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(ABSTRACT) 

The comprehensive planning of transportation systems resource allocations 

and operating regulations so as to minimize the danger to localities from 

hazardous materials shipments is a growing concern among transportation 

planners. Standing in their way are a number of difficulties inherent in the data 

collection and modeling practices currently in use. Additionally, such current 

practices do not afford practical means for comparing large numbers of 

jurisdictions which is necessary for equity among jurisdictions and cost 

effectiveness. 

In response to these difficulties, this research is intended to develop a 

microcomputer based model to quantitatively compare the susce-ptibility of different 

streets and jurisdictions to the resulting effects of different types of hazardous 

materials accidents. Implied in the development of this model are such worthwhile 

considerations as: ease of use, maximum ability for user customizing, ability to 

work with existing and future data and data types, and clarity as well as variety of 

output formats. An evaluation of the appropriateness of this model for 1984 

through 1987 Pennsylvania data is then undertaken. In addition, a brief assessment



of the applicability of this macro level model in the total risk reduction environment 

is incorporated.
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1. INTRODUCTION 

1.1 The Concern Over Hazardous Materials Shipping 

As our society expands in size and technology, the problem of safe 

transportation of hazardous materials grows in volume and complexity. These 

shipments refer to a variety of cargoes including such diversified products as 

gasoline for cars, anhydrous ammonia for fertilizers, and radioactive wastes. As of 

1980, more than 55,000 toxic substances valued at nearly $146 billion, were produced 

in the United States [26]. Roughly 4,000 distinct hazardous materials are currently 

recognized in Section 49 of the Code of Federal Regulations. 

The terms “hazardous material” (or “hazmat”) and “dangerous goods” 

(prominent in other countries), are used interchangeably here. As pointed out by 

Shoemaker, “Many chemicals possess more than one hazard and all can be 

dangerous...” [48]. In an attempt to provide a standard meaning, Congress provided 

the following definition of a hazardous material “...in the 1974 Hazardous Material 

Transportation Act: ‘A substance or material which has been determined by the 

Secretary of Transportation to be capable of posing an unreasonable risk to health, 

safety and property when transported in commerce...’” [28]. 
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According to the National Transportation Safety Board (NTSB), the U.S. 

Department of Transportation gave the following estimates of the volume of traffic in 

hazardous materials for the year 1981: [26]. 

“* At least 4 billion tons of hazardous materials are shipped each year 
* At least 218 million ton-miles of hazardous materials are shipped every 

year 
* At least 250,000 shipments of hazardous materials (bulk and nonbulk) are 

made every day 
* About 10,700 shippers and 11,700 carriers are involved in hazmat 
transportation 

* At least 400,000 trucks regularly transport hazardous materials 
* Between 5 and 15 percent of all trucks on the road at any given time carry 
hazardous materials” 

Even more alarming is the outlook for future shipments. The Midwest Research 

Institute (MRI) reported the volume of (hazardous) chemicals shipped in 1987 was 

about 80% greater than in 1971 [26]. While Pijawka, Foote, and Soesilo have 

concluded that “The percentage of highway and rail accidents that involve hazardous 

materials is increasing, the amount of damage per accident is escalating, and 

compliance with transportation regulations is eroding” [30]. 

These trends are alarming because uncontrolled hazmat releases represent a 

far greater danger to life, property, and the environment than is possible from other 

highway traffic. While, as previously stated, between 5 and 15 percent of truck flow 

involves hazmat traffic, FHWA notes that “... of the 621 most severe commercial 

carrier accidents investigated by FHWA between 1973 and 1976, those that involve 

HM (hazardous materials) accounted for 24.9 percent of the accidents and 57.3 

percent of the property damage” [26]. Additionally, MRI cites during the period 1976 

to 1984, an unpublished FHWA report indicated that over $100,000,000 in property 

damage was reported. While the number of deaths and injuries reported was low 

relative to the total number of vehicle accidents (approximately 18 and 380 per year, 

respectively), the rapid rise in hazmat traffic during this period, mentioned in the 
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previous paragraph, implies that the earlier years in the data set are not really 

appropriate to judge the magnitude of the present situation. More importantly, the 

report does directly attribute 10 percent of fatalities and injuries to the release of 

hazardous cargo [26]. 

Over and above the inherent danger of hazardous cargo itself, one must 

consider the often unknown, perplexing nature of these materials on those involved 

in regulating such shipments, as well as on those called upon to respond to 

threatening situations. |Ignorance of material characteristics can exacerbate a 

situation that would otherwise be non-threatening. This becomes a serious concern 

when we note a recent OTA report which concluded that over 75 percent of the 

nation’s police and firefighters are poorly trained to respond to accidents involving 

hazardous materials [13]. The contrast between good and bad planning is clearly 

seen in actual examples. “Large scale incidents such as the Spanish campsite 

disaster in 1978 when more than 200 people were killed by the explosion of a liquified 

petroleum gas tanker have focused international attention on the gravity and 

importance of safety in the transport of hazardous materials” [60]. In an example of 

good planning, Rawls reports on the following incident referred to later as the 

“Miracle in Mississauga”: 

..a freight train carrying a mixed cargo including many chemicals derailed in the city of 
Mississauga, less than 20 miles from downtown Toronto. Among its freight were cars loaded 
with caustic soda, propane, chlorine, styrene, and toluene. ...there were three major explosions, 
218,000 peopie were evacuated from their homes, the busiest stretch of highway in Canada was 
shut down, and more than 1000 emergency services personnel spent what was likely the busiest 
week of their lives... 

No one died. The fire, which at the beginning of the incident was causing a different propane 
tank car to explode every five minutes, was brought under control and kept there for more than 
a week until the danger passed ... (Also) a potentially life-threatening cloud of chlorine gas was 
safely vented over Lake Ontario ... experts are quick to say, however, that the same incident 
could have been much, much worse if it had happened anywhere but in Mississauga [35]. 

The advantages to proper preparedness, both in terms of precautionary 

regulations and response suitability and readiness, are clear. We must also 

acknowledge that driver behavior and cargo preparation and handling are large 
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random influences on the spacial and temporal distribution of threatening hazmat 

situations. MRI reported that hazardous materials carriers (in a 1978 study by the 

Bureau of Motor Carrier Safety) as a group had a bad record indeed for preventable 

accident frequency; 20 percent more than expected. Yet there are both quantifiable 

and non-quantifiable features which serve to distinguish one region as being more 

at risk than another. We now must try to model such features to ensure the proper 

allocation of resources to minimize these risks. “One question remains: how safely 

can hazardous materials be carried? Past research indicates that the answer to this 

lies in five basic areas: the use of properly constructed and maintained equipment; 

training of personnel; designation of hazardous materials routes; maintenance of 

hazardous materials routes; and, finally, effective emergency response” [13]. 

1.2 What Can Be Gained From Risk Assessment? 

“No human activity can be conducted without risk” 

-W.J. Geysen [12]. 

Because of the potential dangers associated with hazmat shipping, proper 

allocation of resources (e.g., manpower, response equipment, highway maintenance 

and special funding, etc.) to prevent and combat hazmat situations is sought at 

varoius government levels. “The lack of proper controls over hazardous materials 

transportation has created unreasonable risks to life, health, private and public 

property, and the natural environment--risks that can and do lead to catastrophic 

results,” [42]. Risk assessment for hazmat shipping may be thought of as a means 

of quantifying these potential dangers wherever possible, in hope of providing 
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guidance for the allocation process. Because of the size and complexity of the 

modeling problem, few such models have been implemented by individual states. 

As of January 1988, only four states (Arizona, Colorado, Illinois, and Minnesota) had 

conducted “a quantitative-probabilistic risk assessment of the state’s exposure to 

hazardous material incidents at particular locations in the state” [7]. Planning efforts 

are primarily small scale projects in response to publicized occurrences, leading 

planners to frequently complain that they cannot get local funds for accident 

prevention and emergency response planning until an accident takes place [53]. 

Additionally, techniques to reduce the risk of hazmat shipping often meet with public 

opposition because of the burdens (economic, peace of mind, etc.) they can impose 

on select populations. As an example, trade-offs are often made between safety and 

truck operating costs. “Minimum risk routes may involve more circuitous travel 

patterns and, consequently, increased truck operating costs” [40]. 

Such techniques require the intelligent evaluation of alternative strategies. The 

interpretation of relevant data in risk assessment models is one means of intelligent 

evaluation. As Dr. Y.Y. Haimes observed: “Information becomes intelligence when 

it is processed” “...risk assessment...models...are aimed at...the processing of data 

into intelligence--so that elements of risks associated with policy decisions may be 

properly valued, evaluated, and considered in the decision-making process” [14]. So 

it is to the advantage of planners to be acquainted with the benefits (and limitations) 

of quantitative risk assessment. 

The first benefit to be derived from risk assessment modeling is the ability to 

predict future behavior. “lf there is a historical data base that is applicable to the 

future, distributions can be described or approximated by objective techniques” [14]. 

This, of course, assumes that historical data can be used for such purposes. 
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However, with time, actual occurrences may be compared with predictions, and help 

establish this relationship. 

As mentioned above, some objective risk evaluation is necessary to help make 

politically difficult options viable. The use of risk assessment in making rules might 

provide a more logical and flexible basis for establishing regulations [38]. “Risk 

assessment methodologies provide the best means of helping community-level 

practitioners come to grips with local fears and perceptions” [42]. Through the 

understanding of risk factors, it is possible to compare risk reduction strategies and 

rule out those which are not relevant. “(Lautkaski found:) Risk analysis was an 

instructive way of going through all the factors contributing to the accident risk. In 

this way it was possible to suggest a number of measures by which accident risk 

could be reduced” “risk factors allow us to model our ability to reduce the probability 

of an accident by selecting routes with low vehicle accident rates” “...(and) reduce 

the effects of an accidental release of dangerous goods by keeping high volume/high 

hazard products away from sensitive areas,” [48]. According to Somerhoff 

(proceedings from Transchem 82) [60], the ability to combat hazmat situations is 

enhanced by understanding the nature of the anticipated risk. The risk studies also 

provided a base of material for national instructions on preparedness and response 

to accidents involving hazardous materials [19]. If we are able to quantify the effect 

upon our risk factors induced by shipping regulations, then we are able to determine 

the level of system risk attributable to these regulations per se [38]. 

For all that we stand to gain from risk assessment modeling, it should be pointed 

out that such efforts are at best simplistic glimpses of a far more complicated picture 

and should not be used to replace human judgement. Among the sources of user 

skepticism to modeling, Dr. Haimes reminds us that models should be recognized 

as “means,” not “ends” [14]. 
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“Classical risk-benefit analysis often: 

* 
overshadows the other considerations--economic, social, aesthetic, 

spiritual, etc. 
* overemphasizes the ‘quantifiable’ aspects--narrows the decision-making 

process through concentration on easily identifiable elements amenable to 
quantification 

* offers only a crutch for tough political decisions 

* assumes rational decision-making vs. emotional responses 

*“ assumes political acceptability 

* de-emphaizes the importance of ‘process’ in decision-making” 

Perhaps the most difficult obstacle to the complete acceptance of risk modeling 

in overall risk reduction assessment is the question of how far risk should be 

reduced. Given limited financial resources, state DOTs and other responsible 

authorities must balance their attempts at risk reduction strategies with other 

demands on these resources. In Dr. Haimes’ quotes from the work of Harold P. 

Green [1975] we find the following: 

No elite group of experts, no matter how broadly constituted, has the ability to make an 
objective and valid determination with respect to what benefits people want, and what risks 
people are willing to assume in order to have these benefits [14]. 

Leading Dr. Haimes to conclude that it may not be possible to find a solution to the 

problem of accepability of risk [14]. Complicating the matter further, no consensus 

has been reached as to the actual way to present the results. “Risk” itself is a very 

conceptual parameter, and so an appreciation of the significance of its value is 

difficult. Turnquist notes that “there are almost as many measures of risk as there 

are studies of the problem,...”[50]. 

Stil], as models become more refined and data sets expand, it is anticipated that 

these issues will be addressed in an increasingly acceptable manner. With this in 

mind, it is widely considered to be an accepted fact that there is value in developing 

more sophisticated risk models. “The importance of making regionally acceptable 

risk-based decisions suggests that DOT could provide State and local governments 

with better tools for risk assessment” [52]. “(Organization for Economic Co operation 
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and Development - OECD) Member nations are encouraged to consider the use of 

risk assessment calculations as a tool to assist in route selection decisions” [29]. 

Primarily because of the size of the data base required, the use of computer 

programming to run these models is also desired. A TRB Steering Committee on the 

Transportation of Hazardous Materials recommended more technological innovation, 

information, and research related to the transportation of hazardous materials, and 

that the U. S. DOT continue to press for implementation of technology to improve 

hazardous materials transportation [5]. “In programming, the model for ranking a set 

of transportation strategies should have high utility” [61]. 

1.3 Risk Assessment Concepts 

Our knowledge of the outcomes of specific hazardous material shipments is 

limited for we can not guarantee that events will occur. However, since we can 

define a comprehensive range of scenarios and determine a likelihood of each 

scenario occuring, we have crossed from the realm of uncertainty to that of risk. 

“Decision situations are often conceptually distinguished on the basis of the types of 

information available about the consequences associated with different courses of 

action. lf for each alternative it is known a priori what outcome will result, the 

situation is one of decision under certainty. If the outcomes that may occur and their 

relative likelihoods are known, the situation is one of objective risk. Finally, if only 

possible outcomes are known, but no objective likelihoods, the case is one of 

uncertainty” [43]. These definitions are in substantial agreement with those put forth 
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by the U.S. Water Resources Council, although those defintions state our knowledge 

of the outcomes is in terms of “reasonably well-known probability distributions” [14]. 

Risk, according to the definitions above is a mathematical contrivance to be 

obtained from an examination of historical data trends. In contrast to this “objective 

risk”, there is a “perceived risk” which represents the significance of the outcome 

scenarios in the public eye. As is the case with other civil engineering systems, in 

order to instill confidence, analysis must incorporate the public’s perception of the 

system, be it a catwalk or a cloverleaf. To the best of the author’s knowledge, no 

such modifications presently exist for hazmat transportation. For now, the 

consideration of perceived risk is left to the judgement phase of the assessment. It 

should be noted that “Public concern is greatest about risks that are involuntary, 

uncontrolled, unfamiliar, immediate, man-made, and catastrophic” [8]. Hazardous 

materials transportation may possess any or all of these qualities. 

..a Major chemical transportation accident is a scary thing - akin to a hurricane, earthquake, 
or major oil spill in its potential to cause damage. And, because there are so many kinds of 
hazardous chemicals, each requiring its own type of special handling and capable of interacting 
with other chemicals to compound the hazard, chemical disasters are much harder to prepare 
for than are natural disasters or oil spills [35]. 

Within the realm of objective risk, there is also the distinction between 

“absolute” and “relative” risk values. Absolute risk values are those which include 

every necessary factor to bring about the particular scenarios. In contrast, relative 

risk values contain only those terms which vary from one part of the overall system 

to another. In the case of the highway system these parts are the different routes 

under consideration. Geysen refers to these terms as “system-bound” terms [12]. 

One concept that needs to be examined is that “...absolutely risk-free transport 

of dangerous products is unattainable because of failures in each of the subsystems 

(MTE (read:man, technology, environment))...” [12]. That is to say that there is no 

technology available which can guarantee the safe transport of hazardous materials 
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in the face of human error, Acts of God, etc. So long as the material needs to be 

transported, the risk of release will exist. Rather, risk reduction planning is an 

ongoing effort to minimize system risks under financial constraints, forming an 

improving environment in pursuit of the unattainable zero-risk state. “It is the 

national and the supranational authorities’ duty to steadily increase the safety level 

of the entire MTE transport system by constant reduction of danger potentials and of 

the risk as a whole. This can be realized if, for each of the MTE subsystems, the 

bottlenecks are adequately analyzed. For this purpose, the available data must be 

systematically organized and used in the best way” [12]. 

The determination of risk is a function of two characteristics of an outcome 

scenario. The first is the likelihood of the scenario occurring (or probability). The 

second is the magnitude of the consequences that will result. “The consequences 

of accidents with dangerous products vary. They include pressure waves; fire; 

poisoning; toxicity; caustic action; radioactivity; and air, soil, and water pollution” [12]. 

In some risk analyses, consequences may reach such a level that even if the 

likelihood is very small, a greater importance is attached to this outcome than to 

other, more likely alternatives. Once this distinction is made, we leave the area of 

objective analysis and enter one known as “catastrophe avoidance” [14]. Because 

this level of consequence is arbitrary, catastrophe avoidance must be considered in 

the judgement phase of the risk assessment. “The risk control aimed at has not only 

a purely technical, but also an economic and sociological significance, especially in 

the field of risk acceptance of catastrophes with low frequency” [12]. 
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1.4 The Issue of Vulnerability 

There can be other controllable factors in real world situations which can 

increase or decrease the magnitude of consequences in the risk expression. In the 

case of hazardous materials transportation this usually refers to emergency response 

capabilities. Therefore, without this third term our risk equation presents an 

incomplete picture of the actual scenario outcomes. Because the relationship 

between response levels and the resulting levels of consequence are uncertain, 

there is no standardized way to incorporate response factors in the risk expression. 

Consequently, multiple schools of thought have evolved as to the proper treatment 

for these factors. The most accepted practice is to either ignore this variability or 

consider it as a “tie-breaking” measure when risk calculations are inconclusive. It 

is the author’s contention that, because of the potential extreme variability in 

consequences due to these factors (e.g., the Mississauga situation), these treatments 

are not satisfactory. Also, because of the potential for contradictory conclusions to 

be obtained by using different measures of response capabilities, their use as a 

subjective tie- breaking measure is inappropriate. 

However, there is a second approach which defines a term called 

“vulnerability” in order to distinguish values which permit some adjustment for 

response capabilities from previously calculated risk values. “Vulnerability 

assessment refers to the determination of the level of danger that is posed to a 

community or area because of HM (hazardous materials) transport, and the 

capabilities of the community to reduce the consequences of HM releases” [30]. 

Inasmuch as this method is an empirical approach, it is far more appropriate for the 

scope of the influence of response on consequence and far more relevant as a 
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decision-making tool. To some extent this process is an iterative one as risk 

reduction strategies (e.g., hazardous materials routing, roadway improvements, 

curfews, etc.) will facilitate improved response [48]. One would suspect, therefore, 

that an increase in the data base following the implementation of such strategies will 

more clearly define the actual relationships, if that is possible. 

1.5 Focus on Pennsylvania 

There are many factors that make Pennsylvania ideal for a pilot program in risk 

and vulnerability modeling. These factors can be grouped into two distinct 

categories: the size and complexity of the hazardous materials transportation 

problem and the relatively extensive resources available for modeling. 

In terms of the extent of the problem, Pennsylvania has traditionally been a 

problem area for hazmat shipping incidents (i.e., where the release of hazardous 

material has taken place regardless of cause). This is so much the case that, as of 

January 1988, “the Governor’s Office of Policy Development is conducting a study of 

hazardous materials transportation policy in Pennsylvania” [8]. According to 

Research and Special Programs Administration (RSPA) data for the period 1981-85, 

Pennsylvania led the nation in both the total number of hazmat incidents and 

incidents not caused by traffic accidents [27]. This ranking has been consistent 

throughout recent years. According to the Hazardous Materials Incident Reporting 

System (RSPA) for 1971- 1984, Pennsylvania had the highest total number of 

hazardous material incidents and the highest percent of highway related incidents in 

the nation [44]. Although there has been much speculation about the cause for this 
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situation, it should be noted that Pennsylvania also ranks highly in various categories 

to measure hazmat flow levels. According to the 1982 TIUS, Pennsyvania ranks third 

in the nation (behind California and Texas) in its number of hazardous material trucks 

and truck-miles with 27,400 trucks and 810.5 million truck-miles respectively [2]. 

Also, Pennsylvania ranks highest in the nation in for-hire trucks, private trucks, and 

total trucks involved in the shipment of hazardous materials with 9.9% of the national 

total of trucks involved in hazmat shipping (Office of Technology Assessment 

Statistics for the period 1976-1984) [26]. These figures, for many, provide ample cause 

for the high number of incidents, leading at least one authority to conclude 

“Pennsylvania might be the most common location for highway- related hazmat 

incidents for the simple reason that it has more shipments than other states...” [26]. 

The reason for the high flow in hazmats indicated is less apparent. One possible 

indicator is that Pennsyvania ranks second in the nation (behind California) in the 

number of petroleum terminals with 30 [2]. In any case, the high flow and high 

incident history as well as the large number of jurisdictions involved will be a good 

test for data collection and manipulation techniques. 

The variety in terrain, roadways and adjoining development will serve to indicate 

the difference in importance of a variety of terms in the risk and vulnerability 

expressions. In speculating about potential risk-based routing studies, one observer 

noted “(one good example of a difficult routing problem) is the use of accident-prone, 

two-lane U.S. Route 30 over the Allegheny mountains in Pennsylvania as an 

alternative route for the heavily traveled Pennsylvania Turnpike with its tunnels and 

high-density traffic. Rerouting must include risk and consequence estimates for (the) 

alternative routes” [38]. 

As one consequence of its high incident history, Pennsylvania has developed 

one of the nation’s finest accident record systems for hazmat study; state accident 
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records make distinctions about hazmat vehicle involvement. “The Pennsylvania 

accident data contain(s) a very complete description of the type of hazardous 

materials involved...including both a hazard class and a placard number” [27]. 

Additionally, the Pennsylvania DOT runs an economic analysis computer package 

which evaluates their safety improvement program [4]. This could be of some utility 

in performing cost/benefit analysis in future studies. It is hoped that the adoption of 

this modeling scheme will help in standardizing data collection practices among the 

states. The opportunity to utilize such an extensive data base in model formulation 

helps to provide both a good degree of mode! sophistication and a fairly 

comprehensive data format for other states to consider. 
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2. OBJECTIVES 

2.1 Purposes of the Project 

Every hazardous materials incident can be attributed to some failure of any MTE 

(man, technology, environment) sub-systems. To minimize the probability of 

occurrence of such incidents, we must first determine where such incidents are 

presently occurring and what portion(s) of the MTE subsystems are failing. When 

technology will allow us to correct or reduce these failings, we must do so to the 

maximum extent possible. It thus becomes necessary to develop models which will 

provide risk information on streets, counties, and municipalities in order to make 

such allocation distinctions. “The comparison of risks with...other similar risks in 

society...are best carried out at the national or regional level rather than at the local 

level” [38]. 

Because of the size of the data base involved at the state level, two options are 

available to generate such information. The first is to commission studies to tabulate 

such results as needed. The results are static, in that they cannot be updated and 

values can not be hypothetically changed. Also, historical trend information can get 

masked by the limited period covered by the study. The other alternative is to 

incorporate the risk model into a computer program and update the data files 

periodically. This not only addresses the above shortcomings but also provides the 
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�f�o�r� �a�d�d�i�t�i�o�n�a�l� �p�a�c�k�a�g�e� �r�e�q�u�i�r�e�m�e�n�t�s�.� �T�h�e� �M�a�c�r�o�R�A�D�S�S� �p�a�c�k�a�g�e� �i�s� �d�e�s�i�g�n�e�d� �t�o� 

�i�n�c�o�r�p�o�r�a�t�e� �e�x�i�s�t�i�n�g� �d�a�t�a� �f�i�e�l�d�s� �f�r�o�m� �t�h�e� �P�e�n�n�s�y�l�v�a�n�i�a� �D�O�T� �a�n�d� �D�e�p�a�r�t�m�e�n�t� �o�f� 

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

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

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

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

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

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

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

�s�i�m�u�l�a�t�i�o�n� �a�n�d� �a�n�a�l�y�t�i�c�a�l� �m�o�d�e�l�s�,� �a�n�d� �(�i�i�i�)� �a�d�v�a�n�c�e�d� �o�p�t�i�m�i�z�a�t�i�o�n� �t�e�c�h�n�i�q�u�e�s�; �� �[�1�5�]�.� 

�C�e�r�t�a�i�n� �f�e�a�t�u�r�e�s� �a�r�e� �c�o�m�m�o�n� �t�o� �e�v�e�r�y� �D�S�S�.� �T�h�e�s�e� �a�r�e�:� 

�*� �t�h�e� �c�o�m�p�u�t�e�r� �s�y�s�t�e�m� �(�h�a�r�d�w�a�r�e�)� 
�*� �t�h�e� �d�a�t�a� �b�a�s�e� 
�*� �t�h�e� �m�o�d�e�l� �b�a�s�e� �(�t�h�e�  ��b�r�a�i�n ��)� 
�* �� �t�h�e� �s�o�f�t�w�a�r�e� �s�y�s�t�e�m�,� �c�o�m�p�r�i�s�e�d� �o�f� �t�h�r�e�e� �s�e�t�s� �o�f� �c�a�p�a�b�i�l�i�t�i�e�s� �-�-� �(�1�)� �d�a�t�a� 

�b�a�s�e� �m�a�n�a�g�e�m�e�n�t� �s�o�f�t�w�a�r�e�,�(�2�)� �m�o�d�e�l� �b�a�s�e� �m�a�n�a�g�e�m�e�n�t� �s�o�f�t�w�a�r�e�,� �a�n�d� �(�3�)� 
�s�o�f�t�w�a�r�e� �f�o�r� �m�a�n�a�g�i�n�g� �t�h�e� �u�s�e�r�/�s�y�s�t�e�m� �i�n�t�e�r�f�a�c�e� 

�*� �t�h�e� �u�s�e�r� �[�1�5�]�.� 

�I�n� �M�a�c�r�o�R�A�D�S�S�,� �t�h�r�e�e� �a�d�d�i�t�i�o�n�a�l� �e�x�t�e�r�n�a�l� �c�o�m�p�o�n�e�n�t�s� �a�r�e� �r�e�q�u�i�r�e�d� �f�o�r� �d�a�t�a� 

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

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

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

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

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

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

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

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

�W�i�t�h�i�n� �t�h�e� �c�o�n�t�e�x�t� �o�f� �a� �l�a�r�g�e�r� �d�e�c�i�s�i�o�n�-�m�a�k�i�n�g� �f�r�a�m�e�w�o�r�k� �w�h�e�r�e� �e�n�g�i�n�e�e�r�i�n�g� 

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

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

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

�a�l�l� �t�h�e� �p�r�e�v�e�n�t�i�o�n� �p�r�o�b�l�e�m�s� �f�o�r� �l�a�b�o�r�,� �t�r�a�f�f�i�c�,� �s�p�a�r�e� �t�i�m�e�,� �a�n�d� �e�n�v�i�r�o�n�m�e�n�t� �[�1�2�]�.� �I�n� 
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�s�t�u�d�y�i�n�g� �t�h�e� �D�S�S� �a�s� �i�t� �p�e�r�t�a�i�n�s� �t�o� �s�i�m�i�l�a�r� �p�r�o�b�l�e�m�s�,� �D�r�.� �H�a�i�m�e�s� �c�a�t�a�l�o�g�e�d� �t�h�e� 

�f�o�l�l�o�w�i�n�g� �a�s�  ��T�h�e� �U�s�e�f�u�l�n�e�s�s� �o�f� �t�h�e� �D�e�c�i�s�i�o�n� �S�u�p�p�o�r�t� �S�y�s�t�e�m�.�.�.�:� 

�*� �A�s� �a� �d�a�t�a�-�b�a�s�e� �o�r�g�a�n�i�z�e�r�.� 
�*�I�n� �a� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�.�.�.� 
�*� �I�n� �a�n� �o�p�t�i�m�i�z�a�t�i�o�n� �m�o�d�e� �(�f�o�r� �s�i�n�g�l�e� �o�b�j�e�c�t�i�v�e� �m�o�d�e�l�s�)�,� �a�n�d� �f�o�r� �t�h�e� 

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

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

�t�h�e� �i�m�p�a�c�t� �t�h�a�t� �d�e�c�i�s�i�o�n�s� �m�a�d�e� �a�t� �t�i�m�e� �k� �h�a�v�e� �o�n� �t�h�e� �o�p�t�i�o�n�s� �e�x�i�s�t�i�n�g� �a�t� 
�t�i�m�e� �k�+�1� �c�a�n� �b�e� �g�r�a�p�h�i�c�a�l�l�y� �d�i�s�p�l�a�y�e�d� �a�n�d� �a�n�a�l�y�z�e�d�.� 

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

�o�u�t�p�u�t�)� �t�o� �p�o�s�s�i�b�l�e� �v�a�r�i�a�t�i�o�n�s� �i�n� �t�h�e� �d�e�c�i�s�i�o�n� �v�a�r�i�a�b�l�e�s�,� �c�o�n�s�t�r�a�i�n�t� �l�e�v�e�l�s�,� 
�a�n�d� �u�n�c�o�n�t�r�o�l �� �l�e�d� �p�a�r�a�m�e�t�e�r�s�.�.�. �� �[�1�5�]�.� 

�2�.�3� �D�e�v�e�l�o�p�m�e�n�t� �o�f� �a� �L�i�v�e�-�O�n� �D�a�t�a� �B�a�s�e� �a�n�d� �M�o�d�e�l� 

