 

�R�e�s�p�o�n�d�e�n�t�s� �i�n� �a� �n�u�m�b�e�r� �o�f� �t�h�e� �n�o�r�m�a�t�i�v�e� �o�r� �e�x�p�l�o�r�a�t�o�r�y� �s�t�u�d�i�e�s� �r�e�v�i�e�w�e�d� 

�e�m�p�h�a�s�i�z�e�d� �c�o�s�t� �r�e�d�u�c�t�i�o�n� �a�s� �a� �c�r�i�t�i�c�a�l� �f�a�c�t�o�r� �i�n� �t�h�e� �m�a�k�e� �o�r� �b�u�y� �d�e�c�i�s�i�o�n�,� �a� �f�i�n�d�i�n�g� �w�h�i�c�h� 

�p�r�o�v�i�d�e�s� �c�o�r�r�o�b�o�r�a�t�i�o�n� �f�o�r� �t�h�e� �e�c�o�n�o�m�i�z�i�n�g� �e�m�p�h�a�s�i�s� �o�f� �t�h�e� �T�C�A� �m�a�k�e� �v�e�r�s�u�s� �b�u�y� 

�f�r�a�m�e�w�o�r�k�.� �F�u�r�t�h�e�r�m�o�r�e�,� �v�a�r�i�o�u�s� �n�o�r�m�a�t�i�v�e� �s�t�u�d�i�e�s� �o�r� �l�i�t�e�r�a�t�u�r�e� �r�e�v�i�e�w�s� �p�r�o�v�i�d�e�d� �e�m�p�i�r�i�c�a�l� 

�e�v�i�d�e�n�c�e� �o�f� �v�a�r�i�a�b�l�e�s� �w�h�i�c�h� �o�s�t�e�n�s�i�b�l�y� �r�e�p�r�e�s�e�n�t� �c�o�n�s�t�r�u�c�t�s� �f�r�o�m� �t�h�e� �c�o�n�c�e�p�t�u�a�l� �f�r�a�m�e�w�o�r�k� 

�o�f� �t�h�i�s� �s�t�u�d�y�.� �E�x�a�m�p�l�e�s� �o�f� �t�h�i�s� �a�r�e� �M�c�G�i�n�n�i�s �� �(�1�9�7�8�)� �c�u�s�t�o�m�e�r� �s�e�r�v�i�c�e� �r�e�q�u�i�r�e�m�e�n�t�s� 

�(�u�n�c�e�r�t�a�i�n�t�y�)� �a�n�d� �C�a�v�i�n�a�t�o ��s� �(�1�9�8�4�)� �c�o�n�t�r�a�c�t�i�n�g� �c�o�s�t�s� �(�t�r�a�n�s�a�c�t�i�o�n� �c�o�s�t�s�)� �a�n�d� �c�o�m�m�o�d�i�t�y� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �(�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �g�o�o�d�s� �r�e�q�u�i�r�i�n�g� �s�p�e�c�i�f�i�c� �a�s�s�e�t�s�)�.� �F�i�n�a�l�l�y�,� �t�h�e� �e�x�p�l�o�r�a�t�o�r�y� 

�c�a�s�e� �s�t�u�d�i�e�s� �c�h�a�r�a�c�t�e�r�i�z�e�d� �t�h�e� �m�a�n�a�g�e�r�i�a�l� �r�e�l�e�v�a�n�c�e� �o�f� �t�h�e� �l�o�g�i�s�t�i�c�s� �m�a�k�e� �o�r� �b�u�y� �i�s�s�u�e� �a�n�d� 

�t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �t�h�e� �c�u�s�t�o�m�e�r� �s�e�r�v�i�c�e� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� �(�e�.�g�.�,� �o�r�d�e�r� �c�y�c�l�e� �t�i�m�e�)� �t�o� �t�h�i�s� 
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�d�e�c�i�s�i�o�n� �(�(�M�c�G�i�n�n�i�s� �1�9�7�8�;� �S�t�o�c�k� �1�9�8�8�;� �B�i�s�h�o�p� �a�n�d� �W�u�n�n�i�n�g� �1�9�8�8�;� �L�a�L�o�n�d�e�,� �C�o�o�p�e�r�,� �a�n�d� 

�N�o�o�r�d�e�w�i�e�r� �1�9�8�8�;� �L�a�L�o�n�d�e� �a�n�d� �C�o�o�p�e�r� �1�9�8�9�)�.� 

�I�n� �s�u�m�m�a�r�y�,� �t�h�e� �f�i�n�d�i�n�g�s� �o�f� �t�h�e� �h�y�p�o�t�h�e�s�i�s� �t�e�s�t�i�n�g� �r�e�s�e�a�r�c�h�,� �a�s� �w�e�l�l� �a�s� �t�h�e� 

�n�o�r�m�a�t�i�v�e� �s�t�u�d�i�e�s�,� �l�i�t�e�r�a�t�u�r�e� �r�e�v�i�e�w�s�,� �a�n�d� �e�x�p�l�o�r�a�t�o�r�y� �s�t�u�d�i�e�s� �d�i�s�c�u�s�s�e�d� �i�n� �t�h�i�s� �r�e�v�i�e�w� 

�i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� �c�o�n�c�e�p�t�u�a�l� �f�r�a�m�e�w�o�r�k� �s�e�l�e�c�t�e�d� �f�o�r� �t�h�i�s� �s�t�u�d�y� �i�s� �a� �u�s�e�f�u�l� �p�e�r�s�p�e�c�t�i�v�e� �f�r�o�m� 

�w�h�i�c�h� �t�o� �e�x�a�m�i�n�e� �t�h�e� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �o�u�t�s�o�u�r�c�i�n�g� �d�e�c�i�s�i�o�n�.� �F�i�n�a�l�l�y�,� �t�h�e� �e�x�p�l�o�r�a�t�o�r�y� �c�a�s�e� 

�s�t�u�d�i�e�s� �d�i�s�c�u�s�s�e�d� �a�r�e� �i�l�l�u�s�t�r�a�t�i�v�e� �o�f� �t�h�e� �m�a�n�a�g�e�r�i�a�l� �r�e�l�e�v�a�n�c�e� �o�f� �r�e�s�e�a�r�c�h� �e�x�a�m�i�n�i�n�g� �t�h�i�s� 

�i�s�s�u�e�.� 

�S�I�G�N�I�F�I�C�A�N�C�E� �O�F� �T�H�E� �P�R�E�S�E�N�T� �S�T�U�D�Y� 

�T�h�i�s� �f�i�n�a�l� �s�e�c�t�i�o�n� �s�u�m�m�a�r�i�z�e�s� �t�h�e� �e�x�i�s�t�i�n�g� �c�o�n�c�e�p�t�u�a�l� �a�n�d� �e�m�p�i�r�i�c�a�l� �r�e�s�e�a�r�c�h� �o�n� �t�h�e� 

�i�s�s�u�e� �o�f� �m�a�k�e� �o�r� �b�u�y� �t�h�a�t� �h�a�s� �b�e�e�n� �d�i�s�c�u�s�s�e�d� �i�n� �t�h�i�s� �c�h�a�p�t�e�r� �a�n�d� �d�i�s�c�u�s�s�e�s� �h�o�w� �t�h�e� �p�r�e�s�e�n�t� 

�s�t�u�d�y� �c�o�n�t�r�i�b�u�t�e�d� �t�h�e� �t�o� �e�x�i�s�t�i�n�g� �k�n�o�w�l�e�d�g�e�.� 

�F�i�v�e� �f�r�a�m�e�w�o�r�k�s� �h�a�v�e� �b�e�e�n� �u�s�e�d� �i�n� �m�a�r�k�e�t�i�n�g� �a�n�d� �l�o�g�i�s�t�i�c�s� �l�i�t�e�r�a�t�u�r�e� �t�o� �a�d�d�r�e�s�s� �t�h�e� 

�i�s�s�u�e� �o�f� �c�h�a�n�n�e�l� �s�t�r�u�c�t�u�r�e�,� �s�p�e�c�i�f�i�c�a�l�l�y� �t�h�e� �m�a�k�e� �o�r� �b�u�y� �d�e�c�i�s�i�o�n�.� �A� �p�r�e�v�i�o�u�s� �s�e�c�t�i�o�n� �o�f� �t�h�i�s� 

�c�h�a�p�t�e�r� �d�i�s�c�u�s�s�e�d� �t�h�e� �f�i�v�e� �f�r�a�m�e�w�o�r�k�s� �a�n�d� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �f�o�u�r� �o�f� �t�h�e�s�e� �c�a�n� �b�e� �s�u�b�s�u�m�e�d� 

�u�n�d�e�r� �T�C�A�.� 

�T�h�e� �e�m�p�i�r�i�c�a�l� �r�e�s�e�a�r�c�h� �o�n� �t�r�a�n�s�a�c�t�i�o�n� �c�o�s�t� �a�n�a�l�y�s�i�s� �e�x�h�i�b�i�t�s� �a� �l�a�c�k� �o�f� �u�n�i�f�o�r�m� �r�e�s�u�l�t�s� 

�(�o�r� �n�o� �r�e�s�u�l�t�s�)� �o�n� �T�C�A� �t�r�a�n�s�a�c�t�i�o�n� �d�i�m�e�n�s�i�o�n�s� �a�n�d� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n�s� �a�m�o�n�g� �t�h�e� �d�i�m�e�n�s�i�o�n�s�;� 

�h�a�s� �b�e�e�n� �c�o�n�d�u�c�t�e�d� �u�s�i�n�g� �p�r�i�m�a�r�i�l�y� �s�u�r�v�e�y� �m�e�t�h�o�d�o�l�o�g�y�;� �r�e�q�u�i�r�e�s� �e�x�p�l�o�r�a�t�i�o�n� �o�f� �t�h�e� 

�n�o�r�m�a�t�i�v�e� �p�e�r�f�o�r�m�a�n�c�e� �i�m�p�l�i�c�a�t�i�o�n�s� �o�f� �t�h�e� �T�C�A� �f�r�a�m�e�w�o�r�k�;� �a�n�d� �h�a�s� �n�o�t� �a�d�e�q�u�a�t�e�l�y� 

�a�d�d�r�e�s�s�e�d� �t�h�e� �i�s�s�u�e� �o�f� �t�h�e� �t�o�t�a�l� �o�f� �t�r�a�n�s�a�c�t�i�o�n� �a�n�d� �p�r�o�d�u�c�t�i�o�n� �c�o�s�t�s�.� 

�T�h�e� �m�a�j�o�r�i�t�y� �o�f� �l�o�g�i�s�t�i�c�s� �r�e�s�e�a�r�c�h� �h�a�s� �f�a�i�l�e�d� �t�o� �u�t�i�l�i�z�e� �h�y�p�o�t�h�e�s�i�s� �t�e�s�t�i�n�g�,� �n�e�g�l�e�c�t�e�d� 

�r�e�l�i�a�b�i�l�i�t�y� �a�n�d� �v�a�l�i�d�i�t�y� �a�p�p�r�a�i�s�a�l�s�,� �a�n�d� �u�s�e�d� �a�n�a�l�y�t�i�c�a�l� �t�e�c�h�n�i�q�u�e�s�,� �s�u�c�h� �a�s� �d�e�s�c�r�i�p�t�i�v�e� 
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�S�t�a�t�i�s�t�i�c�s�,� �t�h�a�t� �l�a�c�k� �r�i�g�o�r�.� �T�h�e� �r�e�s�e�a�r�c�h� �d�e�s�i�g�n� �a�n�d� �d�a�t�a� �a�n�a�l�y�s�i�s� �i�n� �t�h�i�s� �s�t�u�d�y� �a�d�d�r�e�s�s�e�d� �t�h�i�s� 

�d�e�f�i�c�i�e�n�c�y�.� 

�L�o�g�i�s�t�i�c�s�,� �p�a�r�t�i�c�u�l�a�r�l�y� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �e�f�f�i�c�i�e�n�c�y�,� �h�a�s� �s�u�b�s�t�a�n�t�i�a�l� �e�c�o�n�o�m�i�c� 

�i�m�p�l�i�c�a�t�i�o�n�s� �f�o�r� �t�h�e� �U�S�.� �T�h�e� �l�e�v�e�l� �o�f� �i�n�t�e�r�e�s�t� �i�n� �t�h�e� �m�a�n�a�g�e�r�i�a�l� �i�s�s�u�e� �o�f� �o�u�t�s�o�u�r�c�i�n�g� �b�u�s�i�n�e�s�s� 

�f�u�n�c�t�i�o�n�s� �i�n� �g�e�n�e�r�a�l�,� �a�n�d� �l�o�g�i�s�t�i�c�s� �f�u�n�c�t�i�o�n�s� �i�n� �p�a�r�t�i�c�u�l�a�r�,� �s�u�g�g�e�s�t�s� �t�h�a�t� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� 

�i�m�p�l�i�c�a�t�i�o�n�s� �o�f� �t�h�e� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �o�u�t�s�o�u�r�c�i�n�g� �d�e�c�i�s�i�o�n� �h�a�v�e� �s�i�g�n�i�f�i�c�a�n�t� �m�a�n�a�g�e�r�i�a�l� 

�r�e�l�e�v�a�n�c�e�.� 

�I�n� �s�u�m�m�a�r�y�,� �t�h�e� �c�o�n�t�r�i�b�u�t�i�o�n�s� �o�f� �t�h�i�s� �s�t�u�d�y� �f�a�l�l� �i�n�t�o� �t�h�r�e�e� �c�a�t�e�g�o�r�i�e�s�:� �c�o�n�c�e�p�t�u�a�l�,� 

�m�e�t�h�o�d�o�l�o�g�i�c�a�l�,� �a�n�d� �m�a�n�a�g�e�r�i�a�l�.� �C�o�n�c�e�p�t�u�a�l� �c�o�n�t�r�i�b�u�t�i�o�n�s� �i�n�c�l�u�d�e�d� �e�x�p�l�o�r�a�t�i�o�n� �o�f� �t�h�e� �f�i�v�e� 

�f�r�a�m�e�w�o�r�k�s� �t�h�a�t� �h�a�v�e� �b�e�e�n� �a�p�p�l�i�e�d� �t�o� �t�h�e� �m�a�k�e� �o�r� �b�u�y� �i�s�s�u�e� �i�n� �m�a�r�k�e�t�i�n�g� �a�n�d� �l�o�g�i�s�t�i�c�s�,� 

�a�l�o�n�g� �w�i�t�h� �t�h�e� �c�o�n�c�l�u�s�i�o�n� �t�h�a�t� �f�o�u�r� �o�f� �t�h�e�s�e� �f�r�a�m�e�w�o�r�k�s� �c�a�n� �b�e� �s�u�b�s�u�m�e�d� �u�n�d�e�r� �T�C�A�;� 

�o�p�e�r�a�t�i�o�n�a�l�i�z�a�t�i�o�n� �o�f� �a�l�l� �r�e�l�e�v�a�n�t� �c�o�n�s�t�r�u�c�t�s� �i�n� �t�h�e� �T�C�A� �f�r�a�m�e�w�o�r�k� �a�n�d� �a�n� �e�x�a�m�i�n�a�t�i�o�n� �o�f� �t�h�e� 

�a�p�p�r�o�p�r�i�a�t�e� �i�n�t�e�r�a�c�t�i�o�n� �e�f�f�e�c�t�s�;� �i�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �t�h�e� �n�o�r�m�a�t�i�v�e� �i�m�p�l�i�c�a�t�i�o�n�s� �o�f� �T�C�A�;� �a�n�d� 

�u�t�i�l�i�z�a�t�i�o�n� �o�f� �T�C�A� �a�n�d� �a� �h�y�p�o�t�h�e�s�i�s� �t�e�s�t�i�n�g� �a�p�p�r�o�a�c�h� �t�o� �e�x�a�m�i�n�e� �a� �l�o�g�i�s�t�i�c�s� �r�e�s�e�a�r�c�h� 

�p�r�o�b�l�e�m�.� �M�e�t�h�o�d�o�l�o�g�i�c�a�l� �c�o�n�t�r�i�b�u�t�i�o�n�s� �i�n�c�l�u�d�e�d� �t�h�e� �u�s�e� �o�f� �a�n� �a�l�t�e�r�n�a�t�i�v�e� �m�e�t�h�o�d�o�l�o�g�y� 

�(�c�o�m�p�u�t�e�r� �s�i�m�u�l�a�t�i�o�n� �a�n�d� �e�x�p�e�r�i�m�e�n�t�a�l� �d�e�s�i�g�n�)� �t�o� �a�d�d�r�e�s�s� �s�o�m�e� �o�f� �t�h�e� �v�u�l�n�e�r�a�b�i�l�i�t�i�e�s� �o�f� �t�h�e� 

�s�u�r�v�e�y� �m�e�t�h�o�d�o�l�o�g�y� �e�m�p�l�o�y�e�d� �i�n� �t�h�e� �e�x�i�s�t�i�n�g� �r�e�s�e�a�r�c�h�,� �a�n�d� �e�x�a�m�i�n�a�t�i�o�n�,� �t�h�r�o�u�g�h� �t�h�e� �u�s�e� �o�f� 

�t�h�e� �r�e�a�l�i�s�t�i�c� �b�u�t� �c�o�n�t�r�o�l�l�e�d� �e�n�v�i�r�o�n�m�e�n�t� �o�f� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l�,� �o�f� �t�h�e� �e�f�f�e�c�t�s� �o�f� �T�C�A� 

�c�o�n�s�t�r�u�c�t�s� �o�n� �t�h�e� �t�o�t�a�l� �o�f� �t�r�a�n�s�a�c�t�i�o�n� �a�n�d� �p�r�o�d�u�c�t�i�o�n� �c�o�s�t�s�.� �M�a�n�a�g�e�r�i�a�l� �c�o�n�t�r�i�b�u�t�i�o�n�s� 

�i�n�c�l�u�d�e�d� �a�n� �i�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �w�h�a�t� �f�a�c�t�o�r�s� �i�n�f�l�u�e�n�c�e� �t�h�e� �o�p�e�r�a�t�i�o�n�a�l� �i�s�s�u�e� �o�f� �w�h�e�t�h�e�r� �a� �f�i�r�m� 

�s�h�o�u�l�d� �u�t�i�l�i�z�e� �p�r�i�v�a�t�e� �m�o�t�o�r� �c�a�r�r�i�e�r�s� �o�r� �o�u�t�s�o�u�r�c�e� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�e�r�v�i�c�e� �r�e�q�u�i�r�e�m�e�n�t�s�.� 

�T�h�e� �n�e�x�t� �c�h�a�p�t�e�r� �d�i�s�c�u�s�s�e�s� �p�r�e�v�i�o�u�s� �a�p�p�l�i�c�a�t�i�o�n�s� �o�f� �c�o�m�p�u�t�e�r� �s�i�m�u�l�a�t�i�o�n� 

�m�e�t�h�o�d�o�l�o�g�y� �i�n� �l�o�g�i�s�t�i�c�s� �r�e�s�e�a�r�c�h�,� �d�e�f�i�n�e�s� �t�h�e� �v�a�r�i�a�b�l�e�s� �a�n�d� �d�e�m�o�n�s�t�r�a�t�e�s� �h�o�w� �e�a�c�h� �v�a�r�i�a�b�l�e� 

�w�a�s� �o�p�e�r�a�t�i�o�n�a�l�i�z�e�d�,� �d�e�s�c�r�i�b�e�s� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �u�s�e�d� �f�o�r� �t�h�i�s� �r�e�s�e�a�r�c�h� �a�n�d� �e�x�p�l�a�i�n�s� �h�o�w� 
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�t�h�e� �m�o�d�e�l� �w�a�s� �v�e�r�i�f�i�e�d� �a�n�d� �v�a�l�i�d�a�t�e�d�,� �d�e�v�e�l�o�p�s� �t�h�e� �r�e�s�e�a�r�c�h� �h�y�p�o�t�h�e�s�e�s�,� �a�n�d� �s�p�e�c�i�f�i�e�s� �t�h�e� 

�r�e�s�e�a�r�c�h� �d�e�s�i�g�n� �a�n�d� �m�e�t�h�o�d� �o�f� �a�n�a�l�y�s�i�s�.� 
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�C�H�A�P�T�E�R� �I�I�I� 

�R�E�S�E�A�R�C�H� �M�E�T�H�O�D�O�L�O�G�Y� 

�T�h�i�s� �c�h�a�p�t�e�r� �d�e�s�c�r�i�b�e�s� �t�h�e� �m�e�t�h�o�d�o�l�o�g�y� �o�f� �t�h�i�s� �r�e�s�e�a�r�c�h� �s�t�u�d�y�.� �T�h�e� �f�i�r�s�t� �s�e�c�t�i�o�n� 

�d�i�s�c�u�s�s�e�s� �t�h�e� �p�r�o�c�e�d�u�r�e� �f�o�r� �s�i�m�u�l�a�t�i�n�g� �a� �s�y�s�t�e�m�,� �r�e�l�a�t�i�n�g� �e�a�c�h� �s�t�a�g�e� �o�f� �t�h�i�s� �p�r�o�c�e�d�u�r�e� �t�o� �t�h�e� 

�p�r�e�s�e�n�t� �r�e�s�e�a�r�c�h� �s�t�u�d�y�.� �T�h�e� �s�e�c�o�n�d� �s�e�c�t�i�o�n� �d�i�s�c�u�s�s�e�s� �p�r�e�v�i�o�u�s� �a�p�p�l�i�c�a�t�i�o�n�s� �o�f� �c�o�m�p�u�t�e�r� 

�s�i�m�u�l�a�t�i�o�n� �i�n� �l�o�g�i�s�t�i�c�s� �r�e�s�e�a�r�c�h�.� �T�h�e� �t�h�i�r�d� �s�e�c�t�i�o�n� �d�e�f�i�n�e�s� �t�h�e� �v�a�r�i�a�b�l�e�s� �u�s�e�d� �i�n� �t�h�i�s� �s�t�u�d�y� 

�a�n�d� �d�i�s�c�u�s�s�e�s� �h�o�w� �e�a�c�h� �w�a�s� �o�p�e�r�a�t�i�o�n�a�l�i�z�e�d�.� �T�h�e� �f�o�u�r�t�h� �s�e�c�t�i�o�n� �p�r�e�s�e�n�t�s� �t�h�e� �r�e�s�e�a�r�c�h� 

�h�y�p�o�t�h�e�s�e�s� �a�n�d� �s�p�e�c�i�f�i�e�s� �t�h�e� �r�e�s�e�a�r�c�h� �d�e�s�i�g�n� �a�n�d� �a�n�a�l�y�s�e�s� �t�h�a�t� �w�e�r�e� �u�s�e�d� �t�o� �t�e�s�t� �t�h�e� 

�h�y�p�o�t�h�e�s�e�s�.� �T�h�e� �f�i�f�t�h� �s�e�c�t�i�o�n� �d�e�s�c�r�i�b�e�s� �t�h�e� �n�e�t�w�o�r�k� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �t�h�a�t� �w�a�s� �u�s�e�d� �t�o� �t�e�s�t� 

�t�h�e� �r�e�s�e�a�r�c�h� �h�y�p�o�t�h�e�s�e�s� �a�n�d� �d�i�s�c�u�s�s�e�s� �p�a�r�a�m�e�t�e�r�i�z�a�t�i�o�n�,� �v�e�r�i�f�i�c�a�t�i�o�n�,� �v�a�l�i�d�a�t�i�o�n� �o�f� �t�h�e� 

�m�o�d�e�l�,� �a�s� �w�e�l�l� �a�s� �s�o�m�e� �i�s�s�u�e�s� �t�h�a�t� �i�n�v�o�l�v�e� �t�h�e� �a�c�c�u�r�a�c�y� �a�n�d� �r�e�l�i�a�b�i�l�i�t�y� �o�f� �t�h�e� �d�a�t�a� �p�r�o�d�u�c�e�d� 