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

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

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

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

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

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

�T�h�e� �u�s�e�r� �i�s� �e�n�c�o�u�r�a�g�e�d� �t�o� �k�e�e�p� �h�i�s�t�o�r�i�c�a�l� �d�a�t�a� �o�n� �r�o�u�t�e�s� �a�n�d� �j�u�r�i�s�d�i�c�t�i�o�n�s� �o�n�l�y� �a�s� 

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

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

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

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

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

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

�t�h�e� �o�n�e� �r�o�u�t�e� �o�r� �j�u�r�i�s�d�i�c�t�i�o�n� �(�p�r�e�f�e�r�r�e�d�)� �o�r� �t�o� �t�r�u�n�c�a�t�e� �t�h�e� �d�a�t�a� �s�e�t� �s�o� �t�h�a�t� �i�n�c�i�d�e�n�t� 

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

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

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

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

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

�d�a�t�a� �s�e�t� �f�o�r� �t�h�i�s� �r�e�a�s�o�n� �w�o�u�l�d� �b�e� �t�o� �r�e�d�u�c�e� �t�h�e� �p�r�e�c�i�s�i�o�n� �o�f� �t�h�e� �m�o�d�e�l�.� 
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�3�.� �L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� 

�3�.�1� �D�a�t�a� �B�a�s�e�s� 

�3�.�1�.�1� �I�n�t�r�o�d�u�c�t�i�o�n� 

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

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

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

�H�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l�s� �i�n�c�i�d�e�n�t� �d�a�t�a� 
�H�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l�s� �f�l�o�w� �d�a�t�a� 
�R�o�a�d�w�a�y� �l�e�n�g�t�h�s� �a�n�d� �h�i�g�h�w�a�y� �t�y�p�e�s� 
�L�o�c�a�l� �p�o�p�u�l�a�t�i�o�n� �d�a�t�a� 
�R�o�a�d�w�a�y� �v�e�h�i�c�l�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �a�n�d� �p�e�o�p�l�e� �p�e�r� �v�e�h�i�c�l�e� 
�L�a�n�d� �u�s�e� �d�a�t�a� 
�B�u�i�l�d�i�n�g� �r�e�p�l�a�c�e�m�e�n�t� �c�o�s�t�s� �(�i�t�e�m�s� �6� �&� �7� �b�e�i�n�g� �f�o�r� �p�r�o�p�e�r�t�y� �d�a�m�a�g�e�)� 
�B�r�i�d�g�e�,� �t�u�n�n�e�l�,� �a�n�d� �p�u�b�l�i�c� �f�a�c�i�l�i�t�i�e�s� �(�s�c�h�o�o�l�s�,� �e�t�c�.�)� �d�a�t�a� 
�P�u�b�l�i�c� �h�e�a�l�t�h� �c�o�n�c�e�r�n� �(�w�a�t�e�r� �s�u�p�p�i�y�,� �e�t�c�.�)� �d�a�t�a�.� �O

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

�e�x�i�s�t�e�d�.�  ��L�i�t�t�l�e� �i�n�f�o�r�m�a�t�i�o�n� �e�x�i�s�t�s� �(�o�n�)� �w�h�e�r�e� �t�h�e�s�e� �(�h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l�)� �m�o�v�e�s� 

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

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

�m�a�t�e�r�i�a�l�s� �m�o�v�e�m�e�n�t�s� �a�n�d� �t�o� �a�s�s�e�s�s� �t�h�e� �s�a�f�e�t�y� �(�i�.�e�.�,� �a�c�c�i�d�e�n�t� �a�n�d� �i�n�c�i�d�e�n�t� �r�a�t�e�s�)� �o�f� �t�h�e� 
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�i�n�d�u�s�t�r�y�.�.�. �� �[�2�1�]�.� �I�t� �w�a�s� �a�l�s�o� �n�o�t�e�d� �t�h�a�t� �d�a�t�a� �b�a�s�e�s� �d�i�d� �n�o�t� �c�o�n�t�a�i�n� �a�l�l� �o�f� �t�h�e� 

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

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

�h�i�s�t�o�r�i�c� �f�l�o�w� �v�o�l�u�m�e�s� �[�2�1�]�.� �T�h�i�s� �b�e�i�n�g� �t�h�e� �c�a�s�e�,� �i�t� �b�e�c�a�m�e� �n�e�c�e�s�s�a�r�y� �t�o� �l�o�o�k� �f�o�r� 

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

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

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

�w�a�s� �p�r�e�f�e�r�r�e�d�.� �T�h�e�s�e� �d�a�t�a� �s�o�u�r�c�e�s� �w�e�r�e� �r�e�v�i�e�w�e�d� �f�i�r�s�t�.� 

�3�.�1�.�2� �P�r�o�b�l�e�m�s� �w�i�t�h� �D�a�t�a� �C�o�l�l�e�c�t�i�o�n� 

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

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

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

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

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

�i�n�f�e�a�s�i�b�l�e�,�.�.�. �� �[�3�]�.� �S�e�c�o�n�d�,� �t�h�e�r�e� �i�s� �s�o�m�e� �a�m�o�u�n�t� �o�f� �m�i�s�u�n�d�e�r�s�t�a�n�d�i�n�g� �a�s� �t�o� �t�h�e� �s�i�z�e� 

�o�f� �t�h�e� �s�p�i�l�l� �t�h�a�t� �i�s� �r�e�q�u�i�r�e�d� �t�o� �b�e� �r�e�p�o�r�t�e�d�.�  ��(�T�h�e� �W�a�s�h�i�n�g�t�o�n� �s�t�a�t�e�)� �C�o�m�p�u�t�e�r�i�z�e�d� 

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

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

�t�h�o�s�e� �i�n� �w�h�i�c�h� �q�u�a�n�t�i�t�i�e�s� �a�r�e� �b�e�l�o�w� �p�l�a�c�a�r�d�i�n�g� �r�e�q�u�i�r�e�m�e�n�t�s �� �[�2�6�]�.� �T�h�i�s� �w�o�u�l�d� �t�e�n�d� 

�t�o� �e�x�a�g�g�e�r�a�t�e� �s�u�c�h� �i�t�e�m�s� �a�s� �t�h�e� �a�v�e�r�a�g�e� �q�u�a�n�t�i�t�y� �s�p�i�l�l�e�d�,� �e�t�c�.�.�  ��E�P�A� �R�e�g�i�o�n� �7� 

�o�f�f�i�c�i�a�l�s� �h�a�v�e� �i�n�d�e�p�e�n�d�e�n�t�l�y� �e�s�t�i�m�a�t�e�d� �t�h�a�t� �o�n�l�y� �a�b�o�u�t� �1�0� �p�e�r�c�e�n�t� �o�f� �r�e�p�o�r�t�a�b�l�e� 

�r�e�l�e�a�s�e�s� �u�n�d�e�r� �1�0�0� �g�a�l� �a�r�e� �r�e�p�o�r�t�e�d� �t�o� �E�P�A�.�,�.�.�. �� �[�3�]�.� �A� �t�h�i�r�d� �p�o�t�e�n�t�i�a�l� �r�e�a�s�o�n� �i�s� �t�h�a�t� 
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�r�e�p�o�r�t�e�d� �i�n�f�o�r�m�a�t�i�o�n� �m�a�y� �c�h�a�n�g�e� �o�v�e�r� �t�i�m�e� �a�s� �p�u�b�l�i�c� �o�f�f�i�c�i�a�l�s� �r�e�v�i�s�e� �t�h�e�i�r� �r�e�p�o�r�t�i�n�g� 

�r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �b�u�d�g�e�t�a�r�y� �a�n�d� �o�t�h�e�r� �r�e�a�s�o�n�s�.� 

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

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

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

�c�o�m�m�o�d�i�t�y� �c�o�d�e�s� �a�r�e� �u�s�e�d�.�.�.� �A�t� �l�e�a�s�t� �1�0� �e�x�i�s�t� �(�a�t� �t�h�e� �f�e�d�e�r�a�l� �l�e�v�e�l�)�.�.�.�y�e�t� �f�e�w� 

�c�r�o�s�s�-�r�e�f�e�r�e�n�c�e� �t�a�b�l�e�s� �h�a�v�e� �b�e�e�n� �d�e�v�e�l�o�p�e�d�.�.�. �� �[�2�1�]�.� �A�d�d�i�t�i�o�n�a�l�l�y�,�  ��I�t� �i�s� �n�o�t� �c�l�e�a�r� �t�o� 

�w�h�a�t� �e�x�t�e�n�t� �a�c�c�i�d�e�n�t�s� �r�e�p�o�r�t�e�d� �t�o� �B�M�C�S� �a�n�d� �n�o�t� �r�e�p�o�r�t�e�d� �t�o� �R�S�P�A�,� �o�r� �v�i�c�e� �v�e�r�s�a�,� 

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

�d�a�t�a� �b�a�s�e�s� �d�i�f�f�e�r �� �[�2�6�]�.� 

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

�m�o�s�t� �s�t�a�t�e�s� �f�r�o�m� �m�a�k�i�n�g� �c�o�l�l�e�c�t�i�o�n� �e�f�f�o�r�t�s�.�  ��.�.�.�(�m�o�s�t�)� �S�t�a�t�e� �f�o�r�m�s� �d�o� �n�o�t�.�.�.�n�o�t�e� 

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

�r�e�l�e�a�s�e�d�.�.�. �� �[�2�4�]�.� �T�h�i�s�,� �p�l�u�s� �t�h�e� �l�a�c�k� �o�f� �t�r�a�i�n�i�n�g� �o�f� �p�o�l�i�c�e� �o�f�f�i�c�i�a�l�s� �i�n� �h�a�z�a�r�d�o�u�s� 

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

�3�.�1�.�3� �R�e�s�e�a�r�c�h� �a�n�d� �S�p�e�c�i�a�l� �P�r�o�g�r�a�m�s� �A�d�m�i�n�i�s�t�r�a�t�i�o�n� 

�(�R�S�P�A�)� �D�a�t�a� 

�T�h�e� �R�S�P�A� �o�r� �H�M�I�R� �(�H�a�z�a�r�d�o�u�s� �M�a�t�e�r�i�a�i�s� �I�n�c�i�d�e�n�t� �R�e�p�o�r�t�s�)� �d�a�t�a� �b�a�s�e� �s�a�n�c�t�i�o�n�e�d� 

�b�y� �t�h�e� �O�f�f�i�c�e� �o�f� �H�a�z�a�r�d�o�u�s� �M�a�t�e�r�i�a�l�s� �T�r�a�n�s�p�o�r�t� �(�O�H�M�T�)�  ��.�.�.�i�s� �t�h�e� �o�n�l�y� �o�n�e� �e�x�c�l�u�s�i�v�e�l�y� 

�d�e�v�o�t�e�d� �t�o� �h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l�s� �t�r�a�n�s�p�o�r�t� �i�n�c�i�d�e�n�t�s�,�.�.�. �� �[�3�]�.� �R�e�p�o�r�t�i�n�g� �r�e�q�u�i�r�e�m�e�n�t�s� 

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

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

�O�H�M�T� �(�O�f�f�i�c�e� �o�f� �H�a�z�a�r�d�o�u�s� �M�a�t�e�r�i�a�l�s� �T�r�a�n�s�p�o�r�t�)� �i�n� �w�r�i�t�i�n�g �� �[�3�]�.� �S�o�m�e� �s�m�a�l�l� �a�m�o�u�n�t� 

�o�f� �c�o�n�s�e�q�u�e�n�c�e� �d�a�t�a� �c�a�n� �a�l�s�o� �b�e� �f�o�u�n�d� �i�n� �t�h�a�t� �R�S�P�A� �c�o�l�l�e�c�t�s� �f�i�g�u�r�e�s� �o�n� �d�e�a�t�h�s� �a�n�d� 

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

�r�e�s�u�l�t�e�d� �d�i�r�e�c�t�l�y� �f�r�o�m� �t�h�e� �h�a�z�m�a�t� �r�e�l�e�a�s�e� �[�2�7�]�.� 

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

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

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

�s�p�i�l�l�s� �i�s� �a� �r�e�q�u�i�r�e�m�e�n�t�,� �i�n� �p�r�a�c�t�i�c�e� �i�t� �i�s� �d�o�n�e� �o�n� �a� �v�o�l�u�n�t�a�r�y� �b�a�s�i�s� �[�3�]�.� �T�h�e�r�e� �a�r�e� 

�a�d�d�i�t�i�o�n�a�l� �s�h�o�r�t�c�o�m�i�n�g�s� �i�n� �R�S�P�A� �d�a�t�a� �c�o�l�l�e�c�t�i�o�n� �w�h�i�c�h� �s�e�r�v�e� �t�o� �a�g�g�r�e�v�a�t�e� �t�h�e� 

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

�O�H�M�T� �r�e�p�o�r�t�i�n�g� �r�e�q�u�i�r�e�m�e�n�t�s� �(�i�.�e�.�,� �R�S�P�A�)�.�  ��E�a�c�h� �o�f� �t�h�e�s�e� �f�a�c�t�o�r�s� �w�o�r�k�s� �t�o� 

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

�U�n�i�t�e�d� �S�t�a�t�e�s �� �[�3�]�.� �F�o�r� �t�h�e�s�e� �r�e�a�s�o�n�s�,� �R�S�P�A� �h�a�s� �p�r�o�p�o�s�e�d� �a� �r�e�v�i�s�e�d� �i�n�c�i�d�e�n�t� �r�e�p�o�r�t� 

�f�o�r�m�a�t�.� �G�i�v�e�n� �t�h�e�s�e� �p�r�o�b�l�e�m�s�,� �t�h�e� �R�S�P�A� �d�a�t�a� �b�a�s�e� �i�s� �c�o�n�s�i�d�e�r�e�d� �u�n�s�u�i�t�a�b�l�e� �f�o�r� 

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

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

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

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

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

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

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

�b�a�s�e� �a�s� �a� �s�u�r�r�o�g�a�t�e� �f�o�r� �t�h�e� �i�n�c�i�d�e�n�t� �d�a�t�a�.� �T�h�i�s� �i�s� �t�r�u�e� �d�e�s�p�i�t�e� �t�h�e� �f�a�c�t� �t�h�a�t�  ��B�M�C�S� 

�M�o�t�o�r� �C�a�r�r�i�e�r� �A�c�c�i�d�e�n�t� �R�e�p�o�r�t�s� �a�n�d� �t�h�e� �M�i�s�s�o�u�r�i� �S�t�a�t�e�w�i�d�e� �A�c�c�i�d�e�n�t� �R�e�p�o�r�t�i�n�g� 

�S�y�s�t�e�m�,� �i�n�d�i�c�a�t�e� �t�h�a�t� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�2� �t�o� �1�5� �p�e�r�c�e�n�t� �o�f� �a�c�c�i�d�e�n�t�s� �i�n�v�o�l�v�i�n�g� 
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�h�a�z�m�a�t�-�c�a�r�r�y�i�n�g� �t�r�u�c�k�s� �r�e�s�u�l�t� �i�n� �a� �h�a�z�m�a�t� �r�e�l�e�a�s�e �� �[�2�5�]�.� �I�n� �o�r�d�e�r� �t�o� �u�s�e� �a�n� �a�c�c�i�d�e�n�t� 

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

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

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

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

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

�d�i�f�f�e�r�e�n�t� �h�i�g�h�w�a�y� �t�y�p�e�s� �h�a�v�e� �d�i�s�t�i�n�c�t�l�y� �d�i�f�f�e�r�e�n�t� �p�a�t�t�e�r�n�s� �o�f� �a�c�c�i�d�e�n�t� �t�y�p�e�s �� �[�2�5�]�.� �S�u�c�h� 

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

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

�[�2�5�]�.� 

�3�.�1�.�4� �B�u�r�e�a�u� �o�f� �M�o�t�o�r� �C�a�r�r�i�e�r� �S�a�f�e�t�y� �(�B�I�M�C�S�)� �D�a�t�a� 

�T�h�e� �B�M�C�S� �d�a�t�a� �b�a�s�e� �i�s� �a� �n�a�t�i�o�n�a�l� �c�o�m�p�i�l�a�t�i�o�n� �o�f� �t�r�u�c�k� �a�c�c�i�d�e�n�t� �d�a�t�a� �f�o�r� �c�e�r�t�a�i�n� 

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

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

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

�p�e�r�v�a�s�i�v�e� �h�e�r�e� �a�s� �i�n� �t�h�e� �c�a�s�e� �o�f� �t�h�e� �R�S�P�A� �d�a�t�a� �[�2�6�]�.� �T�h�e�r�e� �a�r�e� �a�l�s�o� �o�t�h�e�r� 

�s�h�o�r�t�c�o�m�i�n�g�s� �t�o� �t�h�e� �d�a�t�a� �r�e�p�o�r�t�i�n�g� �c�r�i�t�e�r�i�a� �w�h�i�c�h� �n�e�e�d� �t�o� �b�e� �a�d�d�r�e�s�s�e�d�.� �F�i�r�s�t�,�  ��.�.�.�t�h�e� 

�(�B�M�C�S�)� �d�a�t�a� �b�a�s�e� �d�o�e�s� �n�o�t� �i�n�c�l�u�d�e� �a�l�l� �t�r�u�c�k� �a�c�c�i�d�e�n�t�s�,� �b�u�t� �o�n�l�y� �t�h�o�s�e� �o�f� �r�e�g�u�l�a�t�e�d� 

�i�n�t�e�r�s�t�a�t�e� �m�o�t�o�r� �c�a�r�r�i�e�r�s �� �[�2�7�]�.� �I�n� �a�d�d�i�t�i�o�n�,� �d�a�t�a� �r�e�p�o�r�t�i�n�g� �c�r�i�t�e�r�i�a� �h�a�v�e� �c�h�a�n�g�e�d� �i�n� 

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

�f�a�c�t�o�r�s� �f�o�r� �t�h�e� �y�e�a�r�s� �1�9�8�2� �a�n�d� �1�9�8�3�.� �I�n� �t�h�o�s�e� �y�e�a�r�s�,� �s�e�l�e�c�t�e�d� �a�c�c�i�d�e�n�t� �f�a�c�t�o�r�s� �w�e�r�e� 

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

�3�.� �L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �2�5



�i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l� �c�a�r�g�o�e�s� �(�i�n� �t�h�e� �B�M�C�S� �d�a�t�a�)�.�.�.�o�n�e� �a�c�c�i�d�e�n�t� 

�i�n�v�o�l�v�e�d� �a� �m�o�t�o�r� �h�o�m�e� �w�i�t�h� �a� �p�r�o�p�a�n�e� �t�a�n�k �� �[�2�7�]�.� �A�s� �a�n�o�t�h�e�r� �e�x�a�m�p�l�e�,�  ��.�.�.� �s�o�m�e� 

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

�r�o�a�d� �o�r� �t�h�e� �n�u�m�b�e�r� �o�f� �l�a�n�e�s� �i�n� �o�n�e� �d�i�r�e�c�t�i�o�n�.�.�. �� �[�2�7�]�.� �C�o�n�s�e�q�u�e�n�t�l�y�,� �m�i�s�r�e�p�o�r�t�e�d� �o�r� 

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

�t�h�e� �B�M�C�S� �d�a�t�a� �u�n�s�u�i�t�a�b�l�e� �f�o�r� �m�o�d�e�l�i�n�g�.� 

�3�.�1�.�5� �C�o�m�m�o�d�i�t�y� �T�r�a�n�s�p�o�r�t�a�t�i�o�n� �S�u�r�v�e�y� �(�C�T�S�)� �D�a�t�a� 

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

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

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

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

�c�o�m�m�o�d�i�t�i�e�s� �s�h�i�p�p�e�d� �b�y� �m�a�n�u�f�a�c�t�u�r�i�n�g� �e�s�t�a�b�l�i�s�h�m�e�n�t�s� �s�e�l�e�c�t�e�d� �f�r�o�m� �e�a�c�h� �o�f� �4�5�6� 

�i�n�d�u�s�t�r�i�e�s �� �[�2�1�]�.� �I�n� �t�h�e� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �C�T�S� �d�a�t�a� �b�a�s�e� �f�o�r� �h�a�z�m�a�t� �f�l�o�w� �i�n�f�o�r�m�a�t�i�o�n� �b�y� 

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

�i�n�a�p�p�r�o�p�r�i�a�t�e� �f�o�r� �d�i�r�e�c�t� �i�n�c�o�r�p�o�r�a�t�i�o�n�:� 
�i�t� �(�t�h�e� �C�o�m�m�o�d�i�t�y� �T�r�a�n�s�p�o�r�t�a�t�i�o�n� �S�u�r�v�e�y�)� �d�o�e�s� �n�o�t� �c�o�n�t�a�i�n� �d�a�t�a� �o�n� �w�a�s�t�e� �s�h�i�p�m�e�n�t�s�,� �o�r� 

�a�g�r�i�c�u�l�t�u�r�a�l� �o�r� �r�a�w� �m�a�t�e�r�i�a�l� �s�h�i�p�m�e�n�t�s� �s�u�c�h� �a�s� �c�r�u�d�e� �p�e�t�r�o�l�e�u�m� �a�n�d� �n�a�t�u�r�a�l� �f�e�r�t�i�l�i�z�e�r�s�.� �T�h�e� 
�s�h�i�p�m�e�n�t�s� �t�h�a�t� �a�r�e� �p�r�e�s�e�n�t� �a�r�e� �o�n�l�y� �f�r�o�m� �p�o�i�n�t� �o�f� �m�a�n�u�f�a�c�t�u�r�e� �t�o� �f�i�r�s�t� �d�e�s�t�i�n�a�t�i�o�n�,� �o�f�t�e�n� �a� 
�w�a�r�e�h�o�u�s�e�;� �t�h�e�y� �d�o� �n�o�t� �r�e�f�l�e�c�t� �m�o�v�e�m�e�n�t�s� �i�n� �t�h�e� �e�n�t�i�r�e� �d�i�s�t�r�i�b�u�t�i�o�n� �c�h�a�i�n�.� �D�a�t�a� �s�u�b�m�i�s�s�i�o�n� �i�s� 
�v�o�l�u�n�t�a�r�y�.�.�.�t�h�e� �d�a�t�a� �a�r�e� �c�o�l�l�e�c�t�e�d� �o�n�l�y� �e�v�e�r�y� �5� �y�e�a�r�s�,� �t�h�e� �s�c�o�p�e� �o�f� �t�h�e� �s�u�r�v�e�y� �i�s� �h�e�a�v�i�l�y� 
�d�e�p�e�n�d�e�n�t� �o�n� �f�e�d�e�r�a�l� �b�u�d�g�e�t� �p�r�i�o�r�i�t�i�e�s�,� �a�n�d� �t�h�e� �q�u�e�s�t�i�o�n�s� �a�s�k�e�d� �a�r�e� �n�o�t� �c�o�n�s�i�s�t�e�n�t�,� �m�a�k�i�n�g� �t�r�e�n�d� 
�a�n�a�l�y�s�e�s� �d�i�f�f�i�c�u�l�t�.� �F�i�n�a�l�l�y�,� �t�h�e� �C�e�n�s�u�s� �B�u�r�e�a�u� �t�y�p�i�c�a�l�l�y� �t�a�k�e�s� �a�t� �l�e�a�s�t� �2� �y�e�a�r�s� �t�o� �r�e�l�e�a�s�e� �t�h�e� �d�a�t�a�;� 

�I�n� �1�9�8�3�,� �t�h�e� �(�C�o�m�m�o�d�i�t�y� �T�r�a�n�s�p�o�r�t�a�t�i�o�n� �S�u�r�v�e�y�)� �r�e�s�p�o�n�d�e�n�t�s� �w�e�r�e� �a�s�k�e�d� �t�o� �i�d�e�n�t�i�f�y� �t�h�e�i�r� 
�l�i�n�e� �o�f� �b�u�s�i�n�e�s�s�.�.�.� �a�n�d� �t�h�e�n� �r�e�p�o�r�t� �t�h�e� �n�u�m�b�e�r� �o�f� �t�o�n�s� �t�h�e�y� �s�h�i�p�p�e�d� �t�o� �e�a�c�h� �s�t�a�t�e� �a�n�d� �t�h�e� �m�o�d�a�l� 
�s�h�a�r�e�s�,� �g�i�v�i�n�g� �n�o� �d�i�r�e�c�t� �i�n�d�i�c�a�t�i�o�n� �o�f� �c�o�m�m�o�d�i�t�y�.� �T�h�u�s�,� �i�t� �i�s� �i�m�p�o�s�s�i�b�l�e� �t�o� �d�e�t�e�r�m�i�n�e� �e�x�a�c�t�l�y� �w�h�a�t� 
�c�o�m�m�o�d�i�t�i�e�s� �w�e�r�e� �s�h�i�p�p�e�d� �a�n�d� �w�h�a�t� �p�e�r�c�e�n�t� �o�f� �t�h�e� �t�o�n�n�a�g�e� �c�o�n�s�t�i�t�u�t�e�d� �h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l�s� 
�[�2�1�]�.� 

�3�.� �L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �2�6



�B�e�c�a�u�s�e� �i�t� �i�s� �v�i�r�t�u�a�l�l�y� �t�h�e� �o�n�l�y� �t�r�u�c�k� �f�l�o�w� �d�a�t�a� �b�a�s�e� �a�v�a�i�l�a�b�l�e� �[�2�1�]�.�,� �i�t� �w�o�u�l�d� �b�e� 

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

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

�3�.�1�.�6� �T�r�u�c�k� �I�n�v�e�n�t�o�r�y� �a�n�d� �U�s�e� �S�u�r�v�e�y� �(�T�I�U�S�)� �D�a�t�a� 

�T�h�e� �T�I�U�S� �i�s� �a�n� �a�t�t�e�m�p�t� �b�y� �t�h�e� �C�e�n�s�u�s� �B�u�r�e�a�u� �t�o� �c�a�t�a�l�o�g� �t�h�e� �n�a�t�u�r�e� �o�f� �t�h�e� 

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

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

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

�o�f� �i�n�f�o�r�m�a�t�i�o�n� �m�a�y� �b�e� �o�b�t�a�i�n�e�d�,� �h�o�w�e�v�e�r�.�  ��(�F�r�o�m� �t�h�e� �T�r�u�c�k� �I�n�v�e�n�t�o�r�y� �a�n�d� �U�s�e� 

�S�u�r�v�e�y�-�-�T�I�U�S�)�.�.�.�i�t� �i�s� �p�o�s�s�i�b�l�e� �t�o� �e�s�t�i�m�a�t�e� �v�a�r�i�o�u�s� �m�e�a�s�u�r�e�s� �o�f� �t�r�a�n�s�p�o�r�t� �a�c�t�i�v�i�t�y�,� �s�u�c�h� 

�a�s� �a�n�n�u�a�l� �t�r�u�c�k�-�m�i�l�e�s� �b�y� �c�o�m�m�o�d�i�t�y� �g�r�o�u�p� �a�n�d� �c�a�r�r�i�e�r� �c�a�t�e�g�o�r�y �� �[�2�1�]�.� �P�a�r�t�i�c�u�l�a�r� �y�e�a�r� 

�s�u�r�v�e�y�s� �m�a�y� �a�l�s�o� �y�i�e�l�d� �p�a�r�t�i�c�u�l�a�r�l�y� �h�e�l�p�f�u�l� �i�n�f�o�r�m�a�t�i�o�n�.�  ��.�.�.�t�h�e� �1�9�8�2� �T�r�u�c�k� �I�n�v�e�n�t�o�r�y� 

�a�n�d� �U�s�e� �S�u�r�v�e�y� �(�T�I�U�S�)� �c�o�m�p�i�l�e�d� �b�y� �t�h�e� �B�u�r�e�a�u� �o�f� �t�h�e� �C�e�n�s�u�s� �e�n�a�b�l�e�s� �s�o�m�e� 

�a�p�p�r�o�x�i�m�a�t�e� �e�x�p�o�s�u�r�e� �e�s�t�i�m�a�t�e�s� �t�o� �b�e� �m�a�d�e �� �[�2�7�]�.� �L�i�m�i�t�a�t�i�o�n�s� �o�n� �t�h�e� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� 

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

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

�m�e�a�s�u�r�e� �o�f� �i�n�s�i�g�h�t� �m�u�s�t� �b�e� �a�p�p�l�i�e�d� �t�o� �t�h�e� �r�e�s�u�l�t�s�.� �A�s� �a�n� �e�x�a�m�p�l�e�,�  ��.�.�.�t�h�e� �1�9�8�2� �T�I�U�S� 

�w�a�s� �p�e�r�f�o�r�m�e�d� �p�r�i�o�r� �t�o� �t�h�e� �p�a�s�s�a�g�e� �o�f� �t�h�e� �1�9�8�2� �S�u�r�f�a�c�e� �T�r�a�n�s�p�o�r�t�a�t�i�o�n� �A�s�s�i�s�t�a�n�c�e� 

�A�c�t� �(�S�T�A�A�)�,� �w�h�i�c�h� �h�a�s� �m�a�r�k�e�d�l�y� �i�n�c�r�e�a�s�e�d� �t�h�e� �n�u�m�b�e�r� �o�f� �d�o�u�b�l�e�-�t�r�a�i�l�e�r� �c�o�m�b�i�n�a�t�i�o�n� 

�t�r�u�c�k�s� �i�n� �u�s�e�.�.�. �� �[�2�7�]�.� 
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�3�.�1�.�7� �U�s�e�s� �o�f� �E�x�i�s�t�i�n�g� �N�a�t�i�o�n�a�l� �D�a�t�a� �B�a�s�e�s� 