�b�y� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l�.� 

�T�H�E� �S�I�M�U�L�A�T�I�O�N� �P�R�O�C�E�S�S� 

�L�e�e�,� �M�o�o�r�e�,� �a�n�d� �T�a�y�l�o�r� �(�1�9�9�0�)� �r�e�c�o�m�m�e�n�d�e�d� �t�h�a�t� �t�h�e� �f�o�l�l�o�w�i�n�g� �s�t�e�p�s� �b�e� �f�o�l�l�o�w�e�d� 

�w�h�e�n� �s�i�m�u�l�a�t�i�n�g� �a� �s�y�s�t�e�m� �(�s�e�e� �F�i�g�u�r�e� �2�)�:� �f�o�r�m�u�l�a�t�e� �t�h�e� �p�r�o�b�l�e�m�;� �s�p�e�c�i�f�y� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� 

�o�f� �t�h�e� �s�y�s�t�e�m� �(�d�e�c�i�s�i�o�n� �r�u�l�e�s� �a�n�d� �s�y�s�t�e�m� �p�a�r�a�m�e�t�e�r�s�)�;� �d�e�v�e�l�o�p� �a� �c�o�m�p�u�t�e�r� �m�o�d�e�l� �o�f� �t�h�e� 

�s�y�s�t�e�m�;� �v�a�l�i�d�a�t�e� �t�h�e� �m�o�d�e�l�;� �d�e�s�i�g�n� �e�x�p�e�r�i�m�e�n�t�s� �t�o� �i�n�v�e�s�t�i�g�a�t�e� �t�h�e� �s�y�s�t�e�m�;� �p�e�r�f�o�r�m� 

�s�i�m�u�l�a�t�i�o�n�s�;� �a�s�s�e�m�b�l�e� �s�i�m�u�l�a�t�i�o�n� �o�u�t�p�u�t�;� �a�n�d� �a�n�a�l�y�z�e� �s�i�m�u�l�a�t�i�o�n� �o�u�t�p�u�t�.� 

�S�t�e�p� �o�n�e� �i�n� �t�h�e� �a�b�o�v�e� �p�r�o�c�e�d�u�r�e�,� �p�r�o�b�l�e�m� �f�o�r�m�u�l�a�t�i�o�n�,� �w�a�s� �a�c�c�o�m�p�l�i�s�h�e�d� �i�n� 

�C�H�A�P�T�E�R� �I�,� �w�i�t�h� �t�h�e� �p�r�e�s�e�n�t� �r�e�s�e�a�r�c�h� �p�r�o�b�l�e�m� �b�e�i�n�g� �s�t�a�t�e�d�:� �h�o�w� �i�s� �t�h�e� �c�o�s�t� �o�f� �m�o�t�o�r� 

�C�a�r�r�i�e�r� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �f�o�r� �a� �p�r�o�d�u�c�t�'�s� �d�i�s�t�r�i�b�u�t�i�o�n� �f�r�o�m� �m�a�n�u�f�a�c�t�u�r�e�r� �t�o� �c�u�s�t�o�m�e�r� �a�f�f�e�c�t�e�d� �b�y� 

�t�h�e� �o�r�g�a�n�i�z�a�t�i�o�n�a�l� �s�t�r�u�c�t�u�r�e� �(�p�r�i�v�a�t�e� �f�l�e�e�t� �v�e�r�s�u�s� �o�u�t�s�o�u�r�c�e�d� �t�r�a�n�s�p�o�r�t�a�t�i�o�n�)� �a�n�d� �t�h�e� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�h�e� �a�c�t�i�v�i�t�i�e�s� �r�e�l�a�t�e�d� �t�o� �t�r�a�n�s�p�o�r�t�i�n�g� �t�h�a�t� �p�r�o�d�u�c�t�.� 
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�F�o�r�m�u�l�a�t�e� �P�r�o�b�l�e�m� 

 �� 
�+� 

�S�p�e�c�i�f�y� �P�e�r�f�o�r�m�a�n�c�e� �C�r�i�t�e�r�i�a�,� �D�e�c�i�s�i�o�n� �R�u�l�e�s�,� �a�n�d� �S�y�s�t�e�m� �P�a�r�a�m�e�t�e�r�s� 

 �� 
�t� 

�D�e�v�e�l�o�p� �M�o�d�e�l� 

 �� 
�¢� 

�V�a�l�i�d�a�t�e� �M�o�d�e�l� 

�¢� 
 �� 

�D�e�s�i�g�n� �E�x�p�e�r�i�m�e�n�t�s� 

�4� 
�4� 

�P�e�r�f�o�r�m� �S�i�m�u�l�a�t�i�o�n�s� 

�é� 
�+� 

�A�s�s�e�m�b�l�e� �O�u�t�p�u�t� �R�e�s�u�l�t�s� �(�M�o�d�e�l� �O�p�e�r�a�t�i�n�g� �S�t�a�t�i�s�t�i�c�s�)� 

 �� 
�t� 

�A�n�a�l�y�z�e� �R�e�s�u�l�t�s� 

�F�I�G�U�R�E� �2� 
�S�T�E�P�S� �I�N� �T�H�E� �S�I�M�U�L�A�T�I�O�N� �P�R�O�C�E�S�S� 

�A�d�a�p�t�e�d� �f�r�o�m� �L�e�e�,� �M�o�o�r�e�,� �a�n�d� �T�a�y�l�o�r� �(�1�9�9�0�,� �p�.� �5�3�5�)� 
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�S�t�e�p�s� �t�w�o� �a�n�d� �t�h�r�e�e� �i�n� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �p�r�o�c�e�d�u�r�e� �i�n�v�o�l�v�e� �s�p�e�c�i�f�y�i�n�g� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� 

�o�f� �t�h�e� �s�y�s�t�e�m� �o�f� �i�n�t�e�r�e�s�t� �a�n�d� �d�e�v�e�l�o�p�i�n�g� �a� �c�o�m�p�u�t�e�r� �m�o�d�e�l� �o�f� �t�h�a�t� �s�y�s�t�e�m�.� �T�h�e� 

�s�p�e�c�i�f�i�c�a�t�i�o�n�s� �f�o�r� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �t�h�a�t� �w�a�s� �u�s�e�d� �i�n� �t�h�i�s� �s�t�u�d�y� �a�n�d� �t�h�e� �m�o�d�e�l� 

�d�e�v�e�l�o�p�m�e�n�t� �p�r�o�c�e�s�s� �a�r�e� �d�i�s�c�u�s�s�e�d� �u�n�d�e�r� �M�O�D�E�L� �C�O�N�S�T�R�U�C�T�I�O�N� �A�N�D� �M�O�D�E�L� 

�P�A�R�A�W�I�E�T�E�R�S� �a�n�d� �A�c�t�i�v�i�t�y� �B�a�s�e�d� �C�o�s�t�s� �f�o�r� �t�h�e� �T�r�a�n�s�p�o�r�t�a�t�i�o�n� �N�e�t�w�o�r�k� �M�o�d�e�l� �i�n� �t�h�e� 

�s�e�c�t�i�o�n�,� �N�E�T�W�O�R�K� �S�I�M�U�L�A�T�I�O�N� �M�O�D�E�L�.� 

�S�t�e�p� �f�o�u�r�,� �m�o�d�e�l� �v�a�l�i�d�a�t�i�o�n�,� �i�s� �d�i�s�c�u�s�s�e�d� �u�n�d�e�r� �M�O�D�E�L� �V�A�L�I�D�A�T�I�O�N� �i�n� �t�h�e� �s�e�c�t�i�o�n�,� 

�N�E�T�W�O�R�K� �S�I�M�U�L�A�T�I�O�N� �M�O�D�E�L�.� �T�h�e� �s�t�e�p�s� �o�u�t�l�i�n�e�d� �f�o�r� �v�e�r�i�f�i�c�a�t�i�o�n� �a�n�d� �v�a�l�i�d�a�t�i�o�n� �o�f� �t�h�e� 

�m�o�d�e�l� �i�n� �t�h�i�s� �s�t�u�d�y� �a�r�e� �a�d�a�p�t�e�d� �f�r�o�m� �V�a�n� �H�o�r�n� �(�1�9�6�9�)�,� �N�a�y�l�o�r� �a�n�d� �F�i�n�g�e�r� �(�1�9�6�7�)�,� �a�n�d� �L�a�w� 

�a�n�d� �K�e�l�t�o�n� �(�1�9�8�2�)�.� 

�S�t�e�p�s� �f�i�v�e�,� �s�e�v�e�n�,� �a�n�d� �e�i�g�h�t� �(�d�e�s�i�g�n� �e�x�p�e�r�i�m�e�n�t�s� �t�o� �i�n�v�e�s�t�i�g�a�t�e� �t�h�e� �s�y�s�t�e�m�:� 

�a�s�s�e�m�b�l�e� �s�i�m�u�l�a�t�i�o�n� �o�u�t�p�u�t�;� �a�n�d� �a�n�a�l�y�z�e� �r�e�s�u�l�t�s�)� �a�r�e� �d�i�s�c�u�s�s�e�d� �i�n� �t�h�e� �R�E�S�E�A�R�C�H� 

�H�Y�P�O�T�H�E�S�E�S� �-� �R�E�S�E�A�R�C�H� �D�E�S�I�G�N� �s�e�c�t�i�o�n� �a�n�d� �t�h�e� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �o�u�t�p�u�t� �(�s�t�e�p� 

�e�i�g�h�t�)� �i�s� �p�r�e�s�e�n�t�e�d� �i�n� �C�H�A�P�T�E�R� �I�V�.� �T�h�e� �r�e�l�e�v�a�n�t� �a�s�p�e�c�t�s� �o�f� �t�h�e� �s�t�e�p� �s�i�x� �(�p�e�r�f�o�r�m� 

�s�i�m�u�l�a�t�i�o�n�s�)� �a�r�e� �d�i�s�c�u�s�s�e�d� �u�n�d�e�r� �S�I�M�U�L�A�T�I�O�N� �i�n� �t�h�e� �N�E�T�W�O�R�K� �S�I�M�U�L�A�T�I�O�N� �M�O�D�E�L� � � 

�s�e�c�t�i�o�n�.� 

�C�O�M�P�U�T�E�R� �S�I�M�U�L�A�T�I�O�N� �A�P�P�L�I�C�A�T�I�O�N�S� 

�T�h�e�r�e� �a�r�e� �n�u�m�e�r�o�u�s� �a�p�p�l�i�c�a�t�i�o�n�s� �o�f� �c�o�m�p�u�t�e�r� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l�l�i�n�g� �o�f� �c�o�m�p�o�n�e�n�t�s� �o�f� 

�l�o�g�i�s�t�i�c�s�/�d�i�s�t�r�i�b�u�t�i�o�n� �s�y�s�t�e�m�s�,� �a�s� �w�e�l�l� �a�s� �c�o�m�p�l�e�t�e� �s�y�s�t�e�m�s�.� �T�w�o� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�h�e� 

�a�c�t�i�v�i�t�i�e�s� �i�n�v�o�l�v�e�d� �i�n� �t�h�e�s�e� �s�y�s�t�e�m�s� �m�a�k�e� �t�h�e�m� �p�a�r�t�i�c�u�l�a�r�l�y� �s�u�i�t�a�b�l�e� �f�o�r� �m�o�d�e�l�l�i�n�g�:� �1�)� �t�h�e�s�e� 

�a�c�t�i�v�i�t�i�e�s� �g�e�n�e�r�a�t�e� �d�a�t�a� �t�h�a�t� �a�r�e� �r�e�l�a�t�i�v�e�l�y� �q�u�a�n�t�i�f�i�a�b�l�e�,� �a�n�d� �2�)� �t�h�e�y� �i�n�v�o�l�v�e� �n�e�t�w�o�r�k�s� �o�f� 

�"�f�i�x�e�d� �f�a�c�i�l�i�t�i�e�s� �a�n�d� �c�o�n�n�e�c�t�i�n�g� �l�i�n�k�a�g�e�s �� �(�M�e�n�t�z�e�r� �a�n�d� �C�o�s�m�a�s� �1�9�7�9�,� �p�.� �3�7�)�.� �T�h�e� �s�i�z�e� �a�n�d� 

�c�o�m�p�l�e�x�i�t�y� �o�f� �t�h�e�s�e� �s�y�s�t�e�m�s�,� �t�h�e�i�r� �s�t�o�c�h�a�s�t�i�c� �n�a�t�u�r�e�,� �t�h�e� �l�e�v�e�l� �o�f� �d�e�t�a�i�l� �n�e�c�e�s�s�a�r�y� �f�o�r� 

�i�n�v�e�s�t�i�g�a�t�i�o�n�,� �a�n�d� �t�h�e� �i�n�t�e�r�-�r�e�l�a�t�i�o�n�s�h�i�p�s� �a�m�o�n�g� �t�h�e� �s�y�s�t�e�m� �c�o�m�p�o�n�e�n�t�s� �m�a�k�e� �s�i�m�u�l�a�t�i�o�n� 
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�m�o�d�e�l�l�i�n�g� �a� �p�a�r�t�i�c�u�l�a�r�l�y� �a�p�p�r�o�p�r�i�a�t�e� �m�o�d�e�l�l�i�n�g� �a�p�p�r�o�a�c�h�.� �F�i�n�a�l�l�y�,� �t�h�e� �f�a�c�t� �t�h�a�t� �"�r�e�a�l� �l�i�f�e �� 

�c�o�n�t�r�o�l�l�e�d� �e�x�p�e�r�i�m�e�n�t�a�t�i�o�n� �o�f� �l�o�g�i�s�t�i�c�s�/�d�i�s�t�r�i�b�u�t�i�o�n� �s�y�s�t�e�m�s� �i�s� �n�o�t� �p�o�s�s�i�b�l�e� �m�a�k�e�s� 

�e�x�p�e�r�i�m�e�n�t�a�l� �d�e�s�i�g�n�s� �u�s�i�n�g� �c�o�m�p�u�t�e�r� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l�s� �a�n� �a�t�t�r�a�c�t�i�v�e� �a�l�t�e�r�n�a�t�i�v�e� �f�o�r� 

�u�n�d�e�r�s�t�a�n�d�i�n�g� �s�y�s�t�e�m� �b�e�h�a�v�i�o�r� �(�G�e�o�f�f�r�i�o�n� �1�9�7�5�,� �1�9�7�6�;� �H�o�u�s�e� �a�n�d� �K�a�r�r�e�n�b�a�u�e�r� �1�9�7�8�;� 

�M�e�n�t�z�e�r� �a�n�d� �C�o�s�m�a�s� �1�9�7�9�)�.� �A�c�c�o�r�d�i�n�g� �t�o� �S�h�y�c�o�n� �a�n�d� �M�a�f�f�e�i� �(�1�9�6�0�)�,� 

�s�i�m�u�l�a�t�i�o�n� �p�r�o�v�i�d�e�s� �t�h�e� �a�b�i�l�i�t�y� �t�o� �o�p�e�r�a�t�e� �s�o�m�e� �p�a�r�t�i�c�u�l�a�r� �p�h�a�s�e� �o�f� �a� �b�u�s�i�n�e�s�s� �o�n� 
�p�a�p�e�r� �-� �o�r� �o�n� �a� �c�o�m�p�u�t�e�r� �-� �f�o�r� �a� �p�e�r�i�o�d� �o�f� �t�i�m�e�,� �a�n�d� �b�y� �t�h�i�s� �m�e�a�n�s� �t�o� �t�e�s�t� �v�a�r�i�o�u�s� 
�a�l�t�e�r�n�a�t�i�v�e� �s�t�r�a�t�e�g�i�e�s� �a�n�d� �s�y�s�t�e�m�s�.� �.�.� �.� �[�D�l�i�s�t�r�i�b�u�t�i�o�n� �.�.�.� �p�r�o�b�l�e�m�s� �.�.� �.� �h�a�v�e� �b�e�e�n� 
�s�o�l�v�e�d� �i�n� �a� �r�e�m�a�r�k�a�b�l�y� �a�c�c�u�r�a�t�e� �f�a�s�h�i�o�n� �b�y� �s�i�m�u�l�a�t�i�o�n� �(�p�.� �2�4�4�)�.� 

�T�h�i�s� �s�e�c�t�i�o�n� �d�i�s�c�u�s�s�e�s� �e�i�g�h�t� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l�s� �t�h�a�t� �h�a�v�e� �b�e�e�n� �u�s�e�d� �t�o� �i�n�v�e�s�t�i�g�a�t�e� 

�l�o�g�i�s�t�i�c�s�/�d�i�s�t�r�i�b�u�t�i�o�n� �s�y�s�t�e�m�s�.� 

�S�H�Y�C�O�N� �A�N�D� �M�A�F�F�E�I� �M�O�D�E�L� 

�S�h�y�c�o�n� �a�n�d� �M�a�f�f�e�i� �(�1�9�6�0�)� �d�e�v�e�l�o�p�e�d� �a� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �t�o� �s�o�l�v�e� �d�i�s�t�r�i�b�u�t�i�o�n� 

�p�r�o�b�l�e�m�s� �a�t� �H�.� �J�.� �H�e�i�n�z� �C�o�m�p�a�n�y�.� �T�h�e� �s�y�s�t�e�m� �c�o�n�s�i�s�t�e�d� �o�f� �w�a�r�e�h�o�u�s�e�s�,� �i�n�v�e�n�t�o�r�y� �p�o�l�i�c�i�e�s�,� 

�a�n�d� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �m�o�d�e�s�.� �A�l�t�h�o�u�g�h� �t�h�e�r�e� �w�a�s� �n�o� �e�x�p�l�i�c�i�t� �c�o�n�s�i�d�e�r�a�t�i�o�n� �o�f� �e�x�p�e�r�i�m�e�n�t�a�l� 

�d�e�s�i�g�n�,� �t�h�e� �m�o�d�e�l� �s�i�m�u�l�a�t�e�d� �a� �y�e�a�r� �o�f� �s�y�s�t�e�m� �o�p�e�r�a�t�i�o�n� �f�o�r� �a� �n�u�m�b�e�r� �o�f� �d�i�f�f�e�r�e�n�t� �w�a�r�e�h�o�u�s�e� 

�c�o�n�f�i�g�u�r�a�t�i�o�n�s� �a�n�d� �c�o�m�p�a�r�e�d� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �c�o�s�t�s� �f�o�r� �e�a�c�h� �c�o�n�f�i�g�u�r�a�t�i�o�n�.� 

�F�O�R�R�E�S�T�E�R� �M�O�D�E�L� 

�F�o�r�r�e�s�t�e�r� �(�1�9�6�1�)� �d�e�v�e�l�o�p�e�d� �a� �m�o�d�e�!� �t�h�a�t� �s�i�m�u�l�a�t�e�d� �a� �f�i�r�m�'�s� �p�r�o�d�u�c�t�i�o�n�/�d�i�s�t�r�i�b�u�t�i�o�n� 

�s�y�s�t�e�m�.� �T�h�e� �p�r�i�n�c�i�p�a�l� �c�o�n�t�r�i�b�u�t�i�o�n� �o�f� �t�h�e� �m�o�d�e�l� �w�a�s� �i�t�s� �d�e�m�o�n�s�t�r�a�t�i�o�n� �o�f� �t�h�e� �e�f�f�e�c�t� �o�f� 

�v�a�r�i�a�t�i�o�n�s� �i�n� �c�u�s�t�o�m�e�r� �d�e�m�a�n�d� �o�n� �i�n�v�e�n�t�o�r�y� �l�e�v�e�l�s� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �s�y�s�t�e�m�.� �F�o�r�r�e�s�t�e�r� 

�p�e�r�f�o�r�m�e�d� �n�o� �s�t�a�t�i�s�t�i�c�a�l� �a�n�a�l�y�s�e�s� �o�f� �t�h�e� �s�y�s�t�e�m ��s� �r�e�s�p�o�n�s�e�,� �u�s�i�n�g� �p�r�i�m�a�r�i�l�y� �g�r�a�p�h�i�c�a�l� 

�a�n�a�l�y�s�e�s�,� �a�n�d� �d�i�d� �n�o�t� �u�t�i�l�i�z�e� �a�n� �e�x�p�e�r�i�m�e�n�t�a�l� �d�e�s�i�g�n�.� �C�o�n�c�e�r�n�i�n�g� �m�o�d�e�l� �v�a�l�i�d�a�t�i�o�n�,� �F�o�r�r�e�s�t�e�r� 

�f�e�l�t� �t�h�e� �p�r�i�m�a�r�y� �p�u�r�p�o�s�e� �o�f� �t�h�e� �m�o�d�e�l� �w�a�s� �t�o� �f�a�c�i�l�i�t�a�t�e� �t�h�e� �d�e�s�i�g�n� �o�f� �b�e�t�t�e�r� �m�a�n�a�g�e�m�e�n�t� 
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�s�y�s�t�e�m�s�.� �A�c�c�o�r�d�i�n�g� �t�o� �t�h�i�s� �c�r�i�t�e�r�i�o�n�,� �t�h�e� �v�a�l�i�d�i�t�y� �o�f� �t�h�e� �m�o�d�e�l� �w�a�s� �a�b�l�e� �t�o� �b�e� �d�e�t�e�r�m�i�n�e�d� 

�o�n�l�y� �a�f�t�e�r� �i�t� �h�a�d� �b�e�e�n� �u�s�e�d� �f�o�r� �s�y�s�t�e�m� �d�e�s�i�g�n�.� 

�L�R�E�P�S� �M�O�D�E�L� 

�L�R�E�P�S� �(�L�o�n�g� �R�a�n�g�e� �E�n�v�i�r�o�n�m�e�n�t�a�l� �P�l�a�n�n�i�n�g� �S�i�m�u�l�a�t�o�r�)� �w�a�s� �a� �d�y�n�a�m�i�c� �s�i�m�u�l�a�t�i�o�n� 

�m�o�d�e�l� �d�e�v�e�l�o�p�e�d� �b�y� �B�o�w�e�r�s�o�x� �e�t� �a�l�.� �(�1�9�7�2�)� �a�t� �M�i�c�h�i�g�a�n� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y� �t�o� �e�v�a�l�u�a�t�e� �s�y�s�t�e�m� 

�c�o�s�t� �a�n�d� �s�e�r�v�i�c�e� �r�e�s�p�o�n�s�e� �t�o� �d�i�f�f�e�r�e�n�t� �d�i�s�t�r�i�b�u�t�i�o�n� �s�y�s�t�e�m� �d�e�s�i�g�n�s�.� �T�h�e� �m�o�d�e�l� �i�n�c�o�r�p�o�r�a�t�e�d� 

�t�h�e� �l�o�g�i�s�t�i�c�s� �e�l�e�m�e�n�t�s� �o�f� �t�r�a�n�s�p�o�r�t�a�t�i�o�n�,� �w�a�r�e�h�o�u�s�i�n�g�,� �i�n�v�e�n�t�o�r�y�,� �a�n�d� �c�o�m�m�u�n�i�c�a�t�i�o�n� �f�o�r� 

�t�h�r�e�e� �e�c�h�e�l�o�n�s� �o�f� �a� �d�i�s�t�r�i�b�u�t�i�o�n� �s�y�s�t�e�m� �(�m�a�n�u�f�a�c�t�u�r�e�r�,� �w�h�o�l�e�s�a�l�e�r�,� �a�n�d� �r�e�t�a�i�l�e�r�)�,� �a�n�d� 

�m�e�a�s�u�r�e�d� �s�y�s�t�e�m� �r�e�s�p�o�n�s�e�s� �o�f� �t�o�t�a�l� �c�o�s�t� �a�n�d� �c�u�s�t�o�m�e�r� �s�e�r�v�i�c�e� �(�d�e�l�i�v�e�r�y� �p�e�r�f�o�r�m�a�n�c�e�)�.� 

�V�a�r�i�a�t�i�o�n�s� �i�n� �d�e�m�a�n�d� �a�n�d� �l�e�a�d� �t�i�m�e� �f�o�r�m�e�d� �t�h�e� �i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s� �u�s�e�d� �f�o�r� �t�h�e� �f�u�l�l� 

�f�a�c�t�o�r�i�a�l� �d�e�s�i�g�n�.� �A�n�a�l�y�t�i�c�a�l� �t�e�c�h�n�i�q�u�e�s� �i�n�c�l�u�d�e�d�:� �A�N�O�V�A�,� �C�h�i�-�S�q�u�a�r�e� �t�e�s�t�s�,� �T�h�e�i�l ��s� 

�I�n�e�q�u�a�l�i�t�y� �C�o�e�f�f�i�c�i�e�n�t�,� �s�p�e�c�t�r�a�l� �a�n�a�l�y�s�e�s�,� �g�r�a�p�h�i�c�a�l� �a�n�a�l�y�s�e�s�,� �a�n�d� �f�a�c�t�o�r� �a�n�a�l�y�s�e�s�.� 

�E�x�p�e�r�i�m�e�n�t�a�l� �r�e�s�u�l�t�s� �o�f� �a� �s�e�r�i�e�s� �o�f� �s�i�m�u�l�a�t�i�o�n� �e�x�p�e�r�i�m�e�n�t�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �l�e�a�d� �t�i�m�e� 

�u�n�c�e�r�t�a�i�n�t�y� �i�n�c�r�e�a�s�e�d� �s�y�s�t�e�m� �c�o�s�t� �a�n�d� �d�e�c�r�e�a�s�e�d� �d�e�l�i�v�e�r�y� �p�e�r�f�o�r�m�a�n�c�e�.� 

�B�o�w�e�r�s�o�x� �e�t� �a�l�.� �p�e�r�f�o�r�m�e�d� �a�n� �a�r�r�a�y� �o�f� �a�n�a�l�y�s�e�s� �t�o� �e�x�a�m�i�n�e� �t�h�e� �m�o�d�e�l�'�s� �v�a�l�i�d�i�t�y�,� 

�w�h�i�c�h� �t�h�e�y� �m�a�i�n�t�a�i�n�e�d� �w�a�s� �i�n�d�i�c�a�t�e�d� �b�y�:� �1�)� �t�h�e� �m�o�d�e�l ��s� �l�o�n�g�-�t�e�r�m� �s�t�a�b�i�l�i�t�y�,� �2�)� �s�e�n�s�i�t�i�v�i�t�y� �o�f� 

�m�o�d�e�l� �r�e�s�p�o�n�s�e� �t�o� �m�o�d�e�l� �a�s�s�u�m�p�t�i�o�n�s�,� �a�n�d� �3�)� �c�o�m�p�a�r�i�s�o�n� �o�f� �m�o�d�e�l� �o�u�t�p�u�t� �w�i�t�h� �h�i�s�t�o�r�i�c�a�l� 

�o�u�t�p�u�t�.� �L�R�E�P�S� �a�p�p�e�a�r�e�d� �t�o� �p�o�s�s�e�s�s� �l�o�n�g�-�t�e�r�m� �s�t�a�b�i�l�i�t�y� �a�n�d� �t�h�e� �m�o�d�e�l ��s� �r�e�s�p�o�n�s�e� �v�a�r�i�a�b�l�e�s� 

�(�t�o�t�a�l� �c�o�s�t� �a�n�d� �d�e�l�i�v�e�r�y� �p�e�r�f�o�r�m�a�n�c�e�)� �p�r�o�v�e�d� �t�o� �b�e� �r�e�l�a�t�i�v�e�l�y� �i�n�s�e�n�s�i�t�i�v�e� �t�o� �t�h�e� �m�e�t�h�o�d�s� �u�s�e�d� 

�f�o�r� �g�e�n�e�r�a�t�i�n�g� �d�e�m�a�n�d� �a�n�d� �t�h�e� �s�e�l�e�c�t�i�o�n� �o�f� �p�r�o�d�u�c�t� �c�a�t�e�g�o�r�i�e�s� �u�s�e�d� �i�n� �t�h�e� �a�n�a�l�y�s�e�s�.� 

�H�o�w�e�v�e�r�,� �t�h�e� �r�e�s�u�l�t�s� �f�o�r� �t�h�e� �c�o�m�p�a�r�i�s�o�n� �o�f� �m�o�d�e�l� �o�u�t�p�u�t� �w�i�t�h� �h�i�s�t�o�r�i�c�a�l� �o�u�t�p�u�t� �w�e�r�e� �l�e�s�s� 

�c�o�n�c�l�u�s�i�v�e�,� �l�e�a�d�i�n�g� �t�h�e� �a�u�t�h�o�r�s� �t�o� �s�t�a�t�e� �t�h�a�t� �"�t�h�e� �v�a�l�i�d�i�t�y� �o�f� �t�h�e� �m�o�d�e�l ��s� �p�r�e�d�i�c�t�i�v�e� �a�b�i�l�i�t�y� 

�h�a�s� �n�o�t� �b�e�e�n� �e�s�t�a�b�l�i�s�h�e�d �� �(�p�.� �1�8�4�)�.� 
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�W�R�I�G�H�T� �M�O�D�E�L� 

�W�r�i�g�h�t� �(�1�9�7�1�)� �s�i�m�u�l�a�t�e�d� �t�h�e� �o�p�e�r�a�t�i�o�n� �o�f� �a� �m�o�t�o�r� �c�a�r�r�i�e�r� �f�i�r�m� �t�o� �i�n�v�e�s�t�i�g�a�t�e� 

�c�u�s�t�o�m�e�r� �s�e�r�v�i�c�e� �p�o�l�i�c�i�e�s� �a�n�d� �t�h�e� �e�f�f�e�c�t�s� �o�f� �r�e�s�o�u�r�c�e� �i�n�v�e�s�t�m�e�n�t� �p�o�l�i�c�i�e�s� �o�n� �g�r�o�w�t�h� �a�n�d� 

�f�l�u�c�t�u�a�t�i�o�n� �i�n� �s�a�l�e�s� �l�e�v�e�l�s�.� �A�l�t�h�o�u�g�h� �a�n� �e�x�p�l�i�c�i�t� �e�x�p�e�r�i�m�e�n�t�a�l� �d�e�s�i�g�n� �w�a�s� �n�o�t� �u�s�e�d�,� �t�h�e�r�e� 

�w�a�s� �a� �s�y�s�t�e�m�a�t�i�c� �e�f�f�o�r�t� �t�o� �t�e�s�t� �a�l�t�e�r�n�a�t�i�v�e� �o�p�e�r�a�t�i�n�g� �p�o�l�i�c�i�e�s�.� �M�o�d�e�l� �v�a�l�i�d�a�t�i�o�n� �w�a�s� 

�a�c�c�o�m�p�l�i�s�h�e�d� �b�y� �u�s�i�n�g� �d�a�t�a� �f�r�o�m� �c�o�m�p�a�n�y� �r�e�c�o�r�d�s�,� �a�l�o�n�g� �w�i�t�h� �a�n� �e�s�t�i�m�a�t�e� �o�f� �t�h�e� �s�e�r�v�i�c�e�-� 

�s�a�l�e�s� �g�r�o�w�t�h� �r�e�l�a�t�i�o�n�s�h�i�p�.� �A�l�t�h�o�u�g�h� �p�o�i�n�t� �e�s�t�i�m�a�t�e�s� �f�o�r� �t�h�e� �c�o�m�p�a�n�y ��s� �a�c�t�u�a�l� �r�e�s�u�l�t�s� �w�e�r�e� 

�p�o�o�r�,� �t�h�e� �t�r�e�n�d�s� �o�f� �s�i�m�u�l�a�t�e�d� �s�a�l�e�s� �g�r�o�w�t�h� �a�n�d� �a�c�t�u�a�l� �s�a�l�e�s� �g�r�o�w�t�h� �w�e�r�e� �c�o�n�s�i�s�t�e�n�t�.� �T�h�e� 

�m�o�s�t� �s�i�g�n�i�f�i�c�a�n�t� �r�e�s�u�l�t� �o�f� �t�h�e� �s�t�u�d�y� �w�a�s� �t�h�e� �o�b�s�e�r�v�e�d� �r�e�d�u�c�t�i�o�n� �i�n� �p�r�o�f�i�t�s� �c�a�u�s�e�d� �b�y� 

�f�l�u�c�t�u�a�t�i�o�n� �i�n� �o�r�d�e�r� �r�a�t�e�s� �a�t� �e�i�t�h�e�r� �o�f� �t�h�e� �f�i�r�m ��s� �t�w�o� �t�e�r�m�i�n�a�l� �l�o�c�a�t�i�o�n�s�.� 

�B�A�L�L�O�U� �M�O�D�E�L� 

�B�a�l�l�o�u� �(�1�9�7�6�)� �i�n�v�e�s�t�i�g�a�t�e�d� �a� �s�i�m�u�l�a�t�i�o�n� �o�f� �a� �c�h�e�m�i�c�a�l� �c�o�m�p�a�n�y ��s� �i�n�v�e�n�t�o�r�y� �c�o�n�t�r�o�l� 

�s�y�s�t�e�m� �i�n� �o�r�d�e�r� �t�o� �e�x�a�m�i�n�e� �t�h�e� �s�e�n�s�i�t�i�v�i�t�y� �o�f� �t�h�e� �c�o�m�p�a�n�y ��s� �p�h�y�s�i�c�a�l� �d�i�s�t�r�i�b�u�t�i�o�n� �s�y�s�t�e�m� �t�o� 

�t�e�m�p�o�r�a�l� �d�e�l�a�y�s� �i�n� �o�r�d�e�r� �t�r�a�n�s�m�i�s�s�i�o�n�,� �o�r�d�e�r� �p�r�e�p�a�r�a�t�i�o�n�,� �a�n�d� �d�e�l�i�v�e�r�y� �t�o� �w�a�r�e�h�o�u�s�e� �a�n�d� 

�c�u�s�t�o�m�e�r�.� �T�h�e�r�e� �w�a�s� �n�o� �a�t�t�e�m�p�t� �t�o� �s�t�a�t�i�s�t�i�c�a�l�l�y� �v�a�l�i�d�a�t�e� �t�h�e� �m�o�d�e�l�,� �a�n�d� �t�h�e� �i�n�v�e�s�t�i�g�a�t�i�o�n� 

�w�a�s� �n�o�t� �c�o�n�d�u�c�t�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �a� �f�o�r�m�a�l� �e�x�p�e�r�i�m�e�n�t�a�l� �d�e�s�i�g�n�.� �O�n�e� �c�o�m�p�u�t�e�r� �r�u�n� �w�a�s� 

�g�e�n�e�r�a�t�e�d� �f�o�r� �e�a�c�h� �t�i�m�e� �l�a�g� �c�h�a�n�g�e� �i�n�v�e�s�t�i�g�a�t�e�d�.� �A� �c�o�n�s�e�q�u�e�n�c�e� �o�f� �t�h�i�s� �s�a�m�p�l�e� �s�i�z�e� �(�n� �=� 

�1�)� �w�a�s� �t�h�a�t� �t�h�e� �r�e�l�i�a�b�i�l�i�t�y� �o�f� �s�y�s�t�e�m� �r�e�s�p�o�n�s�e� �c�o�u�l�d� �n�o�t� �b�e� �c�o�m�p�u�t�e�d�.� 

�M�e�a�s�u�r�e�m�e�n�t� �o�f� �s�y�s�t�e�m� �r�e�s�p�o�n�s�e� �i�n�c�l�u�d�e�d� �t�o�t�a�l� �c�o�s�t�,� �s�t�o�c�k�o�u�t� �r�a�t�e�,� �s�t�o�c�k� �r�e�c�o�r�d� 

�a�c�c�u�r�a�c�y�,� �a�n�d� �f�o�r�e�c�a�s�t� �a�c�c�u�r�a�c�y�.� �A� �p�o�t�e�n�t�i�a�l� �v�a�l�i�d�i�t�y� �p�r�o�b�l�e�m� �w�i�t�h� �t�h�i�s� �m�o�d�e�l� �i�s� �t�h�a�t� �t�h�e� 

�s�i�m�u�l�a�t�i�o�n� �d�i�d� �n�o�t� �m�o�d�e�l� �t�w�o� �s�i�g�n�i�f�i�c�a�n�t� �e�l�e�m�e�n�t�s� �o�f� �t�h�e� �s�y�s�t�e�m�:� �s�y�s�t�e�m� �c�o�n�t�r�o�l�s� �o�n� 

�m�i�n�i�m�u�m� �a�n�d� �m�a�x�i�m�u�m� �i�n�v�e�n�t�o�r�y� �l�e�v�e�l�s� �t�h�a�t� �p�r�e�v�e�n�t�e�d� �s�t�o�c�k�o�u�t�s� �a�n�d� �s�m�a�l�l� �o�r�d�e�r�s�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�.� �S�i�n�c�e� �t�h�e� �m�o�d�e�l� �w�a�s� �c�o�n�c�e�r�n�e�d� �w�i�t�h� �s�y�s�t�e�m� �p�e�r�f�o�r�m�a�n�c�e�,� �f�a�i�l�u�r�e� �t�o� �r�e�p�r�e�s�e�n�t� 
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�t�h�e�s�e� �e�l�e�m�e�n�t�s� �s�e�e�m�s� �t�o� �r�e�p�r�e�s�e�n�t� �s�o�m�e�w�h�a�t� �o�f� �a� �c�o�m�p�r�o�m�i�s�e� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �t�h�e� �m�o�d�e�l ��s� 

�v�a�l�i�d�i�t�y�.� 

�M�E�N�T�Z�E�R� �A�N�D� �C�O�S�M�A�S� �M�O�D�E�L� 

�M�e�n�t�z�e�r� �a�n�d� �C�o�s�m�a�s� �(�1�9�7�9�)� �u�s�e�d� �G�E�R�T� �(�G�r�a�p�h�i�c�a�l� �E�v�a�l�u�a�t�i�o�n� �a�n�d� �R�e�v�i�e�w� 

�T�e�c�h�n�i�q�u�e�)� �t�o� �m�o�d�e�l� �a� �m�o�t�o�r� �c�a�r�r�i�e�r� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �n�e�t�w�o�r�k� �f�o�r� �t�h�e� �p�u�r�p�o�s�e� �o�f� �d�i�s�c�o�v�e�r�i�n�g� 

�t�h�e� �m�o�s�t� �p�r�o�f�i�t�a�b�l�e� �r�o�u�t�e� �t�o� �s�e�l�e�c�t� �f�r�o�m� �f�o�u�r� �p�o�s�s�i�b�l�e� �r�o�u�t�e�s�,� �e�a�c�h� �w�i�t�h� �v�a�r�y�i�n�g� �p�r�o�b�a�b�i�l�i�t�i�e�s� 

�o�f� �e�m�p�t�y�,� �l�e�s�s� �t�h�a�n� �t�r�u�c�k�l�o�a�d� �(�L�T�L�)�,� �o�r� �f�u�l�l� �t�r�u�c�k�l�o�a�d� �(�T�L�)� �b�a�c�k�h�a�u�l�s�.� �T�i�m�e� �d�e�l�a�y�s� �d�u�e� �t�o� 

�b�a�d� �w�e�a�t�h�e�r� �a�n�d� �l�a�b�o�r� �u�n�r�e�s�t� �c�o�m�p�l�i�c�a�t�e�d� �t�h�e� �r�o�u�t�e� �d�e�c�i�s�i�o�n�.� �E�a�c�h� �r�o�u�t�e� �w�a�s� �s�i�m�u�l�a�t�e�d� 

�1�0�0�0� �t�i�m�e�s� �t�o� �d�i�s�c�o�v�e�r� �w�h�i�c�h� �w�o�u�l�d� �r�e�s�u�l�t� �i�n� �t�h�e� �h�i�g�h�e�s�t� �e�x�p�e�c�t�e�d� �p�r�o�f�i�t�.� 

�T�w�o� �f�a�c�t�o�r�s� �m�a�k�e� �M�e�n�t�z�e�r� �a�n�d� �C�o�s�m�a�s ��s� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �p�a�r�t�i�c�u�l�a�r�l�y� �r�e�l�e�v�a�n�t� �t�o� 

�t�h�e� �p�r�e�s�e�n�t� �r�e�s�e�a�r�c�h�:� �1�)� �M�e�n�t�z�e�r� �a�n�d� �C�o�s�m�a�s� �s�i�m�u�l�a�t�e�d� �a� �m�o�t�o�r� �c�a�r�r�i�e�r� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� 

�n�e�t�w�o�r�k�,� �a�n�d� �2�)� �t�h�e�y� �u�s�e�d� �G�E�R�T�,� �a� �p�r�e�c�u�r�s�o�r� �o�f� �S�L�A�M�I�I�,� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �s�o�f�t�w�a�r�e� �w�h�i�c�h� �w�a�s� 

�u�s�e�d� �i�n� �t�h�e� �p�r�e�s�e�n�t� �r�e�s�e�a�r�c�h�.� 

�K�A�R�R�E�N�B�A�U�E�R� �M�O�D�E�L� 

�K�a�r�r�e�n�b�a�u�e�r� �(�1�9�8�0�)� �s�i�m�u�l�a�t�e�d� �a� �c�o�r�p�o�r�a�t�e� �l�o�g�i�s�t�i�c�s� �s�y�s�t�e�m� �a�n�d� �c�o�n�d�u�c�t�e�d� 

�e�x�p�e�r�i�m�e�n�t�s� �o�f� �a�l�t�e�r�n�a�t�i�v�e� �c�o�m�m�u�n�i�c�a�t�i�o�n� �t�e�c�h�n�o�l�o�g�i�e�s� �a�n�d� �a�l�t�e�r�n�a�t�i�v�e� �r�e�p�l�e�n�i�s�h�m�e�n�t� 

�s�h�i�p�m�e�n�t� �p�o�l�i�c�i�e�s�.� �R�e�s�p�o�n�s�e� �v�a�r�i�a�b�l�e�s� �i�n�c�l�u�d�e�d�:� �n�e�t� �r�e�v�e�n�u�e�,� �c�o�s�t� �p�e�r� �u�n�i�t� �s�o�l�d�,� �a�v�e�r�a�g�e� 

�i�n�v�e�n�t�o�r�y�,� �o�r�d�e�r� �c�y�c�l�e� �t�i�m�e�,� �a�n�d� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �c�o�s�t� �p�e�r� �u�n�i�t�.� 

�T�h�e� �e�x�p�e�r�i�m�e�n�t�s� �u�t�i�l�i�z�e�d� �a� �t�w�o� �f�a�c�t�o�r� �d�e�s�i�g�n�;� �e�a�c�h� �f�a�c�t�o�r� �h�a�d� �t�h�r�e�e� �l�e�v�e�l�s�,� �r�e�s�u�l�t�i�n�g� 

�i�n� �a� �t�o�t�a�l� �o�f� �3�?� �o�r� �n�i�n�e� �c�e�l�l�s�.� �F�i�v�e� �r�u�n�s� �(�r�e�p�l�i�c�a�t�i�o�n�s� �o�f� �o�n�e� �y�e�a�r ��s� �d�u�r�a�t�i�o�n�)� �o�f� �t�h�e� �m�o�d�e�l� 

�w�e�r�e� �c�o�m�p�l�e�t�e�d� �f�o�r� �e�a�c�h� �c�e�l�l�;� �b�o�t�h� �m�a�i�n� �e�f�f�e�c�t�s� �a�n�d� �i�n�t�e�r�a�c�t�i�o�n�s� �w�e�r�e� �i�n�v�e�s�t�i�g�a�t�e�d�.� �T�h�e� 

�r�e�p�l�i�c�a�t�i�o�n�s� �a�l�l�o�w�e�d� �t�h�e� �c�o�m�p�u�t�a�t�i�o�n� �o�f� �t�h�e� �r�e�l�i�a�b�i�l�i�t�y� �o�f� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �r�e�s�p�o�n�s�e�s�.� �A�N�O�V�A� 

�a�n�d� �D�u�n�c�a�n�'�s� �m�u�l�t�i�p�l�e� �r�a�n�g�e� �t�e�s�t� �w�e�r�e� �u�s�e�d� �t�o� �a�n�a�l�y�z�e� �s�i�m�u�l�a�t�i�o�n� �o�u�t�p�u�t�.� 

�B�8�4



�K�a�r�r�e�n�b�a�u�e�r ��s� �r�e�s�e�a�r�c�h� �c�o�n�s�i�s�t�e�d� �o�f� �s�e�v�e�r�a�l� �e�l�e�m�e�n�t�s� �t�h�a�t� �r�e�p�r�e�s�e�n�t�e�d� �n�o�t�a�b�l�e� 

�p�r�o�g�r�e�s�s� �w�i�t�h� �r�e�g�a�r�d� �t�o� �c�o�m�p�u�t�e�r� �s�i�m�u�l�a�t�i�o�n� �e�x�p�e�r�i�m�e�n�t�s�.� �H�i�s� �v�a�l�i�d�a�t�i�o�n� �p�r�o�c�e�d�u�r�e�s� �w�e�r�e� 

�a�n� �i�m�p�r�o�v�e�m�e�n�t� �o�v�e�r� �e�a�r�l�i�e�r� �m�o�d�e�l� �v�a�l�i�d�a�t�i�o�n� �e�f�f�o�r�t�s� �(�e�s�p�e�c�i�a�l�l�y� �t�h�o�s�e� �t�h�a�t� �a�t�t�e�m�p�t�e�d� �n�o� 

�v�a�l�i�d�a�t�i�o�n�)�.� �T�h�e� �u�s�e� �o�f� �a� �f�o�r�m�a�l� �e�x�p�e�r�i�m�e�n�t�a�l� �d�e�s�i�g�n�,� �t�h�e� �a�n�a�l�y�s�i�s� �o�f� �m�o�d�e�l� �o�u�t�p�u�t� �t�o� 

�i�n�v�e�s�t�i�g�a�t�e� �b�o�t�h� �m�a�i�n� �e�f�f�e�c�t�s� �a�n�d� �i�n�t�e�r�a�c�t�i�o�n�s�,� �t�h�e� �u�s�e� �o�f� �m�u�l�t�i�p�l�e� �c�o�m�p�a�r�i�s�o�n� �p�r�o�c�e�d�u�r�e�s�,� 

�a�n�d� �t�h�e� �c�o�m�p�u�t�a�t�i�o�n� �o�f� �t�h�e� �r�e�l�i�a�b�i�l�i�t�y� �o�f� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �r�e�s�p�o�n�s�e� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �K�a�r�r�e�n�b�a�u�e�r�'�s� 

�r�e�s�e�a�r�c�h� �w�a�s� �m�e�t�h�o�d�o�l�o�g�i�c�a�l�l�y� �m�o�r�e� �s�o�p�h�i�s�t�i�c�a�t�e�d� �t�h�a�n� �p�r�e�v�i�o�u�s� �s�i�m�u�l�a�t�i�o�n� �r�e�s�e�a�r�c�h� �o�n� 

�l�o�g�i�s�t�i�c�s� �s�y�s�t�e�m�s�.� 

�G�O�M�E�S� �-� �G�P�M� 

�G�o�m�e�s� �(�1�9�8�8�)� �u�s�e�d� �t�h�e� �G�l�o�b�a�l� �P�l�a�n�n�i�n�g� �M�o�d�e�l� �(�G�P�M�)� �t�o� �i�n�v�e�s�t�i�g�a�t�e� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� 

�e�f�f�e�c�t�s� �o�f� �d�e�m�a�n�d� �a�n�d�/�o�r� �m�a�t�e�r�i�a�l�s� �m�a�n�a�g�e�m�e�n�t� �a�n�d� �d�e�m�a�n�d� �u�n�c�e�r�t�a�i�n�t�y� �a�n�d� �J�I�T� �s�y�s�t�e�m�s� 

�f�o�r� �p�h�y�s�i�c�a�l� �d�i�s�t�r�i�b�u�t�i�o�n� �a�n�d�/�o�r� �m�a�t�e�r�i�a�l�s� �m�a�n�a�g�e�m�e�n�t�.� �G�P�M� �w�a�s� �a� �d�y�n�a�m�i�c� �s�i�m�u�l�a�t�i�o�n� 

�d�e�c�i�s�i�o�n� �s�u�p�p�o�r�t� �s�y�s�t�e�m�,� �d�e�v�e�l�o�p�e�d� �b�y� �a� �g�r�o�u�p� �o�f� �V�i�r�g�i�n�i�a� �T�e�c�h� �s�t�u�d�e�n�t�s� �d�i�r�e�c�t�e�d� �b�y� �D�r�.� 