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

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

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

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

�a�n�d� �i�m�p�r�o�v�i�n�g� �t�h�e� �d�e�c�i�s�i�o�n� �m�a�k�i�n�g� �p�r�o�c�e�s�s� �o�f� �D�O�T ��s� �o�p�e�r�a�t�i�n�g� �a�d�m�i�n�i�s�t�r�a�t�i�o�n�s �� �[�5�8�]�.� 

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

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

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

�c�o�m�p�l�i�a�n�c�e� �w�i�t�h� �t�h�e� �h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l�s� �r�e�g�u�l�a�t�i�o�n�s�.�.�. �� �[�5�8�]�.� �B�e�c�a�u�s�e� �o�t�h�e�r� 

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

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

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

�3�.�1�.�8� �S�t�a�t�e� �A�p�p�r�o�a�c�h�e�s� 

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

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

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

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

�t�h�e� �h�i�g�h�w�a�y� �n�e�t�w�o�r�k �� �[�3�]�.� �N�o� �s�t�a�t�e�s� �h�a�v�e� �c�o�m�p�r�e�h�e�n�s�i�v�e� �i�n�c�i�d�e�n�t� �d�a�t�a� �a�s� �i�s� 

�a�t�t�e�m�p�t�e�d� �b�y� �R�S�P�A�.�  ��S�o�m�e� �s�t�a�t�e�s� �d�o�,� �h�o�w�e�v�e�r�,� �h�a�v�e� �m�a�n�d�a�t�o�r�y� �r�e�p�o�r�t�i�n�g� �o�f� 
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�h�a�z�a�r�d�o�u�s� �s�u�b�s�t�a�n�c�e� �r�e�l�e�a�s�e�s�.�.�. �� �[�3�]�.� �O�t�h�e�r� �t�y�p�e�s� �o�f� �d�a�t�a� �m�a�y� �b�e� �i�n�c�l�u�d�e�d� �t�o� 

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

�p�o�l�i�c�e� �d�u�r�i�n�g� �t�h�e�i�r� �r�o�v�i�n�g� �t�r�u�c�k� �i�n�s�p�e�c�t�i�o�n�s �� �[�2�1�]�.� 

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

�a�c�c�i�d�e�n�t� �a�n�d� �f�l�o�w� �d�a�t�a� �f�o�r� �t�h�e� �n�a�t�i�o�n� �a�s� �i�s� �d�o�n�e� �i�n� �C�a�n�a�d�a� �[�4�8�]�.�  ��T�h�e� �m�o�s�t� �a�c�c�e�s�s�i�b�l�e� 

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

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

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

�h�a�z�m�a�t� �r�e�l�e�a�s�e� �o�c�c�u�r�e�d� �(�T�h�e� �o�t�h�e�r�s� �a�r�e� �L�o�u�i�s�i�a�n�a� �a�n�d� �W�y�o�m�i�n�g�) �� �[�2�7�]�.� �S�t�i�l�l�,� 

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

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

�h�a�s� �t�h�e� �a�d�v�a�n�t�a�g�e� �(�o�v�e�r� �B�M�C�S� �d�a�t�a� �i�n�)�.�.�.� �t�h�a�t� �i�t� �c�o�n�t�a�i�n�s� �a�l�l� �a�c�c�i�d�e�n�t�s� �i�n�v�e�s�t�i�g�a�t�e�d� 

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

�r�e�g�u�l�a�t�e�d� �i�n�t�e�r�s�t�a�t�e� �c�a�r�r�i�e�r�s�  �� �[�2�7�]�.� �T�h�i�s� �h�a�s� �l�e�a�d� �t�o� �m�o�r�e� �s�p�e�c�i�a�l�i�z�e�d� �u�s�e�s� �f�o�r� �s�t�a�t�e� 

�d�a�t�a� �w�i�t�h� �r�e�g�a�r�d� �t�o� �h�a�z�m�a�t� �t�r�a�n�s�p�o�r�t�a�t�i�o�n�.�  ��A� �d�a�t�a� �b�a�s�e� �m�a�n�a�g�e�m�e�n�t� �s�y�s�t�e�m� �f�o�r� 

�h�a�z�a�r�d�o�u�s� �w�a�s�t�e� �m�o�v�e�m�e�n�t�s� �i�n� �A�r�i�z�o�n�a� �w�a�s� �d�e�v�e�l�o�p�e�d� �f�o�r� �t�h�e� �y�e�a�r�s� �1�9�8�3� �a�n�d� 

�1�9�8�4 ��  ��R�e�s�u�l�t�s� �o�f� �t�h�i�s� �a�n�a�l�y�s�i�s� �p�r�o�v�i�d�e�d� �s�o�m�e� �i�n�s�i�g�h�t� �o�n� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �o�r�i�g�i�n�s� 

�a�n�d� �d�e�s�t�i�n�a�t�i�o�n�s� �o�f� �s�h�i�p�m�e�n�t�s� �w�i�t�h�i�n� �a�n�d� �o�u�t�s�i�d�e� �u�r�b�a�n� �a�r�e�a�s �� �[�3�3�]�.� �T�h�i�s� �i�n�c�l�u�d�e�s� 

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

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

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

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

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

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

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

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

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

�i�m�p�r�o�v�e�d� �a�n�a�l�y�s�i�s� �w�i�t�h� �t�h�o�s�e� �d�a�t�a� �t�h�a�t� �t�h�e�y� �c�o�l�l�e�c�t� �a�n�d� �m�a�i�n�t�a�i�n �� �[�3�]�.� 

�3�.�1�.�9� �R�e�m�a�i�n�i�n�g� �D�a�t�a� �N�e�e�d�s� 

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

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

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

 ��U�n�i�f�o�r�m�i�t�y� �i�s� �a� �k�e�y� �o�b�j�e�c�t�i�v�e� �i�n� �n�a�t�i�o�n�a�l� �e�f�f�o�r�t�s� �a�i�m�e�d� �a�t� �c�o�o�p�e�r�a�t�i�v�e� �e�n�f�o�r�c�e�m�e�n�t� 

�a�n�d� �r�e�c�i�p�r�o�c�i�t�y �� �[�4�4�]�.� �H�o�w�e�v�e�r�,� �i�n� �1�9�8�2� �s�u�c�h� �f�e�d�e�r�a�l� �a�u�t�h�o�r�i�t�y� �w�a�s� �s�t�r�u�c�k� �d�o�w�n� �b�y� �a� 

�U�.�S�.� �D�i�s�t�r�i�c�t� �C�o�u�r�t� �i�n� �N�e�w� �Y�o�r�k� �[�3�8�]�.� �S�t�i�l�l�,� �w�i�t�h� �a�d�e�q�u�a�t�e� �s�t�a�t�e� �d�a�t�a� �a�n�d� �f�e�d�e�r�a�l� 

�i�n�c�e�n�t�i�v�e�s� �f�o�r� �u�n�i�f�o�r�m� �c�o�l�l�e�c�t�i�o�n� �(�s�e�e� �s�e�c�t�i�o�n� �3�.�2�0�)�,� �s�u�r�r�o�g�a�t�e� �a�c�c�i�d�e�n�t� �p�r�o�b�a�b�i�l�i�t�i�e�s� 

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

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

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

�h�i�g�h�w�a�y�,� �e�t�c�.�)� �a�n�d� �l�o�c�a�t�i�o�n� �(�i�n�t�e�r�s�e�c�t�i�o�n�s�,� �c�i�r�c�l�e�s�,� �t�i�g�h�t� �b�e�n�d�s�,� �e�t�c�.�) �� �[�1�6�]�.� 

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

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

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

�i�n�c�i�d�e�n�t� �d�a�t�a� �b�a�s�e�s �� �[�2�7�]�.� �T�o� �f�o�r�m�u�l�a�t�e� �t�h�e� �M�a�c�r�o�R�A�D�S�S� �m�o�d�e�l�,� �i�t� �b�e�c�a�m�e� 

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

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

�a�g�g�r�e�g�a�t�i�o�n� �b�e�i�n�g� �m�o�s�t� �f�a�v�o�r�e�d�.� �H�e�r�e�,� �t�h�e� �w�o�r�k� �o�f� �K�e�y�s�t�o�n�e� �M�a�n�a�g�e�m�e�n�t� �S�y�s�t�e�m�s�,� 
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�I�n�c�.� �b�e�c�a�m�e� �i�n�v�a�l�u�a�b�l�e� �b�e�c�a�u�s�e� �o�f� �t�h�e�i�r� �f�a�m�i�l�i�a�r�i�t�y� �w�i�t�h� �a�v�a�i�l�a�b�l�e� �d�a�t�a� �s�o�u�r�c�e�s� �f�o�r� 

�P�e�n�n�s�y�l�v�a�n�i�a�.� 

�3�.�1�.�1�0� �P�o�t�e�n�t�i�a�l� �I�m�p�r�o�v�e�m�e�n�t�s� �i�n� �D�a�t�a� �B�a�s�e�s� 

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

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

�W�i�t�h� �t�h�i�s� �i�n� �m�i�n�d�,� �f�u�t�u�r�e� �d�a�t�a� �s�o�u�r�c�e�s� �a�r�e� �t�h�e�n� �e�x�a�m�i�n�e�d�.� 

�A�s� �p�r�e�v�i�o�u�s�l�y� �m�e�n�t�i�o�n�e�d�,� �R�S�P�A� �i�s� �p�r�o�p�o�s�i�n�g� �t�o� �r�e�v�i�s�e� �i�t�s� �i�n�c�i�d�e�n�t� �r�e�p�o�r�t�i�n�g� 

�s�y�s�t�e�m�.�  ��(�T�h�e� �n�e�w�l�y� �p�r�o�p�o�s�e�d� �R�S�P�A� �i�n�c�i�d�e�n�t� �r�e�p�o�r�t�s�)� �w�o�u�l�d� �r�e�q�u�i�r�e� �t�h�a�t� �a�l�l� 

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

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

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

�i�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �a�n�y� �i�n�c�i�d�e�n�t� �o�r� �s�t�u�d�i�e�s� �i�n�v�o�l�v�i�n�g� �s�u�c�h� �i�n�c�i�d�e�n�t�s �� �[�5�8�]�.� �A�l�s�o�,�  ��.�.�.�(�I�n� �t�h�e� 

�p�r�o�p�o�s�e�d� �R�S�P�A� �r�e�p�o�r�t� �f�o�r�m�)� �i�n�f�o�r�m�a�t�i�o�n� �w�o�u�l�d� �b�e� �r�e�q�u�i�r�e�d� �o�n� �t�h�e� �n�u�m�b�e�r� �o�f� �p�e�r�s�o�n�s� 

�k�i�l�l�e�d� �o�r� �i�n�j�u�r�e�d� �a�s� �a� �r�e�s�u�l�t� �o�f� �t�h�e� �h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l�(�s�)� �i�n�v�o�l�v�e�d�.� �I�f� �a� �f�a�t�a�l�i�t�y� �o�r� �i�n�j�u�r�y� 

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

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

�f�r�o�m� �t�h�e� �s�p�i�l�l�.�.�.�R�S�P�A� �d�o�e�s� �n�o�t� �e�x�p�e�c�t� �t�h�a�t� �t�h�e�s�e� �n�u�m�b�e�r�s� �w�i�l�l� �b�e� �e�x�a�c�t �� �[�5�8�]�.� 

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

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

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

�m�a�t�e�r�i�a�l� �i�n�v�o�l�v�e�d�.�.�. �� �[�5�8�]�.� �T�h�i�s� �m�e�a�n�s� �t�h�a�t� �t�h�e� �p�o�t�e�n�t�i�a�l� �w�i�l�l� �e�x�i�s�t� �f�o�r� �s�t�o�c�h�a�s�t�i�c� 

�p�r�e�d�i�c�t�i�o�n� �o�f� �a�c�t�u�a�l� �c�o�n�s�e�q�u�e�n�c�e� �v�a�l�u�e�s� �i�f� �t�h�e� �c�o�r�r�e�l�a�t�i�o�n� �w�i�t�h� �o�t�h�e�r� �R�S�P�A� �d�a�t�a� �c�a�n� 

�3�.� �L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �3�1



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

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

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

�u�n�d�e�r�t�a�k�e�n� �t�e�m�p�o�r�a�r�y� �i�n�c�e�n�t�i�v�e� �p�r�o�g�r�a�m�s�.�  ��I�n� �1�9�8�1�,� �t�h�e� �S�t�a�t�e� �H�a�z�a�r�d�o�u�s� �M�a�t�e�r�i�a�l�s� 

�E�n�f�o�r�c�e�m�e�n�t� �D�e�v�e�l�o�p�m�e�n�t� �(�S�H�M�E�D�)� �P�r�o�g�r�a�m� �w�a�s� �e�s�t�a�b�l�i�s�h�e�d� �t�o� �e�n�c�o�u�r�a�g�e� �s�t�a�t�e�s� �t�o� 

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

�h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l�s� �t�r�a�n�s�p�o�r�t�a�t�i�o�n �� �[�4�4�]�.� �A�p�p�r�o�x�i�m�a�t�e�l�y� �2�5� �s�t�a�t�e�s� �w�e�r�e� �i�n� �t�h�e� 

�S�H�M�E�D� �p�r�o�g�r�a�m� �b�e�f�o�r�e� �i�t�s� �s�c�h�e�d�u�l�e�d� �c�o�m�p�l�e�t�i�o�n� �i�n� �1�9�8�7� �[�4�4�]�.� �L�a�t�e�r�  ��T�h�e� �f�e�d�e�r�a�l� 

�M�o�t�o�r� �C�a�r�r�i�e�r� �S�a�f�e�t�y� �A�s�s�i�s�t�a�n�c�e� �P�r�o�g�r�a�m� �(�M�C�S�A�P�)�.�.�.�(�w�a�s�)� �d�e�s�i�g�n�e�d� �t�o� �e�n�c�o�u�r�a�g�e� 

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

�r�e�q�u�i�r�e� �s�t�a�t�e�s� �t�o� �a�d�o�p�t� �t�h�e�.�.�.�4�9� �C�.�F�.�R�.�.�.�.�o�r� �a�l�t�e�r�n�a�t�i�v�e�l�y� �t�o� �p�r�o�v�i�d�e� �a�n� �o�f�f�i�c�i�a�l� �l�e�g�a�l� 

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

�r�e�g�u�l�a�t�i�o�n�s �� �[�4�4�]�.� �T�h�i�s� �m�a�y� �v�e�r�y� �w�e�l�l� �m�e�a�n� �a� �w�i�d�e�r� �a�d�o�p�t�i�o�n� �o�f� �T�i�t�l�e� �4�9� �o�f� �t�h�e� �C�o�d�e� 

�o�f� �F�e�d�e�r�a�l� �R�e�g�u�l�a�t�i�o�n�s� �(�4�9� �C�F�R�)�.�  ��W�h�e�n� �a� �c�o�m�m�o�d�i�t�y� �i�s� �d�e�f�i�n�e�d� �(�i�n� �4�9� �C�F�R�)� �w�i�t�h�i�n� 

�a� �p�a�r�t�i�c�u�l�a�r� �h�a�z�a�r�d� �c�l�a�s�s�,� �s�u�c�h� �a�s� �a� �P�o�i�s�o�n� �B� �o�r� �a�n� �E�x�p�l�o�s�i�v�e� �A�,� �s�h�i�p�p�e�r�s� �o�r�i�g�i�n�a�t�i�n�g� 

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

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

�s�p�e�c�i�f�i�c�a�t�i�o�n�s�,� �b�l�o�c�k�i�n�g� �a�n�d� �b�r�a�c�i�n�g� �r�e�q�u�i�r�e�m�e�n�t�s�,� �a�n�d� �s�o� �f�o�r�t�h �� �[�4�4�]�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� 

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

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

�u�n�d�e�r�r�e�p�o�r�t�i�n�g�.� 

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

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

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

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

�n�o�t�i�f�i�c�a�t�i�o�n� �o�f� �t�y�p�e�s� �o�f� �s�h�i�p�m�e�n�t�s�)�.�.�. �� �A�s� �a�n�o�t�h�e�r� �o�p�t�i�o�n�,�  ��C�o�n�g�r�e�s�s� �c�o�u�l�d� �r�e�q�u�i�r�e� �D�O�T� 
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�t�o� �e�x�t�e�n�d� �a�c�c�i�d�e�n�t� �r�e�p�o�r�t�i�n�g� �r�e�q�u�i�r�e�m�e�n�t�s� �t�o� �a�l�l� �h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l�s� �s�p�i�l�l�s� �o�v�e�r� �a� 

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

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

�a�n�d� �c�o�m�m�o�n� �d�a�t�a� �r�e�p�o�r�t� �f�i�e�l�d�s�.�.�.�c�o�u�l�d� �b�e� �d�e�s�i�g�n�a�t�e�d �� �[�5�4�]�.� �A�c�c�o�r�d�i�n�g� �t�o� �A�b�k�o�w�i�t�z� 

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

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

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

�p�o�s�e�d� �b�y� �h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l�s� �r�e�l�e�a�s�e�s �� �[�3�]�.� �S�t�i�l�l�,� �n�o� �m�a�j�o�r� �d�a�t�a� �r�e�v�i�s�i�o�n�s� �a�r�e� �p�o�s�e�d� 

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

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

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

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

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

�p�u�b�l�i�c� �c�o�n�c�e�r�n�.� �F�i�r�s�t�,�  ��(�E�P�A�)� �r�e�g�u�l�a�t�i�o�n�s� �r�e�q�u�i�r�e� �e�v�e�r�y� �h�a�z�a�r�d�o�u�s� �w�a�s�t�e� �s�h�i�p�m�e�n�t� �t�o� 

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

�h�a�z�a�r�d�o�u�s� �w�a�s�t�e� �m�o�v�e�m�e�n�t�s �� �[�2�1�]�.� �A�l�s�o�,�  ��t�h�e� �U�.�S�.� �D�e�p�a�r�t�m�e�n�t� �o�f� �E�n�e�r�g�y� �(�D�O�E�)� 

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

�l�o�w�-�l�e�v�e�l� �r�a�d�i�o�a�c�t�i�v�e� �s�h�i�p�m�e�n�t�s �� �[�2�1�]�.� �S�h�o�u�l�d� �m�o�d�e�l�i�n�g� �b�e� �r�e�q�u�i�r�e�d� �o�n�l�y� �f�o�r� �t�h�e�s�e� 

�s�h�i�p�m�e�n�t� �t�y�p�e�s�,� �t�h�e�n� �a�v�a�i�l�a�b�l�e� �f�e�d�e�r�a�l� �d�a�t�a� �b�a�s�e�s� �m�a�y� �i�n�d�e�e�d� �p�r�o�v�e� �s�a�t�i�s�f�a�c�t�o�r�y�.� 
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�3�.�2� �M�o�d�e�l�s� 

�3�.�2�.�1� �I�n�t�r�o�d�u�c�t�i�o�n� 

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

�a� �t�h�o�r�o�u�g�h� �r�e�v�i�e�w� �h�a�s� �b�e�e�n� �m�a�d�e� �o�f� �e�x�i�s�t�i�n�g� �p�r�a�c�t�i�c�e�s� �i�n� �t�h�e�s�e� �a�r�e�a�s�.� �S�e�c�t�i�o�n�s� �3�.�2�.�2� 

�t�h�r�o�u�g�h� �3�.�2�.�5� �c�o�n�c�e�r�n� �g�e�n�e�r�a�l� �c�o�n�c�l�u�s�i�o�n�s� �a�b�o�u�t� �m�o�d�e�l�i�n�g� �a�n�d� �e�v�a�l�u�a�t�i�o�n� �o�b�t�a�i�n�e�d� 

�f�r�o�m� �t�h�e� �l�i�t�e�r�a�t�u�r�e�.� �S�e�c�t�i�o�n�s� �3�.�2�.�6� �t�h�r�o�u�g�h� �3�.�2�.�8� �d�e�a�l� �w�i�t�h� �g�e�n�e�r�a�l� �c�o�n�c�l�u�s�i�o�n�s� 

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

�F�i�n�a�l�l�y�,� �S�e�c�t�i�o�n�s� �3�.�2�.�9� �t�h�r�o�u�g�h� �3�.�2�.�1�6� �d�e�s�c�r�i�b�e� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �a�p�p�r�o�a�c�h�e�s� �o�f� �t�h�e� 

�v�a�r�i�o�u�s� �m�o�d�e�l�s� �s�t�u�d�i�e�d�.� 

�3�.�2�.�2� �D�i�f�f�e�r�e�n�t� �M�o�d�e�l� �T�y�p�e�s� 

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

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

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

�a�d�v�a�n�t�a�g�e�s� �a�n�d� �d�i�s�a�d�v�a�n�t�a�g�e�s� �t�o� �t�h�e� �d�i�f�f�e�r�e�n�t� �f�o�r�m�a�t�s�.� �C�a�t�e�g�o�r�i�z�a�t�i�o�n� �t�e�c�h�n�i�q�u�e�s� 

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

�m�o�d�e�l�s� �a�n�d� �t�h�e� �M�a�c�r�o�R�A�D�S�S� �m�o�d�e�l�.� 

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

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

�q�u�e�s�t�i�o�n� �i�s� �t�o� �d�e�t�e�r�m�i�n�e� �a�t� �w�h�a�t� �p�o�i�n�t� �r�i�s�k� �i�s�  ��s�u�f�f�i�c�i�e�n�t�l�y �� �r�e�d�u�c�e�d� �[�6�2�]�.� 

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

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

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

�u�n�n�e�c�e�s�s�a�r�y� �f�o�r� �m�o�d�e�l� �p�u�r�p�o�s�e�s�.� 

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

 ��(�a�)� �R�i�s�k� �a�v�e�r�s�i�o�n�.� �T�h�e�s�e� �m�e�t�h�o�d�s� �a�r�e� �b�a�s�e�d� �o�n� �t�h�e� �a�v�e�r�s�i�v�e� 
�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �h�u�m�a�n� �n�a�t�u�r�e �� 

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

 ��(�c�)� �C�o�s�t� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �r�i�s�k� �r�e�d�u�c�t�i�o�n�.� �T�h�e� �b�a�s�i�c� �q�u�e�s�t�i�o�n�s� �w�h�i�c�h� �m�u�s�t� 
�b�e� �a�n�s�w�e�r�e�d� �a�r�e�:� �h�o�w� �m�u�c�h� �r�i�s�k� �i�s� �a�c�c�e�p�t�a�b�l�e�,� �a�n�d� �h�o�w� �m�u�c�h� �a�r�e� �y�o�u� 
�w�i�l�l�i�n�g� �t�o� �p�a�y� �f�o�r� �a� �p�a�r�t�i�c�u�l�a�r� �l�e�v�e�l� �o�f� �r�i�s�k� �a�v�e�r�s�i�o�n�? �� 

 ��(�d�)� �B�e�n�e�f�i�t�-�r�i�s�k� �a�n�a�l�y�s�i�s�.� �T�h�e� �i�d�e�a� �h�e�r�e� �i�s� �t�o� �b�a�l�a�n�c�e� �t�h�e� �b�e�n�e�f�i�t�s� �o�f� �a� 
�p�a�r�t�i�c�u�l�a�r� �r�i�s�k� �a�v�e�r�s�i�o�n� �s�t�r�a�t�e�g�y� �w�i�t�h� �t�h�e� �a�c�t�u�a�l� �r�i�s�k�s� �i�n�v�o�l�v�e�d�-�-�i�n�d�e�p�e�n�d�e�n�t� 
�o�f� �c�o�s�t� �f�a�c�t�o�r�s �� �[�1�4�]�.� 

�S�i�n�c�e� �w�e� �h�a�v�e� �n�o�t� �d�i�s�c�o�v�e�r�e�d� �w�a�y�s� �t�o� �q�u�a�n�t�i�f�y� �t�h�e� �r�e�d�u�c�t�i�o�n� �i�n� �r�i�s�k� �f�o�r� �v�a�r�i�o�u�s� 

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

�a� �r�o�u�t�i�n�g� �e�x�e�r�c�i�s�e� �w�i�t�h� �m�u�l�t�i�p�l�e� �o�b�j�e�c�t�i�v�e�s�.� �S�i�n�c�e� �i�t� �i�s� �n�o�t� �n�e�c�e�s�s�a�r�i�l�y� �o�u�r� �o�b�j�e�c�t�i�v�e� 

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

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

�g�e�n�e�r�a�l�i�z�a�t�i�o�n�.� �I�n�s�t�e�a�d�,� �M�a�c�r�o�R�A�D�S�S�,� �a�n�d� �i�n� �f�a�c�t� �m�o�s�t� �h�a�z�m�a�t� �r�i�s�k� �s�t�u�d�i�e�s�,� �c�a�n� �b�e� 

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

 ��R�i�s�k� �a�s�s�e�s�s�m�e�n�t� �m�o�d�e�l�s� �w�e�r�e� �c�l�a�s�s�i�f�i�e�d� �i�n�t�o� �f�o�u�r� �t�y�p�e�s� �i�n�c�l�u�d�i�n�g�:� 
�e�n�u�m�e�r�a�t�i�v�e� �i�n�d�i�c�i�e�s�;� �r�e�g�r�e�s�s�i�o�n� �m�o�d�e�l�s�;� �n�e�t�w�o�r�k� �a�n�d� �d�i�s�t�r�i�b�u�t�i�o�n� �m�o�d�e�l�s�;� 
�a�n�d� �p�r�o�b�a�b�i�l�i�s�t�i�c� �m�o�d�e�l�s �� 
 ��E�n�u�m�e�r�a�t�i�v�e� �i�n�d�i�c�i�e�s�:� �E�n�u�m�e�r�a�t�i�v�e� �i�n�d�i�c�i�e�s� �a�r�e� �r�i�s�k� �a�s�s�e�s�s�m�e�n�t� �m�o�d�e�l�s� 

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

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

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

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

�p�r�o�b�a�b�i�l�i�t�y� �o�f� �a�n� �a�c�c�i�d�e�n�t� �a�n�d� �t�h�e� �m�a�g�n�i�t�u�d�e� �o�f� �i�t�s� �c�o�n�s�e�q�u�e�n�c�e�s�.�.�. �� �[�2�6�]�.� 

�E�n�u�m�e�r�a�t�i�v�e� �i�n�d�i�c�i�e�s� �a�s� �e�v�i�d�e�n�c�e�d� �i�n� �t�h�e� �C�a�n�a�d�i�a�n� �R�o�u�t�e� �S�c�r�e�e�n�i�n�g� �M�e�t�h�o�d� �w�e�r�e� 

�c�o�n�s�i�d�e�r�e�d� �t�o�o� �i�n�d�i�s�t�i�n�c�t� �f�o�r� �d�i�f�f�e�r�e�n�t�i�a�t�i�n�g� �b�e�t�w�e�e�n� �r�o�u�t�e�s� �a�n�d� �j�u�r�i�s�d�i�c�t�i�o�n�s� �i�n� �a� �l�a�r�g�e� 

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

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

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

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

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

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

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

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

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

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

�m�o�d�e�l�i�n�g�,� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l�i�n�g�,� �a�n�d� �s�u�b�j�e�c�t�i�v�e� �e�s�t�i�m�a�t�i�o�n �� �[�1�]�.� �H�e�r�e�,� �t�h�e� 

�M�a�c�r�o�R�A�D�S�S� �m�o�d�e�l� �c�a�n� �b�e� �c�o�n�s�i�d�e�r�e�d� �a� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �t�h�e� �f�i�r�s�t�,� �t�h�i�r�d� �a�n�d� �f�o�u�r�t�h� 

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

�s�i�m�u�l�a�t�e�s� �a�c�t�u�a�l� �r�e�l�e�a�s�e� �s�e�q�u�e�n�c�e�s� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �t�h�r�e�a�t�e�n�e�d� �a�r�e�a�s� �a�n�d� �r�e�l�i�e�s� �o�n� 

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

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

�s�u�f�f�i�c�i�e�n�t�l�y� �v�a�l�i�d� �t�o� �b�e� �c�o�n�s�i�d�e�r�e�d� �a� �b�a�s�i�s� �f�o�r� �i�m�p�o�r�t�a�n�t� �d�e�c�i�s�i�o�n�s�;� �a�n�d� �a�l�s�o� �t�h�a�t� �s�o�m�e� 
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�e�r�r�o�r�s� �o�f� �o�m�i�s�s�i�o�n� �c�o�u�l�d� �r�e�s�u�l�t� �i�n� �u�n�r�e�a�l�i�s�t�i�c� �a�n�d� �i�n�c�o�r�r�e�c�t� �a�n�s�w�e�r�s� �[�1�4�]�.� �R�i�s�k� �m�o�d�e�l�s� 

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

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

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

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

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

�f�o�r� �s�o�l�u�t�i�o�n� �a�p�p�r�o�x�i�m�a�t�i�o�n�s� �o�f� �m�u�l�t�i�p�l�e� �i�n�t�e�g�r�a�l�s �� �[�6�2�]�.� �S�i�n�c�e� �t�h�e�y� �d�o� �n�o�t� �c�o�n�s�i�d�e�r� 

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

�j�u�r�i�s�d�i�c�t�i�o�n�s� �i�s� �e�x�t�r�e�m�e�l�y� �l�i�m�i�t�e�d�.� 

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

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

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

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

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

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

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

�f�o�r� �f�u�t�u�r�e� �r�i�s�k� �d�e�c�i�s�i�o�n�s �� �[�6�2�]�.� �M�o�d�e�l�s� �o�f� �d�i�f�f�e�r�e�n�t� �c�l�a�s�s�e�s� �c�a�n� �t�h�e�n� �b�e� �c�o�m�p�a�r�e�d� �o�n� 

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

�e�x�p�e�n�d�e�d�.� 

�3�.�2�.�3� �C�o�m�p�u�t�i�n�g� �R�i�s�k� 

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

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

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

�b�e� �a�s�k�e�d�,� �i�s�s�u�e�s� �t�o� �b�e� �c�o�n�s�i�d�e�r�e�d�,� �a�n�d� �m�e�t�h�o�d�s� �t�o� �b�e� �u�s�e�d� �i�n�v�o�l�v�e�s� �j�u�d�g�e�m�e�n�t �� �[�3�9�]�.� 

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

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

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

�e�x�p�r�e�s�s�i�n�g� �r�i�s�k �� �[�6�2�]�.� �S�u�c�h� �a�n� �a�r�t�i�f�i�c�i�a�l� �s�c�a�l�e� �c�r�e�a�t�e�s� �t�h�e� �f�i�c�t�i�c�i�o�u�s� �a�p�p�e�a�r�a�n�c�e� �t�h�a�t� 

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

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

�f�o�r� �r�a�r�e� �e�v�e�n�t�s� �t�h�a�t� �h�a�p�p�e�n� �s�o� �s�e�l�d�o�m� �(�o�r� �n�e�v�e�r� �h�a�v�e� �h�a�p�p�e�n�e�d�)� �t�h�a�t� �n�o� �d�a�t�a� �c�a�n� �b�e� 

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

�c�r�i�t�e�r�i�o�n �� �[�3�8�]�.� �T�h�e� �m�o�s�t� �e�a�s�i�l�y� �i�n�t�e�r�p�r�e�t�a�b�l�e� �m�e�a�n�s� �o�f� �m�e�a�s�u�r�i�n�g� �r�i�s�k� �i�s� �t�h�e� 

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

�o�c�c�u�r�e�n�c�e�.�  ��(�I�n� �t�h�e� �r�i�s�k� �m�o�d�e�l� �d�e�v�e�l�o�p�e�d� �b�y� �H�u�b�e�r�t�)� �T�h�e� �r�i�s�k� �i�s� �n�o�r�m�a�l�l�y� �e�x�p�r�e�s�s�e�d� 

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

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

�z�o�n�e� �e�x�p�o�s�e�d� �t�o� �t�h�e� �r�i�s�k �� �[�2�9�]�.�  ��T�h�e� �m�o�s�t� �c�o�m�m�o�n�l�y� �u�s�e�d� �t�r�a�d�i�t�i�o�n�a�l� �m�e�a�s�u�r�e�s� �o�f� 

�7� �6�6� �r�i�s�k� �a�r�e� �t�h�e� �e�x�p�e�c�t�e�d� �v�a�l�u�e� �o�f� �d�a�m�a�g�e� �a�n�d� �e�x�p�e�c�t�e�d� �u�t�i�l�i�t�y ��  ��.�.�.�e�x�t�r�e�m�e� �e�v�e�n�t�s� �i�n� 

�p�a�r�t�i�c�u�l�a�r� �b�e�c�o�m�e� �c�o�n�c�e�a�l�e�d� �d�u�r�i�n�g� �t�h�i�s� �a�m�a�l�g�a�m�a�t�i�o�n �� �[�2�0�]�.� 

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

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

�c�o�n�s�t�i�t�u�t�e�s� �s�u�c�h� �a� �c�a�t�a�s�t�r�o�p�h�i�c� �e�v�e�n�t�.�  ��I�n� �t�h�e� �g�e�n�e�r�a�l� �l�i�t�e�r�a�t�u�r�e�.�.�.�,�c�a�t�a�s�t�r�o�p�h�i�c� �e�v�e�n�t�s� 

�h�a�v�e� �1�0�-�5� �o�r� �l�e�s�s� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �o�c�c�u�r�r�e�n�c�e�.�.�. �� �[�6�2�]�.� �T�h�e� �p�r�o�b�l�e�m� �o�f� �e�q�u�a�t�i�n�g� �h�i�g�h� 

�c�o�n�s�e�q�u�e�n�c�e� �a�n�d� �l�o�w� �l�i�k�e�l�i�h�o�o�d� �e�v�e�n�t�s� �w�i�t�h� �l�o�w� �c�o�n�s�e�q�u�e�n�c�e� �a�n�d� �h�i�g�h� �l�i�k�e�l�i�h�o�o�d� 

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

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

�e�x�p�e�c�t�e�d� �o�n� �t�h�e� �a�v�e�r�a�g�e� �d�u�r�i�n�g� �t�h�e� �r�e�f�e�r�e�n�c�e� �t�i�m�e� �i�n�t�e�r�v�a�l�.� �T�h�e� �r�a�n�g�e� �o�f� �l�o�s�s�e�s� �w�h�i�c�h� �c�o�u�l�d� 
�b�e� �e�x�p�e�r�i�e�n�c�e�d� �i�s� �n�o�t� �d�i�s�c�e�r�n�a�b�l�e�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �r�i�s�k� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �a�n� �a�c�c�i�d�e�n�t� �t�h�a�t� �o�c�c�u�r�s� 
�o�n�c�e� �a� �y�e�a�r� �a�n�d� �r�e�s�u�l�t�s� �i�n� �o�n�e� �f�a�t�a�l�i�t�y� �i�s� �t�h�e� �s�a�m�e� �(�i�.�e�.�,� �o�n�e� �f�a�t�a�l�i�t�y�/�y�e�a�r�)� �a�s� �t�h�a�t� �f�r�o�m� �a�n� �a�c�c�i�d�e�n�t� 
�w�h�i�c�h� �o�c�c�u�r�s� �o�n�c�e� �i�n� �t�e�n� �y�e�a�r�s� �b�u�t� �r�e�s�u�i�t�s� �i�n� �t�e�n� �f�a�t�a�l�i�t�i�e�s�.� �I�n� �a� �p�l�o�t� �o�f� �t�h�e� �e�x�p�e�c�t�e�d� �f�r�e�q�u�e�n�c�y� 
�o�f� �N� �o�r� �m�o�r�e� �f�a�t�a�l�i�t�i�e�s� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �N�,� �t�h�e�s�e� �t�w�o� �a�c�c�i�d�e�n�t�s� �w�o�u�l�d� �a�p�p�e�a�r� �a�s� �d�i�s�c�r�e�t�e� �p�o�i�n�t�s�.� 
�T�h�e� �s�e�c�o�n�d� �m�e�a�s�u�r�e� �o�f� �r�i�s�k� �i�s� �a� �c�u�r�v�e� �c�a�l�l�e�d� �a� �r�i�s�k� �s�p�e�c�t�r�u�m�,� �w�h�i�c�h� �i�s� �g�e�n�e�r�a�t�e�d� �b�y� �s�u�c�h� �p�o�i�n�t�s� 
�[�5�6�]�.� 

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

�v�a�r�i�o�u�s� �r�o�u�t�e�s� �c�a�n� �b�e� �c�o�m�b�i�n�e�d� �[�3�4�]�.� �T�h�a�t� �i�s�,� �p�r�o�v�i�d�e�d� �t�h�e� �u�n�i�t�s� �o�f� �d�a�m�a�g�e� �a�r�e� �t�h�e� 

�s�a�m�e�.� 

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

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

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

�a�s� �f�o�u�n�d� �i�n� �o�t�h�e�r� �r�i�s�k� �m�o�d�e�l�i�n�g�.� �T�h�e�r�e� �i�s� �n�o� �s�u�c�h� �t�h�i�n�g� �a�s�  ��z�e�r�o� �r�i�s�k �� �(�R�o�w�e�)�;� �i�.�e�.� 

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

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

�r�i�s�k� �f�r�e�e� �a�n�d� �c�a�n�n�o�t� �b�e �� �[�6�2�]�.� �T�h�i�s� �d�i�s�t�i�n�c�t�i�o�n� �i�s� �h�e�l�p�f�u�l� �a�s� �m�o�s�t� �h�a�z�m�a�t� �r�i�s�k�s� �w�o�u�l�d� 

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

�c�o�n�s�i�d�e�r�a�t�i�o�n�s�.� 

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

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

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

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

�b�e�t�t�e�r� �a�s�s�e�s�s�e�d �� �[�1�6�]�.�  ��T�h�e� �r�i�s�k� �a�s�s�e�s�s�m�e�n�t� �m�o�d�e�l�s� �o�f� �g�r�e�a�t�e�s�t� �u�s�e�f�u�l�n�e�s�s� �t�o� 

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

�a�l�t�e�r�n�a�t�i�v�e� �h�i�g�h�w�a�y� �r�o�u�t�e�s� �f�o�r� �h�a�z�m�a�t� �t�r�a�n�s�p�o�r�t�a�t�i�o�n �� �[�2�6�]�.� �B�e�c�a�u�s�e� �o�f� �t�h�e� �g�r�e�a�t�e�r� 

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

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

�3�.� �L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �3�9



�I�n� �t�h�e� �c�a�s�e� �o�f�  ��o�b�j�e�c�t�i�v�e �� �v�e�r�s�u�s�  ��p�e�r�c�e�i�v�e�d �� �r�i�s�k�,� �t�h�e� �m�e�a�n�s� �u�s�e�d� �t�o� �p�r�e�d�i�c�t� 

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

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

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

�o�f� �e�x�p�e�c�t�e�d� �u�t�i�l�i�t�y� �a�s� �a� �m�o�d�e�l� �o�f� �p�e�r�c�e�i�v�e�d� �r�i�s�k�)� �a�s� �S�l�o�v�i�c� �e�t� �a�l�.� �r�e�m�a�r�k�e�d�.�.�.�, ��/�S�u�b�t�l�e� 

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

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

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

�v�a�r�i�o�u�s� �c�o�n�t�e�x�t�s �� �[�4�3�]�.� �L�a�s�t�l�y�,� �t�h�e� �p�r�o�c�e�s�s� �o�f� �d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �b�e�h�a�v�i�o�r� �f�u�n�c�t�i�o�n�s� 

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

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

�p�r�o�b�a�b�i�l�i�t�y� �[�4�6�]�.� 

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

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

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

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

�f�r�e�q�u�e�n�c�y� �t�o� �e�x�p�o�s�u�r�e�:� 

�R� �=� �A�/�E� 

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

�e�x�p�r�e�s�s�e�d� �i�n� �t�h�i�s� �f�o�r�m�,� �r�i�s�k� �m�e�a�s�u�r�e�s� �a�r�e� �r�e�f�e�r�r�e�d� �t�o� �a�s� �a�c�c�i�d�e�n�t� �r�a�t�e�s �� �[�2�6�]�.� �I�n� �m�o�r�e� 

�c�o�m�m�o�n�l�y� �u�s�e�d� �t�e�r�m�i�n�o�l�o�g�y�:� 

�R�i�s�k� �(�R�)� �=� �P�r�o�b�a�b�i�l�i�t�y� �(�P�)� �x� �T�o�t�a�l� 

�C�o�n�s�e�q�u�e�n�c�e�s� �(� �C�,�+�C�,�,� �C�,�)� 

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

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

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

�3�.� �L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �4�0



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

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

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

�N�a�t�i�o�n�a�l� �R�e�s�p�o�n�s�e� �T�e�a�m� �(�w�h�i�c�h� �d�r�a�w�s�,�i�t�s� �m�e�m�b�e�r�s�h�i�p� �f�r�o�m� �1�4� �f�e�d�e�r�a�l� �a�g�e�n�c�i�e�s� 

�i�n�c�l�u�d�i�n�g� �t�h�e� �E�n�v�i�r�o�n�m�e�n�t�a�l� �P�r�o�t�e�c�t�i�o�n� �A�g�e�n�c�y� �a�n�d� �D�e�p�a�r�t�m�e�n�t� �o�f� �T�r�a�n�s�p�o�r�t�a�t�i�o�n�)� 

�e�n�t�i�t�l�e�d� �H�a�z�a�r�d�o�u�s� �M�a�t�e�r�i�a�l�s� �E�m�e�r�g�e�n�c�y� �P�l�a�n�n�i�n�g� �G�u�i�d�e� �[�6�3�]�.� �H�e�r�e�,� �t�h�e� �d�e�f�i�n�i�t�i�o�n� �o�f� 

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

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

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

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

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

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

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

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

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

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

�i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s�. �� �M�R�I� �c�i�t�e�s� �t�h�e� �w�o�r�k� �o�f� �M�c�G�e�e� �a�n�d� �M�o�r�g�a�n�s�t�e�i�n� �w�h�i�c�h� �l�i�s�t�s� 

�4�0� �i�n�d�e�p�e�n�d�e�n�t� �v�a�r�i�a�b�l�e�s� �i�n� �n�i�n�e� �c�a�t�e�g�o�r�i�e�s�.� �F�r�o�m� �a� �p�r�a�c�t�i�c�a�l� �s�t�a�n�d�p�o�i�n�t�,� �h�o�w�e�v�e�r�,� 

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

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

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

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

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

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

�c�l�e�a�r�l�y� �s�u�p�e�r�i�o�r� �t�o� �t�h�e� �o�t�h�e�r�s �� �[�5�7�]�.� 

�3�.� �L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �4�1



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

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

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

�a�c�c�i�d�e�n�t�a�l�l�y� �e�l�i�m�i�n�a�t�i�n�g� �s�o�m�e� �k�e�y� �e�v�e�n�t�s� �f�r�o�m� �t�h�e� �a�s�s�e�s�s�m�e�n�t �� �[�1�6�]�.� 

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

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

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

�o�n� �t�h�e� �c�o�m�m�u�n�i�t�y�,� �b�e� �f�u�l�l�y� �c�o�n�s�i�d�e�r�e�d� �a�n�d� �a�n�a�l�y�z�e�d �� �[�6�1�]�)�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �f�a�c�t�o�r�s� 

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

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

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

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

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

�d�e�l�a�y�e�d� �i�n� �t�r�a�f�f�i�c �� �[�2�5�]�.� �I�n� �t�h�i�s� �c�a�s�e�,� �t�r�a�f�f�i�c� �d�e�l�a�y� �i�s� �a� �f�u�n�c�t�i�o�n� �o�f� �(�a�m�o�n�g� �o�t�h�e�r� �t�h�i�n�g�s�)� 

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

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

�u�r�b�a�n� �v�e�r�s�u�s� �r�u�r�a�l� �s�e�t�t�i�n�g�.� 

�3�.�2�.�4� �O�t�h�e�r� �M�o�d�e�l�s� 

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

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

�a�n�a�l�y�s�i�s�,� �i�s� �c�o�n�s�i�d�e�r�e�d� �i�n� �t�h�e� �M�a�c�r�o�R�A�D�S�S� �m�o�d�e�l�.� 

�F�o�r� �v�u�l�n�e�r�a�b�i�l�i�t�y�,� �R�o�w�e� �c�i�t�e�s� �t�h�e� �w�o�r�k� �o�f� �G�a�r�b�o�r� �a�n�d� �G�r�i�f�f�i�t�h�:� 

�3�.� �L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �4�2



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

�P�u�t� �m�o�r�e� �s�i�m�p�l�y�,�  ��.�.�.�c�o�m�m�u�n�i�t�y� �v�u�l�n�e�r�a�b�i�l�i�t�y� �t�o� �H�M� �(�h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l�s�)� �a�c�c�i�d�e�n�t�s� 

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

�p�r�e�p�a�r�e�d�n�e�s�s �� �[�3�0�]�.� �B�o�t�h� �t�h�e� �c�h�o�i�c�e� �o�f� �p�r�e�p�a�r�e�d�n�e�s�s� �f�a�c�t�o�r�s� �a�n�d� �t�h�e�i�r� �i�n�t�e�r�a�c�t�i�o�n� 

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

�v�u�l�n�e�r�a�b�i�l�i�t�y� �s�t�u�d�i�e�s� �e�x�i�s�t�s�.� �A�s� �o�n�e� �l�o�c�a�l� �p�l�a�n�n�e�r� �o�b�s�e�r�v�e�d�,�  ��W�h�e�n� �t�h�e� �S�t�.� �B�e�r�n�a�r�d� 

�P�a�r�i�s�h� �s�t�u�d�y� �w�a�s� �p�u�b�l�i�s�h�e�d� �i�n� �1�9�8�1�,� �i�t� �r�e�p�r�e�s�e�n�t�e�d� �o�n�l�y� �a� �h�a�n�d�f�u�l� �o�f� �s�i�m�i�l�a�r� �s�t�u�d�i�e�s� 

�c�o�n�d�u�c�t�e�d� �b�y� �l�o�c�a�l� �g�o�v�e�r�n�m�e�n�t�s� �a�r�o�u�n�d� �t�h�e� �c�o�u�n�t�r�y �� �[�3�7�]�.� �I�n� �t�h�i�s� �s�t�u�d�y� �t�h�e� �r�e�s�u�l�t�s� 

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

�F�o�r� �t�h�i�s� �p�u�r�p�o�s�e�,� �p�r�e�p�a�r�e�d�n�e�s�s� �s�h�o�u�l�d� �n�o�t� �b�e� �d�e�f�i�n�e�d� �i�n� �t�e�r�m�s� �o�f� �t�h�e� �r�i�s�k� �m�o�d�e�l�,� �s�o� 

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

�m�a�d�e� �b�y� �i�t�s�e�l�f� �o�r� �s�o�m�e� �e�x�t�e�r�n�a�l� �a�g�e�n�c�y� �[�4�2�]�.� �I�t� �i�s� �s�i�m�i�l�a�r�l�y� �d�e�s�i�r�a�b�l�e� �t�o� �k�e�e�p� �r�i�s�k� 

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

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

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

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

�c�o�r�r�i�d�o�r�s �� �[�4�2�]�.� �I�n� �o�n�e� �s�t�u�d�y�,� �t�h�e� �a�u�t�h�o�r�s� �d�e�v�e�l�o�p� �a�  ��c�o�m�m�u�n�i�t�y� �s�a�f�e�t�y� �a�s�s�e�s�s�m�e�n�t� 

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

�i�n�d�e�x� �[�4�2�]�.� �T�h�i�s� �i�s� �p�a�r�t�i�c�u�l�a�r�l�y� �c�o�n�f�u�s�i�n�g� �a�s� �s�a�f�e�t�y� �i�s� �m�o�r�e� �c�o�m�m�o�n�l�y� �d�e�f�i�n�e�d� �i�n� 

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

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

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

�a�c�t�i�v�i�t�y �� �[�3�0�]�.� �S�a�f�e�t�y� �i�s� �a� �d�e�c�i�s�i�o�n�-�m�a�k�i�n�g� �t�o�o�l� �t�o� �b�e� �u�s�e�d� �i�n� �t�h�e� �f�a�c�e� �o�f� �l�i�m�i�t�e�d� �p�u�b�l�i�c� 

�e�x�p�e�n�d�i�t�u�r�e�s� �o�n� �r�i�s�k� �r�e�d�u�c�t�i�o�n�.� 

�3�.� �L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �4�3



�T�h�e�r�e� �a�r�e� �t�w�o� �a�s�p�e�c�t�s� �t�o� �b�e� �c�o�n�s�i�d�e�r�e�d� �i�n� �d�e�a�l�i�n�g� �w�i�t�h� �s�a�f�e�t�y�:� �t�h�e� �p�r�o�b�a�b�i�l�i�s�t�i�c� 
�i�m�p�o�s�s�i�b�i�l�i�t�y� �o�f� �a� �t�o�t�a�l� �a�b�s�e�n�s�e� �o�f� �h�a�z�a�r�d�s� �a�n�d� �t�h�e� �l�e�v�e�l� �o�f� �r�i�s�k� �a�c�c�e�p�t�a�b�i�l�i�t�y�.� �I�n� �t�h�i�s� �c�o�n�t�e�x�t�,� �t�h�e� 
�s�a�f�e�t�y� �o�f� �a� �s�y�s�t�e�m� �s�h�o�u�l�d� �b�e� �e�x�p�r�e�s�s�e�d� �a�s� �f�r�e�e�d�o�m� �f�r�o�m� �u�n�a�c�c�e�p�t�a�b�l�e� �c�o�n�d�i�t�i�o�n�s� �t�h�a�t� �c�a�n� �c�a�u�s�e� 
�i�n�j�u�r�y� �o�r� �d�e�a�t�h� �t�o� �p�e�r�s�o�n�n�e�l�,� �o�r� �d�a�m�a�g�e� �t�o�,� �o�r� �l�o�s�s� �o�f�,� �e�q�u�i�p�m�e�n�t� �o�r� �p�r�o�p�e�r�t�y� �[�1�7�]�.� 

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

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

�3�.�2�.�5� �E�f�f�e�c�t�s� �o�f� �R�i�s�k� �R�e�d�u�c�t�i�o�n� �S�t�r�a�t�e�g�i�e�s� 

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

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

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

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

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

�m�a�t�e�r�i�a�l�s� �c�a�n� �b�e� �s�u�b�s�t�a�n�t�i�a�l�l�y� �r�e�d�u�c�e�d� �b�y� �t�h�o�u�g�h�t�f�u�l� �r�o�u�t�i�n�g �� �[�2�8�]�.� �T�h�e� �i�m�p�a�c�t� �o�f� 

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

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

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

�r�e�d�e�s�i�g�n�e�d� �t�o� �m�i�n�i�m�i�z�e� �a�c�c�i�d�e�n�t� �l�i�k�e�l�i�h�o�o�d� �a�n�d� �c�o�n�s�e�q�u�e�n�c�e�s�.� �I�n� �a�d�d�i�t�i�o�n�,� �s�i�n�c�e� 

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

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

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

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

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

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

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

�3�.� �L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �4�4



�u�s�e�.�.�. �� �[�5�9�]�.� �A�l�s�o�,�  ��P�r�e�f�e�r�r�e�d� �r�o�u�t�e�s� �i�n� �o�n�e� �s�t�a�t�e� �m�u�s�t�.�.�.�m�a�t�c�h� �u�p� �a�t� �t�h�e� �b�o�r�d�e�r�s� �w�i�t�h� 

�p�r�e�f�e�r�r�e�d� �r�o�u�t�e�s� �i�n� �o�t�h�e�r� �s�t�a�t�e�s �� �[�5�9�]�.� 

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

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

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

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

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

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

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

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

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

�p�e�r�i�o�d�s �� �[�2�6�]�.� 

�3�.�2�.�6� �P�r�o�b�a�b�i�l�i�t�y� 

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

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

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

�T�h�i�s� �i�s� �a� �g�e�n�e�r�a�l�l�y� �a�c�c�e�p�t�e�d� �p�r�a�c�t�i�c�e� �a�s� �s�e�v�e�r�e� �r�e�l�e�a�s�e�s� �a�r�e� �c�a�p�t�u�r�e�d�.�  ��T�h�e� 

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

�i�n�d�i�c�a�t�e� �t�h�a�t� �a�p�p�r�o�x�i�m�a�t�e�l�y� �2�/�3� �o�f� �s�e�r�i�o�u�s� �r�e�l�e�a�s�e�s� �f�r�o�m� �s�h�i�p�m�e�n�t�s� �o�n� �t�h�e� �h�i�g�h�w�a�y� 

�r�e�s�u�l�t� �f�r�o�m� �t�r�a�f�f�i�c� �a�c�c�i�d�e�n�t�s �� �[�2�5�]�.� �T�h�e� �r�a�t�i�o�n�a�l�e� �f�o�r� �s�u�c�h� �a�c�t�i�o�n�s� �w�a�s� �e�x�p�r�e�s�s�e�d� �b�y� 

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

�a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �t�r�u�c�k� �t�y�p�e� �o�r� �c�o�n�t�a�i�n�e�r� �t�y�p�e�,� �b�u�t� �t�h�i�s� �f�a�c�t�o�r� �w�o�u�l�d� �n�o�t� �b�e� �d�i�r�e�c�t�l�y� �r�e�l�e�v�a�n�t� �t�o� 
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�r�o�u�t�i�n�g� �e�v�a�l�u�a�t�i�o�n�s� �s�i�n�c�e� �t�h�e� �s�a�m�e� �t�r�u�c�k� �a�n�d� �c�o�n�t�a�i�n�e�r� �t�y�p�e�s� �w�o�u�l�d� �p�r�e�s�u�m�a�b�l�y� �b�e� �u�s�e�d� �f�o�r� �a�l�l� 
�a�l�t�e�r�n�a�t�i�v�e� �r�o�u�t�e�s� �[�2�5�]�.� 

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

�v�a�r�i�o�u�s� �s�y�s�t�e�m�-�r�e�l�a�t�e�d� �f�e�a�t�u�r�e�s� �w�h�i�c�h� �a�f�f�e�c�t� �a�c�c�i�d�e�n�t� �r�a�t�e�s�.� �M�R�I� �n�o�t�e�s� �t�h�a�t�  ��*�.�.�.�t�h�e�r�e� 

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

�*� �H�i�g�h�w�a�y� �t�y�p�e� 
�*� �T�r�u�c�k� �c�o�n�f�i�g�u�r�a�t�i�o�n� 
�*� �C�a�r�g�o� �a�r�e�a� �c�o�n�f�i�g�u�r�a�t�i�o�n �� �[�2�6�]�.� 

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

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

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

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

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

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

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

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

�f�i�n�d� �t�h�a�t� �a�c�c�o�r�d�i�n�g� �t�o� �B�M�C�S� �1�9�8�4�-�8�5� �d�a�t�a�,� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �r�e�l�e�a�s�e� �r�a�t�e� �f�o�r� �d�i�f�f�e�r�e�n�t� 

�t�r�u�c�k� �c�o�n�f�i�g�u�r�a�t�i�o�n�s� �w�a�s� �n�o�t� �s�u�b�s�t�a�n�t�i�a�l� �[�2�7�]�.� �T�h�i�s� �h�a�s� �l�e�d� �M�R�I� �t�o� �c�o�n�c�l�u�d�e�  ��.�.�.�i�f� �o�n�e� 

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

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

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

�l�a�r�g�e �� �[�2�6�]�.� �H�i�g�h�w�a�y� �t�y�p�e� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� �w�e�r�e� �l�i�s�t�e�d� �i�n� �t�h�e�i�r� �r�e�p�o�r�t� �a�s�:� 

�*�  ��T�y�p�e� �o�f� �d�e�v�e�l�o�p�m�e�n�t� �(�u�r�b�a�n�/�r�u�r�a�l�)� 
�A�c�c�e�s�s� �c�o�n�t�r�o�l� �(�f�r�e�e�w�a�y�/�n�o�n�f�r�e�e�w�a�y�)� 
�N�u�m�b�e�r� �o�f� �l�a�n�e�s� 
�P�r�e�s�e�n�c�e� �o�r� �a�b�s�e�n�c�e� �o�f� �m�e�d�i�a�n� �(�d�i�v�i�d�e�d�/�u�n�d�i�v�i�d�e�d�) �� �[�2�6�]�.� 

�*� 

�*� 

�*� 

�I�n� �t�e�r�m�s� �o�f� �a�c�c�e�s�s� �c�o�n�t�r�o�l�,� �w�e� �l�e�a�r�n� �f�r�o�m� �T�r�a�n�s�p�o�r�t� �C�a�n�a�d�a� �t�h�a�t�  ��t�h�e� �d�o�m�i�n�a�n�t� �f�a�c�t�o�r� 

�i�n� �b�o�t�h� �(�U�r�b�a�n�e�k� �a�n�d� �B�a�r�b�e�r�,� �1�9�8�0� �a�n�d� �B�e�r�c�h�a� �a�n�d� �A�s�s�o�c�i�a�t�e�s�,� �1�9�8�5�)� �s�t�u�d�i�e�s� �(�i�n� 

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

�k�i�l�o�m�e�t�r�e�,� �t�h�e� �n�u�m�b�e�r� �o�f� �a�c�c�i�d�e�n�t�s� �a�n�d� �i�n�j�u�r�i�e�s� �a�l�s�o� �i�n�c�r�e�a�s�e�s �� �[�4�8�]�.� �T�h�e� �i�n�c�l�u�s�i�o�n� 

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

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

�c�o�n�s�i�d�e�r�e�d�.� �A�s� �t�h�e�o�r�e�t�i�c�a�l� �j�u�s�t�i�f�i�c�a�t�i�o�n� �f�o�r� �s�u�c�h� �a�c�t�i�o�n�s�,� �w�e� �c�a�n� �c�i�t�e� �M�R�I� �a�g�a�i�n� �w�h�i�c�h� 

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

�t�h�a�n� �a�c�c�i�d�e�n�t�s� �i�n� �g�e�n�e�r�a�l �� �[�2�7�]�.� �T�i�m�e� �o�f� �d�a�y� �a�n�d� �w�e�a�t�h�e�r� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� �w�h�i�c�h� �c�o�u�l�d� 

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

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

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

�h�i�s�t�o�r�i�c�a�l� �d�a�t�a�.� �A�s� �h�a�s� �b�e�e�n� �o�b�s�e�r�v�e�d�,�  ��.�.�.�b�o�t�h� �(�R�S�P�A� �a�n�d� �B�M�C�S�)� �d�a�t�a� �s�e�t�s� �i�m�p�l�y� �t�h�a�t� 