�J�o�h�n� �T�.� �M�e�n�t�z�e�r� �(�M�e�n�t�z�e�r� �a�n�d� �G�o�m�e�s� �1�9�9�1�)�.� �T�h�e� �m�o�d�e�l� �c�o�n�t�a�i�n�e�d� �a� �c�o�l�l�e�c�t�i�o�n� �o�f� 

�s�u�b�s�y�s�t�e�m�s� �t�h�a�t� �c�o�u�l�d� �b�e� �c�o�n�f�i�g�u�r�e�d� �t�o� �r�e�p�r�e�s�e�n�t� �a� �n�u�m�b�e�r� �o�f� �l�o�g�i�s�t�i�c�s� �s�y�s�t�e�m� �d�e�s�i�g�n�s�.� 

�G�o�m�e�s� �n�o�t�e�d� �t�h�a�t� �s�i�n�c�e� �t�h�e� �e�x�t�e�r�n�a�l� �v�a�l�i�d�i�t�y� �o�f� �t�h�e� �G�P�M� �h�a�d� �b�e�e�n� �p�r�e�v�i�o�u�s�l�y� �e�x�a�m�i�n�e�d�,� 

�v�a�l�i�d�a�t�i�o�n� �p�r�o�c�e�d�u�r�e�s� �f�o�r� �h�i�s� �s�t�u�d�y� �w�e�r�e� �l�i�m�i�t�e�d� �t�o� �v�e�r�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �u�n�i�f�o�r�m�i�t�y� �a�n�d� 

�i�n�d�e�p�e�n�d�e�n�c�e� �o�f� �t�h�e� �m�o�d�e�l�'�s� �r�a�n�d�o�m� �n�u�m�b�e�r� �g�e�n�e�r�a�t�o�r�s�.� 

�G�o�m�e�s� �u�s�e�d� �a� �2�%� �f�a�c�t�o�r�i�a�l� �d�e�s�i�g�n� �a�n�d� �A�N�O�V�A� �a�n�d� �A�N�A�C�O�V�A� �t�o� �i�n�v�e�s�t�i�g�a�t�e� �m�a�i�n� 

�e�f�f�e�c�t�s� �a�n�d� �i�n�t�e�r�a�c�t�i�o�n�s�;� �S�c�h�e�f�f�e ��s� �m�e�t�h�o�d� �w�a�s� �u�s�e�d� �f�o�r� �m�u�l�t�i�p�l�e� �c�o�m�p�a�r�i�s�o�n�s� �o�f� �c�e�l�l� �m�e�a�n�s�,� 

�a�n�d� �F�i�s�h�e�r ��s� �L�e�a�s�t� �S�i�g�n�i�f�i�c�a�n�t� �D�i�f�f�e�r�e�n�c�e� �m�e�t�h�o�d� �w�a�s� �u�s�e�d� �f�o�r� �p�a�i�r�-�w�i�s�e� �c�o�m�p�a�r�i�s�o�n�s�.� �A� 

�s�a�m�p�l�e� �s�i�z�e� �o�f� �t�e�n� �r�e�p�l�i�c�a�t�i�o�n�s� �p�e�r� �c�e�l�l� �p�e�r�m�i�t�t�e�d� �c�a�l�c�u�l�a�t�i�o�n�s� �o�f� �r�e�l�i�a�b�i�l�i�t�y� �f�o�r� �s�i�m�u�l�a�t�i�o�n� 

�r�e�s�p�o�n�s�e�s�.� �I�t� �w�a�s� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �t�h�i�s� �s�a�m�p�l�e� �s�i�z�e� �p�r�o�d�u�c�e�d� �a� �c�o�n�f�i�d�e�n�c�e� �l�e�v�e�l� �o�f� �9�5�%� 

�o�r� �g�r�e�a�t�e�r� �i�n� �t�h�e� �e�s�t�i�m�a�t�e�s� �o�f� �s�y�s�t�e�m� �r�e�s�p�o�n�s�e�.� 

�8�5



�T�h�i�s� �r�e�s�e�a�r�c�h� �d�e�m�o�n�s�t�r�a�t�e�d� �a� �r�e�l�a�t�i�v�e�l�y� �h�i�g�h� �l�e�v�e�l� �o�f� �m�e�t�h�o�d�o�l�o�g�i�c�a�l� �s�o�p�h�i�s�t�i�c�a�t�i�o�n�,� 

�a�n�d� �t�h�e� �e�m�p�i�r�i�c�a�l� �r�e�s�u�l�t�s� �o�b�t�a�i�n�e�d� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t� �i�n� �t�h�a�t� �t�h�e�y� �w�e�r�e� �n�o�t� �g�e�n�e�r�a�l�l�y� �s�u�p�p�o�r�t�i�v�e� 

�o�f� �t�r�a�d�i�t�i�o�n�a�l� �k�n�o�w�l�e�d�g�e� �c�o�n�c�e�r�n�i�n�g� �t�h�e� �e�f�f�e�c�t�s� �o�f� �J�I�T� �o�n� �l�o�g�i�s�t�i�c�s� �s�y�s�t�e�m�s�.� 

�S�U�M�M�A�R�Y� �_� �O�F� �L�O�G�I�S�T�I�C�S� �S�I�M�U�L�A�T�I�O�N� �M�O�D�E�L�L�I�N�G� 

�T�h�i�s� �d�i�s�c�u�s�s�i�o�n� �o�f� �t�h�e� �m�o�d�e�l�l�i�n�g� �e�f�f�o�r�t�s� �o�f� �a� �n�u�m�b�e�r� �o�f� �r�e�s�e�a�r�c�h�e�r�s� �d�e�m�o�n�s�t�r�a�t�e�d� 

�t�h�a�t� �l�o�g�i�s�t�i�c�s�/�d�i�s�t�r�i�b�u�t�i�o�n� �s�y�s�t�e�m�s� �l�e�n�d� �t�h�e�m�s�e�l�v�e�s� �t�o� �i�n�v�e�s�t�i�g�a�t�i�o�n� �t�h�r�o�u�g�h� �s�i�m�u�l�a�t�i�o�n� 

�m�o�d�e�l�l�i�n�g�.� �T�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �l�o�g�i�s�t�i�c�s�/�d�i�s�t�r�i�b�u�t�i�o�n� �s�y�s�t�e�m�s� �d�e�s�c�r�i�b�e�d� �a�t� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�f� 

�t�h�i�s� �s�e�c�t�i�o�n�,� �a�l�o�n�g� �w�i�t�h� �t�h�e� �d�e�s�c�r�i�p�t�i�o�n�s� �o�f� �t�h�e� �m�o�d�e�l�s� �a�b�o�v�e�,� �i�l�l�u�s�t�r�a�t�e� �N�a�y�l�o�r� �e�t� �a�l�. ��s� 

�(�1�9�6�6�)� �f�o�u�r� �r�a�t�i�o�n�a�l�e� �f�o�r� �t�h�e� �u�s�e� �o�f� �s�i�m�u�l�a�t�i�o�n� �e�x�p�e�r�i�m�e�n�t�a�t�i�o�n�:� 

�1�)� �F�o�r� �s�o�m�e� �p�r�o�c�e�s�s�e�s�,� �i�t� �i�s� �e�i�t�h�e�r� �t�o�o� �c�o�s�t�l�y� �o�r� �i�m�p�o�s�s�i�b�l�e� �t�o� �o�b�t�a�i�n� �r�e�a�l� �w�o�r�l�d� 
�o�b�s�e�r�v�a�t�i�o�n�s�.� 

�2�)� �T�h�r�o�u�g�h� �s�i�m�u�l�a�t�i�o�n�,� �c�e�r�t�a�i�n� �c�h�a�n�g�e�s� �i�n� �a� �p�r�o�c�e�s�s� �o�r� �s�y�s�t�e�m�,� �w�h�i�c�h� �w�o�u�l�d� 
�o�t�h�e�r�w�i�s�e� �b�e� �i�m�p�o�s�s�i�b�l�e� �t�o� �a�c�c�o�m�p�l�i�s�h�,� �c�a�n� �b�e� �e�x�e�c�u�t�e�d�,� �a�n�d� �t�h�e� �e�f�f�e�c�t�s� �o�f� 
�t�h�e�s�e� �c�h�a�n�g�e�s� �o�n� �t�h�e� �s�y�s�t�e�m� �c�a�n� �b�e� �o�b�s�e�r�v�e�d�.� 

�3�)� �S�i�m�u�l�a�t�i�o�n� �a�l�l�o�w�s� �e�x�p�e�r�i�m�e�n�t�a�t�i�o�n� �w�i�t�h� �c�o�m�p�l�e�x� �i�n�t�e�r�a�c�t�i�o�n�s� �o�f� �a� �s�y�s�t�e�m� �o�r� 
�s�u�b�s�y�s�t�e�m�.� 

�4�)� �S�i�m�u�l�a�t�i�o�n� �f�a�c�i�l�i�t�a�t�e�s� �t�h�e� �e�x�a�m�i�n�a�t�i�o�n� �o�f� �d�y�n�a�m�i�c� �p�r�o�c�e�s�s�e�s� �o�r� �s�y�s�t�e�m�s� �o�v�e�r� 
�t�i�m�e� �b�y� �a�l�l�o�w�i�n�g� �t�h�e� �c�o�m�p�r�e�s�s�i�o�n� �o�f� �r�e�a�l� �t�i�m�e�.� 

�T�h�e� �r�e�m�a�i�n�i�n�g� �s�e�c�t�i�o�n�s� �o�f� �t�h�i�s� �c�h�a�p�t�e�r� �d�e�t�a�i�l� �t�h�e� �r�e�s�e�a�r�c�h� �m�e�t�h�o�d�o�l�o�g�y� �f�o�r� �t�h�i�s� 

�s�t�u�d�y�;� �i�.�e�.�,� �h�o�w� �a� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �o�f� �a� �p�h�y�s�i�c�a�l� �d�i�s�t�r�i�b�u�t�i�o�n� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�y�s�t�e�m� �w�a�s� 

�c�o�n�s�t�r�u�c�t�e�d� �t�o� �a�i�d� �i�n� �t�h�e� �i�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �t�h�e� �p�r�e�s�e�n�t� �r�e�s�e�a�r�c�h� �q�u�e�s�t�i�o�n�.� 

�V�A�R�I�A�B�L�E� �D�E�F�I�N�I�T�I�O�N�S� �A�N�D� �O�P�E�R�A�T�I�O�N�A�L�I�Z�A�T�I�O�N�S� 

�T�a�b�l�e� �5� �c�o�n�t�a�i�n�s� �a� �l�i�s�t�i�n�g� �o�f� �v�a�r�i�a�b�l�e�s� �d�i�s�c�u�s�s�e�d� �b�e�l�o�w�,� �a�l�o�n�g� �a� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �e�a�c�h� 

�l�e�v�e�l� �a�n�d� �t�h�e� �p�r�o�c�e�d�u�r�e�s� �f�o�r� �d�e�t�e�r�m�i�n�i�n�g� �o�p�e�r�a�t�i�o�n�a�l�i�z�a�t�i�o�n� �o�f� �t�h�e� �v�a�r�i�a�b�l�e�s�.� 
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�D�E�P�E�N�D�E�N�T� �V�A�R�I�A�B�L�E� 

�A� �t�r�a�n�s�a�c�t�i�o�n�,� �i�n� �t�h�e� �c�o�n�t�e�x�t� �o�f� �t�h�i�s� �s�t�u�d�y�,� �w�a�s� �t�h�e� �s�h�i�p�m�e�n�t� �o�f� �a� �p�r�o�d�u�c�t� �f�r�o�m� 

�m�a�n�u�f�a�c�t�u�r�e�r� �t�o� �c�u�s�t�o�m�e�r�.� �T�h�e� �d�e�p�e�n�d�e�n�t� �o�r� �r�e�s�p�o�n�s�e� �v�a�r�i�a�b�l�e� �i�n� �t�h�i�s� �s�t�u�d�y� �w�a�s� �t�h�e� �m�e�a�n� 

�t�o�t�a�l� �(�t�r�a�n�s�a�c�t�i�o�n� �p�l�u�s� �p�r�o�d�u�c�t�i�o�n�)� �c�o�s�t� �o�f� �a� �s�h�i�p�m�e�n�t� �f�r�o�m� �m�a�n�u�f�a�c�t�u�r�e�r� �t�o� �c�u�s�t�o�m�e�r�.� �E�a�c�h� 

�r�e�p�l�i�c�a�t�i�o�n� �o�f� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �r�e�p�r�e�s�e�n�t�e�d� �p�r�o�d�u�c�t� �s�h�i�p�m�e�n�t�s� �f�o�r� �o�n�e� �y�e�a�r� �(�2�5�0� �d�a�y�s�)�,� 

�w�i�t�h� �a�c�t�u�a�l� �m�o�d�e�l� �o�u�t�p�u�t� �b�e�i�n�g� �t�h�e� �t�o�t�a�l� �s�h�i�p�m�e�n�t� �c�o�s�t� �a�v�e�r�a�g�e�d� �o�v�e�r� �o�n�e� �y�e�a�r�,� �i�.�e�.�,� �t�h�e� 

�m�e�a�n� �s�h�i�p�m�e�n�t� �c�o�s�t�.� �T�h�e� �t�o�t�a�l� �c�o�s�t� �o�f� �a� �p�r�o�d�u�c�t� �s�h�i�p�m�e�n�t� �c�o�n�s�i�s�t�e�d� �o�f� �t�h�e� �c�o�s�t�s� �o�f� �e�a�c�h� �o�f� 

�t�h�e� �a�c�t�i�v�i�t�i�e�s� �t�h�a�t� �o�c�c�u�r�r�e�d� �s�o� �t�h�a�t� �t�h�e� �s�h�i�p�m�e�n�t� �c�o�u�l�d� �b�e� �t�r�a�n�s�p�o�r�t�e�d� �f�r�o�m� �m�a�n�u�f�a�c�t�u�r�e�r� �t�o� 

�c�u�s�t�o�m�e�r�.� �D�e�l�i�n�e�a�t�i�o�n� �a�n�d� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �t�h�e�s�e� �a�c�t�i�v�i�t�i�e�s� �a�n�d� �t�h�e�i�r� �c�o�s�t�s� �a�r�e� �d�i�s�c�u�s�s�e�d� �i�n� 

�t�h�e� �s�e�c�t�i�o�n�,� �N�E�T�W�O�R�K� �S�I�M�U�L�A�T�I�O�N� �M�O�D�E�L�.� 

�I�n� �g�e�n�e�r�a�l�,� �c�o�s�t�s� �f�o�r� �a�n�y� �o�n�e� �l�o�g�i�s�t�i�c�s� �f�u�n�c�t�i�o�n� �s�h�o�u�l�d� �g�e�n�e�r�a�l�l�y� �b�e� �e�x�a�m�i�n�e�d� �i�n� 

�c�o�n�s�i�d�e�r�a�t�i�o�n� �w�i�t�h� �t�o�t�a�l� �l�o�g�i�s�t�i�c�s� �s�y�s�t�e�m� �c�o�s�t�s�.� �H�o�w�e�v�e�r�,� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �i�s� �a� �c�r�u�c�i�a�l� �l�o�g�i�s�t�i�c�s� 

�f�u�n�c�t�i�o�n� �d�u�e� �t�o� �t�h�e� �e�x�c�e�p�t�i�o�n�a�l� �i�n�f�l�u�e�n�c�e� �i�t� �e�x�e�r�t�s� �o�n� �o�t�h�e�r� �a�s�p�e�c�t�s� �o�f� �t�h�e� �t�o�t�a�l� �l�o�g�i�s�t�i�c�s� 

�s�y�s�t�e�m�.� �F�u�r�t�h�e�r�m�o�r�e�,� �a�l�m�o�s�t� �o�n�e�-�q�u�a�r�t�e�r� �o�f� �t�h�e� �p�r�o�d�u�c�t�s� �t�r�a�n�s�p�o�r�t�e�d� �i�n� �t�h�i�s� �c�o�u�n�t�r�y� �a�r�e� 

�t�r�a�n�s�p�o�r�t�e�d� �b�y� �m�o�t�o�r� �c�a�r�r�i�e�r�,� �a�n�d� �e�x�p�e�n�d�i�t�u�r�e�s� �o�n� �m�o�t�o�r� �c�a�r�r�i�e�r� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �a�c�c�o�u�n�t� �f�o�r� 

�m�o�r�e� �t�h�a�n� �t�w�o�-�t�h�i�r�d�s� �o�f� �t�o�t�a�l� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �e�x�p�e�n�d�i�t�u�r�e�s� �(�D�e�l�a�n�e�y� �1�9�8�6�;� �S�t�e�r�n� �a�n�d� �E�l�-� 

�A�n�s�a�r�y� �1�9�8�8�;� �B�a�r�d�i� �a�n�d� �T�r�a�c�e�y� �1�9�9�1�)�.� �B�e�c�a�u�s�e� �o�f� �t�h�e� �s�i�g�n�i�f�i�c�a�n�t� �i�n�f�l�u�e�n�c�e� �o�f� �m�o�t�o�r� �c�a�r�r�i�e�r� 

�t�r�a�n�s�p�o�r�t�a�t�i�o�n� �c�o�s�t�s�,� �t�h�i�s� �s�t�u�d�y� �f�o�c�u�s�e�d� �o�n� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �c�o�s�t�s�.� 

�I�N�D�E�P�E�N�D�E�N�T� �V�A�R�I�A�B�L�E�S� 

�F�o�u�r� �i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s� �w�e�r�e� �u�s�e�d� �t�o� �e�x�a�m�i�n�e� �t�h�e� �p�r�e�s�e�n�t� �r�e�s�e�a�r�c�h� �p�r�o�b�l�e�m�:� 

�s�t�r�u�c�t�u�r�e�,� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y�,� �u�n�c�e�r�t�a�i�n�t�y�,� �a�n�d� �v�o�l�u�m�e�/�f�r�e�q�u�e�n�c�y�.� �T�h�e� �v�a�l�u�e�s� �u�s�e�d� �i�n� �t�h�e� 
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�T�A�B�L�E� �5� �O�P�E�R�A�T�I�O�N�A�L�I�Z�A�T�I�O�N�/�M�E�A�S�U�R�E�M�E�N�T� �O�F� �V�A�R�I�A�B�L�E�S� 
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�V�a�r�i�a�b�l�e� �O�p�e�r�a�t�i�o�n�a�l�i�z�a�t�i�o�n�/� �L�e�v�e�l�s� 
�M�e�a�s�u�r�e�m�e�n�t� 

�M�e�a�n� �T�o�t�a�l� �T�o�t�a�l� �(�t�r�a�n�s�a�c�t�i�o�n� �+� 
�S�h�i�p�m�e�n�t� �p�r�o�d�u�c�t�i�o�n�)� �S�h�i�p�m�e�n�t� �C�o�s�t� 
�C�o�s�t�!� �(�m�e�a�n� �f�o�r� �o�n�e� �y�e�a�r� �(�2�5�0� �d�a�y�s�}�)� 

�S�t�r�u�c�t�u�r�e�?� �R�e�l�e�v�a�n�t� �S�h�i�p�m�e�n�t� �C�o�s�t�s� �L�e�v�e�l� �1�:� �P�r�i�v�a�t�e�/�L�e�a�s�e�d� �C�a�r�r�i�e�r� �(�S�p�)� 

�L�e�v�e�l� �2�:� �C�o�n�t�r�a�c�t� �C�a�r�r�i�e�r� �(�S�c�)� 

�A�s�s�e�t� �T�y�p�e� �o�f� �C�a�r�r�i�e�r� �L�e�v�e�l� �1�:� �S�t�a�n�d�a�r�d�,� �D�r�y� �F�r�e�i�g�h�t� �T�r�a�i�l�e�r�s� �(�A�l�)� 
�S�p�e�c�i�f�i�c�i�t�y �� 

�L�e�v�e�l� �2�:� �R�e�f�r�i�g�e�r�a�t�e�d� �T�r�a�i�l�e�r�s� �(�A�h�)� 

�U�n�c�e�r�t�a�i�n�t�y�2� �V�a�r�i�a�t�i�o�n� �i�n� �L�o�a�d�i�n�g�,� �L�i�n�e�-�H�a�u�l� �L�e�v�e�l� �1�:� �L�o�w� �(�U�I�)� 
�T�r�a�n�s�p�o�r�t�a�t�i�o�n� �T�i�m�e�s� 

�(�S�m�a�l�l� �V�a�r�i�a�t�i�o�n� �i�n� �L�o�a�d�i�n�g�,� �L�i�n�e� �H�a�u�l� 
�T�r�a�n�s�p�o�r�t�a�t�i�o�n� �T�i�m�e�s�)� 

�L�e�v�e�l� �2�:� �H�i�g�h� �(�U�h�)� 

�(�L�a�r�g�e� �V�a�r�i�a�t�i�o�n� �i�n� �L�o�a�d�i�n�g�,� �L�i�n�e� �H�a�u�l� 
�T�r�a�n�s�p�o�r�t�a�t�i�o�n� �T�i�m�e�s�)� 

�V�o�l�u�m�e�/� �F�r�e�q�u�e�n�c�y� �o�f� �S�h�i�p�m�e�n�t�s� �L�e�v�e�l� �1�:� �L�o�w� �(�V�I�)� 
�F�r�e�q�u�e�n�c�y�?� 

�N�o�t�e�:� �s�h�i�p�m�e�n�t� �s�i�z�e� �i�s� �h�e�l�d� �(�3�5�0� �S�h�i�p�m�e�n�t�s�/�y�e�a�r�)� 
�c�o�n�s�t�a�n�t� �s�o� �t�h�a�t� �i�n�c�r�e�a�s�e�d� 
�f�r�e�q�u�e�n�c�y� �o�f� �s�h�i�p�m�e�n�t�s� �i�s� �L�e�v�e�l� �2�:� �H�i�g�h� �(�V�h�)� 
�i�n�d�i�c�a�t�i�v�e� �o�f� �i�n�c�r�e�a�s�e�d� �v�o�l�u�m�e� 

�(�1�2�0�0� �S�h�i�p�m�e�n�t�s�/�y�e�a�r�)� � � � � � � � � � � 

�'� �D�e�p�e�n�d�e�n�t� �V�a�r�i�a�b�l�e� 
�?� �I�n�d�e�p�e�n�d�e�n�t� �V�a�r�i�a�b�l�e



�o�p�e�r�a�t�i�o�n�a�l�i�z�a�t�i�o�n� �o�f� �t�h�e� �t�w�o� �l�e�v�e�l�s� �(�l�o�w� �a�n�d� �h�i�g�h�;� �s�e�e� �d�i�s�c�u�s�s�i�o�n� �b�e�l�o�w�)� �o�f� �e�a�c�h� 

�i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �f�r�o�m� �s�e�v�e�r�a�l� �s�o�u�r�c�e�s�.� �T�h�e� �p�r�i�m�a�r�y� �s�o�u�r�c�e� �w�a�s� �a� 

�s�e�r�i�e�s� �o�f� �i�n�t�e�r�v�i�e�w�s� �w�i�t�h� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �m�a�n�a�g�e�r� �o�f� �a� �m�a�n�u�f�a�c�t�u�r�e�r� �o�f� �i�n�d�u�s�t�r�i�a�l� �p�r�o�d�u�c�t�s� 

�(�c�o�m�p�a�n�y� �H�)� �w�h�o�s�e� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �n�e�t�w�o�r�k� �p�r�o�v�i�d�e�d� �t�h�e� �b�a�s�i�s� �f�o�r� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� �i�n� 

�t�h�i�s� �r�e�s�e�a�r�c�h�.� �A�d�d�i�t�i�o�n�a�l� �s�o�u�r�c�e�s� �i�n�c�l�u�d�e�d�:� �a� �m�a�n�u�f�a�c�t�u�r�e�r� �o�f� �f�o�o�d� �p�r�o�d�u�c�t�s� �(�c�o�m�p�a�n�y� �P�)� 

�t�h�a�t� �r�e�q�u�i�r�e� �r�e�f�r�i�g�e�r�a�t�e�d� �t�r�a�n�s�p�o�r�t�a�t�i�o�n�;� �t�h�e� �m�a�n�a�g�e�m�e�n�t� �o�f� �a� �t�h�i�r�d� �p�a�r�t�y� �l�o�g�i�s�t�i�c�s� �f�i�r�m� 

�(�c�o�m�p�a�n�y� �B�)� �t�h�a�t� �c�o�m�p�a�n�y� �H� �c�o�n�t�r�a�c�t�s� �w�i�t�h� �t�o� �t�r�a�n�s�p�o�r�t� �a� �p�o�r�t�i�o�n� �o�f� �i�t�s� �s�h�i�p�m�e�n�t�s�;� �a�n�d� 

�f�i�n�a�l�l�y�,� �i�n�f�o�r�m�a�t�i�o�n� �f�r�o�m� �C�o�y�l�e�,� �B�a�r�d�i�,� �a�n�d� �C�a�v�i�n�a�t�o� �(�1�9�9�0�)�;� �L�a�m�b�e�r�t� �a�n�d� �S�t�o�c�k� �(�1�9�8�2�)�;� �a�n�d� 

�s�t�a�t�i�s�t�i�c�s� �c�o�m�p�l�i�e�d� �b�y� �t�h�e� �A�m�e�r�i�c�a�n� �T�r�u�c�k�i�n�g� �A�s�s�o�c�i�a�t�i�o�n�s� �(�1�9�9�2�a�,� �1�9�9�2�b�)�.� �I�n�f�o�r�m�a�t�i�o�n� 

�g�a�i�n�e�d� �f�r�o�m� �t�h�e�s�e� �s�o�u�r�c�e�s�,� �a�l�o�n�g� �w�i�t�h� �a� �s�e�r�i�e�s� �o�f� �p�i�l�o�t� �r�u�n�s� �o�f� �t�h�e� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l� 

�f�a�c�i�l�i�t�a�t�e�d� �m�o�d�e�l� �o�p�e�r�a�t�i�o�n�a�l�i�z�a�t�i�o�n�,� �p�a�r�t�i�c�u�l�a�r�l�y� �f�o�r� �t�r�a�n�s�a�c�t�i�o�n� �c�o�s�t�s� �l�e�v�e�l�s�.� �T�h�e�s�e� �p�i�l�o�t� 

�r�u�n�s� �f�o�r� �t�h�e� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�i�m�u�l�a�t�i�o�n� �a�r�e� �s�o�m�e�w�h�a�t� �c�o�m�p�a�r�a�b�l�e� �t�o� �p�r�e�t�e�s�t�i�n�g� �f�o�r� �a� 

�l�a�b�o�r�a�t�o�r�y� �e�x�p�e�r�i�m�e�n�t� �i�n� �o�r�d�e�r� �t�o� �e�s�t�a�b�l�i�s�h� �c�o�n�s�t�r�u�c�t� �v�a�l�i�d�i�t�y� �o�f� �t�h�e� �i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e� 

�m�a�n�i�p�u�l�a�t�i�o�n�s�.� �D�u�r�i�n�g� �p�r�e�t�e�s�t�i�n�g� �f�o�r� �a� �l�a�b�o�r�a�t�o�r�y� �e�x�p�e�r�i�m�e�n�t�,� �s�o�m�e� �i�n�d�i�c�a�t�i�o�n� �o�f� �t�h�e� 

�t�r�e�a�t�m�e�n�t� �l�e�v�e�l� �m�a�n�i�p�u�l�a�t�i�o�n�s� �f�o�r� �a� �v�a�r�i�a�b�l�e� �m�a�y� �b�e� �i�n�f�e�r�r�e�d� �f�r�o�m� �m�a�n�i�p�u�l�a�t�i�o�n�s� �a�n�d� �e�f�f�e�c�t� 

�s�i�z�e�s� �d�e�m�o�n�s�t�r�a�t�e�d� �i�n� �p�r�e�v�i�o�u�s� �r�e�s�e�a�r�c�h� �(�S�a�w�y�e�r� �a�n�d� �B�a�l�l� �1�9�8�1�;� �P�u�r�d�u�e� �a�n�d� �S�u�m�m�e�r�s� 

�1�9�8�6�)�.� �H�o�w�e�v�e�r�,� �s�i�n�c�e� �o�n�l�y� �t�h�r�e�e� �o�f� �t�h�e� �e�m�p�i�r�i�c�a�l� �T�C�A� �s�t�u�d�i�e�s� �r�e�v�i�e�w�e�d� �m�e�a�s�u�r�e�d� 

�n�o�r�m�a�t�i�v�e� �p�e�r�f�o�r�m�a�n�c�e� �o�u�t�c�o�m�e�s� �(�s�e�e� �T�a�b�l�e� �4�)�,� �a�n�d� �n�o�n�e� �u�s�e�d� �m�e�a�n� �s�h�i�p�m�e�n�t� �c�o�s�t� �a�s� �t�h�e� 

�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�,� �i�t� �w�a�s� �i�m�p�o�s�s�i�b�l�e� �t�o� �a�s�c�e�r�t�a�i�n� �e�v�e�n� �a�n� �e�s�t�i�m�a�t�e� �o�f� �t�h�e� �e�x�p�e�c�t�e�d� �e�f�f�e�c�t� 

�s�i�z�e� �a�n�d� �t�h�e� �m�a�n�i�p�u�l�a�t�i�o�n�s� �r�e�q�u�i�r�e�d�.� �T�h�e� �a�c�t�u�a�l� �v�a�l�u�e�s� �u�s�e�d� �f�o�r� �t�h�e� �f�o�u�r� �i�n�d�e�p�e�n�d�e�n�t� 

�v�a�r�i�a�b�l�e�s� �a�r�e� �s�p�e�c�i�f�i�e�d� �a�n�d� �d�i�s�c�u�s�s�e�d� �i�n� �C�H�A�P�T�E�R� �I�V�.� 

�T�h�e� �f�i�r�s�t� �i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�,� �s�t�r�u�c�t�u�r�e�,� �r�e�f�e�r�s� �t�o� �w�h�e�t�h�e�r� �t�h�e� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �o�f� �a� 

�p�r�o�d�u�c�t� �i�s� �a�c�c�o�m�p�l�i�s�h�e�d� �i�n� �c�a�r�r�i�e�r�s� �l�e�a�s�e�d� �b�y� �t�h�e� �f�i�r�m� �o�r� �i�n� �c�o�n�t�r�a�c�t� �c�a�r�r�i�e�r�s�,� �a�n�d� �c�o�n�s�i�s�t�e�d� 

�o�f� �t�w�o� �l�e�v�e�l�s�,� �i�n�t�e�r�n�a�l� �a�n�d� �e�x�t�e�r�n�a�l�.� �S�t�r�u�c�t�u�r�e� �w�a�s� �o�p�e�r�a�t�i�o�n�a�l�i�z�e�d� �b�y� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �t�h�e� 
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�a�p�p�r�o�p�r�i�a�t�e� �c�o�s�t�s�,� �i�.�e�.�,� �t�h�o�s�e� �c�o�s�t�s� �w�h�i�c�h� �w�e�r�e� �i�n�c�u�r�r�e�d� �b�y� �t�h�e� �a�c�t�i�v�i�t�i�e�s� �i�n�v�o�l�v�e�d� �i�n� �a� 

�p�r�o�d�u�c�t� �s�h�i�p�m�e�n�t�.� 

�T�h�e� �s�e�c�o�n�d� �i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�,� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y�,� �r�e�f�e�r�s� �t�o� �p�h�y�s�i�c�a�/� �a�s�s�e�t� 

�s�p�e�c�i�f�i�c�i�t�y� �a�n�d� �c�o�n�c�e�r�n�s� �w�h�e�t�h�e�r� �t�h�e� �e�q�u�i�p�m�e�n�t� �u�s�e�d� �f�o�r� �t�r�a�n�s�p�o�r�t�i�n�g� �a� �p�r�o�d�u�c�t� �i�s� 

�r�e�d�e�p�l�o�y�a�b�l�e� �t�o� �o�t�h�e�r� �a�c�t�i�v�i�t�i�e�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �i�f� �a� �p�r�o�d�u�c�t� �d�e�m�a�n�d�s� �s�p�e�c�i�a�l� �h�a�n�d�l�i�n�g� �d�u�r�i�n�g� 

�t�r�a�n�s�p�o�r�t�a�t�i�o�n�,� �i�n�v�e�s�t�m�e�n�t� �i�n� �s�p�e�c�i�a�l�i�z�e�d� �c�a�r�r�i�e�r� �e�q�u�i�p�m�e�n�t� �(�e�.�g�.�,� �r�e�f�r�i�g�e�r�a�t�e�d�)� �i�s� �r�e�q�u�i�r�e�d�.� 

�T�h�e�r�e� �w�e�r�e� �t�w�o� �l�e�v�e�l�s� �o�f� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �r�e�p�r�e�s�e�n�t�e�d� �i�n� �t�h�i�s� �r�e�s�e�a�r�c�h�:� �l�o�w� �a�n�d� �h�i�g�h�.� �L�o�w� 

�a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �w�a�s� �o�p�e�r�a�t�i�o�n�a�l�i�z�e�d� �a�s� �t�h�e� �d�o�l�l�a�r� �a�m�o�u�n�t� �o�f� �i�n�v�e�s�t�m�e�n�t� �i�n� �s�t�a�n�d�a�r�d�,� �d�r�y� 

�f�r�e�i�g�h�t� �t�r�a�i�l�e�r�s�;� �h�i�g�h� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �w�a�s� �o�p�e�r�a�t�i�o�n�a�l�i�z�e�d� �b�y� �t�h�e� �d�o�l�l�a�r� �a�m�o�u�n�t� �o�f� �i�n�v�e�s�t�m�e�n�t� 

�i�n� �r�e�f�r�i�g�e�r�a�t�e�d� �t�r�a�i�l�e�r�s�.� 

�R�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �s�p�e�c�i�a�l�i�z�e�d� �c�a�r�r�i�e�r�s� �a�f�f�e�c�t� �t�h�e� �c�o�s�t� �o�f� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �i�n� �s�e�v�e�r�a�l� 

�w�a�y�s�.� �W�h�e�r�e� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �i�s� �a�c�c�o�m�p�l�i�s�h�e�d� �b�y� �a� �p�r�i�v�a�t�e� �f�l�e�e�t�,� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �c�o�s�t�s� �m�a�y� �b�e� 

�i�n�c�r�e�a�s�e�d� �b�e�c�a�u�s�e� �o�f� �t�h�e� �h�i�g�h�e�r� �c�a�p�i�t�a�l� �i�n�v�e�s�t�m�e�n�t� �o�r� �l�e�a�s�i�n�g� �e�x�p�e�n�s�e�s� �r�e�q�u�i�r�e�d� �f�o�r� 

�s�p�e�c�i�a�l�i�z�e�d� �c�a�r�r�i�e�r�s� �(�B�e�n�s�o�n� �1�9�9�4�)�.� �F�u�r�t�h�e�r�m�o�r�e�,� �t�h�e�r�e� �t�e�n�d� �t�o� �b�e� �f�e�w�e�r� �a�l�t�e�r�n�a�t�i�v�e� 

�s�u�p�p�l�i�e�r�s� �o�f� �s�p�e�c�i�a�l�i�z�e�d� �c�a�r�r�i�e�r� �s�e�r�v�i�c�e�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �m�o�t�o�r� �c�a�r�r�i�e�r�s� 

�i�n�c�l�u�d�e�d� �i�n� �t�h�e� �A�m�e�r�i�c�a�n� �T�r�u�c�k�i�n�g� �A�s�s�o�c�i�a�t�i�o�n�s �� �1�9�9�2� �M�o�t�o�r� �C�a�r�r�i�e�r� �A�n�n�u�a�l� �R�e�p�o�r�t� �d�i�s�c�l�o�s�e�s� � � 

�t�h�a�t� �t�h�e� �p�r�o�p�o�r�t�i�o�n� �o�f� �r�e�f�r�i�g�e�r�a�t�e�d� �c�a�r�r�i�e�r�s� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �r�e�p�o�r�t� �w�a�s� �6�.�6�%�,� �w�h�i�l�e� �c�a�r�r�i�e�r�s� �o�f� 

�g�e�n�e�r�a�l� �f�r�e�i�g�h�t� �c�o�m�p�r�i�s�e�d� �5�0�%� �o�f� �c�a�r�r�i�e�r�s� �(�A�m�e�r�i�c�a�n� �T�r�u�c�k�i�n�g� �A�s�s�o�c�i�a�t�i�o�n�s� �1�9�9�2�a�)�.� 

�i�n� �a�d�d�i�t�i�o�n� �t�o� �a�c�t�u�a�l� �"�p�r�o�d�u�c�t�i�o�n�"� �(�l�o�a�d�i�n�g� �a�n�d� �t�r�a�n�s�p�o�r�t�a�t�i�o�n�)� �c�o�s�t�s� �o�f� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� 

�r�e�f�e�r�e�n�c�e�d� �a�b�o�v�e�,� �i�n�d�i�r�e�c�t� �c�o�s�t�s� �s�u�r�r�o�u�n�d�i�n�g� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �a�c�t�i�v�i�t�i�e�s� �i�n�c�r�e�a�s�e� �w�h�e�n� 

�s�p�e�c�i�a�l�i�z�e�d� �c�a�r�r�i�e�r�s� �a�r�e� �r�e�q�u�i�r�e�d�.� �T�h�i�s� �i�n�c�r�e�a�s�e� �i�n� �i�n�d�i�r�e�c�t� �c�o�s�t�s� �o�c�c�u�r�s� �b�e�c�a�u�s�e� �o�f� �i�n�c�r�e�a�s�e�d� 

�n�e�g�o�t�i�a�t�i�o�n� �c�o�s�t�s�:� 

�w�h�e�r�e� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �i�s� �g�r�e�a�t�,� �b�u�y�e�r� �[�s�h�i�p�p�e�r�]� �a�n�d� �s�e�l�l�e�r� �{�c�a�r�r�i�e�r�]� �w�i�l�l� �m�a�k�e� �s�p�e�c�i�a�l� 
�e�f�f�o�r�t�s� �t�o� �d�e�s�i�g�n� �[�i�.�e�.�,� �n�e�g�o�t�i�a�t�e�]� �a�n� �e�x�c�h�a�n�g�e� �r�e�l�a�t�i�o�n�s�h�i�p� �.� �.� �.�"� �(�e�m�p�h�a�s�i�s� �a�d�d�e�d�)� 
�(�W�i�l�l�i�a�m�s�o�n� �1�9�8�1�a�,� �p�.� �1�5�4�6�)�.� 
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�S�p�e�c�i�a�l� �e�f�f�o�r�t�s� �o�n� �t�h�e� �p�a�r�t� �o�f� �t�h�e� �s�h�i�p�p�i�n�g� �f�i�r�m� �o�c�c�u�r� �b�e�c�a�u�s�e� �t�h�e�r�e� �a�r�e� �f�e�w�e�r� �a�l�t�e�r�n�a�t�i�v�e� 

�s�u�p�p�l�i�e�r�s� �o�f� �s�p�e�c�i�a�l�i�z�e�d� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�e�r�v�i�c�e�.� �S�p�e�c�i�a�l� �e�f�f�o�r�t�s� �o�n� �t�h�e� �p�a�r�t� �o�f� �t�h�e� �s�u�p�p�l�i�e�r� �o�f� 

�t�r�a�n�s�p�o�r�t�a�t�i�o�n� �s�e�r�v�i�c�e� �o�c�c�u�r� �b�e�c�a�u�s�e� �o�f� �t�h�e� �f�i�r�m ��s� �r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �a�n� �a�d�e�q�u�a�t�e� �r�e�t�u�r�n� �o�n� 

�i�n�v�e�s�t�m�e�n�t� �i�n� �t�h�e� �r�e�q�u�i�r�e�d� �e�q�u�i�p�m�e�n�t� �(�C�a�v�i�n�a�t�o� �1�9�8�4�)�.� 

�U�n�c�e�r�t�a�i�n�t�y� �r�e�f�e�r�s� �t�o� �h�o�w� �u�n�p�r�e�d�i�c�t�a�b�l�e� �t�h�e� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �a�c�t�i�v�i�t�y� �i�s�.� �A�s� �d�i�s�c�u�s�s�e�d� 

�i�n� �C�h�a�p�t�e�r� �I�l� �(�s�e�e� �L�o�g�i�s�t�i�c�s� �O�u�t�s�o�u�r�c�i�n�g� �S�t�u�d�i�e�s� �a�n�d� �T�r�a�n�s�p�o�r�t�a�t�i�o�n� �O�u�t�s�o�u�r�c�i�n�g� �S�t�u�d�i�e�s�)� �i�n� 

�a� �l�o�g�i�s�t�i�c�s� �c�o�n�t�e�x�t�,� �C�u�s�t�o�m�e�r� �s�e�r�v�i�c�e� �r�e�q�u�i�r�e�m�e�n�t�s� �(�e�.�g�.�,� �o�r�d�e�r� �c�y�c�l�e� �t�i�m�e�)� �a�r�e� �a�n� �i�m�p�o�r�t�a�n�t� 

�c�o�n�s�i�d�e�r�a�t�i�o�n�.� �E�v�e�n�t�s� �t�h�a�t� �i�n�c�r�e�a�s�e� �t�h�e� �d�i�f�f�i�c�u�l�t�i�e�s� �o�f� �m�a�i�n�t�a�i�n�i�n�g� �c�u�s�t�o�m�e�r� �s�e�r�v�i�c�e� 

�r�e�q�u�i�r�e�m�e�n�t�s� �a�r�e� �t�h�e�r�e�f�o�r�e� �s�i�g�n�i�f�i�c�a�n�t� �d�e�c�i�s�i�o�n� �f�a�c�t�o�r�s� �i�n� �a� �l�o�g�i�s�t�i�c�s� �c�o�n�t�e�x�t�.� �G�i�v�e�n� �t�h�i�s� 

�s�t�u�d�y�'�s� �c�o�n�c�e�p�t�u�a�l� �f�o�u�n�d�a�t�i�o�n� �(�T�C�A�)�,� �o�p�e�r�a�t�i�o�n�a�l�i�z�a�t�i�o�n� �o�f� �t�h�i�s� �c�o�n�s�t�r�u�c�t� �r�e�q�u�i�r�e�d� �a� 

�c�o�n�s�i�d�e�r�a�t�i�o�n� �o�f� �f�a�c�t�o�r�s� �t�h�a�t� �h�a�d� �t�h�e� �p�o�t�e�n�t�i�a�l� �f�o�r� �i�n�c�r�e�a�s�i�n�g� �t�h�e� �d�i�f�f�i�c�u�l�t�y� �o�f� �m�o�n�i�t�o�r�i�n�g� 

�a�n�d�/�o�r� �e�n�f�o�r�c�i�n�g� �a�g�r�e�e�m�e�n�t�s� �(�t�h�a�t� �i�n�c�r�e�a�s�e�d� �t�r�a�n�s�a�c�t�i�o�n� �c�o�s�t�s�)�,� �e�s�p�e�c�i�a�l�l�y� �w�h�e�n� �s�p�e�c�i�f�i�c� 

�a�s�s�e�t�s� �(�r�e�f�r�i�g�e�r�a�t�e�d� �c�a�r�r�i�e�r�s�)� �w�e�r�e� �r�e�q�u�i�r�e�d�.� �S�i�n�c�e� �t�h�i�s� �s�t�u�d�y� �f�o�c�u�s�e�d� �o�n� �t�h�e� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� 

�f�u�n�c�t�i�o�n�,� �t�h�e� �p�o�r�t�i�o�n� �o�f� �t�h�e� �o�r�d�e�r� �c�y�c�l�e� �t�h�a�t� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �i�s� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �(�l�o�a�d�i�n�g� �a�n�d� 

�l�i�n�e� �h�a�u�l� �t�r�a�n�s�p�o�r�t�a�t�i�o�n�)� �w�a�s� �c�h�o�s�e�n� �a�s� �t�h�e� �f�o�c�u�s� �f�o�r� �t�h�i�s� �f�a�c�t�o�r�.� �F�o�r� �t�h�i�s� �r�e�a�s�o�n�,� 

�u�n�c�e�r�t�a�i�n�t�y� �i�n� �t�h�i�s� �r�e�s�e�a�r�c�h� �w�a�s� �r�e�p�r�e�s�e�n�t�e�d� �b�y� �o�p�e�r�a�t�i�o�n�a�/� �u�n�c�e�r�t�a�i�n�t�y� �c�a�u�s�e�d� �b�y� �e�v�e�n�t�s� 

�(�e�.�g�.�,� �w�e�a�t�h�e�r� �o�r� �r�o�a�d� �c�o�n�d�i�t�i�o�n�s�)� �t�h�a�t� �m�a�d�e� �i�t� �d�i�f�f�i�c�u�l�t� �t�o� �a�c�c�o�m�p�l�i�s�h� �o�n�-�t�i�m�e� �d�e�l�i�v�e�r�y� �o�f� 

�s�h�i�p�m�e�n�t�s� �t�o� �c�u�s�t�o�m�e�r�s�.� �O�p�e�r�a�t�i�o�n�a�l� �u�n�c�e�r�t�a�i�n�t�y� �h�a�s� �t�h�e� �p�o�t�e�n�t�i�a�l� �t�o� �i�n�c�r�e�a�s�e� �t�r�a�n�s�a�c�t�i�o�n� 

�c�o�s�t�s� �f�o�r� �e�i�t�h�e�r� �p�r�i�v�a�t�e�/�l�e�a�s�e�d� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �o�r� �c�o�n�t�r�a�c�t� �t�r�a�n�s�p�o�r�t�a�t�i�o�n�.� �I�t� �m�a�y� �i�n�c�r�e�a�s�e� �t�h�e� 

�n�u�m�b�e�r� �o�f� �c�o�n�t�i�n�g�e�n�c�i�e�s� �t�h�a�t� �m�u�s�t� �b�e� �s�p�e�c�i�f�i�e�d� �i�n� �a� �c�o�n�t�r�a�c�t� �w�i�t�h� �a� �c�a�r�r�i�e�r�,� �a�s� �w�e�l�l� �a�s� 

�m�a�k�i�n�g� �i�t� �m�o�r�e� �d�i�f�f�i�c�u�l�t� �t�o� �m�o�n�i�t�o�r� �c�o�m�p�l�i�a�n�c�e� �w�i�t�h� �c�u�s�t�o�m�e�r� �s�e�r�v�i�c�e� �r�e�q�u�i�r�e�m�e�n�t�s� 

�(�r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �o�n�-�t�i�m�e� �d�e�l�i�v�e�r�y� �t�o� �t�h�e� �s�h�i�p�p�e�r ��s� �c�u�s�t�o�m�e�r�s�)� �f�o�r� �e�i�t�h�e�r� �p�r�i�v�a�t�e�/�l�e�a�s�e�d� 

�s�h�i�p�m�e�n�t�s� �o�r� �c�o�n�t�r�a�c�t� �s�h�i�p�m�e�n�t�s�.� �T�h�e�r�e� �w�e�r�e� �t�w�o� �l�e�v�e�l�s� �o�f� �u�n�c�e�r�t�a�i�n�t�y� �i�n� �t�h�i�s� �s�t�u�d�y�:� �l�o�w� 

�a�n�d� �h�i�g�h�.� �L�o�w� �o�p�e�r�a�t�i�o�n�a�l� �u�n�c�e�r�t�a�i�n�t�y� �w�a�s� �r�e�p�r�e�s�e�n�t�e�d� �b�y� �d�i�s�t�r�i�b�u�t�i�o�n�s� �f�o�r� �l�o�a�d�i�n�g� �a�n�d� �l�i�n�e� 