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

�s�n�o�w� �c�o�n�d�i�t�i�o�n�s �� �[�2�7�]�.� 

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

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

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

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

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

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

�c�o�n�s�i�d�e�r�e�d� �s�a�f�e�r� �t�h�a�n� �t�h�e� �t�r�u�c�k�i�n�g� �f�l�e�e�t� �a�s� �a� �w�h�o�l�e�.� �I�n� �t�h�e� �c�a�s�e� �o�f� �t�h�e� �f�i�r�s�t� �q�u�e�s�t�i�o�n�,� 

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

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

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

�p�a�r�t�y� �c�a�u�s�a�t�i�o�n �� �[�2�9�]�.� �F�o�r� �t�h�e� �s�a�f�e�t�y� �a�s�p�e�c�t� �o�f� �t�h�e� �q�u�e�s�t�i�o�n�s� �p�o�s�e�d�,� �i�t� �c�a�n� �b�e� �s�a�i�d� �t�h�a�t� 

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

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

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

�a�n� �a�c�c�i�d�e�n�t� �t�h�a�n� �a�n� �e�m�p�t�y� �v�e�h�i�c�l�e� �(�n�o�n�-�h�a�z�m�a�t�)�.� �A�d�d�i�t�i�o�n�a�l�l�y�,�  ��s�e�v�e�r�a�l� �s�t�a�t�e�s� �h�a�v�e� 

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

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

�r�e�q�u�i�r�e�m�e�n�t�s� �i�n�c�l�u�d�e� �a� �m�e�d�i�c�a�l� �e�x�a�m�i�n�a�t�i�o�n� �a�n�d� �a� �w�r�i�t�t�e�n� �t�e�s�t� �o�n�.� �a�l�l� 

�a�p�p�l�i�c�a�b�l�e�.�.�.�J�a�w�s�.�.�.�a�n�d� �s�a�f�e� �d�r�i�v�i�n�g� �p�r�a�c�t�i�c�e�s �� �[�8�]�.� �T�h�i�s� �m�e�a�n�s� �t�h�a�t� �h�a�z�m�a�t� �v�e�h�i�c�l�e� 

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

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

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

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

�h�a�s� �r�a�n�d�o�m� �i�n�f�l�u�e�n�c�e�s� �(�s�u�c�h� �a�s� �d�r�i�v�e�r� �j�u�d�g�e�m�e�n�t�)� �a�f�f�e�c�t�i�n�g� �t�h�e� �v�a�l�u�e�s� �[�4�0�]�.� �F�o�r� �t�h�i�s� 

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

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

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

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

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

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

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

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

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

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

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

�(�a�l�b�e�i�t� �t�o� �a� �l�e�s�s�e�r� �e�x�t�e�n�t�)� �t�h�a�n� �i�f� �a�c�t�u�a�l� �r�o�u�t�e� �a�c�c�i�d�e�n�t�s� �w�e�r�e� �u�s�e�d�.� �T�h�u�s� �i�t� �h�a�s� �b�e�e�n� 

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

�w�h�e�r�e� �p�o�s�s�i�b�l�e�.� �T�h�e� �b�e�s�t� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �f�o�r� �m�o�s�t� �r�o�u�t�e�s� �i�s� �t�h�e� �h�i�s�t�o�r�i�c� �a�c�c�i�d�e�n�t� 
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�r�e�c�o�r�d �� �[�4�8�]�.� �O�t�h�e�r� �r�e�a�s�o�n�s� �f�o�r� �s�u�c�h� �a� �c�o�n�c�l�u�s�i�o�n� �h�a�v�e� �b�e�e�n� �f�o�u�n�d� �i�n� �t�h�e� �l�i�t�e�r�a�t�u�r�e�.� 

 ��P�r�e�v�i�o�u�s� �i�n�v�e�s�t�i�g�a�t�o�r�s� �p�e�r�f�o�r�m�i�n�g� �h�a�z�m�a�t� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �r�i�s�k� �a�s�s�e�s�s�m�e�n�t�s� �h�a�v�e� 

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

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

�f�o�r� �t�h�e� �h�i�g�h�w�a�y� �r�o�u�t�e�s� �i�n� �q�u�e�s�t�i�o�n�,� �w�h�e�n�e�v�e�r� �p�o�s�s�i�b�l�e �� �[�2�6�]�.� �S�i�n�c�e� �t�h�e�r�e� �i�s� �n�o� 

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

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

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

�o�b�s�e�r�v�a�t�i�o�n�.� �T�h�u�s� �i�n�d�i�r�e�c�t� �m�o�d�e�l�s� �a�r�e� �u�s�e�d� �t�o� �s�i�m�u�l�a�t�e� �a�c�c�i�d�e�n�t�s �� �[�6�0�]�.� 

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

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

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

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

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

�v�e�h�i�c�l�e �� �[�4�8�]�.� �I�n� �t�h�e� �c�a�s�e� �o�f� �s�t�a�t�e�w�i�d�e� �r�i�s�k� �r�a�n�k�i�n�g�,� �i�t� �i�s� �a�s�s�u�m�e�d� �t�h�a�t� �t�h�e� �u�s�e�r� �w�i�l�l� 

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

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

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

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

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

�s�h�o�r�t�e�s�t� �r�o�u�t�e �� �[�2�6�]�.� �T�h�i�s� �l�e�a�d�s� �u�s� �t�o� �t�h�e� �i�n�c�o�r�p�o�r�a�t�i�o�n� �o�f� �a� �r�o�u�t�e� �l�e�n�g�t�h� �t�e�r�m� �i�n� �t�h�e� 

�p�r�o�b�a�b�i�l�i�t�y� �e�x�p�r�e�s�s�i�o�n�.� 

�3�.� �L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �4�3



�3�.�2�.�/� �C�o�n�s�e�q�u�e�n�c�e�s� 

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

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

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

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

�d�a�m�a�g�e�d�)�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �F�H�W�A� �G�u�i�d�e� �a�n�d� �o�t�h�e�r� �c�u�r�r�e�n�t� �r�i�s�k� �a�s�s�e�s�s�m�e�n�t� �m�o�d�e�l�s� 

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

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

�c�l�e�a�r�l�y� �s�t�a�t�e�d�.�.�. �� �[�2�5�]�.� �I�f� �w�e� �w�e�r�e� �t�o� �u�s�e� �h�i�s�t�o�r�i�c�a�l� �d�e�a�t�h� �a�n�d� �i�n�j�u�r�y� �f�i�g�u�r�e�s�,� �i�t� �c�o�u�l�d� 

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

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

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

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

�S�i�m�i�l�a�r�l�y�,� �w�e� �c�a�n� �d�e�v�e�l�o�p� �v�a�l�u�e�s� �f�o�r� �p�r�o�p�e�r�t�y� �e�x�p�o�s�e�d�,� �a�n�d� �s�o� �f�o�r�t�h�.� �M�R�I� �d�o�e�s� �n�o�t� 

�u�s�e� �t�h�e� �t�e�r�m�  ��e�x�p�o�s�u�r�e �� �i�n� �t�h�e� �r�i�s�k� �f�o�r�m�u�l�a�t�i�o�n�,� �b�u�t� �i�n�s�t�e�a�d� �r�e�t�a�i�n�s� �t�h�e� �F�H�W�A� �t�e�r�m� 

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

�r�e�p�l�a�c�e� �t�h�e� �e�x�p�o�s�u�r�e� �m�e�a�s�u�r�e�s� �i�n� �t�h�e� �e�q�u�a�t�i�o�n� �[�2�5�]�.� �S�u�c�h� �a� �p�r�a�c�t�i�c�e� �i�s� �m�i�s�l�e�a�d�i�n�g� 

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

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

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

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

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

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

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

�3�.� �L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �5�0



�[�4�8�]�.� �E�v�e�n� �s�o�,� �s�o�m�e� �m�e�a�n�s� �o�f� �a�d�d�r�e�s�s�i�n�g� �t�h�e� �d�i�f�f�e�r�e�n�t� �n�a�t�u�r�e� �o�f� �d�i�f�f�e�r�e�n�t� �t�h�r�e�a�t�s� �i�s� 

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

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

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

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

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

�t�r�u�c�k �� �[�5�6�]�.� �O�f� �c�o�u�r�s�e�,� �t�o� �m�a�k�e� �t�h�e� �i�n�t�e�r�a�c�t�i�v�e� �m�o�d�e�l� �a� �l�i�v�e�-�o�n� �m�o�d�e�l�,� �o�n�e� �c�a�n� �n�o�t� 

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

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

�h�a�z�m�a�t�s� �(�e�.�g�.�,� �g�a�s�o�l�i�n�e� �[�5�6�]�.�,� �r�a�d�i�o�a�c�t�i�v�e� �m�a�t�e�r�i�a�l�s� �[�5�9�]�.�,� �e�t�c�.�)� �w�h�i�c�h� �m�a�y� �b�e� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�c�a�n� �b�e� �r�e�l�i�e�d� �u�p�o�n� �w�i�t�h� �a�n�y� �c�o�n�f�i�d�e�n�c�e �� �[�4�8�]�.� �T�h�e� �a�d�v�a�n�t�a�g�e� �h�e�r�e� �i�s� �t�h�a�t� �t�h�e� �d�e�g�r�e�e� 

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

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

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

�* ��,�.�s�o�m�e� �t�y�p�e�s� �o�f� �l�o�a�d�s� �n�e�e�d� �n�o�t� �b�e� �p�l�a�c�a�r�d�e�d� �b�e�c�a�u�s�e� �o�f� �t�h�e� �q�u�a�n�t�i�t�y� �o�f� 
�t�h�e� �l�o�a�d� �o�r� �i�t�s� �p�a�c�k�a�g�i�n�g� �a�n�d� �s�o�m�e� �l�o�a�d�s� �a�r�e� �n�o�t� �p�l�a�c�a�r�d�e�d� �t�h�a�t� �s�h�o�u�l�d� �b�e�;� 
�(�a�l�s�o�)� �s�o�m�e� �p�l�a�c�a�r�d�e�d� �t�r�u�c�k�s� �d�i�d� �n�o�t� �h�a�v�e� �U�N�/�N�A� �(�c�o�m�m�o�d�i�t�y�)� �n�u�m�b�e�r�s�,� 
�w�h�i�c�h� �m�a�d�e� �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� �d�e�t�e�r�m�i�n�e� �t�h�e� �n�a�t�u�r�e� �o�f� �t�h�e� 
�m�a�t�e�r�i�a�l�.�.�. �� 
�* ��D�e�t�e�r�m�i�n�i�n�g� �i�f� �a� �l�o�a�d� �i�s� �a�d�e�q�u�a�t�e�l�y� �p�l�a�c�a�r�d�e�d� �i�s� �c�o�m�p�l�i�c�a�t�e�d� �b�e�c�a�u�s�e� 

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

�c�o�m�p�l�e�x� �a�n�d� �a�t� �t�i�m�e�s� �a�p�p�a�r�e�n�t�l�y� �c�o�n�t�r�a�d�i�c�t�o�r�y� �r�e�g�u�l�a�t�i�o�n�s� �m�u�s�t� �b�e� 
�i�n�t�e�r�p�r�e�t�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �c�o�r�r�e�c�t� �p�l�a�c�a�r�d�i�n�g �� �[�4�5�]�.� 

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

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

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

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

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

�r�e�s�u�l�t� �i�n� �u�n�c�o�n�s�c�i�o�u�s�n�e�s�s� �a�n�d� �e�v�e�n�t�u�a�l� �s�u�f�f�o�c�a�t�i�o�n�.� �T�h�e� �5�0�0� �p�p�m� �l�i�m�i�t� �c�a�n� �b�e� 

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

�t�h�e�r�e�f�o�r�e� �d�i�s�c�o�u�n�t�e�d �� �[�5�6�]�.� �H�o�w�e�v�e�r�,� �t�h�e� �n�u�m�b�e�r� �o�f� �s�c�e�n�a�r�i�o�s� �f�o�r� �a� �g�i�v�e�n� �h�a�z�m�a�t� 

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

�+�t� �r�e�l�e�a�s�e�.� �I�n� �o�n�e� �s�i�t�u�a�t�i�o�n�  ��.�.�.�a�n� �e�x�p�l�o�s�i�o�n� �c�a�n� �b�e� �f�o�l�l�o�w�e�d� �b�y� �e�i�t�h�e�r� �a� �s�h�o�c�k� �w�a�v�e�,� �a� 

�f�i�r�e� �b�a�l�l�,� �o�r� �f�r�a�g�m�e�n�t�a�t�i�o�n� �o�f� �m�a�t�e�r�i�a�l�,� �e�a�c�h� �w�i�t�h� �a� �d�i�s�t�i�n�c�t�i�v�e� �s�e�t� �o�f� �r�a�m�i�f�i�c�a�t�i�o�n�s �� �[�4�0�]�.� 

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

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

�t�o� �2�8�0� �m�e�t�e�r�s� �f�r�o�m� �t�h�e� �e�d�g�e� �o�f� �t�h�e� �p�o�o�l�.� �T�h�e� �p�r�i�m�a�r�y� �h�a�z�a�r�d�.�.�.�i�s� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �a� 

�\ ��  �� �f�i�r�e� �b�a�l� �i�t� �i�s� �e�x�p�e�c�t�e�d� �t�h�a�t� �a� �f�i�r�e� �b�a�l�l� �w�o�u�l�d� �f�l�a�s�h� �b�a�c�k� �t�o� �t�h�e� �p�o�o�l�,� �s�o� �t�h�a�t� �a� �p�o�o�l� �f�i�r�e� 

�w�o�u�l�d� �a�l�s�o� �r�e�s�u�l�t �� �[�5�6�]�.� �G�a�s� �d�i�s�p�e�r�s�i�o�n�s� �a�s� �w�e�l�l� �m�a�y� �o�c�c�u�r� �i�n� �t�h�e� �f�o�r�m� �o�f� �s�u�d�d�e�n� �o�r� 

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

�p�r�e�s�s�u�r�i�z�e�d� �g�a�s� �r�e�l�e�a�s�e�)� �o�n�e� �w�o�u�l�d� �e�x�p�e�r�i�e�n�c�e� �a� �r�a�p�i�d�l�y� �e�x�p�a�n�d�i�n�g� �v�a�p�o�r� �c�l�o�u�d� 

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

�o�f� �i�t�s� �r�e�l�a�t�i�v�e�l�y� �h�i�g�h� �e�x�p�a�n�s�i�o�n� �v�e�l�o�c�i�t�i�e�s �� �[�1�6�]�.� �I�f� �w�e� �w�e�r�e� �t�o� �c�o�n�s�i�d�e�r� �e�v�e�r�y� �s�c�e�n�a�r�i�o� 

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

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

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

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

�o�f� �B�u�r�l�i�n�g�t�o�n�,� �M�a�s�s�a�c�h�u�s�e�t�t�s�.� 

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

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

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

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

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

�b�e� �a�f�f�e�c�t�e�d� �i�n� �a� �r�e�a�l� �s�p�i�l�l� �s�i�t�u�a�t�i�o�n �� �[�4�0�]�.� �I�n� �s�o�m�e� �i�n�s�t�a�n�c�e�s�,� �t�h�i�s� �e�x�p�o�s�u�r�e� �a�r�e�a� �i�s� 

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

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

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

�s�o� �t�h�e� �u�s�e� �o�f� �s�u�c�h� �s�t�a�t�i�s�t�i�c�s� �m�a�y� �i�n�t�r�o�d�u�c�e� �s�o�m�e� �s�m�a�l�l� �s�t�a�t�i�s�t�i�c�a�l� �e�r�r�o�r�s �� �[�1�6�]�.� �O�n�a� 

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

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

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

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

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

�e�s�t�i�m�a�t�e�s� �o�f� �r�i�s�k� �c�o�u�l�d� �t�h�e�r�e�f�o�r�e� �b�e� �p�e�s�s�i�m�i�s�t�i�c�,� �e�s�p�e�c�i�a�l�l�y� �f�o�r� �a�r�e�a�s� �t�h�a�t� �a�r�e� 
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�p�r�o�t�e�c�t�e�d�.�.�. �� �[�1�6�]�.� �I�n� �t�h�e� �c�a�s�e� �o�f� �r�a�d�i�o�a�c�t�i�v�e� �s�h�i�p�m�e�n�t�s�,� �a� �t�i�e�r�e�d� �e�x�p�o�s�u�r�e� �a�r�e�a� �i�s� 

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

�a�n� �a�r�e�a� �o�f� �a�p�p�r�o�x�i�m�a�t�e�l�y� �2�5� �s�q� �m�i� �(�6�5� �s�q� �k�m�)� �d�o�w�n�w�i�n�d� �o�f� �t�h�e� �r�e�l�e�a�s�e� �i�s� �g�e�n�e�r�a�l�l�y� �e�x�p�o�s�e�d� �t�o� 
�l�o�w� �l�e�v�e�l�s� �o�f� �r�a�d�i�o�a�c�t�i�v�i�t�y�.� 

�T�h�e� �p�o�p�u�l�a�t�i�o�n� �w�i�t�h�i�n� �a� �5�-�m�i�l�e� �(�8�-�k�m�)� �b�a�n�d� �i�s� �c�o�n�s�i�d�e�r�e�d� �m�o�s�t� �c�r�i�t�i�c�a�l� �a�n�d� �i�s� �g�i�v�e�n� �g�r�e�a�t�e�r� 
�w�e�i�g�h�t� �i�n� �t�h�e� �a�n�a�l�y�s�i�s�.� �E�c�o�n�o�m�i�c� �(�p�r�o�p�e�r�t�y� �d�a�m�a�g�e�)� �c�o�n�s�e�q�u�e�n�c�e�s� �a�r�e� �e�s�t�i�m�a�t�e�d�.�.�.�w�i�t�h�i�n� �1�0� 
�m�i�l�e�s� �(�1�6� �k�m�)�.�.�.�l�a�n�d� �u�s�e�s� �w�i�t�h�i�n� �a� �5�-�m�i�l�e� �(�8�-�k�m�)� �b�a�n�d� �s�u�r�r�o�u�n�d�i�n�g� �t�h�e� �h�i�g�h�w�a�y� �r�e�c�e�i�v�e� �g�r�e�a�t�e�r� 
�w�e�i�g�h�t� �i�n� �t�h�e� �a�n�a�l�y�s�i�s� �[�2�6�]�.� 

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

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

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

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

�t�h�e� �m�o�s�t� �i�m�p�o�r�t�a�n�t� �c�o�n�s�e�q�u�e�n�c�e� �i�s� �t�h�e� �l�o�s�s� �o�f� �h�u�m�a�n� �l�i�f�e �� �[�3�4�]�.� �S�u�c�h� �t�h�r�e�a�t�s� �a�r�e� �o�f� 

�a� �d�i�v�e�r�s�e� �n�a�t�u�r�e�.�  ��P�o�s�s�i�b�i�e� �c�o�n�s�e�q�u�e�n�c�e�s� �i�n�c�l�u�d�e�:� 

�*� �F�a�t�a�l�i�t�i�e�s� �*� �D�i�s�e�a�s�e� 
�*� �I�n�j�u�r�i�e�s� �*� �L�o�n�g�-�t�e�r�m� �h�e�a�l�t�h� �e�f�f�e�c�t�s� 
 ��L�o�s�t� �y�e�a�r�s� �o�f� �*� �P�a�i�n�,� �A�n�g�u�i�s�h� 

�l�i�f�e� �e�x�p�e�c�t�a�n�c�y� �*� �U�n�c�e�r�t�a�i�n�t�y� 
�*� �E�v�a�c�u�a�t�i�o�n�  �� �D�i�s�r�u�p�t�i�o�n�,� �i�n�c�o�n�v�e�n�i�e�n�c�e �� 

�[�4�8�]�.� 

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

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

�h�o�s�p�i�t�a�l�s�,� �p�r�i�s�o�n�s�,� �e�t�c�.�)�.� �S�i�n�c�e� �e�v�a�c�u�a�t�i�o�n� �i�s� �o�n�e� �o�f� �t�h�e� �f�i�r�s�t� �s�t�e�p�s� �t�a�k�e�n� �i�n� �c�o�n�t�r�o�l�l�i�n�g� 

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

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

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

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

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

�s�c�h�o�o�l�s� �(�n�o�t�e�:� �c�h�i�l�d�r�e�n� �a�r�e� �c�o�n�s�i�d�e�r�e�d� �m�o�r�e� �s�u�s�c�e�p�t�i�b�l�e� �t�o� �r�a�d�i�a�t�i�o�n� �t�h�a�n� �a�d�u�l�t�s�)�)� �o�r� 

�a�r�e� �d�i�f�f�i�c�u�l�t� �t�o� �e�v�a�c�u�a�t�e� �(�s�u�c�h� �a�s� �h�o�s�p�i�t�a�l�s�) �� �[�5�9�]�.� �B�e�y�o�n�d� �t�h�e�s�e� �t�y�p�e�s� �o�f� �f�a�c�i�l�i�t�i�e�s�,� 

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

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

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

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

�[�4�8�]�.� �O�b�t�a�i�n�i�n�g� �b�u�i�l�d�i�n�g� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �a� �s�t�a�t�e�w�i�d�e� �l�e�v�e�l� �w�i�l�l� �b�e� �a� �d�i�f�f�i�c�u�l�t� �p�r�o�j�e�c�t� 

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

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

�n�o�t� �d�i�s�t�i�n�g�u�i�s�h� �b�e�t�w�e�e�n� �d�e�v�e�l�o�p�e�d� �a�n�d� �u�n�d�e�v�e�l�o�p�e�d� �p�a�r�c�e�l�s�.�.�. �� �[�4�8�]�.� �F�o�r� �m�o�r�e� 

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

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

�c�o�r�r�i�d�o�r� �f�o�r� �e�a�c�h� �r�o�u�t�e� �o�p�t�i�o�n �� �[�4�8�]�.� �T�h�e� �f�o�u�r�t�h� �m�e�a�s�u�r�e� �o�f� �e�x�p�o�s�u�r�e� �i�s� �t�h�e� 

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

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

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

�b�e� �a�t� �s�o�m�e� �d�i�s�t�a�n�c�e� �f�r�o�m� �t�h�e� �r�o�u�t�e �� �[�4�8�]�.� 

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

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

�m�e�a�s�u�r�e�s� �(�p�o�p�u�l�a�t�i�o�n�,� �p�r�o�p�e�r�t�y�,� �a�n�d� �e�n�v�i�r�o�n�m�e�n�t�)� �a�r�e� �a�d�d�i�t�i�v�e�.�.�. �� �[�4�8�]�.� �H�o�w�e�v�e�r�,� �w�e� 

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

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

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

�n�e�g�a�t�i�v�i�t�y� �a�r�e� �n�o�t� �n�e�c�e�s�s�a�r�i�l�y� �c�o�m�m�e�n�s�u�r�a�b�l�e�.� �A�s� �i�s� �t�h�e� �c�a�s�e� �w�i�t�h� �t�h�e� �t�r�i�o� �o�f� �l�e�n�g�t�h�s�,� 
�t�e�m�p�e�r�a�t�u�r�e�s�,� �a�n�d� �w�e�i�g�h�t�s�,� �n�e�g�a�t�i�v�i�t�i�e�s� �a�r�e� �n�o�t� �m�e�a�s�u�r�a�b�l�e� �i�n� �t�e�r�m�s� �o�f� �o�n�e� �c�o�m�m�o�n�,� 
�i�n�t�e�r�c�h�a�n�g�e�a�b�l�e� �u�n�i�t�;� �a�n�d� �u�n�l�i�k�e� �d�o�l�l�a�r�s� �a�n�d� �p�e�s�e�t�a�s� �a�n�d� �y�e�n� �t�h�e�r�e� �i�s� �n�o�  ��r�a�t�e� �o�f� �e�x�c�h�a�n�g�e �� �t�h�a�t� 
�p�e�r�m�i�t�s� �t�h�e� �a�u�t�o�m�a�t�i�c� �t�r�a�n�s�l�a�t�i�o�n� �o�f� �o�n�e� �i�n�t�o� �t�h�e� �o�t�h�e�r�-�n�o�  ��m�a�r�k�e�t �� �l�i�k�e� �t�h�a�t� �w�h�i�c�h� �p�r�i�c�e�s� �a�p�p�l�e�s� 
�a�n�d� �n�a�i�l�s� �a�n�d� �o�v�e�r�s�h�o�e�s� �i�n� �a� �c�o�m�m�o�n� �u�n�i�t�.� �N�e�g�a�t�i�v�i�t�i�e�s� �c�a�n�n�o�t� �b�e� �a�d�e�q�u�a�t�e�l�y� �e�v�a�l�u�a�t�e�d� �b�y� �a� 
�s�i�n�g�l�e� �n�u�m�b�e�r�;� �t�h�e�i�r� �a�p�p�r�a�i�s�a�l� �c�a�l�l�s� �f�o�r� �a� �p�l�u�r�a�l�i�t�y� �o�f� �d�i�s�t�i�n�c�t� �a�n�d� �l�a�r�g�e�l�y� �i�n�c�o�m�p�a�r�a�b�l�e� 
�c�o�n�s�i�d�e�r�a�t�i�o�n�s�.� �A�n�y� �a�t�t�e�m�p�t� �t�o� �m�e�a�s�u�r�e� �t�h�i�s�  ��s�i�z�e �� �o�f� �a� �n�e�g�a�t�i�v�i�t�y� �b�y� �a� �s�i�n�g�l�e� �n�u�m�b�e�r� �d�e�r�i�v�e�d� 
�f�r�o�m� �s�o�m�e� �a�s�s�u�m�e�d� �c�o�m�m�o�n� �d�e�n�o�m�i�n�a�t�o�r� �i�n�v�o�l�v�e�s� �t�h�e� �p�r�o�b�l�e�m�a�t�i�c� �o�v�e�r�s�i�m�p�l�i�f�i�c�a�t�i�o�n� �o�f� �a�n� 
�i�n�h�e�r�e�n�t�l�y� �c�o�m�p�l�e�x� �p�i�c�t�u�r�e� �[�3�6�]�.� 

�O�n�e� �o�f� �t�h�e� �o�b�j�e�c�t�i�v�e�s� �o�f� �t�h�e� �M�a�c�r�o�R�A�D�S�S� �m�o�d�e�l� �i�s� �t�o� �d�e�v�e�l�o�p� �a� �f�l�e�x�i�b�l�e� �a�n�d� 

�e�q�u�i�t�a�b�l�e� �a�p�p�r�o�a�c�h� �t�o� �c�a�l�c�u�l�a�t�i�n�g� �t�o�t�a�l� �e�x�p�o�s�u�r�e�.� 
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�3�.�2�.�8� �R�e�s�p�o�n�s�e� �C�a�p�a�b�i�l�i�t�i�e�s� 

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

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

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

�r�e�s�p�o�n�d� �t�o� �i�n�c�i�d�e�n�t�s�.�  ��I�n�c�r�e�a�s�e�d� �(�r�e�s�p�o�n�s�e�)� �c�a�p�a�b�i�l�i�t�y� �d�o�e�s� �n�o�t� �a�l�t�e�r� �t�h�e� �p�r�o�b�a�b�i�l�i�t�y� 

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

�i�m�p�a�c�t� �c�a�t�e�g�o�r�i�e�s�,� �p�o�p�u�l�a�t�i�o�n�,� �p�r�o�p�e�r�t�y� �a�n�d� �e�n�v�i�r�o�n�m�e�n�t �� �[�4�8�]�.� �T�h�e� �i�n�c�o�r�p�o�r�a�t�i�o�n� �o�f� 

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

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

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

�s�t�r�a�t�e�g�i�e�s�.� �W�i�t�h�i�n� �t�h�e� �c�o�n�t�e�x�t� �o�f� �h�a�z�m�a�t� �i�n�c�i�d�e�n�t� �r�e�s�p�o�n�s�e�,� �d�i�f�f�e�r�e�n�t� �a�g�e�n�c�i�e�s� �h�a�v�e� 

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

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

�r�e�s�p�o�n�s�i�b�i�l�i�t�y� �(�f�o�r� �e�m�e�r�g�e�n�c�y� �r�e�s�p�o�n�s�e�)� �i�n� �O�E�C�D� �(�O�r�g�a�n�i�z�a�t�i�o�n� �f�o�r� �E�c�o�n�o�m�i�c� 

�C�o�o�p�e�r�a�t�i�o�n� �a�n�d� �D�e�v�e�l�o�p�m�e�n�t�)� �m�e�m�b�e�r� �c�o�u�n�t�r�i�e�s� �d�i�f�f�e�r�s� �s�u�b�s�t�a�n�t�i�a�l�l�y� �a�n�d� �m�a�y� 

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

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

�i�n�d�u�s�t�r�y�/�t�r�a�d�e� �o�r�g�a�n�i�z�a�t�i�o�n�s �� �[�2�9�]�.� �I�n� �t�h�e� �U�n�i�t�e�d� �S�t�a�t�e�s�,� �t�h�e�s�e� �s�e�r�v�i�c�e�s� �a�r�e� 

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

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

�t�r�a�f�f�i�c� �m�a�n�a�g�e�m�e�n�t� �[�2�6�]�,� �a�s� �w�e�l�l� �a�s� �c�r�o�w�d� �c�o�n�t�r�o�l� �a�n�d� �s�i�t�e� �e�v�a�c�u�a�t�i�o�n� �[�3�7�]�.� �I�n� 