�h�a�u�l� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �d�u�r�a�t�i�o�n�s� �w�h�i�c�h� �r�e�s�u�l�t�e�d� �i�n� �p�r�e�d�i�c�t�a�b�l�e� �(�l�e�s�s� �v�a�r�i�a�n�c�e� �i�n�)� �p�r�o�d�u�c�t� �d�e�l�i�v�e�r�y� 
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�t�i�m�e�s�;� �h�i�g�h� �o�p�e�r�a�t�i�o�n�a�l� �u�n�c�e�r�t�a�i�n�t�y� �w�a�s� �r�e�p�r�e�s�e�n�t�e�d� �b�y� �d�i�s�t�r�i�b�u�t�i�o�n�s� �f�o�r� �l�o�a�d�i�n�g� �a�n�d� �l�i�n�e� �h�a�u�l� 

�t�r�a�n�s�p�o�r�t�a�t�i�o�n� �d�u�r�a�t�i�o�n�s� �w�h�i�c�h� �r�e�s�u�l�t�e�d� �i�n� �u�n�p�r�e�d�i�c�t�a�b�l�e� �(�m�o�r�e� �v�a�r�i�a�n�c�e� �i�n�)� �p�r�o�d�u�c�t� �d�e�l�i�v�e�r�y� 

�t�i�m�e�s�.� 

�V�o�l�u�m�e�/�f�r�e�q�u�e�n�c�y� �c�o�n�s�i�s�t�e�d� �o�f� �t�w�o� �l�e�v�e�l�s�:� �l�o�w� �a�n�d� �h�i�g�h� �v�o�l�u�m�e�.� �T�h�e� �p�r�i�m�a�r�y� 

�p�u�r�p�o�s�e� �o�f� �t�h�i�s� �T�C�A� �d�i�m�e�n�s�i�o�n� �w�a�s� �t�o� �i�l�l�u�s�t�r�a�t�e� �t�h�e� �d�e�g�r�e�e� �o�f� �a�s�s�e�t� �u�t�i�l�i�z�a�t�i�o�n�,� �a�n�d� �i�t� 

�e�s�s�e�n�t�i�a�l�l�y� �d�e�a�l�s� �w�i�t�h� �t�h�e� �i�s�s�u�e� �o�f� �s�c�a�l�e� �e�c�o�n�o�m�y�.� �W�a�s� �t�h�e� �v�o�l�u�m�e� �o�f� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� 

�a�c�t�i�v�i�t�y� �t�h�a�t� �o�c�c�u�r�r�e�d� �i�n� �a� �p�a�r�t�i�c�u�l�a�r� �t�y�p�e� �o�f� �c�a�r�r�i�e�r� �e�n�o�u�g�h� �t�o� �j�u�s�t�i�f�y� �t�h�e� �c�o�s�t� �o�f� �t�h�e� �f�i�r�m ��s� 

�i�n�v�e�s�t�m�e�n�t� �i�n� �t�h�a�t� �t�y�p�e� �o�f� �c�a�r�r�i�e�r�?� �A�c�c�o�r�d�i�n�g� �t�o� �W�i�l�l�i�a�m�s�o�n�,�  ��t�h�e� �c�o�s�t� �o�f� �s�p�e�c�i�a�l�i�z�e�d� 

�g�o�v�e�r�n�a�n�c�e� �s�t�r�u�c�t�u�r�e�s� �[�e�.�g�.�,� �i�n�v�e�s�t�m�e�n�t� �i�n� �t�r�a�n�s�p�o�r�t� �e�q�u�i�p�m�e�n�t�]� �w�i�l�l� �b�e� �e�a�s�i�e�r� �t�o� �r�e�c�o�v�e�r� �f�o�r� 

�l�a�r�g�e� �t�r�a�n�s�a�c�t�i�o�n�s� �o�f� �a� �r�e�c�u�r�r�i�n�g� �k�i�n�d� �[�e�.�g�.�,� �f�r�e�q�u�e�n�t� �p�r�o�d�u�c�t� �s�h�i�p�m�e�n�t�s� �f�r�o�m� �m�a�n�u�f�a�c�t�u�r�e�r� 

�t�o� �c�u�s�t�o�m�e�r�] �� �(�1�9�8�5�,� �p�.� �6�0�)�.� �T�h�e�r�e�f�o�r�e�,� �i�n� �t�h�e� �c�o�n�t�e�x�t� �o�f� �t�h�i�s� �r�e�s�e�a�r�c�h�,� �v�o�l�u�m�e�/�f�r�e�q�u�e�n�c�y� 

�w�a�s� �o�p�e�r�a�t�i�o�n�a�l�i�z�e�d� �a�s� �t�h�e� �f�r�e�q�u�e�n�c�y� �o�f� �s�h�i�p�m�e�n�t�s�,� �i�.�e�.�,� �t�h�e� �n�u�m�b�e�r� �o�f� �s�h�i�p�m�e�n�t�s� �p�e�r� �y�e�a�r� 

�s�h�i�p�p�e�d� �i�n� �a� �p�a�r�t�i�c�u�l�a�r� �t�y�p�e� �o�f� �c�a�r�r�i�e�r� �(�s�t�a�n�d�a�r�d� �t�r�a�i�l�e�r� �o�r� �r�e�f�r�i�g�e�r�a�t�e�d� �t�r�a�i�l�e�r�)�.� �I�n� �o�r�d�e�r� �t�o� 

�e�n�s�u�r�e� �t�h�a�t� �s�h�i�p�m�e�n�t� �f�r�e�q�u�e�n�c�y� �w�a�s�,� �i�n� �f�a�c�t�,� �a�n� �i�n�d�i�c�a�t�i�o�n� �o�f� �v�o�l�u�m�e�/�f�r�e�q�u�e�n�c�y� �t�r�a�n�s�p�o�r�t�e�d�,� 

�s�h�i�p�m�e�n�t� �s�i�z�e� �w�a�s� �h�e�l�d� �c�o�n�s�t�a�n�t� �(�t�r�u�c�k�l�o�a�d� �(�T�L�)� �s�h�i�p�m�e�n�t�s� �o�n�l�y�)�,� �s�o� �t�h�a�t� �i�n�c�r�e�a�s�e�d� 

�f�r�e�q�u�e�n�c�y� �o�f� �s�h�i�p�m�e�n�t�s� �w�a�s� �i�n�d�i�c�a�t�i�v�e� �o�f� �i�n�c�r�e�a�s�e�d� �v�o�l�u�m�e�.� 

�R�E�S�E�A�R�C�H� �H�Y�P�O�T�H�E�S�E�S� �-� �R�E�S�E�A�R�C�H� �D�E�S�I�G�N� 

�T�h�i�s� �s�e�c�t�i�o�n� �e�x�a�m�i�n�e�s� �h�o�w� �t�h�e� �v�a�r�i�a�b�l�e�s� �d�i�s�c�u�s�s�e�d� �a�b�o�v�e� �w�e�r�e� �u�s�e�d� �t�o� �i�n�v�e�s�t�i�g�a�t�e� 

�t�h�e� �r�e�s�e�a�r�c�h� �q�u�e�s�t�i�o�n�s� �s�t�a�t�e�d� �i�n� �C�H�A�P�T�E�R� �|�.� �I�n� �o�r�d�e�r� �t�o� �a�n�s�w�e�r� �t�h�e�s�e� �r�e�s�e�a�r�c�h� �q�u�e�s�t�i�o�n�s�,� 

�t�h�e� �h�y�p�o�t�h�e�s�e�s� �f�o�c�u�s�e�d� �o�n� �t�h�e� �e�x�p�l�o�r�a�t�i�o�n� �o�f� �i�n�t�e�r�a�c�t�i�o�n� �e�f�f�e�c�t�s�,� �a�s� �w�e�l�l� �a�s� �t�h�e� 

�a�c�c�o�m�p�a�n�y�i�n�g� �s�i�m�p�l�e� �m�a�i�n� �e�f�f�e�c�t�s�,� �o�f� �t�h�e� �f�o�u�r� �i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s� �o�f� �s�t�r�u�c�t�u�r�e�,� �a�s�s�e�t� 

�s�p�e�c�i�f�i�c�i�t�y�,� �u�n�c�e�r�t�a�i�n�t�y�,� �a�n�d� �v�o�l�u�m�e�/�f�r�e�q�u�e�n�c�y�.� �T�h�e� �r�e�s�e�a�r�c�h� �d�e�s�i�g�n� �w�a�s� �c�h�o�s�e�n� �t�o� 

�f�a�c�i�l�i�t�a�t�e� �t�h�i�s� �e�x�a�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n�s� �a�n�d� �s�i�m�p�l�e� �m�a�i�n� �e�f�f�e�c�t�s�.� �O�n�e� �o�b�j�e�c�t�i�v�e� �o�f� 

�e�x�a�m�i�n�i�n�g� �i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s� �w�i�t�h�i�n� �t�h�e� �c�o�n�t�e�x�t� �o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �d�e�s�i�g�n� �o�f� �t�h�i�s� 
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�r�e�s�e�a�r�c�h� �w�a�s� �t�o� �e�x�p�l�o�r�e� �t�h�e� �l�a�c�k� �o�f� �r�e�s�u�l�t�s� �a�n�d�/�o�r� �t�h�e� �c�o�n�t�r�a�d�i�c�t�o�r�y� �r�e�s�u�l�t�s� �o�f� �p�r�e�v�i�o�u�s� �T�C�A� 

�s�t�u�d�i�e�s�.� 

�R�E�S�E�A�R�C�H� �H�Y�P�O�T�H�E�S�E�S� 

�I�n�t�e�r�a�c�t�i�o�n� �o�f� �S�t�r�u�c�t�u�r�e� �a�n�d� �A�s�s�e�t� �S�p�e�c�i�f�i�c�i�t�y� 

�W�i�l�l�i�a�m�s�o�n�'�s� �T�C�A� �f�r�a�m�e�w�o�r�k� �c�o�n�t�e�n�d�s� �t�h�a�t� �r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �i�n�v�e�s�t�m�e�n�t� �i�n� 

�s�p�e�c�i�a�l�i�z�e�d� �a�s�s�e�t�s� �c�h�a�n�g�e� �t�h�e� �c�o�n�t�r�a�c�t�i�n�g� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �a� �b�u�y�e�r� �a�n�d� �s�e�l�l�e�r� �f�r�o�m� �o�n�e� 

�o�f� �"�l�a�r�g�e� �n�u�m�b�e�r�s �� �b�a�r�g�a�i�n�i�n�g� �t�o� �o�n�e� �o�f� �"�s�m�a�l�l� �n�u�m�b�e�r�s �� �b�a�r�g�a�i�n�i�n�g�.� �G�i�v�e�n� �t�h�e� �b�e�h�a�v�i�o�r�a�l� 

�a�s�s�u�m�p�t�i�o�n� �o�f� �o�p�p�o�r�t�u�n�i�s�m�,� �t�h�e� �d�e�s�i�g�n� �a�n�d� �m�a�i�n�t�e�n�a�n�c�e� �o�f� �s�u�c�h� �a� �r�e�l�a�t�i�o�n�s�h�i�p� �n�e�c�e�s�s�i�t�a�t�e�s� 

�i�n�c�r�e�a�s�e�d� �l�e�v�e�l�s� �o�f� �c�o�n�t�r�a�c�t�i�n�g�,� �m�o�n�i�t�o�r�i�n�g�,� �a�n�d� �e�n�f�o�r�c�e�m�e�n�t� �a�c�t�i�v�i�t�i�e�s� �i�n� �o�r�d�e�r� �t�o� �e�n�s�u�r�e� 

�r�e�d�u�c�e�d� �r�i�s�k�s� �t�o� �b�o�t�h� �b�u�y�e�r� �a�n�d� �s�e�l�l�e�r�,� �t�h�a�t� �i�s�:� �1�)� �c�o�n�t�i�n�u�a�t�i�o�n� �o�f� �s�e�r�v�i�c�e� �a�t� �a� �r�e�a�s�o�n�a�b�l�e� 

�c�o�s�t� �t�o� �t�h�e� �b�u�y�e�r� �a�n�d� �2�)� �c�o�n�t�i�n�u�a�t�i�o�n� �o�f� �d�e�m�a�n�d� �f�o�r� �t�h�e� �s�e�r�v�i�c�e� �f�r�o�m� �t�h�e� �b�u�y�e�r� �i�n� �o�r�d�e�r� �t�h�a�t� 

�t�h�e� �s�e�l�l�e�r� �r�e�c�o�v�e�r�s� �a� �r�e�a�s�o�n�a�b�l�e� �r�e�t�u�r�n� �o�n� �t�h�e� �r�e�q�u�i�r�e�d� �a�s�s�e�t� �i�n�v�e�s�t�m�e�n�t� �(�W�i�l�l�i�a�m�s�o�n� �1�9�8�5�)�.� 

�T�h�e� �m�o�r�e� �s�p�e�c�i�a�l�i�z�e�d� �t�h�e� �t�y�p�e� �o�f� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �c�a�r�r�i�e�r�,� �t�h�e� �f�e�w�e�r� �c�a�r�r�i�e�r�s� �e�x�i�s�t� 

�(�A�m�e�r�i�c�a�n� �T�r�u�c�k�i�n�g� �A�s�s�o�c�i�a�t�i�o�n�s� �1�9�9�2�a�)�.� �T�h�e� �f�a�c�t� �t�h�a�t� �f�e�w�e�r� �s�p�e�c�i�a�l�i�z�e�d� �c�a�r�r�i�e�r�s� �e�x�i�s�t� 

�p�r�o�v�i�d�e�s� �t�h�e� �p�o�s�s�i�b�i�l�i�t�y� �o�f� �a� �"�s�m�a�l�l� �n�u�m�b�e�r�s �� �b�a�r�g�a�i�n�i�n�g� �s�i�t�u�a�t�i�o�n�.� �F�u�r�t�h�e�r�m�o�r�e�,� �t�h�e� �r�a�t�e�s� 

�c�h�a�r�g�e�d� �b�y� �t�h�o�s�e� �c�a�r�r�i�e�r�s� �f�r�e�q�u�e�n�t�l�y� �e�x�c�e�e�d� �t�h�e� �r�a�t�e�s� �c�h�a�r�g�e�d� �b�y� �t�h�e� �n�o�n�s�p�e�c�i�a�l�i�z�e�d� �c�a�r�r�i�e�r�s� 

�b�e�c�a�u�s�e� �o�f� �d�i�s�c�r�i�m�i�n�a�t�o�r�y� �v�a�l�u�e�-�o�f�-�s�e�r�v�i�c�e� �p�r�i�c�i�n�g� �(�T�a�l�l�e�y� �1�9�8�8�)�.� �F�o�r� �c�a�r�r�i�e�r� �f�i�r�m�s�,� 

�i�n�v�e�s�t�m�e�n�t� �i�n� �s�p�e�c�i�a�l�i�z�e�d� �(�e�.�g�.�,� �r�e�f�r�i�g�e�r�a�t�e�d�)� �c�a�r�r�i�e�r�s� �r�e�q�u�i�r�e�s� �a�s�s�u�r�a�n�c�e� �o�f� �a� �r�e�t�u�r�n� �o�n� �t�h�a�t� 

�i�n�v�e�s�t�m�e�n�t�,� �i�.�e�.�,� �a�n� �i�n�v�e�s�t�m�e�n�t� �"�f�o�r� �w�h�i�c�h� �t�h�e� �n�e�t� �p�r�e�s�e�n�t� �v�a�l�u�e� �i�s� �p�o�s�i�t�i�v�e �� �(�T�a�l�l�e�y� �1�9�8�8�,� �p�.� 

�2�6�)�.� �T�h�e� �h�i�g�h�e�r� �r�a�t�e�s� �c�h�a�r�g�e�d� �b�y� �c�a�r�r�i�e�r� �f�i�r�m�s� �s�e�e�k�i�n�g� �t�o� �r�e�c�o�v�e�r� �t�h�e�i�r� �i�n�v�e�s�t�m�e�n�t�s�,� �a�l�o�n�g� 

�w�i�t�h� �t�h�e� �t�r�a�n�s�a�c�t�i�o�n� �c�o�s�t�s� �(�n�e�g�o�t�i�a�t�i�o�n� �c�o�s�t�s�)� �i�n�v�o�l�v�e�d� �i�n� �c�o�n�t�r�a�c�t�i�n�g� �f�o�r� �t�r�a�n�s�p�o�r�t�a�t�i�o�n�,� 

�s�u�g�g�e�s�t� �t�h�a�t� �w�h�e�n� �r�e�f�r�i�g�e�r�a�t�e�d� �c�a�r�r�i�e�r�s� �(�A�h�)� �a�r�e� �r�e�q�u�i�r�e�d�,� �m�a�i�n�t�a�i�n�i�n�g� �a� �p�r�i�v�a�t�e�/�l�e�a�s�e�d� �c�a�r�r�i�e�r� 

�f�l�e�e�t� �(�S�p�)� �m�a�y� �b�e� �l�e�s�s� �c�o�s�t�l�y� �t�h�a�n� �s�h�i�p�p�i�n�g� �i�n� �c�o�n�t�r�a�c�t� �c�a�r�r�i�e�r�s� �(�S�c�)�.� 
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�O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �w�h�e�n� �n�o�n�s�p�e�c�i�a�l�i�z�e�d� �c�a�r�r�i�e�r�s�,� �i�.�e�.�,� �s�t�a�n�d�a�r�d� �d�r�y� �f�r�e�i�g�h�t� �t�r�a�i�l�e�r�s� 

�(�A�l�)�,� �a�r�e� �r�e�q�u�i�r�e�d� �f�o�r� �a� �p�r�o�d�u�c�t�'�s� �t�r�a�n�s�p�o�r�t�a�t�i�o�n�,� �m�a�i�n�t�e�n�a�n�c�e� �o�f� �a� �p�r�i�v�a�t�e�/�l�e�a�s�e�d� �f�l�e�e�t� �m�e�a�n�s� 

�t�h�a�t� �t�h�e� �s�h�i�p�p�i�n�g� �f�i�r�m� �m�u�s�t� �m�a�k�e� �a�n� �i�n�v�e�s�t�m�e�n�t� �(�e�i�t�h�e�r� �t�h�r�o�u�g�h� �p�u�r�c�h�a�s�e� �o�r� �l�e�a�s�e�)� �i�n� �t�h�i�s� 

�e�q�u�i�p�m�e�n�t�,� �w�h�e�n� �t�h�e� �s�e�r�v�i�c�e� �p�r�o�v�i�d�e�d� �m�a�y� �b�e� �r�e�a�d�i�l�y� �a�v�a�i�l�a�b�l�e�,� �a�t� �a� �l�o�w�e�r� �c�o�s�t�,� �w�i�t�h�o�u�t� 

�t�h�a�t� �i�n�v�e�s�t�m�e�n�t�.� 

�B�a�s�e�d� �o�n� �t�h�e� �d�i�s�c�u�s�s�i�o�n� �a�b�o�v�e�,� �t�h�e� �f�i�r�s�t� �h�y�p�o�t�h�e�s�e�s� �p�r�e�d�i�c�t� �t�h�a�t� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �w�i�l�l� 

�m�o�d�i�f�y� �t�h�e� �m�a�i�n� �e�f�f�e�c�t� �o�f� �s�t�r�u�c�t�u�r�e� �o�n� �t�h�e� �r�e�s�p�o�n�s�e� �v�a�r�i�a�b�l�e� �(�m�e�a�n� �s�h�i�p�m�e�n�t� �c�o�s�t�)� �(�s�e�e� 

�F�i�g�u�r�e� �3�)�:� 

�H�1�A� �O�v�e�r� �a�l�l� �c�o�n�d�i�t�i�o�n�s� �o�f� �u�n�c�e�r�t�a�i�n�t�y� �a�n�d� �v�o�l�u�m�e�,� �t�h�e� �m�o�r�e� �e�f�f�i�c�i�e�n�t� �a�l�t�e�r�n�a�t�i�v�e� 
�(�m�e�a�s�u�r�e�d� �b�y� �m�e�a�n� �s�h�i�p�m�e�n�t� �c�o�s�t�)� �f�o�r� �s�h�i�p�m�e�n�t�s� �r�e�q�u�i�r�i�n�g� �s�t�a�n�d�a�r�d� �t�r�a�i�l�e�r�s� 
�(�A�l�)� �w�i�l�l� �b�e� �c�o�n�t�r�a�c�t� �c�a�r�r�i�e�r�s� �(�S�c�)� �(�A�l� �h�a�s� �a� �n�e�g�a�t�i�v�e� �s�l�o�p�e�)�.� 

�H�1�B� �O�v�e�r� �a�l�l� �c�o�n�d�i�t�i�o�n�s� �o�f� �u�n�c�e�r�t�a�i�n�t�y� �a�n�d� �v�o�l�u�m�e�,� �t�h�e� �m�o�r�e� �e�f�f�i�c�i�e�n�t� �a�l�t�e�r�n�a�t�i�v�e� 
�(�m�e�a�s�u�r�e�d� �b�y� �m�e�a�n� �s�h�i�p�m�e�n�t� �c�o�s�t�)� �f�o�r� �s�h�i�p�m�e�n�t�s� �r�e�q�u�i�r�i�n�g� �r�e�f�r�i�g�e�r�a�t�e�d� 
�t�r�a�i�l�e�r�s� �(�A�h�)� �w�i�l�l� �b�e� �p�r�i�v�a�t�e�/�l�e�a�s�e�d� �c�a�r�r�i�e�r�s� �(�S�p�)� �(�A�h� �h�a�s� �a� �p�o�s�i�t�i�v�e� �s�l�o�p�e�)�.� 

�I�n�t�e�r�a�c�t�i�o�n� �o�f� �S�t�r�u�c�t�u�r�e� �a�n�d� �U�n�c�e�r�t�a�i�n�t�y� 

�A�c�c�o�r�d�i�n�g� �t�o� �W�i�l�l�i�a�m�s�o�n� �(�1�9�7�5�,� �1�9�8�5�)�,� �w�h�e�n� �u�n�c�e�r�t�a�i�n�t�y� �e�x�i�s�t�s�,� �a�l�l� �a�l�t�e�r�n�a�t�i�v�e� 

�o�u�t�c�o�m�e�s� �c�a�n� �n�e�i�t�h�e�r� �b�e� �c�o�n�s�i�d�e�r�e�d� �n�o�r� �s�p�e�c�i�f�i�e�d�.� �W�i�l�l�i�a�m�s�o�n� �c�o�n�t�e�n�d�e�d� �t�h�a�t� �i�n�c�r�e�a�s�i�n�g� 

�u�n�c�e�r�t�a�i�n�t�y� �i�n�c�r�e�a�s�e�s� �t�h�e� �n�u�m�b�e�r� �o�f� �c�o�n�t�i�n�g�e�n�c�i�e�s� �t�h�a�t� �m�u�s�t� �b�e� �c�o�n�s�i�d�e�r�e�d� �w�h�e�n� �a�t�t�e�m�p�t�i�n�g� 

�t�o� �f�o�r�g�e� �a�n�d� �a�d�m�i�n�i�s�t�e�r� �a�g�r�e�e�m�e�n�t�s� �b�e�t�w�e�e�n� �t�w�o� �p�a�r�t�i�e�s� �f�o�r� �t�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �a� �f�u�n�c�t�i�o�n�.� 

�A�s� �t�h�e� �n�u�m�b�e�r� �o�f� �c�o�n�t�i�n�g�e�n�c�i�e�s� �i�n�c�r�e�a�s�e�s�,� �i�t� �b�e�c�o�m�e�s� �i�n�c�r�e�a�s�i�n�g�l�y� �d�i�f�f�i�c�u�l�t� �t�o� �n�e�g�o�t�i�a�t�e� 

�a�g�r�e�e�m�e�n�t�s�,� �a�s� �w�e�l�l� �a�s� �t�o� �m�o�n�i�t�o�r� �a�n�d� �e�n�f�o�r�c�e� �e�x�i�s�t�i�n�g� �a�g�r�e�e�m�e�n�t�s�,� �p�o�t�e�n�t�i�a�l�l�y� �i�n�c�r�e�a�s�i�n�g� 