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

�a�n� �i�n�c�i�d�e�n�t� �i�f� �s�o� �r�e�q�u�e�s�t�e�d� �b�y� �a� �P�a�r�i�s�h� �g�o�v�e�r�n�m�e�n�t� �[�3�7�]�.� �F�i�r�e� �d�e�p�a�r�t�m�e�n�t�s� �a�r�e� 

�t�y�p�i�c�a�l�l�y� �d�e�s�i�g�n�a�t�e�d� �t�h�e� �l�e�a�d� �a�g�e�n�c�y� �a�t� �a� �s�i�t�e� �[�3�7�]�.� �i�f�,� �i�n� �f�a�c�t�,� �o�n�e� �i�s� �d�e�s�i�g�n�a�t�e�d� �a�t� �a�l�l�.� 
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�D�e�p�e�n�d�i�n�g� �o�n� �t�h�e�i�r� �a�v�a�i�l�a�b�l�e� �r�e�s�o�u�r�c�e�s�,� �f�i�r�e� �d�e�p�a�r�t�m�e�n�t�s� �w�i�l�l� �a�t�t�e�m�p�t� �t�o� �m�i�n�i�m�i�z�e� 

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

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

�m�e�d�i�c�a�l� �a�t�t�e�n�t�i�o�n� �a�n�d� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �[�3�7�]�.� 

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

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

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

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

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

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

�a�b�i�l�i�t�y� �t�o� �h�a�n�d�l�e� �h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l�s� �a�c�c�i�d�e�n�t�s� �[�3�8�1�]�.� �O�n�e� �a�c�c�e�p�t�e�d� �m�e�a�s�u�r�e� �o�f� 

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

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

�s�i�t�e� �o�f� �a� �h�a�z�m�a�t� �i�n�c�i�d�e�n�t�,� �t�h�e� �g�r�e�a�t�e�r� �w�i�l�l� �b�e� �t�h�e� �m�i�t�i�g�a�t�i�o�n� �o�f� �e�f�f�e�c�t�s� �[�4�8�]�.� �T�h�i�s� �i�s� �s�o� 

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

�w�e�l�l� �a�s� �m�o�r�e� �r�a�p�i�d� �i�n�i�t�i�a�l� �c�o�n�t�r�o�!� �o�f� �t�h�e� �r�e�l�e�a�s�e� �s�c�e�n�a�r�i�o� �[�5�9�]�.� �O�t�h�e�r� �m�e�a�s�u�r�e�s� �o�f� 

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

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

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

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

�s�t�a�t�i�o�n�s�.�.�. �� �[�4�8�]�.� �A�l�t�e�r�n�a�t�e�l�y�,�  ��a� �q�u�a�l�i�t�a�t�i�v�e� �e�s�t�i�m�a�t�i�o�n� �o�f� �r�e�s�p�o�n�s�e� �c�a�p�a�b�i�l�i�t�y� �c�a�n� �b�e� 

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

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

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

�a�v�a�i�l�a�b�l�e� �p�e�r� �k�i�l�o�m�e�t�e�r�.�.�.�m�a�y� �b�e� �t�a�k�e�n� �i�n�t�o� �c�o�n�s�i�d�e�r�a�t�i�o�n �� �[�4�8�]�.� 
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�B�e�c�a�u�s�e� �o�f� �t�h�e� �w�i�d�e� �v�a�r�i�e�t�y� �i�n� �c�a�p�a�b�i�l�i�t�i�e�s� �o�f� �i�n�d�i�v�i�d�u�a�l� �f�i�r�e� �c�o�m�p�a�n�i�e�s�,� �s�o�m�e� 

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

�r�e�s�p�o�n�s�e� �i�s� �n�o�t� �c�o�n�s�i�d�e�r�e�d�.�  ��A�n� �e�q�u�i�p�p�e�d� �c�o�m�p�a�n�y� �(�i�n� �t�h�e� �C�a�n�a�d�i�a�n� �s�c�r�e�e�n�i�n�g� 

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

�b�r�e�a�t�h�i�n�g� �a�p�p�a�r�a�t�u�s�,� �a�n�d� �i�m�m�e�d�i�a�t�e� �a�c�c�e�s�s� �t�o� �a� �f�o�a�m� �e�x�t�i�n�g�u�i�s�h�i�n�g� �a�g�e�n�t �� �[�4�8�]�.� 

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

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

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

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

�s�h�o�r�t� �o�r�d�e�r� �i�s� �w�o�r�k�e�d� �o�u�t� �i�n� �a�d�v�a�n�c�e� �t�o� �e�n�s�u�r�e� �i�t�s� �a�v�a�i�l�a�b�i�l�i�t�y� �w�h�e�n� �n�e�e�d�e�d �� �[�3�2�]�.� 

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

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

�o�c�c�u�r�e�n�c�e �� �[�4�8�]�.� �I�n� �f�a�c�t�,� �t�h�e� �l�e�v�e�l� �o�f� �s�o�p�h�i�s�t�i�c�a�t�i�o�n� �o�f� �t�h�e� �f�i�r�s�t� �f�i�r�e� �r�e�s�p�o�n�d�e�r� �i�s� �b�a�s�e�d� 

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

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

�i�n�i�t�i�a�l� �a�s�s�e�s�s�m�e�n�t� �o�f� �t�h�e� �i�n�c�i�d�e�n�t�.� �U�n�d�e�r� �t�h�i�s� �a�p�p�r�o�a�c�h�,� �i�o�c�a�l� �p�e�r�s�o�n�n�e�l� �m�u�s�t� �b�e� �t�r�a�i�n�e�d� �t�o� 
�h�a�n�d�l�e� �m�i�n�o�r� �i�n�c�i�d�e�n�t�s� �a�n�d� �t�o� �r�e�c�o�g�n�i�z�e� �i�n�c�i�d�e�n�t�s� �t�h�a�t� �a�r�e� �b�e�y�o�n�d� �t�h�e�i�r� �e�x�p�e�r�t�i�s�e�.� �I�n� �s�u�c�h� �c�a�s�e�s�,� 
�t�h�e� �l�o�c�a�l� �o�f�f�i�c�i�a�l�s� �c�o�n�t�a�c�t� �a�p�p�r�o�r�i�a�t�e� �s�t�a�t�e� �a�u�t�h�o�r�i�t�i�e�s� �a�n�d� �t�h�e� �s�t�a�t�e� �r�e�s�p�o�n�s�e� �s�y�s�t�e�m� �i�s� �a�c�t�i�v�a�t�e�d� 
�[�2�6�}�.� 

�E�v�e�n� �i�n� �t�h�e� �c�a�s�e� �o�f� �a� �d�e�c�e�n�t�r�a�l�i�z�e�d� �r�e�s�p�o�n�s�e� �n�e�t�w�o�r�k�,� �h�o�w�e�v�e�r�,� �i�t� �w�a�s� �n�o�t�e�d� �t�h�a�t� 

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

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

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

�i�t�s� �w�a�y �� �[�6�]�.� �I�n� �t�h�e�i�r� �r�e�p�o�r�t� �w�h�i�c�h� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �V�i�r�g�i�n�i�a� �d�e�v�e�l�o�p�  ��S�p�e�c�i�a�l� �M�a�t�e�r�i�a�l�s� 

�A�c�c�i�d�e�n�t� �R�e�s�p�o�n�s�e� �T�e�a�m�s� �(�S�M�A�R�T�) ��,� �P�r�i�c�e�,� �S�c�h�m�i�d�t� �a�n�d� �D�a�v�i�s� �s�t�i�p�u�l�a�t�e�d� �t�h�a�t� �i�t� �w�a�s� 

�n�o�t� �r�e�c�o�m�m�e�n�d�e�d� �t�h�a�t� �a�l�l� �s�t�a�t�i�o�n�s� �b�e� �e�q�u�i�p�p�e�d� �f�o�r� �s�e�v�e�r�e� �h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l�s� 
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�t�r�a�n�s�p�o�r�t�a�t�i�o�n� �a�c�c�i�d�e�n�t�s� �[�3�1�]�.� �I�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �p�r�o�b�l�e�m� �o�f� �s�u�f�f�i�c�i�e�n�t� �e�q�u�i�p�m�e�n�t�,� �t�h�e�r�e� 

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

�u�s�u�a�l�l�y� �p�e�o�p�l�e� �f�r�o�m� �t�h�e� �l�o�c�a�l� �c�o�m�m�u�n�i�t�y�-�e�i�t�h�e�r� �t�h�e� �p�o�l�i�c�e� �o�r� �t�h�e� �f�i�r�e� �d�e�p�a�r�t�m�e�n�t�.� �O�f� �a�l�l� �t�h�e� 
�g�r�o�u�p�s� �t�h�a�t� �e�v�e�n�t�u�a�l�l�y� �m�a�y� �g�e�t� �i�n�v�o�l�v�e�d�,� �t�h�e�s�e� �a�r�e� �t�h�e� �p�e�o�p�l�e� �l�e�a�s�t� �l�i�k�e�l�y� �t�o� �k�n�o�w� �h�o�w� �t�o� �h�a�n�d�l�e� 
�s�u�c�h� �a�n� �e�m�e�r�g�e�n�c�y�.� �A�n�d�,� �b�e�c�a�u�s�e� �t�h�e�r�e� �a�r�e� �s�o� �m�a�n�y� �l�o�c�a�l� �p�o�l�i�c�e� �a�n�d� �f�i�r�e� �d�e�p�a�r�t�m�e�n�t�s�,� �t�h�e� �t�a�s�k� 
�o�f� �b�e�t�t�e�r� �p�r�e�p�a�r�i�n�g� �t�h�e�s�e� �p�e�o�p�l�e� �t�o� �h�a�n�d�l�e� �c�h�e�m�i�c�a�l� �e�m�e�r�g�e�n�c�i�e�s� �i�s� �a�w�e�s�o�m�e� �[�3�5�]�.� 

�E�v�e�n� �s�o�,� �s�u�f�f�i�c�i�e�n�t� �a�v�e�n�u�e�s� �e�x�i�s�t� �t�o� �p�r�o�v�i�d�e� �f�o�r� �t�r�a�i�n�i�n�g� �[�3�8�]�.� �a�n�d� �h�o�t�l�i�n�e� �i�n�f�o�r�m�a�t�i�o�n� 

�p�r�o�g�r�a�m�s� �(�s�u�c�h� �a�s� �t�h�e� �C�H�E�M�T�R�E�C� �s�e�r�v�i�c�e�)� �h�e�l�p� �t�o� �m�i�n�i�m�i�z�e� �t�h�e�s�e� �d�i�f�f�e�r�e�n�c�e�s�.� 

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

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

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

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

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

�c�o�n�s�i�d�e�r�e�d �� �[�2�6�]�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �h�a�z�m�a�t� �i�n�d�u�s�t�r�i�e�s� �m�a�y� �c�h�o�o�s�e� �t�o� �o�p�e�r�a�t�e� �t�h�e�i�r� �o�w�n� 

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

�f�i�g�h�t�i�n�g� �t�e�a�m�s� �a�n�d� �a� �s�i�g�n�i�f�i�c�a�n�t� �a�m�o�u�n�t� �o�f� �s�p�e�c�i�a�l�i�z�e�d� �e�q�u�i�p�m�e�n�t�,� �t�h�e�s�e� �r�e�s�o�u�r�c�e�s� �c�o�u�l�d� �n�o�t� �b�e� 
�m�o�b�i�l�i�z�e�d� �q�u�i�c�k�l�y� �a�n�d� �i�n�d�u�s�t�r�y� �o�f�f�i�c�i�a�l�s� �r�e�q�u�i�r�e�d�  ��g�o�o�d� �s�a�m�a�r�i�t�a�n �� �p�r�o�t�e�c�t�i�o�n� �(�r�e�a�d�:� �i�n�s�u�r�a�n�c�e�)� 
�p�r�i�o�r� �t�o� �c�o�m�m�i�t�i�n�g� �t�h�e�s�e� �r�e�s�o�u�r�c�e�s� �[�3�7�]�.� 

�3�.�2�.�9� �F�H�W�A� �G�u�i�d�e�l�i�n�e�s� �a�n�d� �M�R�I� �r�e�v�i�s�i�o�n�s� 

�T�h�e� �F�H�W�A� �p�u�b�l�i�c�a�t�i�o�n� �G�u�i�d�e�l�i�n�e�s� �f�o�r� �A�p�p�l�y�i�n�g� �C�r�i�t�e�r�i�a� �t�o� �D�e�s�i�g�n�a�t�e�d� �R�o�u�t�e�s� �f�o�r� 

�T�r�a�n�s�p�o�r�t�a�t�i�n�g� �H�a�z�a�r�d�o�u�s� �M�a�t�e�r�i�a�l�s� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �c�u�r�r�e�n�t� �a�c�c�e�p�t�e�d� �p�r�a�c�t�i�c�e� �f�o�r� 
� � 

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

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

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

�I�n�s�t�i�t�u�t�e� �(�M�R�I�)�,� �i�s� �n�o�w� �c�o�n�c�l�u�d�i�n�g� �a�n� �a�p�p�r�a�i�s�a�l� �o�f� �t�h�e� �G�u�i�d�e� �s�p�o�n�s�o�r�e�d� �b�y� �F�H�W�A�.� 
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�C�o�m�m�e�n�t�s� �f�r�o�m� �t�h�o�s�e� �w�o�r�k�s� �w�h�i�c�h� �w�e�r�e� �a�v�a�i�l�a�b�l�e� �a�s� �o�f� �t�h�i�s� �p�u�b�l�i�c�a�t�i�o�n� �d�a�t�e� �a�r�e� 

�i�n�c�l�u�d�e�d� �i�n� �t�h�i�s� �s�e�c�t�i�o�n�.� 

�P�e�r�h�a�p�s� �t�h�e� �f�i�r�s�t� �t�h�i�n�g� �t�o� �b�e� �n�o�t�e�d� �h�e�r�e� �f�r�o�m� �t�h�e� �M�R�I� �c�r�i�t�i�q�u�e� �i�s� �t�h�a�t� �c�e�r�t�a�i�n� 

�d�i�s�c�l�a�i�m�e�r�s� �s�h�o�u�l�d� �a�p�p�e�a�r� �i�n� �t�h�e� �F�H�W�A� �m�a�n�u�a�l�.� �A�s� �p�r�e�v�i�o�u�s�l�y� �s�e�e�n�,� �M�R�I� �p�o�i�n�t�s� �o�u�t�,� 

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

�(�F�H�W�A�)� �G�u�i�d�e� �s�h�o�u�l�d� �s�t�a�t�e� �t�h�i�s� �c�l�e�a�r�l�y� �a�n�d� �s�h�o�u�l�d� �b�e� �r�e�s�t�r�u�c�t�u�r�e�d� �t�o� �p�r�o�v�i�d�e� �t�h�e� 

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

�a�l�t�e�r�n�a�t�i�v�e� �r�o�u�t�e�s ��  ��t�h�e� �(�F�H�W�A�)� �G�u�i�d�e� �s�h�o�u�l�d� �s�t�a�t�e� �c�l�e�a�r�l�y� �t�h�a�t� �i�t� �d�o�e�s� �n�o�t� �a�d�d�r�e�s�s� 

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

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

�e�x�p�o�s�u�r�e�)� �n�e�e�d� �t�o� �b�e� �c�o�n�s�i�d�e�r�e�d �� �[�2�5�]�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �M�R�I� �n�o�t�e�s� �t�h�e� �l�a�c�k� �o�f� �d�i�s�c�u�s�s�i�o�n� 

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

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

�e�x�p�l�a�i�n�e�d� �t�h�e� �r�a�t�i�o�n�a�l�e� �f�o�r� �e�a�c�h� �t�e�r�m�,� �a�n�d� �t�h�e� �m�e�t�h�o�d� �f�o�r� �d�e�t�e�r�m�i�n�i�n�g� �i�t�s� �v�a�l�u�e�s �� �[�2�5�]�.� 

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

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

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

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

�o�f� �a�  ��f�r�a�c�t�i�o�n� �o�f� �t�r�a�f�f�i�c� �a�c�c�i�d�e�n�t�s� �i�n�v�o�l�v�i�n�g� �a� �h�a�z�m�a�t� �r�e�l�e�a�s�e �� �(�F�H�Z�)� �t�e�r�m� �i�n� �t�h�e� 

�p�r�o�b�a�b�i�l�i�t�y� �c�o�m�p�u�t�a�t�i�o�n�s�.� �T�h�i�s� �t�e�r�m�,� �a�s� �a� �c�o�n�s�t�a�n�t� �(�2�.�3� �x� �1�0�-�5�)� �i�n� �t�h�e� �e�x�p�r�e�s�s�i�o�n�,� 

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

�b�a�s�e�d� �o�n� �t�h�e� �f�a�u�l�t�y� �R�S�P�A� �d�a�t�a� �b�a�s�e� �[�2�6�]�.� 

 ��A� �d�i�m�e�n�s�i�o�n�a�l� �a�n�a�l�y�s�i�s� �o�f�.�.�.�(�F�H�W�A� �p�r�o�b�a�b�i�l�i�t�y� �e�q�u�a�t�i�o�n�)� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �i�t� �a�c�t�u�a�l�l�y� �d�e�t�e�r�m�i�n�e�s� 
�t�h�e� �e�x�p�e�c�t�e�d� �n�u�m�b�e�r� �o�f� �h�a�z�m�a�t� �r�e�l�e�a�s�e�s� �p�e�r� �t�r�i�p� �o�v�e�r� �t�h�e� �r�o�u�t�e� �s�e�g�m�e�n�t� �b�y� �a�n�y� �t�y�p�e� �o�f� 
�v�e�h�i�c�l�e�-�-�p�a�s�s�e�n�g�e�r� �c�a�r� �o�r� �t�r�u�c�k�,� �w�h�e�t�h�e�r� �c�a�r�r�y�i�n�g� �h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l�s� �o�r� �n�o�t�.� �P�o�t�e�n�t�i�a�l� 
�u�s�e�r�s�.�.�.�h�a�v�e� �b�e�e�n� �r�e�l�u�c�t�a�n�t� �t�o� �u�s�e� �t�h�e� �F�H�W�A� �G�u�i�d�e� �b�e�c�a�u�s�e� �o�f� �t�h�e� �a�w�k�w�a�r�d� �f�o�r�m�u�l�a�t�i�o�n� �o�f� �t�h�e� 
�F�H�Z� �(�f�r�a�c�t�i�o�n� �o�f� �a�l�l� �h�a�z�m�a�t� �a�c�c�i�d�e�n�t�s� �t�h�a�t� �r�e�s�u�l�t� �i�n� �r�e�l�e�a�s�e�)� �t�e�r�m �� �[�2�5�]�.� 
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�l�f� �t�h�e� �F�H�Z� �t�e�r�m� �i�s� �c�o�n�s�i�d�e�r�e�d� �i�n�a�p�p�r�o�p�r�i�a�t�e�,� �t�h�e�n� �a�n�o�t�h�e�r�,� �s�y�s�t�e�m�-�d�e�p�e�n�d�e�n�t� �t�e�r�m� 

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

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

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

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

�b�e�t�w�e�e�n� �h�i�g�h�w�a�y� �a�n�d� �a�r�e�a� �t�y�p�e�s�,� �r�e�l�e�a�s�e� �p�r�o�b�a�b�i�l�i�t�i�e�s� �w�i�l�l� �v�a�r�y�.�.�. �� �[�2�5�]�.� �M�R�I� 

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

�c�o�l�l�e�c�t�i�n�g� �s�u�c�h� �i�n�f�o�r�m�a�t�i�o�n�:� 

 ��*� �R�u�r�a�l� �f�r�e�e�w�a�y�s� 
�*� �R�u�r�a�l� �t�w�o�-�l�a�n�e� �h�i�g�h�w�a�y�s� 
�*� �R�u�r�a�l� �m�u�l�t�i�l�a�n�e� �d�i�v�i�d�e�d� �h�i�g�h�w�a�y�s� 
 ��R�u�r�a�l� �m�u�l�t�i�l�a�n�e� �u�n�d�i�v�i�d�e�d� �h�i�g�h�w�a�y�s� 
 �� �U�r�b�a�n� �f�r�e�e�w�a�y�s� 
�*� �U�r�b�a�n� �a�r�t�e�r�i�a�l� �s�t�r�e�e�t�s �� �[�2�4�]�.� 

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

�t�o� �u�s�e� �i�n� �p�l�a�c�e� �o�f� �a�c�t�u�a�l� �d�a�t�a� �i�n� �t�h�e� �e�x�i�s�t�i�n�g� �F�H�W�A� �m�o�d�e�l�.� �T�h�i�s� �i�s� �b�e�c�a�u�s�e� �M�R�I� 

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

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

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

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

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

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

�9� �(�«�4� �l�a�r�g�e� �e�n�o�u�g�h� �t�o� �p�r�o�d�u�c�e� �a� �r�e�l�i�a�b�l�e� �e�s�t�i�m�a�t�e� �o�f� �t�h�e� �a�c�c�i�d�e�n�t� �r�a�t�e ��  ��u�s�e�r�s� �s�h�o�u�l�d� �b�e� 

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

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

�(�a�c�c�o�r�d�i�n�g� �t�o� �C�h�i�-�s�q�u�a�r�e�d� �t�e�s�t�i�n�g�)�.�.�. �� �[�2�5�]�.� �I�n� �t�h�e�i�r� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s�,� �a� �C�h�i�-�s�q�u�a�r�e�d� 

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

�v�a�l�u�e�s� �t�o� �m�e�r�i�t� �r�e�p�l�a�c�e�m�e�n�t� �[�2�4�]�.� �I�n� �o�p�p�o�s�i�t�i�o�n� �t�o� �t�h�i�s� �p�r�a�c�t�i�c�e�,� �M�R�I� �n�o�t�e�s� �t�h�e� �w�o�r�k� 
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�o�f� �B�a�r�b�e�r� �a�n�d� �H�i�l�d�e�b�r�a�n�d� �w�h�o� �u�r�g�e� �t�h�e� �u�s�e� �o�f� �a�c�t�u�a�l� �a�c�c�i�d�e�n�t� �h�i�s�t�o�r�i�e�s� �f�o�r� �r�o�u�t�e� 

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

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

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

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

�s�y�s�t�e�m�s� �o�f� �t�w�o� �o�r� �p�r�e�f�e�r�a�b�l�y� �t�h�r�e�e� �s�t�a�t�e�s�.� �B�o�t�h� �t�h�e� �e�x�t�r�a�p�o�l�a�t�i�o�n� �o�f� �p�r�i�m�a�r�y� �h�i�g�h�w�a�y� 

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

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

�I�n� �t�h�e� �o�r�i�g�i�n�a�l� �F�H�W�A� �m�o�d�e�l� �(�a�l�s�o� �k�n�o�w�n� �a�s� �t�h�e� �U�r�b�a�n�e�k� �a�n�d� �B�a�r�b�e�r� �m�o�d�e�l�)� �t�h�e� 

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

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

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

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

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

�s�m�a�l�l�e�r� �p�o�p�u�l�a�t�i�o�n� �s�i�z�e� �[�2�5�]�.�  ��T�r�u�c�k� �a�c�c�i�d�e�n�t� �d�a�t�a� �a�r�e� �a�v�a�i�l�a�b�l�e� �f�r�o�m� �v�i�r�t�u�a�l�l�y� �e�v�e�r�y� 

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

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

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

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

�b�a�s�e�d� �o�n� �t�r�u�c�k� �a�c�c�i�d�e�n�t� �r�a�t�e�s� �a�n�d� �R�S�P�A� �h�a�s� �d�e�v�e�l�o�p�e�d� �a� �(�s�i�m�i�l�a�r�)� �r�i�s�k� �a�s�s�e�s�s�m�e�n�t� 

�m�e�t�h�o�d� �f�o�r� �r�a�d�i�o�a�c�t�i�v�e� �s�h�i�p�m�e�n�t�s �� �[�2�6�]�.� �T�h�e� �u�s�e� �o�f� �t�o�t�a�l� �t�r�u�c�k� �d�a�t�a� �r�a�t�h�e�r� �t�h�a�n� 

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

�c�e�r�t�a�i�n� �l�o�g�i�s�t�i�c�a�l� �r�e�a�s�o�n�s�.� �F�i�r�s�t�,�  ��.�.�.�i�t� �s�h�o�u�l�d� �b�e� �r�e�c�o�g�n�i�z�e�d� �t�h�a�t�,� �w�h�i�l�e� �a�c�c�i�d�e�n�t� �r�a�t�e�s� 

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

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

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

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

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

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

�r�e�c�o�g�n�i�z�e�d�.�.�. �� �[�2�5�]�.� 

�W�h�i�l�e� �a�v�o�i�d�i�n�g� �d�i�s�t�i�n�c�t�i�o�n� �b�y� �t�r�u�c�k� �t�y�p�e�,� �a�n�o�t�h�e�r� �d�i�s�t�i�n�c�t�i�o�n� �i�s� �s�o�u�g�h�t� �b�y� �M�R�I�,� 

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

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

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

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

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

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

�h�o�w�e�v�e�r�,� �w�h�e�n� �u�s�e�d� �i�n� �t�h�e� �o�r�i�g�i�n�a�l� �c�o�n�t�e�x�t� �o�f� �t�h�e� �F�H�W�A� �m�o�d�e�l� �(�i�.�e�.�,� �r�o�u�t�i�n�g� �f�o�r� �a� 

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

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

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

�s�t�r�u�c�t�u�r�e� �o�f� �t�h�e� �F�H�W�A� �R�o�u�t�i�n�g� �G�u�i�d�e� �t�o� �a�d�d�r�e�s�s� �t�h�e� �n�e�e�d�s� �o�f� �a�t� �l�e�a�s�t� �t�h�r�e�e� �t�y�p�e�s� �o�f� � � 

�u�s�e�r�s �� �(�t�h�a�t� �i�s� �t�o� �s�a�y� �s�m�a�l�l� �c�o�m�m�u�n�i�t�i�e�s�,� �m�e�d�i�u�m�-�s�i�z�e�d� �c�o�m�m�u�n�i�t�i�e�s�,� �a�n�d� �m�a�j�o�r� 

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

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

�[�2�5�]�.� �T�h�e� �c�u�r�r�e�n�t� �F�H�W�A� �m�o�d�e�l� �i�s� �s�p�e�c�u�l�a�t�e�d� �t�o� �b�e� �o�p�t�i�m�a�l�l�y� �s�i�z�e�d� �f�o�r� �a� �m�e�d�i�u�m� �s�i�z�e�d� 

�c�o�m�m�u�n�i�t�y� �[�2�5�]�.� 

�T�h�e� �c�o�n�s�e�q�u�e�n�c�e� �(�i�.�e�.� �e�x�p�o�s�u�r�e�)� �p�a�r�a�m�e�t�e�r�s� �i�n� �t�h�e� �F�H�W�A� �m�o�d�e�l�,� �b�o�t�h� 

�p�o�p�u�l�a�t�i�o�n� �a�n�d� �p�r�o�p�e�r�t�y�,� �h�a�v�e� �b�e�e�n� �q�u�e�s�t�i�o�n�e�d� �b�y� �M�R�I�.� �A�c�c�o�r�d�i�n�g� �t�o� �t�h�e�i�r� �r�e�p�o�r�t� 

�{�2�5�]�.�,� �t�h�e� �s�e�g�m�e�n�t� �l�e�n�g�t�h� �t�e�r�m� �w�h�i�c�h� �i�s� �u�s�e�d� �t�o� �h�e�l�p� �d�e�t�e�r�m�i�n�e� �t�h�e� �i�m�p�a�c�t� �a�r�e�a� �o�f� �a� 

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

�e�x�p�r�e�s�s�i�o�n�s�.� �W�h�a�t� �i�s� �h�a�p�p�e�n�i�n�g� �i�s� �t�h�a�t�,� �u�s�i�n�g� �t�h�e� �o�r�i�g�i�n�a�l� �e�q�u�a�t�i�o�n�s�,� �w�e� �w�e�r�e� 

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

�c�o�n�s�i�d�e�r�e�d�.� �I�f� �w�e� �d�i�v�i�d�e� �b�y� �t�h�e� �r�o�u�t�e� �l�e�n�g�t�h� �a�s� �M�R�!� �s�u�g�g�e�s�t�s�,� �t�h�e�n� �w�e� �o�b�t�a�i�n� �t�h�e� �r�i�s�k� 

�i�n�c�u�r�r�e�d� �t�o� �s�h�i�p� �a� �h�a�z�m�a�t� �l�o�a�d� �o�v�e�r� �o�n�e� �(�1�)� �m�i�l�e� �o�f� �t�h�e� �r�o�u�t�e� �c�o�n�s�i�d�e�r�e�d�.� �T�h�e� �l�a�t�t�e�r� 

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

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

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

�s�h�o�u�l�d� �t�h�a�t� �b�e�c�o�m�e� �p�o�s�s�i�b�l�e�.�  ��(�M�R�I� �a�l�s�o� �a�r�g�u�e�s�)� �a� �s�i�n�g�l�e� �h�a�z�m�a�t� �r�e�l�e�a�s�e� �w�o�u�l�d� 