�t�h�e� �t�r�a�n�s�a�c�t�i�o�n� �c�o�s�t�s� �w�h�e�n� �a�c�t�i�v�i�t�i�e�s� �a�r�e� �p�e�r�f�o�r�m�e�d� �e�x�t�e�r�n�a�l�l�y�.� �A�c�c�o�r�d�i�n�g� �t�o� �T�C�A� �h�o�w�e�v�e�r�,� 

�u�n�c�e�r�t�a�i�n�t�y� �o�n�l�y� �i�n�c�r�e�a�s�e�s� �t�r�a�n�s�a�c�t�i�o�n� �c�o�s�t�s� �w�h�e�n� �s�p�e�c�i�f�i�c� �a�s�s�e�t�s� �a�r�e� �i�n�v�o�l�v�e�d�.� �I�f� �s�p�e�c�i�f�i�c� 

�a�s�s�e�t�s� �(�e�.�g�.�,� �r�e�f�r�i�g�e�r�a�t�e�d� �t�r�a�i�l�e�r�s�)� �a�r�e� �n�o�t� �r�e�q�u�i�r�e�d� 

�n�e�w� �t�r�a�d�i�n�g� �r�e�l�a�t�i�o�n�s� �c�a�n� �b�e� �e�a�s�i�l�y� �a�r�r�a�n�g�e�d� �b�y� �b�o�t�h� �p�a�r�t�i�e�s�.� �I�n�c�r�e�a�s�i�n�g� �t�h�e� �d�e�g�r�e�e� 
�o�f� �u�n�c�e�r�t�a�i�n�t�y� �d�o�e�s� �n�o�t� �a�l�t�e�r� �t�h�i�s� �(�W�i�l�l�i�a�m�s�o�n� �1�9�8�5�,� �p�.� �7�9�)�.� 
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�C�o�s�t� �H�4�A� 
�u�l� 

�A�h� 

�A� 
�c�e�e� 

�C�T� 
�S�p� �S�e� 

�C�o�s�t� �H�4�B� 
�U�h� 

�A�h� 

 �� 
�A�l� 

�e�e� 

�C�S� 
�S�p� �S�e� 

�C�o�s�t� �H�2� �C�o�s�t� �H�3� 

�U�h� �V�h� �(�H�3�B�)� 
�E�S�  ��_ � �� 

�>� �>� �V�i� 

�S�p� �S�e� �S�p� �S�e� 

�C�o�s�t� �H�B�5�A� �C�o�s�t� �H�6�A� 

�v�l� �u�l� 
�V�h�  ��_�_�A�n� �_�_�_ �!"� 

�A�l� �V�i� 

�S�p� �S�c� �S�p� �S�c� 

�C�o�s�t� �H�5� �C�o�s�t� �H�6�B� 
�V�h� �A�n� �U�h� 

�a�  �� 
�A�l�  � �� �V�i� 

 � � � �� �a� 

�S�p� �S�c� �S�p� �S�c� 

�F�I�G�U�R�E� �3�.� �H�Y�P�O�T�H�E�S�E�S� �1� �-� �6� 
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�I�n� �o�t�h�e�r� �w�o�r�d�s�,� �u�n�l�e�s�s� �s�p�e�c�i�f�i�c� �a�s�s�e�t� �r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r�c�e� �t�h�e� �n�e�c�e�s�s�i�t�y� �f�o�r� �r�e�l�a�t�i�v�e�l�y� �l�o�n�g� 

�t�e�r�m� �a�g�r�e�e�m�e�n�t�s� �(�t�o� �e�n�s�u�r�e� �t�h�a�t� �t�h�e� �r�e�q�u�i�r�e�d� �a�s�s�e�t�s� �a�r�e� �a�v�a�i�l�a�b�l�e� �t�o� �t�h�e� �s�h�i�p�p�e�r�,� �a�n�d� �t�h�a�t� 

�t�h�e� �c�a�r�r�i�e�r� �w�i�l�l� �r�e�c�e�i�v�e� �a�n� �a�p�p�r�o�p�r�i�a�t�e� �r�e�t�u�r�n� �o�n� �t�h�e� �a�s�s�e�t� �i�n�v�e�s�t�m�e�n�t�)�,� �u�n�c�e�r�t�a�i�n�t�y� �w�i�l�l� �n�o�t� 

�i�n�c�r�e�a�s�e� �t�r�a�n�s�a�c�t�i�o�n� �c�o�s�t�s�.� �T�h�e�r�e�f�o�r�e�,� �u�n�c�e�r�t�a�i�n�t�y� �s�h�o�u�l�d� �n�o�t� �m�o�d�i�f�y� �t�h�e� �m�a�i�n� �e�f�f�e�c�t� �o�f� 

�s�t�r�u�c�t�u�r�e� �o�n� �t�h�e� �r�e�s�p�o�n�s�e� �v�a�r�i�a�b�l�e� �(�m�e�a�n� �s�h�i�p�m�e�n�t� �c�o�s�t�)�,� �w�h�i�c�h� �m�e�a�n�s� �t�h�a�t� �t�h�e� �e�f�f�e�c�t� �o�f� 

�s�t�r�u�c�t�u�r�e� �o�n� �s�h�i�p�m�e�n�t� �c�o�s�t� �s�h�o�u�l�d� �n�o�t� �v�a�r�y� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �l�e�v�e�l� �o�f� �u�n�c�e�r�t�a�i�n�t�y�.� 

�F�u�r�t�h�e�r�m�o�r�e�,� �s�i�n�c�e� �t�h�e�r�e� �a�r�e� �s�e�v�e�r�a�l� �h�i�g�h�e�r� �o�r�d�e�r� �i�n�t�e�r�a�c�t�i�o�n�s� �p�r�e�d�i�c�t�e�d� �(�s�e�e� 

�d�i�s�c�u�s�s�i�o�n� �b�e�l�o�w�)� �i�n�v�o�l�v�i�n�g� �f�a�c�t�o�r�s� �(�a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �a�n�d� �v�o�l�u�m�e�;� �s�e�e� �T�a�b�l�e� �4�)� �t�h�a�t� �h�a�v�e� 

�b�e�e�n� �t�h�e� �s�o�u�r�c�e� �o�f� �s�i�g�n�i�f�i�c�a�n�t� �f�i�n�d�i�n�g�s� �i�n� �p�r�e�v�i�o�u�s� �T�C�A� �r�e�s�e�a�r�c�h�,� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� 

�b�e�t�w�e�e�n� �s�h�i�p�p�i�n�g� �i�n� �p�r�i�v�a�t�e�/�l�e�a�s�e�d� �c�a�r�r�i�e�r�s� �(�S�p�)� �a�n�d� �c�o�n�t�r�a�c�t� �c�a�r�r�i�e�r�s� �(�S�c�)� �m�a�y� �b�e� �m�a�s�k�e�d� 

�f�o�r� �t�h�i�s� �f�i�r�s�t� �o�r�d�e�r� �i�n�t�e�r�a�c�t�i�o�n� �(�s�e�e� �F�i�g�u�r�e� �3�)�.� 

�H�2�:� �O�v�e�r� �a�l�l� �c�o�n�d�i�t�i�o�n�s� �o�f� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �a�n�d� �v�o�l�u�m�e�,� �t�h�e�r�e� �w�i�l�l� �b�e� �n�o� 
�s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �m�e�a�n� �c�o�s�t� �o�f� �s�h�i�p�m�e�n�t�s� �i�n� �p�r�i�v�a�t�e�/�l�e�a�s�e�d� 
�c�a�r�r�i�e�r�s� �(�S�p�)� �a�n�d� �t�h�e� �m�e�a�n� �c�o�s�t� �o�f� �s�h�i�p�m�e�n�t�s� �i�n� �c�o�n�t�r�a�c�t� �c�a�r�r�i�e�r�s� �(�S�c�)�;� �t�h�i�s� 

�w�i�l�l� �b�e� �t�r�u�e� �n�o� �m�a�t�t�e�r� �w�h�a�t� �t�h�e� �l�e�v�e�l� �o�f� �o�p�e�r�a�t�i�o�n�a�l� �u�n�c�e�r�t�a�i�n�t�y� �i�s� �(�l�o�w� �(�U�I�)� �o�r� 
�h�i�g�h� �(�U�h�)�)� �(�b�o�t�h� �U�l� �a�n�d� �U�h� �h�a�v�e� �a� �s�l�o�p�e� �o�f� �0�)�.� 

�I�t� �s�h�o�u�l�d� �b�e� �n�o�t�e�d� �t�h�a�t� �i�f� �e�n�v�i�r�o�n�m�e�n�t�a�l� �u�n�c�e�r�t�a�i�n�t�y� �(�w�h�i�c�h� �r�e�q�u�i�r�e�s� �a� �f�i�r�m� �t�o� 

�m�a�i�n�t�a�i�n� �s�t�r�a�t�e�g�i�c� �f�l�e�x�i�b�i�l�i�t�y�)� �e�x�i�s�t�s�,� �t�h�i�s� �h�y�p�o�t�h�e�s�i�s� �w�o�u�l�d� �p�r�e�d�i�c�t� �o�u�t�s�o�u�r�c�i�n�g� �(�S�c�)�,� �r�a�t�h�e�r� 

�t�h�a�n� �p�r�i�v�a�t�e�/�l�e�a�s�e�d� �f�l�e�e�t� �(�S�p�}�,� �t�o� �b�e� �t�h�e� �m�o�r�e� �e�f�f�i�c�i�e�n�t� �s�t�r�u�c�t�u�r�e� �(�s�e�e� �d�i�s�c�u�s�s�i�o�n� �o�f� 

�o�r�g�a�n�i�z�a�t�i�o�n�a�l�,� �s�t�r�a�t�e�g�i�c� �m�a�n�a�g�e�m�e�n�t�,� �a�n�d� �p�u�b�l�i�c� �p�o�l�i�c�y� �r�e�s�e�a�r�c�h� �u�n�d�e�r� �W�i�l�l�i�a�m�s�o�n�)�.� 

�I�n�t�e�r�a�c�t�i�o�n� �o�f� �S�t�r�u�c�t�u�r�e� �a�n�d� �V�o�l�u�m�e�/�F�r�e�q�u�e�n�c�y� 

�W�i�l�l�i�a�m�s�o�n ��s� �(�1�9�7�9�,� �1�9�8�5�)� �e�x�p�l�i�c�a�t�i�o�n� �o�f� �w�h�a�t� �h�e� �t�e�r�m�s� �t�h�e� �t�r�a�n�s�a�c�t�i�o�n�a�l� �d�i�m�e�n�s�i�o�n� 

�o�f� �f�r�e�q�u�e�n�c�y� �(�r�e�f�e�r�r�e�d� �t�o� �i�n� �t�h�i�s� �r�e�s�e�a�r�c�h� �a�s� �v�o�l�u�m�e�/�f�r�e�q�u�e�n�c�y� �o�r� �v�o�l�u�m�e�)� �s�e�r�v�e�s� �t�h�e� �p�r�i�m�a�r�y� 

�p�u�r�p�o�s�e� �o�f� �c�o�s�t� �j�u�s�t�i�f�i�c�a�t�i�o�n� �f�o�r� �a� �f�i�r�m ��s� �i�n�v�e�s�t�m�e�n�t� �i�n� �t�h�e� �a�s�s�e�t�s� �r�e�q�u�i�r�e�d� �f�o�r� �a�n� �a�c�t�i�v�i�t�y�.� 

�T�h�i�s� �m�e�a�n�s� �t�h�a�t� �t�h�e� �m�o�r�e� �f�u�l�l�y� �u�t�i�l�i�z�e�d� �t�h�e� �a�s�s�e�t�s� �r�e�q�u�i�r�e�d� �f�o�r� �t�r�a�n�s�p�o�r�t�a�t�i�o�n�,� �t�h�e� �l�o�w�e�r� �t�h�e� 

�c�o�s�t� �o�f� �s�h�i�p�p�i�n�g� �a� �p�r�o�d�u�c�t� �(�T�a�l�l�e�y� �1�9�8�8�)�.� 
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�i�f� �t�h�e� �v�o�l�u�m�e� �o�f� �s�h�i�p�m�e�n�t�s� �i�s� �l�o�w� �(�V�1�)�,� �t�h�e� �s�h�i�p�p�e�r� �w�i�l�l� �n�o�t� �b�e� �a�b�l�e� �t�o� �r�e�a�l�i�z�e� 

�e�c�o�n�o�m�i�e�s� �o�f� �s�c�a�l�e�.� �I�n� �t�h�i�s� �s�i�t�u�a�t�i�o�n�,� �t�h�e� �f�i�r�m� �i�s� �b�e�t�t�e�r� �o�f�f� �u�s�i�n�g� �c�o�n�t�r�a�c�t� �c�a�r�r�i�e�r�s� �(�S�c�)�,� �w�h�o� 

�c�a�n� �a�g�g�r�e�g�a�t�e� �s�h�i�p�m�e�n�t�s� �a�n�d� �r�e�a�l�i�z�e� �s�c�a�l�e� �e�c�o�n�o�m�i�e�s�.� 

�H�o�w�e�v�e�r�,� �i�f� �t�h�e� �v�o�l�u�m�e� �o�f� �s�h�i�p�m�e�n�t�s� �i�s� �h�i�g�h� �(�V�h�)�,� �p�r�i�v�a�t�e�/�l�e�a�s�e�d� �c�a�r�r�i�e�r�s� �m�a�y� �b�e� �t�h�e� 

�m�o�r�e� �e�f�f�i�c�i�e�n�t� �a�l�t�e�r�n�a�t�i�v�e� �(�S�p�)�.� �D�u�e� �t�o� �t�h�e� �l�a�r�g�e� �v�o�l�u�m�e� �t�r�a�n�s�p�o�r�t�e�d� �i�n� �i�t�s� �e�q�u�i�p�m�e�n�t�,� �t�h�e� 

�s�h�i�p�p�i�n�g� �f�i�r�m� �w�i�l�l� �b�e� �a�b�l�e� �t�o� �r�e�a�l�i�z�e� �e�c�o�n�o�m�i�e�s� �o�f� �s�c�a�l�e�.� �I�n� �t�h�i�s� �c�a�s�e�,� �s�h�i�p�p�i�n�g� �i�n� �c�o�n�t�r�a�c�t� 

�c�a�r�r�i�e�r�s� �w�o�u�l�d� �b�e� �l�e�s�s� �e�f�f�i�c�i�e�n�t�,� �s�i�n�c�e� �t�h�e� �t�o�t�a�l� �s�h�i�p�m�e�n�t� �c�o�s�t� �w�o�u�l�d� �i�n�c�l�u�d�e� �a�n�y� �t�r�a�n�s�a�c�t�i�o�n� 

�c�o�s�t�s� �i�n�c�u�r�r�e�d� �c�o�n�t�r�a�c�t�i�n�g�,� �i�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �r�a�t�e� �c�h�a�r�g�e�d� �b�y� �t�h�e� �c�a�r�r�i�e�r� �f�o�r� �t�h�e� �s�h�i�p�m�e�n�t�.� 

�B�a�s�e�d� �o�n� �t�h�e� �d�i�s�c�u�s�s�i�o�n� �a�b�o�v�e�,� �t�h�e� �t�h�i�r�d� �s�e�t� �o�f� �h�y�p�o�t�h�e�s�e�s� �p�r�e�d�i�c�t� �t�h�a�t� �v�o�l�u�m�e� �w�i�l�l� 

�m�o�d�i�f�y� �t�h�e� �m�a�i�n� �e�f�f�e�c�t� �o�f� �s�t�r�u�c�t�u�r�e� �o�n� �t�h�e� �r�e�s�p�o�n�s�e� �v�a�r�i�a�b�l�e� �(�m�e�a�n� �s�h�i�p�m�e�n�t� �c�o�s�t�)� �(�s�e�e� 

�F�i�g�u�r�e� �3�)�:� 

�H�3�A�:� �O�v�e�r� �a�l�l� �c�o�n�d�i�t�i�o�n�s� �o�f� �u�n�c�e�r�t�a�i�n�t�y� �a�n�d� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y�,� �w�h�e�n� �t�h�e� �v�o�l�u�m�e� �o�f� 
�s�h�i�p�m�e�n�t�s� �i�s� �l�o�w� �(�V�I�)�,� �t�h�e� �m�o�r�e� �e�f�f�i�c�i�e�n�t� �a�l�t�e�r�n�a�t�i�v�e� �(�m�e�a�s�u�r�e�d� �b�y� �m�e�a�n� 
�s�h�i�p�m�e�n�t� �c�o�s�t�)� �w�i�l�l� �b�e� �c�o�n�t�r�a�c�t� �c�a�r�r�i�e�r�s� �(�S�c�)� �(�V�I� �h�a�s� �a� �n�e�g�a�t�i�v�e� �s�l�o�p�e�)�.� 

�H�3�B�:� �O�v�e�r� �a�l�l� �c�o�n�d�i�t�i�o�n�s� �o�f� �u�n�c�e�r�t�a�i�n�t�y� �a�n�d� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y�,� �w�h�e�n� �t�h�e� �v�o�l�u�m�e� �o�f� 
�s�h�i�p�m�e�n�t�s� �i�s� �h�i�g�h� �(�V�h�)�,� �t�h�e� �m�o�r�e� �e�f�f�i�c�i�e�n�t� �a�l�t�e�r�n�a�t�i�v�e� �(�m�e�a�s�u�r�e�d� �b�y� �m�e�a�n� 
�s�h�i�p�m�e�n�t� �c�o�s�t�)� �w�i�l�l� �b�e� �p�r�i�v�a�t�e�/�l�e�a�s�e�d� �c�a�r�r�i�e�r�s� �(�S�p�)� �(�V�h� �h�a�s� �a� �p�o�s�i�t�i�v�e� �s�l�o�p�e�)�.� 

�I�n�t�e�r�a�c�t�i�o�n� �o�f� �S�t�r�u�c�t�u�r�e�,� �A�s�s�e�t� �S�p�e�c�i�f�i�c�i�t�y�,� �a�n�d� �U�n�c�e�r�t�a�i�n�t�y� 

�T�h�e� �i�n�t�e�r�a�c�t�i�o�n� �o�f� �s�t�r�u�c�t�u�r�e� �a�n�d� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �w�i�l�l� �h�a�v�e� �d�i�f�f�e�r�i�n�g� �e�f�f�e�c�t�s� �o�n� �m�e�a�n� 

�s�h�i�p�m�e�n�t� �c�o�s�t�,� �d�e�p�e�n�d�i�n�g� �o�n� �w�h�e�t�h�e�r� �o�p�e�r�a�t�i�o�n�a�l� �u�n�c�e�r�t�a�i�n�t�y� �i�s� �l�o�w� �(�U�I�)� �o�r� �h�i�g�h� �(�U�h�)�.� �T�C�A� 

�p�r�e�d�i�c�t�s� �t�h�a�t� �w�h�e�n� �b�o�t�h� �r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �s�p�e�c�i�f�i�c� �a�s�s�e�t�s� �a�n�d� �u�n�c�e�r�t�a�i�n�t�y� �a�r�e� �p�r�e�s�e�n�t�,� �t�h�e� 

�n�e�c�e�s�s�i�t�y� �f�o�r� �p�r�o�t�e�c�t�i�o�n� �o�f� �t�h�e� �s�p�e�c�i�f�i�c� �a�s�s�e�t�s� �b�e�c�o�m�e�s� �c�r�i�t�i�c�a�l�.� �U�n�c�e�r�t�a�i�n�t�y� �i�n�c�r�e�a�s�e�s� �t�h�e� 

�c�h�a�n�c�e�s� �f�o�r� �i�n�f�o�r�m�a�t�i�o�n� �a�s�y�m�m�e�t�r�i�e�s� �a�n�d� �o�p�p�o�r�t�u�n�i�s�m� �o�n� �t�h�e� �p�a�r�t� �o�f� �b�o�t�h� �b�u�y�e�r� �a�n�d� �s�e�l�l�e�r�,� 

�c�a�u�s�i�n�g� �a�n� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �n�u�m�b�e�r� �o�f� �c�o�n�t�i�n�g�e�n�c�i�e�s� �t�h�a�t� �m�u�s�t� �b�e� �s�p�e�c�i�f�i�e�d� �a�n�d� �m�o�n�i�t�o�r�e�d� �i�n� 

�c�o�n�t�r�a�c�t�s� �b�e�t�w�e�e�n� �p�a�r�t�i�e�s�,� �a�n�d� �c�o�n�s�e�q�u�e�n�t�l�y�,� �h�i�g�h�e�r� �t�r�a�n�s�a�c�t�i�o�n� �c�o�s�t�s� �(�W�i�l�l�i�a�m�s�o�n� �1�9�7�9�,� 

�1�9�8�5�)�.� 
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�U�n�d�e�r� �c�o�n�d�i�t�i�o�n�s� �o�f� �l�o�w� �o�p�e�r�a�t�i�o�n�a�l� �u�n�c�e�r�t�a�i�n�t�y� �(�U�I�)�,� �w�h�e�n� �s�h�i�p�m�e�n�t�s� �c�a�n� �g�o� �i�n� 

�s�t�a�n�d�a�r�d� �t�r�a�i�l�e�r�s� �(�A�l�)�,� �t�h�e� �c�o�s�t� �o�f� �s�h�i�p�p�i�n�g� �i�n� �p�r�i�v�a�t�e�/�l�e�a�s�e�d� �c�a�r�r�i�e�r�s� �(�S�p�)� �s�h�o�u�l�d� �b�e� �h�i�g�h�e�r� 

�t�h�a�n� �t�h�e� �c�o�s�t� �o�f� �c�o�n�t�r�a�c�t� �c�a�r�r�i�e�r�s� �(�S�c�)�.� �H�o�w�e�v�e�r�,� �w�h�e�n� �r�e�f�r�i�g�e�r�a�t�e�d� �c�a�r�r�i�e�r�s� �a�r�e� �r�e�q�u�i�r�e�d� 

�(�A�h�)�,� �p�r�i�v�a�t�e�/�l�e�a�s�e�d� �c�a�r�r�i�e�r�s� �(�S�p�)� �a�r�e� �m�o�r�e� �e�f�f�i�c�i�e�n�t� �t�h�a�n� �c�o�n�t�r�a�c�t� �c�a�r�r�i�e�r�s� �(�S�c�)�,� �b�e�c�a�u�s�e� �o�f� 

�t�h�e� �p�o�s�s�i�b�i�l�i�t�y� �o�f� �s�m�a�l�l� �n�u�m�b�e�r�s� �b�a�r�g�a�i�n�i�n�g�.� 

�U�n�d�e�r� �c�o�n�d�i�t�i�o�n�s� �o�f� �h�i�g�h� �o�p�e�r�a�t�i�o�n�a�l� �u�n�c�e�r�t�a�i�n�t�y� �(�U�h�)�,� �w�h�e�n� �s�h�i�p�m�e�n�t�s� �c�a�n� �g�o� �i�n� 

�s�t�a�n�d�a�r�d� �t�r�a�i�l�e�r�s� �(�A�l�)�,� �c�o�n�t�r�a�c�t� �c�a�r�r�i�e�r�s� �(�S�c�)� �a�r�e� �s�t�i�l�l� �t�h�e� �m�o�r�e� �e�f�f�i�c�i�e�n�t� �a�l�t�e�r�n�a�t�i�v�e�.� �H�o�w�e�v�e�r�,� 

�w�h�e�n� �t�h�e� �r�e�q�u�i�r�e�m�e�n�t� �f�o�r� �r�e�f�r�i�g�e�r�a�t�e�d� �t�r�a�i�l�e�r�s� �(�A�h�)� �i�s� �c�o�m�b�i�n�e�d� �w�i�t�h� �h�i�g�h� �o�p�e�r�a�t�i�o�n�a�l� 