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

�p�e�r�s�o�n�s� �w�i�t�h�i�n� �t�h�e� �i�m�p�a�c�t� �z�o�n�e� �a�l�o�n�g� �t�h�e� �e�n�t�i�r�e� �r�o�u�t�e� �s�e�g�m�e�n�t �� �[�2�6�]�.� �H�o�w�e�v�e�r�,� �i�t� 

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

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

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

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

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

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

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

�e�x�p�r�e�s�s�e�d� �i�n� �t�e�r�m�s� �o�f� �r�i�s�k� �p�e�r� �s�q�u�a�r�e� �a�r�e�a�.� 

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

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

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

�d�i�m�e�n�s�i�o�n�s� �w�h�i�c�h� �a�r�e� �a�s�s�u�m�e�d� �t�o� �b�e� �c�e�n�t�e�r�e�d� �o�v�e�r� �t�h�e� �r�o�a�d�w�a�y�.� �W�h�i�l�e� �M�R�I� 

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

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

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

�m�o�r�e� �d�e�n�s�e�l�y� �p�o�p�u�l�a�t�e�d� �s�i�d�e� �o�f� �t�h�e� �r�o�a�d �� �[�2�5�]�.� �I�t� �s�h�o�u�l�d� �b�e� �r�e�c�o�g�n�i�z�e�d� �t�h�a�t� �t�h�i�s� 

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

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

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

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

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

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

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

�a�v�a�i�l�a�b�l�e� �p�o�p�u�l�a�t�i�o�n� �d�a�t�a�.�.�.�a�r�e� �t�o�o� �a�g�g�r�e�g�a�t�e�d�.�.�. �� �[�2�5�]�.� 

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

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

�l�o�w�e�r� �l�e�v�e�l� �o�f� �d�e�t�a�i�l�.�.�. �� �[�2�4�]�.� �T�h�i�s� �w�o�u�l�d� �b�e� �d�o�n�e� �t�h�r�o�u�g�h� �t�h�e� �u�s�e� �o�f� �d�e�f�a�u�l�t� �p�o�p�u�l�a�t�i�o�n� 

�d�e�n�s�i�t�i�e�s� �[�2�5�]�.� �T�h�e� �l�o�s�s� �o�f� �d�e�t�a�i�l� �i�n� �s�u�c�h� �a� �m�e�t�h�o�d� �w�o�u�l�d� �s�e�e�m� �t�o� �n�e�g�a�t�e� �t�h�e� 

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

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

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

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

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

�t�h�a�n� �i�n�d�o�o�r� �p�o�p�u�l�a�t�i�o�n�s�.�.�. �� �[�2�5�]�.� �I�f� �p�o�p�u�l�a�t�i�o�n� �i�n�f�o�r�m�a�t�i�o�n� �i�s� �K�n�o�w�n� �f�o�r� �a� �j�u�r�i�s�d�i�c�t�i�o�n�,� 

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

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

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

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

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

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

�3�.� �L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �6�5



�e�i�t�h�e�r� �r�e�s�i�d�e� �o�r� �w�o�r�k� �i�n� �t�h�e� �j�u�r�i�s�d�i�c�t�i�o�n� �c�o�n�s�i�d�e�r�e�d�.� �A�n�o�t�h�e�r� �f�e�a�t�u�r�e� �a�b�o�u�t� �o�p�e�n� �a�i�r� 

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

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

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

�r�a�n�k� �r�o�u�t�e�s� �a�d�j�a�c�e�n�t� �t�o� �s�u�c�h� �o�u�t�d�o�o�r� �f�a�c�i�l�i�t�i�e�s� �h�i�g�h�e�r� �t�h�a�n� �o�t�h�e�r�w�i�s�e� �a�s� �a� �r�e�s�u�l�t�.� �I�f� 

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

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

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

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

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

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

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

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

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

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

�r�i�s�k� �r�o�u�t�e�s� �(�i�.�e�.�,� �a� �t�i�e�-�b�r�e�a�k�i�n�g� �f�a�c�t�o�r�)�.� 

�F�o�r� �p�r�o�p�e�r�t�y� �d�a�m�a�g�e� �i�n� �g�e�n�e�r�a�l�,� �«�t�h�e� �F�H�W�A� �G�u�i�d�e� �d�o�e�s� �n�o�t� �s�u�g�g�e�s�t� �a�n�y� 

�t�y�p�i�c�a�l� �p�r�o�p�e�r�t�y� �v�a�l�u�e�s� �f�o�r� �s�p�e�c�i�f�i�c� �l�a�n�d� �u�s�e�s �� �[�2�5�]�.� �T�h�e� �q�u�e�s�t�i�o�n� �f�a�c�i�n�g� �M�R�I� �o�f� 

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

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

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

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

�p�r�o�p�e�r�t�y� �m�a�y� �b�e� �s�t�a�b�l�e� �o�v�e�r� �t�i�m�e �� �[�2�5�]�.� �A�s� �f�a�r� �a�s� �b�u�i�l�d�i�n�g� �t�y�p�e�s� �t�o� �b�e� �r�e�p�l�a�c�e�d�,� �M�R�I� 

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

 ��*� �H�i�g�h�-�d�e�n�s�i�t�y� �r�e�s�i�d�e�n�t�i�a�l� 
�*� �M�e�d�i�u�m�-�d�e�n�s�i�t�y� �r�e�s�i�d�e�n�t�i�a�l� 
�*� �L�o�w�-�d�e�n�s�i�t�y� �r�e�s�i�d�e�n�t�i�a�l� 
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�*� �C�o�m�m�e�r�c�i�a�l�-�-�o�f�f�i�c�e� 
�*� �C�o�m�m�e�r�c�i�a�l�-�-�r�e�t�a�i�l� 
�*� �I�n�d�u�s�t�r�i�a�l� 
�"� �I�n�s�t�i�t�u�t�i�o�n�a�l� 
�*� �A�g�r�i�c�u�l�t�u�r�a�l� 
�*� �O�p�e�n� �l�a�n�d �� �[�2�5�]�.� 

�N�e�i�t�h�e�r� �M�R�I� �n�o�r� �F�H�W�A� �s�u�g�g�e�s�t� �w�h�a�t� �t�h�e� �t�y�p�i�c�a�l� �b�u�i�l�d�i�n�g� �p�a�t�t�e�r�n�s� �a�r�e� �w�h�i�c�h� �f�a�l�l� 

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

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

�d�a�m�a�g�e� �i�s� �o�n�l�y� �c�a�l�c�u�l�a�t�e�d� �f�o�r� �b�u�i�l�d�i�n�g�s� �w�h�i�c�h� �f�r�o�n�t� �o�n� �t�h�e� �r�o�u�t�e� �i�n� �q�u�e�s�t�i�o�n� �[�2�6�]�.� 

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

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

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

�I�n� �c�o�m�b�i�n�i�n�g� �m�e�a�s�u�r�e�s� �o�f� �c�o�n�s�e�q�u�e�n�c�e� �t�o� �c�r�e�a�t�e� �a� �s�i�n�g�l�e� �m�e�a�s�u�r�e�,� �M�R�I� �h�a�s� 

�c�o�m�e� �t�o� �t�h�e� �f�o�l�l�o�w�i�n�g� �c�o�n�c�l�u�s�i�o�n�s�:� 

�T�h�e� �F�H�W�A� �G�u�i�d�e� �p�r�o�v�i�d�e�s� �n�o� �s�p�e�c�i�f�i�c� �g�u�i�d�a�n�c�e� �o�n� �w�h�e�n� �t�o� �c�o�n�s�i�d�e�r� �b�o�t�h� �p�e�r�s�o�n�a�l� �i�n�j�u�r�y� �a�n�d� 
�p�r�o�p�e�r�t�y� �r�i�s�k�s� �a�n�d� �h�o�w� �t�o� �c�o�m�b�i�n�e� �o�r� �w�e�i�g�h�t� �t�h�e�s�e� �r�i�s�k�s�.� 
�T�h�e� �1�9�8�7� �C�a�n�a�d�i�a�n� �s�c�r�e�e�n�i�n�g� �m�e�t�h�o�d� �s�u�g�g�e�s�t�e�d� �s�o�m�e� �s�p�e�c�i�f�i�c� �w�e�i�g�h�t�s� �f�o�r� �c�o�m�b�i�n�i�n�g� 

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

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

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

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

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

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

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

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

�i�m�p�a�c�t� �a�r�e�a�s� �c�o�n�s�i�d�e�r�e�d� �b�y� �F�H�W�A� �r�e�f�e�r� �o�n�l�y� �t�o� �i�n�d�i�v�i�d�u�a�l� �m�a�t�e�r�i�a�l�s�.� �A�s� �a� �r�e�s�u�l�t�,� �r�i�s�k� 

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

�c�o�n�c�l�u�d�e�d�:�  ��t�h�e� �(�F�H�W�A�)� �G�u�i�d�e� �s�h�o�u�l�d� �d�i�s�c�u�s�s� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �i�m�p�a�c�t� �d�i�s�t�a�n�c�e�s� �b�o�t�h� 

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

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

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

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

�e�n�t�e�r�t�a�i�n� �s�u�b�j�e�c�t�i�v�e� �r�i�s�k� �m�e�a�s�u�r�e�s�.�  ��I�f� �s�u�f�f�i�c�i�e�n�t� �d�i�f�f�e�r�e�n�c�e�s� �e�x�i�s�t� �b�e�t�w�e�e�n� �t�h�e� �r�i�s�k�s� 

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

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

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

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

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

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

�w�a�t�e�r�s�h�e�d�s� �a�n�d� �r�e�s�e�r�v�o�i�r�s�) �� �[�2�8�]�.� 

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

�m�a�d�e�:� 

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

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

�*� �T�h�e� �p�r�o�p�e�r�t�y� �d�a�m�a�g�e� �c�o�n�s�e�q�u�e�n�c�e�s� �o�f� �h�a�z�m�a�t� �r�e�l�e�a�s�e�s� �w�e�r�e� �n�o�t� 
�c�o�n�s�i�d�e�r�e�d� �d�u�e� �t�o� �l�a�c�k� �o�f� �d�a�t�a� �o�n� �l�a�n�d� 
�u�s�e�.� �H�o�w�e�v�e�r�,� �b�o�t�h� �p�o�p�u�l�a�t�i�o�n� �a�n�d� �e�m�p�l�o�y�m�e�n�t� �w�e�r�e� 
�c�o�n�s�i�d�e�r�e�d�.�.�. �� 
 ��*� �T�h�e� �i�m�p�a�c�t� �a�r�e�a� �.�.�.�w�i�t�h�i�n� �2� �m�i�l�e�s�.�.�.�w�a�s� �c�o�n�s�i�d�e�r�e�d�.� 
�M�a�p� �o�v�e�r�l�a�y�s� �w�e�r�e� �d�e�v�e�l�o�p�e�d� �.�.�.� �f�o�r� �c�o�n�s�i�s�t�e�n�t� 
�a�p�p�l�i�c�a�t�i�o�n� �o�f� �t�h�e� �s�u�b�j�e�c�t�i�v�e� �f�a�c�t�o�r�s �� �[�2�8�]�.� 

�P�o�r�t�l�a�n�d�,� �O�r�e�g�o�n� �c�o�n�d�u�c�t�e�d� �a� �h�a�z�m�a�t� �r�o�u�t�i�n�g� �s�t�u�d�y�,� �a�l�s�o� �b�a�s�e�d� �o�n� �t�h�e� �F�H�W�A� 

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

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

�(�3�)� �t�h�r�o�u�g�h� �s�h�i�p�m�e�n�t�s� �[�2�6�]�.� �A�l�s�o�,� �t�h�e� �i�m�p�a�c�t� �a�r�e�a� �f�o�r� �t�h�e� �P�o�r�t�l�a�n�d� �s�t�u�d�y� �w�a�s� �o�n�l�y� �1�/�2� 

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

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

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

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

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

�*� 

�*� 

�w�e� 

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

�v�e�h�i�c�l�e� �o�p�e�r�a�t�i�n�g� �c�o�s�t�s� �a�n�d� �d�r�i�v�e�r� �w�a�g�e�s� �f�o�r� �c�a�r�r�i�e�r�s� �[�2�6�]�.� �F�o�r� �m�o�s�t� �s�t�u�d�i�e�s� 

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

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

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

�v�a�r�i�o�u�s� �m�i�t�i�g�a�t�i�o�n� �a�l�t�e�r�n�a�t�i�v�e�s�.� 

�3�.�2�.�1�0� �C�a�n�a�d�i�a�n� �R�o�u�t�e� �S�c�r�e�e�n�i�n�g� �M�e�t�h�o�d� 

�T�h�e� �m�o�s�t� �w�i�d�e�l�y� �k�n�o�w�n� �v�a�r�i�a�t�i�o�n� �o�n� �t�h�e� �F�H�W�A� �m�o�d�e�l� �h�a�s� �b�e�e�n� �t�h�e� �C�a�n�a�d�i�a�n� 

�R�o�u�t�e� �S�c�r�e�e�n�i�n�g� �M�e�t�h�o�d� �d�e�v�e�l�o�p�e�d� �b�y� �T�r�a�n�s�p�o�r�t� �C�a�n�a�d�a�.�  ��T�h�e� �g�e�o�g�r�a�p�h�i�c� �s�c�o�p�e� 

�o�f� �r�o�u�t�i�n�g� �d�e�c�i�s�i�o�n�s� �w�a�s� �c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �J�e�s�s� �t�h�a�n� �1�0�0� �k�i�l�o�m�e�t�r�e�s �� �[�4�8�]�.� �N�u�m�e�r�o�u�s� 

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

�e�n�d�o�r�s�e�d� �b�y� �M�R�I�,� �e�i�t�h�e�r� �i�n� �w�h�o�l�e� �o�r� �i�n� �p�a�r�t�,� �f�o�r� �i�n�c�l�u�s�i�o�n� �i�n� �t�h�e� �r�e�v�i�s�e�d� �F�H�W�A� 

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

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

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

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

�3�.� �L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �6�9



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

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

�w�i�t�h� �t�h�e� �l�e�v�e�l� �o�f� �c�o�n�f�i�d�e�n�c�e� �t�h�e� �r�e�s�u�l�t�s� �p�r�o�v�i�d�e �� �[�4�8�]�.� 

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

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

�l�a�b�e�l�e�d�.�.�.�U�s�e�r�s� �s�h�o�u�l�d� �b�e� �a�b�l�e� �t�o� �a�d�d� �o�r� �e�l�i�m�i�n�a�t�e� �r�o�u�t�e� �a�l�t�e�r�n�a�t�i�v�e�s� �a�t� �a�n�y� �t�i�m�e� �i�n� �t�h�e� 

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

�i�n� �t�e�r�m�s� �o�f�:� 

�*� �L�e�n�g�t�h� �*� �R�o�a�d�w�a�y� �i�n�c�l�u�d�e�d� 
�*� �T�r�a�v�e�l� �t�i�m�e� �*� �W�r�i�t�t�e�n� �d�e�s�c�r�i�p�t�i�o�n�.�.�.� 
�*� �C�i�r�c�u�i�t�y� �*� �C�u�r�r�e�n�t� �u�s�e� �b�y� �D�G� �v�e�h�i�c�l�e�s� 
�*� �O�r�i�g�i�n� �*� �P�h�y�s�i�c�a�l� �c�o�n�s�t�r�a�i�n�t�s� 
�*� �D�e�s�t�i�n�a�t�i�o�n� �*�~� �L�e�g�a�l� �c�o�n�s�t�r�a�i�n�t�s �� 

�[�4�8�]�.� 

�T�h�e� �C�a�n�a�d�i�a�n� �m�e�t�h�o�d� �f�o�l�l�o�w�s� �t�h�e� �F�H�W�A� �m�e�t�h�o�d� �i�n� �e�x�c�l�u�d�i�n�g� �t�h�o�s�e� �r�o�u�t�e�s� �w�h�i�c�h� 

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

�t�y�p�e� �b�e�i�n�g� �s�t�u�d�i�e�d�.� �O�n�e� �d�i�s�t�i�n�c�t�i�o�n� �h�e�r�e� �i�s� �t�h�a�t� �t�h�e� �F�H�W�A� �m�o�d�e�l� �d�o�e�s� �n�o�t� �c�o�n�s�i�d�e�r� 

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

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

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

�w�e�l�l �� �[�4�8�]�.� �I�n� �s�i�t�u�a�t�i�o�n�s� �w�h�e�r�e� �l�a�r�g�e� �c�i�r�c�u�i�t�y� �o�r� �o�t�h�e�r� �d�e�t�r�i�m�e�n�t�s� �m�a�k�e� �a�l�t�e�r�n�a�t�i�v�e�s� 

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

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

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

�i�n� �e�n�h�a�n�c�i�n�g� �p�u�b�l�i�c� �s�a�f�e�t�y �� �[�4�8�]�.� 

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

 � �� �U�r�b�a�n� �s�t�r�e�e�t� 
�*� �U�r�b�a�n� �e�x�p�r�e�s�s�w�a�y� 
�*� �R�u�r�a�l� �r�o�a�d� �|� 
�*� �R�u�r�a�l� �f�r�e�e�w�a�y �� �[�4�8�]�.� 

�3�.� �L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �7�0



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

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

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

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

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

�p�r�o�h�i�b�i�t�e�d �� �[�4�8�]�.� �T�h�i�s� �i�s� �a�l�s�o� �n�e�c�e�s�s�a�r�y� �f�o�r� �o�u�r� �o�b�j�e�c�t�i�v�e� �o�f� �c�o�m�p�a�r�i�n�g� �r�i�s�k� �l�e�v�e�l�s� �o�n� 

�a� �s�t�a�t�e�w�i�d�e� �b�a�s�i�s�.� 

�A�s� �w�i�t�h� �t�h�e� �F�H�W�A� �p�r�a�c�t�i�c�e�s�,� �t�h�e� �C�a�n�a�d�i�a�n� �m�e�t�h�o�d� �e�m�p�l�o�y�s� �d�e�f�a�u�l�t� �p�r�o�b�a�b�i�l�i�t�y� 

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

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

�p�r�o�c�e�d�u�r�e�.� �T�h�e� �F�H�W�A� �d�e�f�a�u�l�t� �p�r�o�b�a�b�i�l�i�t�i�e�s� �w�e�r�e� �a�d�j�u�s�t�e�d� �a�s� �s�e�e�n� �f�i�t� �a�n�d� 

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

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

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

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

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

�m�e�t�h�o�d� �r�e�p�o�r�t� �l�i�s�t�s� �1�8� �s�e�p�a�r�a�t�e� �p�a�r�a�m�e�t�e�r�s� �w�h�i�c�h� �a�f�f�e�c�t� �t�h�e� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �a� 

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

�r�o�u�t�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.� 

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

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

�r�e�p�o�r�t� �l�i�s�t�s� �2�2� �s�e�p�a�r�a�t�e� �p�a�r�a�m�e�t�e�r�s� �w�h�i�c�h� �a�f�f�e�c�t� �t�h�e� �c�o�n�s�e�q�u�e�n�c�e� �l�e�v�e�l�s� �o�f� �a� �s�p�e�c�i�f�i�c� 

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

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

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

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

�3�.� �L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �7�1



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

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

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

�o�r� �v�e�r�y� �s�m�a�l�l� �p�o�p�u�l�a�t�i�o�n� �d�e�n�s�i�t�i�e�s �� �[�4�8�]�.� 

�E�x�p�o�s�u�r�e� �c�o�r�r�i�d�o�r�s� �a�r�e� �d�e�t�e�r�m�i�n�e�d� �i�n� �t�h�e� �s�a�m�e� �f�a�s�h�i�o�n� �a�s� �i�n� �t�h�e� �F�H�W�A� �m�e�t�h�o�d�.� 

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

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

�m�o�r�e� �t�h�a�n� �1�,�0�0�0� �m� �f�r�o�m� �a� �r�e�l�e�a�s�e� �s�i�t�e �� �[�4�8�]�.� �T�h�e�s�e� �f�i�g�u�r�e�s� �r�e�p�r�e�s�e�n�t� �t�h�e� �t�o�t�a�l� 

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

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

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

�o�n� �b�o�t�h� �s�i�d�e�s� �o�f� �t�h�e� �r�o�a�d �� �[�4�8�]�.� 

�T�h�e� �m�e�a�s�u�r�e�s� �o�f� �e�x�p�o�s�u�r�e� �u�s�e�d� �b�y� �F�H�W�A� �a�r�e� �r�e�p�o�r�t�e�d� �i�n� �t�h�e� �C�a�n�a�d�i�a�n� �m�e�t�h�o�d� 

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

�d�e�t�e�r�m�i�n�e� �p�o�p�u�l�a�t�i�o�n� �e�x�p�o�s�u�r�e� �t�h�e� �C�a�n�a�d�i�a�n� �s�c�r�e�e�n�i�n�g� �m�e�t�h�o�d� �r�e�l�i�e�s� �o�n�:�  ��g�e�n�e�r�a�l� 

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

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

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

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

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

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

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

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

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

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

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

�t�y�p�e �� �[�4�8�]�.� 

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

�f�o�r� �o�n�e� �o�f� �t�h�e� �F�H�W�A� �s�u�b�j�e�c�t�i�v�e� �f�a�c�t�o�r�s�.� �M�e�a�s�u�r�e�s� �a�r�e� �d�e�v�e�l�o�p�e�d� �f�o�r� �w�h�a�t� �i�s� �t�e�r�m�e�d� 

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

�h�e�c�t�a�r�e�s� �o�f� �m�a�r�i�n�e� �w�a�t�e�r�s�,� �r�i�v�e�r�s�,� �c�r�e�e�k�s�,� �a�n�d� �w�e�t�l�a�n�d�s� �e�x�p�o�s�e�d�.�.�. ��  ��.�.�.�(�M�o�r�e� �d�e�t�a�i�l�e�d� 

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

�w�i�l�d�l�i�f�e� �a�n�d� �s�e�n�s�i�t�i�v�e� �v�e�g�e�t�a�t�i�o�n�.�.�. �� �[�4�8�]�.� �T�h�e� �h�i�g�h�e�s�t� �l�e�v�e�l� �o�f� �d�e�t�a�i�l� �f�o�r� �e�n�v�i�r�o�n�m�e�n�t�a�l� 

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

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

�s�e�a�s�o�n�a�l� �w�i�l�d�l�i�f�e�,� 
�s�p�e�c�i�a�l� �h�a�b�i�t�a�t�,� 
�w�i�l�d�l�i�f�e� �d�i�v�e�r�s�i�t�y�,� 
�u�n�i�q�u�e� �v�e�g�e�t�a�t�i�o�n�,� �a�n�d� 
�r�e�p�r�e�s�e�n�t�a�t�i�v�e� �v�e�g�e�t�a�t�i�o�n �� �[�4�8�]�.� 

�*� 

�o�g� 

�«� 

�*� 

�*�«� 

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

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

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

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

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

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

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

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

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

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

�l�a�r�g�e� �a�m�o�u�n�t�s� �o�f� �i�n�p�u�t�.� �T�h�e� �m�a�t�t�e�r� �r�e�c�e�i�v�e�s� �a�d�d�i�t�i�o�n�a�l� �s�i�g�n�i�f�i�c�a�n�c�e� �b�e�c�a�u�s�e� �o�f� �t�h�e� 

�h�i�g�h� �v�a�l�u�e� �a�t�t�a�c�h�e�d� �t�o� �e�n�v�i�r�o�n�m�e�n�t� �e�x�p�o�s�u�r�e� �i�n� �t�h�e� �C�a�n�a�d�i�a�n� �m�e�t�h�o�d�.�  ��T�h�e� 

�(�C�a�n�a�d�i�a�n� �s�c�r�e�e�n�i�n�g� �m�e�t�h�o�d�)� �c�o�n�s�u�l�t�a�n�t�s� �t�a�k�e� �t�h�e� �v�i�e�w� �t�h�a�t� �w�h�i�l�e� �p�r�o�p�e�r�t�y� �m�a�y� �b�e� 
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�r�e�s�t�o�r�e�d� �o�r� �r�e�p�l�a�c�e�d�,� �e�n�v�i�r�o�n�m�e�n�t�,� �l�i�k�e� �p�e�o�p�l�e�,� �o�f�t�e�n� �c�a�n�n�o�t� �b�e� �r�e�p�l�a�c�e�d� �a�n�d� �m�a�y� 

�s�u�f�f�e�r� �p�e�r�m�a�n�e�n�t� �d�a�m�a�g�e �� �[�4�8�]�.� �A�l�s�o�,�  ��I�t� �i�s� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �f�o�r� �d�e�r�i�v�i�n�g� �v�a�l�u�e�s� �f�o�r� 

�p�a�r�k�s� �a�n�d� �o�p�e�n� �s�p�a�c�e� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� �e�x�p�o�s�u�r�e� �m�e�t�h�o�d� �b�e� �u�t�i�l�i�z�e�d� �s�i�n�c�e� �t�h�e� 

�p�r�o�p�e�r�t�y� �e�x�p�o�s�u�r�e� �a�p�p�r�o�a�c�h� �i�s� �c�o�n�c�e�r�n�e�d� �p�r�i�m�a�r�i�l�y� �w�i�t�h� �b�u�i�l�d�i�n�g� �r�e�p�l�a�c�e�m�e�n�t� 

�c�o�s�t�s �� �[�4�8�]�.� 

�A� �s�e�c�o�n�d� �F�H�W�A� �s�u�b�j�e�c�t�i�v�e� �f�a�c�t�o�r�,� �s�p�e�c�i�a�l� �f�a�c�i�l�i�t�i�e�s�,� �i�s� �g�i�v�e�n� �a� �b�r�i�e�f�,� �b�u�t� 

�d�i�s�s�i�m�i�l�a�r� �m�e�n�t�i�o�n� �i�n� �t�h�e� �C�a�n�a�d�i�a�n� �m�e�t�h�o�d�.� �I�n� �t�h�e� �C�a�n�a�d�i�a�n� �s�c�r�e�e�n�i�n�g� �m�e�t�h�o�d�,� 

�s�p�e�c�i�a�l� �f�a�c�i�l�i�t�i�e�s� �a�r�e� �c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �t�h�o�s�e� �p�l�a�c�e�s� �w�i�t�h�:�  ��s�e�n�s�i�t�i�v�e� �p�o�p�u�l�a�t�i�o�n�s ��,� 

 ��d�e�n�s�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �p�e�o�p�l�e ��,� �o�r�  ��d�i�f�f�i�c�u�l�t� �t�o� �e�v�a�c�u�a�t�e� �p�o�p�u�l�a�t�i�o�n�s �� �[�4�8�]�.� �H�e�r�e�,� 

�s�p�e�c�i�a�l� �f�a�c�i�l�i�t�i�e�s� �a�r�e� �c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �a�d�d�i�t�i�o�n�a�l� �p�o�p�u�l�a�t�i�o�n�s� �t�o� �b�e� �i�n�c�o�r�p�o�r�a�t�e�d� �a�t� �t�h�e� 

�h�i�g�h�e�s�t� �l�e�v�e�l� �o�f� �d�e�t�a�i�l�.� �I�n� �o�r�d�e�r� �f�o�r� �t�h�i�s� �a�s�s�e�r�t�i�o�n� �t�o� �b�e� �v�a�l�i�d�,� �o�u�r� �c�o�n�s�i�d�e�r�a�t�i�o�n� �o�f� 

�s�p�e�c�i�a�l� �f�a�c�i�l�i�t�i�e�s� �w�o�u�l�d� �b�e� �l�i�m�i�t�e�d� �t�o� �t�h�e� �p�o�p�u�l�a�t�i�o�n�s� �c�o�n�t�a�i�n�e�d� �b�y� �t�h�e� �f�a�c�i�l�i�t�i�e�s�,� 

�w�i�t�h�o�u�t� �i�n�c�l�u�d�i�n�g� �t�h�e� �f�a�c�i�l�i�t�i�e�s� �t�h�e�m�s�e�l�v�e�s�.� 

�U�n�l�i�k�e� �t�h�e� �F�H�W�A� �m�o�d�e�l� �w�h�i�c�h� �c�o�n�s�i�d�e�r�s� �c�o�m�m�u�n�i�t�y� �r�e�s�p�o�n�s�e� �c�a�p�a�b�i�l�i�t�i�e�s� �a�s� �a� 

�t�i�e�-�b�r�e�a�k�i�n�g� �f�a�c�t�o�r�,� �t�h�e� �C�a�n�a�d�i�a�n� �m�e�t�h�o�d� �i�n�c�o�r�p�o�r�a�t�e�s� �q�u�a�n�t�i�t�a�t�i�v�e� �r�e�s�p�o�n�s�e� 

�c�a�p�a�b�i�l�i�t�y� �a�s�s�e�s�s�m�e�n�t� �a�t� �a�l�l� �l�e�v�e�l�s� �o�f� �d�e�t�a�i�l�,� �t�h�u�s� �m�a�k�i�n�g� �t�h�e� �r�e�s�u�l�t�s� �m�e�a�s�u�r�e�s� �o�f� 

�v�u�l�n�e�r�a�b�i�l�i�t�y�.� �T�h�e� �r�e�s�p�o�n�s�e� �i�s� �m�e�a�s�u�r�e�d� �i�n� �t�e�r�m�s� �o�f� �u�n�i�t�s� �a�v�a�i�l�a�b�l�e� �(�f�i�r�e�,� �p�o�l�i�c�e�,� �e�t�c�.�)� 