�u�n�c�e�r�t�a�i�n�t�y� �(�U�h�)�,� �a�c�c�o�r�d�i�n�g� �t�o� �T�C�A� 

�i�t� �[�i�s� �e�v�e�n�]� �m�o�r�e� �i�m�p�e�r�a�t�i�v�e� �.�.� �.� �t�o� �"�w�o�r�k� �t�h�i�n�g�s� �o�u�t�.� �F�a�i�l�u�r�e� �t�o� �s�u�p�p�o�r�t� �t�r�a�n�s�a�c�t�i�o�n�-� 
�s�p�e�c�i�f�i�c� �a�s�s�e�t�s� �.� �.� �.� �r�e�s�u�l�t�s� �i�n� �c�o�s�t�l�y� �h�a�g�g�l�i�n�g� �(�e�m�p�h�a�s�i�s� �a�d�d�e�d�)�"� �(�W�i�l�l�i�a�m�s�o�n� �1�9�8�5�,� 
�p�.� �7�9�)�.� 

�T�h�e�r�e�f�o�r�e�,� �w�h�e�n� �a� �h�i�g�h� �d�e�g�r�e�e� �o�f� �u�n�c�e�r�t�a�i�n�t�y� �(�U�h�)� �i�s� �c�o�m�b�i�n�e�d� �w�i�t�h� �t�h�e� �r�e�q�u�i�r�e�m�e�n�t� �f�o�r� 

�r�e�f�r�i�g�e�r�a�t�e�d� �t�r�a�i�l�e�r�s� �(�A�h�)�,� �p�r�i�v�a�t�e�/�l�e�a�s�e�d� �c�a�r�r�i�e�r�s� �a�r�e� �s�t�i�l�l� �t�h�e� �m�o�r�e� �e�f�f�i�c�i�e�n�t� �a�l�t�e�r�n�a�t�i�v�e�,� �b�u�t� 

�c�o�n�t�r�a�c�t� �c�a�r�r�i�e�r�s� �(�S�c�)� �a�r�e� �e�v�e�n� �m�o�r�e� �c�o�s�t�l�y� �t�h�a�n� �t�h�e�y� �w�e�r�e� �u�n�d�e�r� �l�o�w� �o�p�e�r�a�t�i�o�n�a�l� �u�n�c�e�r�t�a�i�n�t�y� 

�(�U�I�)�.� 

�T�h�e� �f�o�l�l�o�w�i�n�g� �h�y�p�o�t�h�e�s�e�s� �p�r�e�d�i�c�t� �t�h�a�t� �t�h�e� �p�a�t�t�e�r�n� �o�f� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n� �o�f� �s�t�r�u�c�t�u�r�e� �a�n�d� 

�a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �i�s� �m�o�d�i�f�i�e�d� �b�y� �o�p�e�r�a�t�i�o�n�a�l� �u�n�c�e�r�t�a�i�n�t�y� �(�s�e�e� �F�i�g�u�r�e� �3�;� �H�4�A� �a�n�d� �H�4�B�)�:� 

�H�4�A� �A�c�r�o�s�s� �a�l�l� �v�o�l�u�m�e� �c�o�n�d�i�t�i�o�n�s�,� �w�h�e�n� �o�p�e�r�a�t�i�o�n�a�l� �u�n�c�e�r�t�a�i�n�t�y� �i�s� �l�o�w� �(�U�I�)� �a�n�d� �a� 
�s�h�i�p�m�e�n�t� �c�a�n� �g�o� �s�t�a�n�d�a�r�d� �t�r�a�i�l�e�r�s� �(�A�l�)�,� �t�h�e� �m�o�r�e� �e�f�f�i�c�i�e�n�t� �a�l�t�e�r�n�a�t�i�v�e� 
�{�m�e�a�s�u�r�e�d� �b�y� �m�e�a�n� �s�h�i�p�m�e�n�t� �c�o�s�t�)� �w�i�l�l� �b�e� �c�o�n�t�r�a�c�t� �c�a�r�r�i�e�r�s� �(�S�c�)� �(�A�l� �h�a�s� �a� 
�n�e�g�a�t�i�v�e� �s�l�o�p�e�)�.� �H�o�w�e�v�e�r�,� �i�f� �r�e�f�r�i�g�e�r�a�t�e�d� �t�r�a�i�l�e�r�s� �a�r�e� �r�e�q�u�i�r�e�d� �(�A�h�)�,� �t�h�e� �m�o�r�e� 
�e�f�f�i�c�i�e�n�t� �a�l�t�e�r�n�a�t�i�v�e� �w�i�l�l� �b�e� �p�r�i�v�a�t�e�/�l�e�a�s�e�d� �c�a�r�r�i�e�r�s� �(�S�p�)� �(�A�h� �h�a�s� �a� �p�o�s�i�t�i�v�e� 
�s�l�o�p�e�)�.� 

�H�4�B� �A�c�r�o�s�s� �a�l�l� �v�o�l�u�m�e� �c�o�n�d�i�t�i�o�n�s�,� �w�h�e�n� �o�p�e�r�a�t�i�o�n�a�l� �u�n�c�e�r�t�a�i�n�t�y� �i�s� �h�i�g�h� �(�U�h�)� �a�n�d� 
�a� �s�h�i�p�m�e�n�t� �c�a�n� �g�o� �i�n� �s�t�a�n�d�a�r�d� �t�r�a�i�l�e�r�s� �(�A�l�)�,� �t�h�e� �m�o�r�e� �e�f�f�i�c�i�e�n�t� �a�l�t�e�r�n�a�t�i�v�e� 
�(�m�e�a�s�u�r�e�d� �b�y� �m�e�a�n� �s�h�i�p�m�e�n�t� �c�o�s�t�)� �w�i�l�l� �b�e� �c�o�n�t�r�a�c�t� �c�a�r�r�i�e�r�s� �(�S�c�)� �(�A�l� �h�a�s� �a� 
�n�e�g�a�t�i�v�e� �s�l�o�p�e�)�.� �H�o�w�e�v�e�r�,� �i�f� �r�e�f�r�i�g�e�r�a�t�e�d� �t�r�a�i�l�e�r�s� �a�r�e� �r�e�q�u�i�r�e�d� �(�A�h�)�,� �t�h�e� �m�o�r�e� 
�e�f�f�i�c�i�e�n�t� �a�l�t�e�r�n�a�t�i�v�e� �w�i�l�l� �b�e� �p�r�i�v�a�t�e�/�l�e�a�s�e�d� �c�a�r�r�i�e�r�s� �(�S�p�)�,� �a�n�d� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �(�i�n� 
�m�e�a�n� �s�h�i�p�m�e�n�t� �c�o�s�t�)� �b�e�t�w�e�e�n� �p�r�i�v�a�t�e�/�l�e�a�s�e�d� �c�a�r�r�i�e�r�s� �(�S�p�)� �v�e�r�s�u�s� �c�o�n�t�r�a�c�t� 
�c�a�r�r�i�e�r�s� �(�S�c�)� �w�i�l�l� �b�e� �e�n�h�a�n�c�e�d� �u�n�d�e�r� �h�i�g�h� �o�p�e�r�a�t�i�o�n�a�l� �u�n�c�e�r�t�a�i�n�t�y� �(�U�h�)� 
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�(�c�o�m�p�a�r�e� �s�l�o�p�e� �o�f� �A�h� �f�o�r� �H�4�A� �a�n�d� �H�4�B�;� �s�l�o�p�e� �o�f� �A�h� �i�s� �m�o�r�e� �p�o�s�i�t�i�v�e� �f�o�r� 
�H�4�B�)�.� 

�I�n�t�e�r�a�c�t�i�o�n� �o�f� �S�t�r�u�c�t�u�r�e�,� �A�s�s�e�t� �S�p�e�c�i�f�i�c�i�t�y�,� �a�n�d� �V�o�l�u�m�e�/�F�r�e�q�u�e�n�c�y� 

�T�h�e� �e�f�f�e�c�t� �o�f� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n� �o�f� �s�t�r�u�c�t�u�r�e� �a�n�d� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �o�n� �t�o�t�a�l� �s�h�i�p�m�e�n�t� �c�o�s�t� 

�w�i�l�l� �d�i�f�f�e�r�,� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �v�o�l�u�m�e� �o�f� �p�r�o�d�u�c�t� �t�r�a�n�s�p�o�r�t�e�d�.� 

�A�s� �H�1� �i�n�d�i�c�a�t�e�d�,� �i�f� �a� �p�r�o�d�u�c�t� �c�a�n� �g�o� �i�n� �s�t�a�n�d�a�r�d� �t�r�a�i�l�e�r�s� �(�A�l�)�,� �T�C�A� �p�r�e�d�i�c�t�s� �t�h�a�t� 

�s�h�i�p�p�i�n�g� �b�y� �c�o�n�t�r�a�c�t� �c�a�r�r�i�e�r� �(�S�c�)� �w�i�l�l� �b�e� �m�o�r�e� �e�f�f�i�c�i�e�n�t� �(�s�e�e� �F�i�g�u�r�e� �3�,� �H�1�A�;� �s�l�o�p�e� �o�f� �A�l� �i�s� 

�n�e�g�a�t�i�v�e�)�.� �W�h�e�n� �r�e�f�r�i�g�e�r�a�t�e�d� �t�r�a�i�l�e�r�s� �a�r�e� �r�e�q�u�i�r�e�d� �(�A�h�)�,� �t�r�a�n�s�a�c�t�i�o�n� �c�o�s�t�s� �t�e�n�d� �t�o� �i�n�c�r�e�a�s�e� 

�{�d�u�e� �t�o� �s�m�a�l�l� �n�u�m�b�e�r�s� �b�a�r�g�a�i�n�i�n�g�)�,� �a�s� �t�h�e� �p�a�r�t�i�e�s� �s�e�e�k� �t�o� �e�n�s�u�r�e� �e�i�t�h�e�r� �a�n� �a�d�e�q�u�a�t�e� �s�u�p�p�l�y� 

�o�f� �r�e�f�r�i�g�e�r�a�t�e�d� �e�q�u�i�p�m�e�n�t� �o�r� �a�n� �a�d�e�q�u�a�t�e� �r�e�t�u�r�n� �o�n� �i�n�v�e�s�t�m�e�n�t� �i�n� �r�e�f�r�i�g�e�r�a�t�e�d� �c�a�r�r�i�e�r�s�.� �T�h�i�s� 

�m�e�a�n�s� �t�h�a�t� �s�h�i�p�p�i�n�g� �p�r�o�d�u�c�t�s� �r�e�q�u�i�r�i�n�g� �r�e�f�r�i�g�e�r�a�t�e�d� �t�r�a�i�l�e�r�s� �i�s� �m�o�r�e� �e�f�f�i�c�i�e�n�t� �i�n� �p�r�i�v�a�t�e�/�l�e�a�s�e�d� 

�c�a�r�r�i�e�r�s� �(�s�e�e� �F�i�g�u�r�e� �3�,� �H�1�B�;� �s�l�o�p�e� �o�f� �A�h� �i�s� �p�o�s�i�t�i�v�e�)�.� 

�H�o�w�e�v�e�r�,� �w�h�e�n� �t�h�e� �e�f�f�e�c�t�s� �o�f� �d�i�f�f�e�r�e�n�t� �l�e�v�e�l�s� �o�f� �s�h�i�p�m�e�n�t� �v�o�l�u�m�e� �a�r�e� �c�o�n�s�i�d�e�r�e�d�,� 

�t�h�e� �t�r�a�n�s�a�c�t�i�o�n� �c�o�s�t� �e�f�f�e�c�t�s� �o�f� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �m�a�y� �b�e� �m�o�d�i�f�i�e�d� �b�y� �t�h�e� �e�f�f�e�c�t�s� �o�f� �e�c�o�n�o�m�i�e�s� 

�o�f� �s�c�a�l�e�.� �I�f� �s�h�i�p�m�e�n�t� �v�o�l�u�m�e� �i�s� �l�o�w� �(�V�I�)� �a�n�d� �s�h�i�p�m�e�n�t�s� �c�a�n� �g�o� �i�n� �s�t�a�n�d�a�r�d� �t�r�a�i�l�e�r�s� �(�A�l�)�,� �t�h�e� 

�m�o�r�e� �e�f�f�i�c�i�e�n�t� �a�l�t�e�r�n�a�t�i�v�e� �i�s� �c�o�n�t�r�a�c�t� �c�a�r�r�i�e�r�s� �(�S�c�)�.� �I�f� �s�h�i�p�m�e�n�t� �v�o�l�u�m�e� �i�s� �l�o�w� �(�V�1�)� �a�n�d� 

�s�h�i�p�m�e�n�t�s� �r�e�q�u�i�r�e� �r�e�f�r�i�g�e�r�a�t�e�d� �t�r�a�i�l�e�r�s� �(�A�h�)�,� �t�h�e� �c�o�s�t� �a�d�v�a�n�t�a�g�e� �o�f� �p�r�i�v�a�t�e�/�l�e�a�s�e�d� �c�a�r�r�i�e�r�s� 

�(�w�h�i�c�h� �w�a�s� �c�a�u�s�e�d� �b�y� �t�h�e� �h�i�g�h�e�r� �t�r�a�n�s�a�c�t�i�o�n� �c�o�s�t�s� �f�o�r� �t�h�e� �c�o�n�t�r�a�c�t� �c�a�r�r�i�e�r�s�)� �m�a�y� �b�e� �r�e�d�u�c�e�d� 

�b�e�c�a�u�s�e� �o�f� �t�h�e� �s�c�a�l�e� �e�c�o�n�o�m�i�e�s� �e�n�j�o�y�e�d� �b�y� �c�o�n�t�r�a�c�t� �c�a�r�r�i�e�r�s� �(�S�c�)�,� �m�a�k�i�n�g� �t�h�e�m� �t�h�e� �m�o�r�e� 

�e�f�f�i�c�i�e�n�t� �a�l�t�e�r�n�a�t�i�v�e�.� 

�I�f� �s�h�i�p�p�i�n�g� �v�o�l�u�m�e� �i�s� �h�i�g�h� �(�V�h�)�,� �a�n�d� �s�h�i�p�m�e�n�t�s� �c�a�n� �g�o� �i�n� �s�t�a�n�d�a�r�d� �t�r�a�i�l�e�r�s� �(�A�l�)�,� �t�h�e� 

�e�c�o�n�o�m�i�e�s� �o�f� �s�c�a�l�e� �g�e�n�e�r�a�t�e�d� �b�y� �t�h�e� �h�i�g�h�e�r� �v�o�l�u�m�e� �w�i�l�l� �c�a�u�s�e� �p�r�i�v�a�t�e�/�l�e�a�s�e�d� �c�a�r�r�i�e�r�s� �(�S�p�)� �t�o� 

�b�e� �s�l�i�g�h�t�l�y� �m�o�r�e� �e�f�f�i�c�i�e�n�t�.� �I�f� �s�h�i�p�m�e�n�t� �v�o�l�u�m�e� �i�s� �h�i�g�h� �(�V�h�)� �a�n�d� �r�e�f�r�i�g�e�r�a�t�e�d� �t�r�a�i�l�e�r�s� �a�r�e� 

�r�e�q�u�i�r�e�d� �(�A�h�)�,� �t�h�e� �c�o�s�t� �a�d�v�a�n�t�a�g�e� �o�f� �p�r�i�v�a�t�e�/�l�e�a�s�e�d� �c�a�r�r�i�e�r�s� �(�S�p�)� �(�b�e�c�a�u�s�e� �o�f� �l�o�w�e�r� 

�9�9



�t�r�a�n�s�a�c�t�i�o�n� �c�o�s�t�s�)�,� �c�o�m�b�i�n�e�d� �w�i�t�h� �t�h�e� �s�c�a�l�e� �e�c�o�n�o�m�i�e�s� �c�o�n�f�e�r�r�e�d� �b�y� �t�h�e� �h�i�g�h�e�r� �v�o�l�u�m�e� �o�f� 

�s�h�i�p�m�e�n�t�s�,� �w�i�l�l� �m�a�k�e� �p�r�i�v�a�t�e�/�l�e�a�s�e�d� �c�a�r�r�i�e�r�s� �(�S�p�)� �m�o�r�e� �e�f�f�i�c�i�e�n�t�.� 

�B�a�s�e�d� �o�n� �t�h�e� �f�o�r�e�g�o�i�n�g� �d�i�s�c�u�s�s�i�o�n�,� �t�h�e� �n�e�x�t� �h�y�p�o�t�h�e�s�e�s� �p�r�e�d�i�c�t� �t�h�a�t� �t�h�e� �p�a�t�t�e�r�n� �o�f� 

�t�h�e� �i�n�t�e�r�a�c�t�i�o�n� �o�f� �s�t�r�u�c�t�u�r�e� �a�n�d� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �i�s� �m�o�d�i�f�i�e�d� �b�y� �v�o�l�u�m�e� �(�s�e�e� �F�i�g�u�r�e� �3�,� �H�b�A� 

�a�n�d� �H�5�B�)�:� 

�H�5�A�:� �A�c�r�o�s�s� �a�l�l� �c�o�n�d�i�t�i�o�n�s� �o�f� �o�p�e�r�a�t�i�o�n�a�l� �u�n�c�e�r�t�a�i�n�t�y�,� �w�h�e�n� �t�h�e� �v�o�l�u�m�e� �o�f� 
�s�h�i�p�m�e�n�t�s� �i�s� �l�o�w� �(�V�I�)�,� �t�h�e� �m�o�r�e� �e�f�f�i�c�i�e�n�t� �a�l�t�e�r�n�a�t�i�v�e� �(�m�e�a�s�u�r�e�d� �b�y� �m�e�a�n� 
�s�h�i�p�m�e�n�t� �c�o�s�t�)�,� �f�o�r� �e�i�t�h�e�r� �s�h�i�p�m�e�n�t�s� �i�n� �s�t�a�n�d�a�r�d� �t�r�a�i�l�e�r�s� �o�r� �s�h�i�p�m�e�n�t�s� �i�n� 
�r�e�f�r�i�g�e�r�a�t�e�d� �t�r�a�i�l�e�r�s� �(�f�o�r� �e�i�t�h�e�r� �A�l� �o�r� �A�h�)�,� �w�i�l�l� �b�e� �c�o�n�t�r�a�c�t� �c�a�r�r�i�e�r�s� �(�S�c�)� �(�s�l�o�p�e�s� 
�o�f� �A�l� �a�n�d� �A�h� �a�r�e� �n�e�g�a�t�i�v�e�)�.� 

�H�5�B�:� �A�c�r�o�s�s� �a�l�l� �c�o�n�d�i�t�i�o�n�s� �o�f� �o�p�e�r�a�t�i�o�n�a�l� �u�n�c�e�r�t�a�i�n�t�y�,� �w�h�e�n� �t�h�e� �v�o�l�u�m�e� �o�f� 
�s�h�i�p�m�e�n�t�s� �i�s� �h�i�g�h� �(�V�h�)�,� �t�h�e� �m�o�r�e� �e�f�f�i�c�i�e�n�t� �a�l�t�e�r�n�a�t�i�v�e� �(�m�e�a�s�u�r�e�d� �b�y� �m�e�a�n� 
�s�h�i�p�m�e�n�t� �c�o�s�t�)�,� �f�o�r� �e�i�t�h�e�r� �s�h�i�p�m�e�n�t�s� �i�n� �s�t�a�n�d�a�r�d� �t�r�a�i�l�e�r�s� �o�r� �s�h�i�p�m�e�n�t�s� �i�n� 

�r�e�f�r�i�g�e�r�a�t�e�d� �t�r�a�i�l�e�r�s� �(�f�o�r� �e�i�t�h�e�r� �A�l� �o�r� �A�h�)� �w�i�l�l� �b�e� �p�r�i�v�a�t�e�/�l�e�a�s�e�d� �c�a�r�r�i�e�r�s� �(�S�p�)� 
�(�s�l�o�p�e�s� �o�f� �A�l� �a�n�d� �A�h� �a�r�e� �p�o�s�i�t�i�v�e�)�.� 

�i�n�t�e�r�a�c�t�i�o�n� �o�f� �S�t�r�u�c�t�u�r�e�,� �U�n�c�e�r�t�a�i�n�t�y�,� �a�n�d� �V�o�l�u�m�e�/�F�r�e�q�u�e�n�c�y� 

�B�e�c�a�u�s�e� �T�C�A� �p�r�e�d�i�c�t�s� �t�h�a�t� �u�n�c�e�r�t�a�i�n�t�y� �h�a�s� �n�o� �e�f�f�e�c�t� �u�n�l�e�s�s� �i�t� �o�c�c�u�r�s� �i�n� �c�o�n�j�u�n�c�t�i�o�n� 

�w�i�t�h� �h�i�g�h� �a�s�s�e�t� �s�p�e�c�i�f�i�c�i�t�y� �r�e�q�u�i�r�e�m�e�n�t�s� �(�W�i�l�l�i�a�m�s�o�n� �1�9�8�5�)�,� �t�h�e�r�e� �s�h�o�u�l�d� �b�e� �n�o� �i�n�t�e�r�a�c�t�i�o�n� 

�b�e�t�w�e�e�n� �s�t�r�u�c�t�u�r�e�,� �u�n�c�e�r�t�a�i�n�t�y� �a�n�d� �v�o�l�u�m�e�/�f�r�e�q�u�e�n�c�y�.� �T�h�a�t� �i�s�,� �t�h�e� �c�o�m�b�i�n�e�d� �e�f�f�e�c�t�s� �o�f� 

�t�h�e�s�e� �t�h�r�e�e� �v�a�r�i�a�b�l�e�s� �s�h�o�u�l�d� �e�x�h�i�b�i�t� �a� �p�a�t�t�e�r�n� �i�d�e�n�t�i�c�a�l� �t�o� �H�3�,� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n� �o�f� �s�t�r�u�c�t�u�r�e� �a�n�d� 

�v�o�l�u�m�e�.� �U�n�d�e�r� �c�o�n�d�i�t�i�o�n�s� �o�f� �e�i�t�h�e�r� �l�o�w� �(�U�I�)� �o�r� �h�i�g�h� �(�U�h�)� �o�p�e�r�a�t�i�o�n�a�l� �u�n�c�e�r�t�a�i�n�t�y�,� �w�h�e�n� 

�s�h�i�p�m�e�n�t� �v�o�l�u�m�e� �i�s� �l�o�w� �(�V�I�)�,� �t�h�e� �s�c�a�l�e� �e�c�o�n�o�m�i�e�s� �r�e�a�l�i�z�e�d� �b�y� �c�o�m�b�i�n�i�n�g� �v�o�l�u�m�e�s� �f�r�o�m� 

�s�e�v�e�r�a�l� �s�h�i�p�p�e�r�s� �w�i�l�l� �m�a�k�e� �c�o�n�t�r�a�c�t� �c�a�r�r�i�e�r�s� �(�S�c�)� �t�h�e� �m�o�r�e� �e�f�f�i�c�i�e�n�t� �a�l�t�e�r�n�a�t�i�v�e�.� �U�n�d�e�r� 

�c�o�n�d�i�t�i�o�n�s� �o�f� �e�i�t�h�e�r� �l�o�w� �(�U�I�)� �o�r� �h�i�g�h� �(�U�h�)� �o�p�e�r�a�t�i�o�n�a�l� �u�n�c�e�r�t�a�i�n�t�y�,� �w�h�e�n� �s�h�i�p�m�e�n�t� �v�o�l�u�m�e� �i�s� 

�h�i�g�h� �(�V�h�)�,� �s�c�a�l�e� �e�c�o�n�o�m�i�e�s� �r�e�a�l�i�z�e�d� �b�y� �t�h�e� �s�h�i�p�p�i�n�g� �f�i�r�m� �m�a�k�e� �p�r�i�v�a�t�e�/�l�e�a�s�e�d� �c�a�r�r�i�e�r�s� �(�S�p�)� 

�t�h�e� �m�o�r�e� �e�f�f�i�c�i�e�n�t� �a�l�t�e�r�n�a�t�i�v�e�.� 

�B�a�s�e�d� �o�n� �t�h�e� �d�i�s�c�u�s�s�i�o�n� �a�b�o�v�e�,� �t�h�e� �n�e�x�t� �h�y�p�o�t�h�e�s�e�s� �p�r�e�d�i�c�t� �(�s�e�e� �F�i�g�u�r�e� �3�)�:� 
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