�w�i�t�h�i�n� �a� �c�o�m�m�o�n� �p�e�r�i�o�d� �o�f� �t�i�m�e�.� �S�u�c�h� �i�n�f�o�r�m�a�t�i�o�n� �w�o�u�l�d� �h�a�v�e� �t�o� �b�e� �e�i�t�h�e�r� �g�a�t�h�e�r�e�d� 

�f�r�o�m� �o�f�f�i�c�i�a�l�s� �o�f� �t�h�e� �v�a�r�i�o�u�s� �r�e�s�p�o�n�s�e� �o�r�g�a�n�i�z�a�t�i�o�n�s� �o�r� �d�e�v�e�l�o�p�e�d� �t�h�r�o�u�g�h� �m�a�p�p�i�n�g� �f�o�r� 

�e�v�e�r�y� �r�o�u�t�e� �i�n� �t�h�e� �s�y�s�t�e�m�,� �t�h�u�s� �m�a�k�i�n�g� �l�a�r�g�e� �s�c�a�l�e� �a�s�s�e�s�s�m�e�n�t� �w�i�t�h� �t�h�i�s� �t�e�c�h�n�i�q�u�e� 

�v�i�r�t�u�a�l�l�y� �i�m�p�o�s�s�i�b�l�e�.� �A�l�s�o�,� �d�i�f�f�e�r�e�n�t� �t�y�p�e�s� �o�f� �r�e�s�p�o�n�s�e� �c�a�p�a�b�i�l�i�t�i�e�s� �a�r�e� �c�o�m�b�i�n�e�d� �i�n�a� 

�s�i�n�g�l�e� �m�e�a�s�u�r�e� �o�f� �r�e�s�p�o�n�s�e� �u�s�i�n�g� �a�n� �a�r�b�i�t�r�a�r�y� �w�e�i�g�h�t�i�n�g� �s�c�h�e�m�e�.� �I�n� �t�h�e� �C�a�n�a�d�i�a�n� 

�s�c�r�e�e�n�i�n�g� �m�e�t�h�o�d�,� �f�i�r�e� �c�o�m�p�a�n�y� �r�e�s�p�o�n�s�e� �i�s� �a�s�s�i�g�n�e�d� �f�o�u�r� �t�i�m�e�s� �t�h�e� �w�e�i�g�h�t� �o�f� �p�o�l�i�c�e� 

�c�a�r� �r�e�s�p�o�n�s�e� �a�n�d� �t�e�n� �t�i�m�e�s� �t�h�e� �w�e�i�g�h�t� �o�f� �a�m�b�u�l�a�n�c�e� �r�e�s�p�o�n�s�e�.� �F�u�r�t�h�e�r�,� �w�h�e�n� �a�l�l� 

�c�o�n�t�r�i�b�u�t�i�n�g� �f�a�c�t�o�r�s� �t�o� �t�h�e� �r�i�s�k� �v�a�l�u�e�s� �a�r�e� �c�o�m�b�i�n�e�d�,�  ��.�.�.�t�h�e� �t�a�b�u�l�a�t�e�d� �r�e�s�u�l�t�s� �o�f� �e�a�c�h� 

�r�i�s�k� �f�a�c�t�o�r� �a�r�e� �a�s�s�i�g�n�e�d� �a�b�s�t�r�a�c�t� �n�u�m�b�e�r�s ��  ��T�h�i�s� �n�u�m�b�e�r� �w�a�s� �s�e�l�e�c�t�e�d� �t�o� �m�a�k�e� 
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�c�o�m�p�a�r�i�s�o�n�s� �e�a�s�y�.�.�. �� �[�4�8�]�.� �I�t� �s�e�e�m�s� �c�l�e�a�r� �t�h�a�t�,� �f�o�r� �a� �s�t�a�t�e�w�i�d�e� �a�n�a�l�y�s�i�s� �u�s�i�n�g� 

�i�n�t�e�r�a�c�t�i�v�e� �c�o�m�p�u�t�e�r� �m�o�d�e�l�i�n�g�,� �a� �m�o�r�e� �e�f�f�i�c�i�e�n�t� �m�e�a�n�s� �o�f� �i�n�c�o�r�p�o�r�a�t�i�n�g� �r�e�s�p�o�n�s�e� 

�m�e�a�s�u�r�e�s� �m�u�s�t� �b�e� �d�e�v�e�l�o�p�e�d�.� �I�t� �i�s� �t�h�e� �a�u�t�h�o�r ��s� �c�o�n�t�e�n�t�i�o�n� �t�h�a�t� �t�h�e� �u�s�e� �o�f� �a�r�b�i�t�r�a�r�y� 

�w�e�i�g�h�t�i�n�g� �s�y�s�t�e�m�s� �f�o�r� �d�a�t�a� �i�n�c�l�u�s�i�o�n� �o�r� �r�e�s�u�l�t�s� �r�e�p�r�e�s�e�n�t�s� �a�n� �o�b�s�c�u�r�i�n�g� �o�f� �t�h�e� �d�a�t�a� 

�a�n�d� �i�s� �t�o� �b�e� �a�v�o�i�d�e�d� �i�f� �p�o�s�s�i�b�l�e�.� �S�u�c�h� �d�e�c�i�s�i�o�n�s� �s�h�o�u�l�d� �b�e� �l�e�f�t� �t�o� �t�h�e� �u�s�e�r�,� �a�n�d� �s�h�o�u�l�d� 

�n�o�t� �e�x�c�e�e�d� �h�i�s� �l�e�v�e�l� �o�f� �e�x�p�e�r�t�i�s�e�.� �T�h�e� �C�a�n�a�d�i�a�n� �m�e�t�h�o�d� �r�e�c�o�m�m�e�n�d�s� �a� �t�e�a�m� 

�a�p�p�r�o�a�c�h� �t�o� �t�h�e� �u�s�e� �o�f� �t�h�e�i�r� �m�o�d�e�l�.�  ��A�l�t�h�o�u�g�h� �a� �s�i�n�g�l�e� �p�e�r�s�o�n� �c�o�u�l�d� �c�o�m�p�l�e�t�e� �t�h�e� 

�a�n�a�l�y�s�i�s� �p�r�e�s�e�n�t�e�d� �h�e�r�e�,� �a� �r�e�c�o�m�m�e�n�d�e�d� �t�e�a�m� �w�o�u�l�d� �i�n�c�l�u�d�e� �r�e�p�r�e�s�e�n�t�a�t�i�v�e�s� �o�f� �t�h�e� 

�f�o�l�l�o�w�i�n�g� �g�r�o�u�p�s�:� 

�*� �P�l�a�n�n�i�n�g� �a�g�e�n�c�y� 
�*� �F�i�r�e� �s�e�r�v�i�c�e� 
�*� �E�m�e�r�g�e�n�c�y� �m�e�a�s�u�r�e�s� �a�g�e�n�c�y� 
�*� �M�o�t�o�r� �c�a�r�r�i�e�r�s� 
�*� �C�h�a�m�b�e�r� �o�f� �C�o�m�m�e�r�c�e� 

�I�n�c�l�u�d�i�n�g� �a� �n�u�m�b�e�r� �o�f� �a�g�e�n�c�i�e�s� �i�n� �t�h�e� �r�o�u�t�e� �s�e�l�e�c�t�i�o�n� �p�r�o�c�e�s�s� �o�f�f�e�r�s� �t�h�e� �a�d�v�a�n�t�a�g�e� 

�o�f� �s�e�v�e�r�a�l� �p�e�r�s�p�e�c�t�i�v�e�s� �a�n�d� �i�n�c�r�e�a�s�e�s� �t�h�e� �c�o�n�f�i�d�e�n�c�e� �i�n� �a�n�d� �a�c�c�e�p�t�a�b�i�l�i�t�y� �o�f� �t�h�e� 

�r�e�s�u�l�t�s �� �[�4�9�]�.� 

�3�.�2�.�1�2� �S�A�F�E�T�I� �C�o�m�p�u�t�e�r� �M�o�d�e�l� 

�A�n� �i�n�t�e�r�a�c�t�i�v�e� �c�o�m�p�u�t�e�r� �p�r�o�g�r�a�m� �f�o�r� �d�e�t�e�r�m�i�n�i�n�g� �r�i�s�k�s� �a�t� �h�a�z�m�a�t� �p�r�o�c�e�s�s�i�n�g� 

�p�l�a�n�t�s� �w�a�s� �r�e�c�e�n�t�l�y� �a�l�t�e�r�e�d� �t�o� �c�o�n�s�i�d�e�r� �t�h�e� �r�i�s�k�s� �w�h�i�c�h� �o�c�c�u�r� �d�u�r�i�n�g� �t�r�a�n�s�p�o�r�t�a�t�i�o�n�.� 

�T�h�i�s� �m�o�d�e�l�,� �c�a�l�l�e�d� �t�h�e�  ��S�A�F�E�T�I �� �m�o�d�e�l�,� �p�r�o�v�i�d�e�s� �s�o�m�e� �u�s�e�f�u�l� �i�n�s�i�g�h�t�s� �i�n�t�o� �v�a�r�i�o�u�s� 

�a�s�p�e�c�t�s� �o�f� �t�h�e� �r�i�s�k� �m�o�d�e�l�i�n�g� �a�n�d� �o�u�t�p�u�t� �f�o�r�m�a�t� �t�e�c�h�n�i�q�u�e�s�.� �T�h�e� �a�c�t�u�a�l� �S�A�F�E�T�I� 

�p�a�c�k�a�g�e�,� �h�o�w�e�v�e�r�,� �d�o�e�s� �n�o�t� �p�r�o�v�i�d�e� �s�t�a�t�i�s�t�i�c�s� �f�o�r� �j�u�r�i�s�d�i�c�t�i�o�n�s� �a�s� �a� �w�h�o�l�e� �a�n�d� �l�o�s�e�s� 

�s�i�g�n�i�f�i�c�a�n�c�e� �f�o�r� �l�a�r�g�e�r� �a�r�e�a�s� �u�n�d�e�r� �c�o�n�s�i�d�e�r�a�t�i�o�n�.�  ��(�I�n� �c�o�n�v�e�r�t�i�n�g� �t�h�i�s� �p�a�c�k�a�g�e� �f�r�o�m� 
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�p�r�o�c�e�s�s� �p�l�a�n�t� �t�o� �t�r�a�n�s�p�o�r�t�a�t�i�o�n� �a�p�p�l�i�c�a�t�i�o�n�s�)� �t�h�e�  ��c�e�l�l �� �s�i�z�e� �c�a�n� �b�e� �c�h�a�n�g�e�d� �t�o�,� �f�o�r� 

�e�x�a�m�p�l�e�,� �2�0�0�m� �b�y� �2�0�0�m�,� �a�l�l�o�w�i�n�g� �t�h�e� �o�v�e�r�a�l�l� �a�r�e�a� �t�o� �b�e� �i�n�c�r�e�a�s�e�d� �t�o� �4�0�k�m� �b�y� �4�0�k�m�.� 

�T�h�i�s� �l�o�s�s� �o�f� �p�r�e�c�i�s�i�o�n� �i�s� �r�e�l�a�t�i�v�e�l�y� �s�m�a�l�l�,� �b�u�t� �i�t� �w�i�l�l� �i�n�c�r�e�a�s�e� �i�n� �d�e�g�r�e�e� �i�f� �t�h�e� �c�e�l�l� �s�i�z�e� 

�i�s� �f�u�r�t�h�e�r� �i�n�c�r�e�a�s�e�d �� �[�1�6�]�.� 

�T�h�e� �o�b�j�e�c�t�i�v�e�s� �o�f� �t�h�e� �p�a�c�k�a�g�e� �w�h�i�c�h� �p�e�r�t�a�i�n� �p�a�r�t�i�c�u�l�a�r�l�y� �t�o� �c�o�m�p�u�t�e�r� �m�o�d�e�l�i�n�g� 

�a�r�e� �g�e�n�e�r�a�l�l�y� �r�e�c�o�g�n�i�z�e�d� �a�s� �w�o�r�t�h�w�h�i�l�e� �g�o�a�l�s� �a�n�d� �a�r�e�,� �f�o�r� �t�h�e� �m�o�s�t� �p�a�r�t�,� �r�e�f�l�e�c�t�e�d� �i�n� 

�t�h�e� �M�a�c�r�o�R�A�D�S�S� �d�e�s�i�g�n�.� �T�h�e�s�e� �i�n�c�l�u�d�e�:�  ��1�.� �E�a�s�e� �o�f� �d�a�t�a� �i�n�p�u�t� �(�i�t� �i�s� �i�n�t�e�r�a�c�t�i�v�e�)�,� �2�.� 

�R�e�a�s�o�n�a�b�l�e� �s�p�e�e�d� �o�f� �p�r�o�c�e�s�s�i�n�g� �(�d�e�p�e�n�d�e�n�t� �o�n� �m�a�c�h�i�n�e�)�,� �3�.� �M�i�n�i�m�u�m� �l�o�s�s� �o�f� �d�e�t�a�i�l�,� 

�4�.� �V�a�r�i�a�b�l�e� �l�e�v�e�l� �o�f� �d�a�t�a� �i�n�p�u�t�/�o�u�t�p�u�t� �t�o� �s�u�i�t� �n�e�e�d�s�,� �a�n�d� �5�.� �V�i�s�i�b�i�l�i�t�y� �o�f� �b�o�t�h� 

�i�n�t�e�r�m�e�d�i�a�t�e� �a�n�d� �f�i�n�a�l� �r�e�s�u�l�t�s �� �[�1�6�]�.� �I�t� �s�h�o�u�l�d� �b�e� �r�e�m�e�m�b�e�r�e�d� �t�h�a�t� �r�e�s�u�l�t�s� �s�h�o�u�l�d� �b�e� 

�f�o�r� �p�a�r�a�m�e�t�e�r�s� �a�n�d� �i�n� �u�n�i�t�s� �w�h�i�c�h� �t�h�e� �u�s�e�r� �c�a�n� �i�n�t�e�r�p�r�e�t�.� �A�l�s�o�,� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� 

�b�e�t�w�e�e�n� �r�e�s�u�l�t�s� �n�e�e�d�s� �t�o� �b�e� �w�e�l�l� �d�o�c�u�m�e�n�t�e�d� �f�o�r� �t�h�e� �s�a�m�e� �r�e�a�s�o�n�.� 

�I�n� �o�r�d�e�r� �t�o� �a�c�c�o�m�p�l�i�s�h� �t�h�e�s�e� �o�b�j�e�c�t�i�v�e�s�,� �c�e�r�t�a�i�n� �s�i�m�p�l�i�f�i�c�a�t�i�o�n�s� �i�n� �t�h�e� �m�o�d�e�l�i�n�g� 

�w�e�r�e� �n�e�c�e�s�s�a�r�y�.�  ��(�O�n�e� �s�i�m�p�l�i�f�i�c�a�t�i�o�n�)� �t�h�a�t� �i�s� �i�n�c�o�r�p�o�r�a�t�e�d� �i�s� �t�h�e� �u�s�e� �o�f� �c�l�u�s�t�e�r�i�n�g�,� 

�o�r� �t�h�e� �g�r�o�u�p�i�n�g� �t�o�g�e�t�h�e�r� �o�f� �e�v�e�n�t�s� �o�f� �a�p�p�r�o�x�i�m�a�t�e�l�y� �s�i�m�i�l�a�r� �s�i�z�e� �i�n�t�o� �o�n�e� �e�v�e�n�t� �w�i�t�h� 

�a� �c�o�m�b�i�n�e�d� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �o�c�c�u�r�e�n�c�e �� �[�1�6�]�.� �W�h�i�l�e� �i�t� �i�s� �b�e�y�o�n�d� �t�h�e� �s�c�o�p�e� �o�f� �t�h�e� �w�o�r�k� 

�t�o� �c�o�n�s�i�d�e�r� �t�h�e� �g�r�o�u�p�i�n�g� �o�f� �i�n�d�i�v�i�d�u�a�l� �h�a�z�m�a�t�s� �i�n�t�o� �c�l�a�s�s�e�s�,� �i�t� �s�h�o�u�l�d� �b�e� �n�o�t�e�d� �t�h�a�t� 

�s�u�c�h� �g�r�o�u�p�s� �m�u�s�t� �b�e� �d�e�p�e�n�d�e�n�t� �o�n� �m�a�t�e�r�i�a�l� �p�r�o�p�e�r�t�i�e�s� �a�s� �w�e�l�l� �a�s� �t�h�e� �p�r�e�d�i�c�t�e�d� 

�o�u�t�c�o�m�e�s�.� �T�h�i�s� �i�s� �n�e�c�e�s�s�a�r�y� �i�n� �o�r�d�e�r� �t�o� �m�a�k�e� �c�l�a�s�s�i�f�i�c�a�t�i�o�n�s� �l�o�g�i�c�a�l� �a�n�d� �a�c�c�o�u�n�t� �f�o�r� 

�d�e�g�r�e�e�s� �o�f� �v�a�r�i�a�b�i�l�i�t�y� �i�n� �r�e�l�e�a�s�e� �o�u�t�c�o�m�e�s�.� 

�A�n�o�t�h�e�r� �s�i�m�p�l�i�f�i�c�a�t�i�o�n� �i�s� �t�h�a�t� �p�a�c�k�a�g�e� �f�a�i�l�u�r�e� �r�a�t�e�s� �a�r�e� �b�a�s�e�d� �o�n� �u�s�e�r�-�d�e�f�i�n�e�d� 

�h�i�s�t�o�r�i�c� �f�a�i�l�u�r�e� �t�r�e�n�d�s�.�  ��(�S�A�F�E�T�I� �u�s�e�s� �p�a�c�k�a�g�e�)� �f�a�i�l�u�r�e� �(�f�)� �r�a�t�e�s� �b�a�s�e�d� �o�n� �t�h�e� �i�n�p�u�t� 

�f�/�k�m�/�y�r ��  ��s�p�e�c�i�a�l� �h�i�g�h� �(�o�r� �l�o�w�)� �r�i�s�k� �l�o�c�a�t�i�o�n�s� �c�a�n� �e�a�s�i�l�y� �b�e� �i�d�e�n�t�i�f�i�e�d�,� �(�e�.�g�.�,� �g�r�a�d�e� 

�c�r�o�s�s�i�n�g�s�)� �a�n�d� �d�i�f�f�e�r�e�n�t� �f�a�i�l�u�r�e� �r�a�t�e�s� �i�n�p�u�t� �f�o�r� �t�h�e�s�e �� �(�1�6�]�.� �T�h�e�s�e� �r�a�t�e�s� �m�a�y� �o�r� �m�a�y� 

�n�o�t� �b�e� �a�v�a�i�l�a�b�l�e� �f�r�o�m� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �a�c�c�i�d�e�n�t� �d�a�t�a� �i�n�f�o�r�m�a�t�i�o�n�.� �A�l�s�o�,� �i�n� �o�r�d�e�r� �t�o� 

�b�e� �m�o�s�t� �u�s�e�f�u�l�,� �t�h�e� �u�s�e�r� �h�a�s� �t�o� �d�i�s�a�g�g�r�e�g�a�t�e� �t�h�e� �h�i�s�t�o�r�i�c� �d�a�t�a� �b�y� �a�l�l� �m�o�d�e�l� �v�a�r�i�a�b�l�e�s� 

�3�.� �L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �7�6



�w�h�i�c�h� �p�r�o�v�e� �t�o� �h�a�v�e� �d�i�f�f�e�r�e�n�t� �f�a�i�l�u�r�e� �l�e�v�e�l�s�.� �T�h�i�s� �r�e�q�u�i�r�e�s� �a�n� �o�n�g�o�i�n�g� �e�f�f�o�r�t� �o�n� �t�h�e� 

�p�a�r�t� �o�f� �t�h�e� �u�s�e�r� �t�o� �i�n�t�e�r�p�r�e�t� �h�i�s�/�h�e�r� �i�n�c�i�d�e�n�t� �(�o�r�,� �m�o�r�e� �l�i�k�e�l�y�,� �a�c�c�i�d�e�n�t�)� �d�a�t�a� �p�r�i�o�r� �t�o� 

�o�b�j�e�c�t�i�v�e� �m�o�d�e�l�i�n�g�.� 

�S�i�m�p�l�i�f�i�c�a�t�i�o�n�s� �m�a�y� �o�v�e�r�s�h�a�d�o�w� �t�h�e� �s�o�p�h�i�s�t�i�c�a�t�i�o�n� �o�f� �o�t�h�e�r� �p�o�r�t�i�o�n�s� �o�f� �t�h�e� 

�m�o�d�e�l�.� �A�s� �a�n� �e�x�a�m�p�l�e�,� �f�e�a�t�u�r�e�s� �o�f� �t�h�e� �c�o�n�s�e�q�u�e�n�c�e� �a�n�a�l�y�s�i�s� �i�n�c�l�u�d�e�:�  ��a� �h�e�a�v�y� �g�a�s� 

�d�i�s�p�e�r�s�i�o�n� �m�o�d�e�l ��,�  ��p�r�o�b�a�b�i�l�i�t�y� �p�r�o�f�i�l�e�(�s� �a�r�e�)� �f�o�r� �c�e�r�t�a�i�n� �i�d�e�n�t�i�f�i�e�d� �l�e�v�e�l�s� �o�f� �(�a�c�u�t�e�)� 

�t�o�x�i�c�i�t�y ��  ��f�l�a�m�m�a�b�l�e� �e�f�f�e�c�t�s� �a�r�e� �s�i�m�i�l�a�r�l�y� �p�r�e�d�i�c�t�e�d� �f�o�r� �c�e�r�t�a�i�n� �l�e�v�e�l�s� �o�f� �t�h�e�r�m�a�l� 

�r�a�d�i�a�t�i�o�n� �o�r� �o�v�e�r�p�r�e�s�s�u�r�e�, ��,�  ��p�r�e�d�e�t�e�r�m�i�n�e�d� �a�l�g�o�r�i�t�h�m�s�.�.�.�l�i�n�k� �h�u�m�a�n� �i�m�p�a�c�t� �w�i�t�h� 

�d�o�s�a�g�e� �r�e�c�e�i�v�e�d�.�.�. �� �[�1�6�]�.� �W�h�e�n� �w�e� �u�s�e� �p�r�o�b�a�b�i�l�i�t�y� �f�u�n�c�t�i�o�n�s� �t�o� �r�e�l�a�t�e� �e�x�p�o�s�u�r�e� 

�m�e�a�s�u�r�e�s� �t�o� �a�c�t�u�a�l� �e�f�f�e�c�t�s� �o�n� �p�e�o�p�l�e�,� �p�r�o�p�e�r�t�y�,� �e�t�c�.�,� �w�e� �d�e�l�v�e� �i�n�t�o� �p�r�e�d�i�c�t�i�n�g� 

�c�o�n�s�e�q�u�e�n�c�e� �l�e�v�e�l�s�.� �S�u�c�h� �r�e�l�a�t�i�o�n�s�h�i�p�s� �a�r�e� �n�o�t� �w�i�d�e�l�y� �a�c�c�e�p�t�e�d� �a�t� �p�r�e�s�e�n�t�.� �T�h�e� 

�v�a�r�i�e�t�y� �o�f� �o�u�t�p�u�t� �f�o�r�m�a�t�s� �i�s� �d�e�s�i�r�a�b�l�e� �a�n�d� �t�h�e� �t�y�p�e�s� �u�s�e�d� �a�r�e� �s�i�m�i�l�a�r� �t�o� �t�h�o�s�e� 

�d�e�v�e�l�o�p�e�d� �f�o�r� �t�h�e� �M�a�c�r�o�R�A�D�S�S� �p�r�o�g�r�a�m�.�  ��T�h�e� �p�r�i�n�c�i�p�a�l� �r�e�s�u�l�t�s� �c�a�n� �b�e� �d�i�s�p�l�a�y�e�d� �a�s�:� 

�1�.� �D�e�g�r�e�e�s� �o�f� �c�o�n�s�e�q�u�e�n�t�i�a�l� �e�f�f�e�c�t� �(�w�i�t�h�o�u�t� �t�h�e� �p�r�o�b�a�b�i�l�i�t�y� �d�e�t�e�r�m�i�n�a�t�i�o�n�)� 
�2�.� �i�n�d�i�v�i�d�u�a�l� �r�i�s�k� �r�a�t�e�s� �(�f�a�t�a�l�i�t�i�e�s� �p�e�r� �p�e�r�s�o�n� �p�e�r� �y�e�a�r�)� �d�i�s�p�l�a�y�e�d� �e�i�t�h�e�r� 

�g�e�o�g�r�a�p�h�i�c�a�l�l�y� �b�y� �a� �c�o�d�e�d� �m�a�t�r�i�x�,� �o�r� �a�s� �i�s�o�-�r�i�s�k� �c�o�n�t�o�u�r�s� �d�e�r�i�v�e�d� �f�r�o�m� �t�h�i�s�;� 
�a�n�d� 

�3�.� �S�o�c�i�e�t�a�l� �r�i�s�k� �(�F�-�N�)� �c�u�r�v�e�s� �t�h�a�t� �d�i�s�p�l�a�y� �f�r�e�q�u�e�n�c�y� �(�F�)� �o�f� �k�i�l�l�i�n�g� �N� �o�r� �m�o�r�e� 
�p�e�o�p�l�e�.�.�. �� �[�1�6�]�.� 

�T�h�e� �s�e�c�o�n�d� �a�n�d� �t�h�i�r�d� �m�e�t�h�o�d�s� �r�e�f�l�e�c�t� �t�h�e� �p�r�o�b�a�b�i�l�i�s�t�i�c� �f�u�n�c�t�i�o�n�s� �u�s�e�d� �t�o� �c�o�m�p�u�t�e� 

�c�o�n�s�e�q�u�e�n�c�e�s�,� �a�s� �s�t�a�t�e�d� �a�b�o�v�e�.� �I�f� �s�u�c�h� �w�e�r�e� �n�o�t� �t�h�e� �c�a�s�e�,� �t�h�e�n� �c�u�r�v�e�s� �o�f� �t�h�e� �t�h�i�r�d� 

�m�e�t�h�o�d� �w�o�u�l�d� �b�e� �r�e�d�u�c�e�d� �t�o� �p�o�i�n�t�s� �i�n�d�i�c�a�t�i�n�g� �t�h�e� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �e�x�p�o�s�i�n�g� �N� �p�e�o�p�l�e� �i�n� 

�a� �g�i�v�e�n� �j�u�r�i�s�d�i�c�t�i�o�n� �o�v�e�r� �a� �g�i�v�e�n� �p�e�r�i�o�d� �o�f� �t�i�m�e�.� �O�n�e� �f�i�n�a�l� �n�o�t�e�,� �t�h�e� �r�e�a�d�e�r� �s�h�o�u�l�d� 

�u�n�d�e�r�s�t�a�n�d� �t�h�a�t� �t�h�e� �t�e�r�m�  ��i�s�o�-�r�i�s�k �� �i�s� �a�p�p�l�i�e�d� �h�e�r�e� �d�i�f�f�e�r�e�n�t�l�y� �t�h�a�n� �a�s� �i�t� �w�i�l�l� �b�e� 

�p�r�e�s�e�n�t�e�d� �i�n� �t�h�e� �M�a�c�r�o�R�A�D�S�S� �m�e�t�h�o�d�.� �|�s�o�-�r�i�s�k� �h�e�r�e� �r�e�f�e�r�s� �t�o� �g�e�o�g�r�a�p�h�i�c� �b�o�u�n�d�a�r�i�e�s� 

�s�i�m�i�l�a�r� �t�o� �t�e�m�p�e�r�a�t�u�r�e� �d�i�v�i�s�i�o�n�s� �o�n� �a� �w�e�a�t�h�e�r� �m�a�p�.� 

�3�.� �L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �7�7



�3�.�2�.�1�3� �U�.�S�.� �C�o�a�s�t� �G�u�a�r�d� �M�o�d�e�l� 

�T�h�e� �U�.�S�.� �C�o�a�s�t� �G�u�a�r�d� �h�a�s� �t�r�a�d�i�t�i�o�n�a�l�l�y� �h�e�l�d� �a� �m�a�j�o�r� �r�o�l�e� �i�n� �h�e�l�p�i�n�g� �c�o�m�m�u�n�i�t�i�e�s� 

�d�e�a�l� �w�i�t�h� �h�a�z�m�a�t� �a�c�c�i�d�e�n�t�s�.� �I�t� �i�s� �t�h�e� �C�o�a�s�t� �G�u�a�r�d� �w�h�i�c�h� �o�p�e�r�a�t�e�s� �t�h�e� �N�a�t�i�o�n�a�l� 

�R�e�s�p�o�n�s�e� �C�e�n�t�e�r�  ��.�.�.�w�h�e�r�e� �h�a�z�a�r�d�o�u�s� �d�i�s�c�h�a�r�g�e�s� �a�r�e� �r�e�p�o�r�t�e�d�.�.�. �� �[�3�5�]�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� 

�t�h�e� �C�o�a�s�t� �G�u�a�r�d� �h�a�s� �d�e�v�e�l�o�p�e�d� �a� �c�o�m�p�u�t�e�r� �b�a�s�e�d� �v�u�l�n�e�r�a�b�i�l�i�t�y� �m�o�d�e�l�.�  ��I�t�s� �(�t�h�e� �U�.�S�.� 

�C�o�a�s�t� �G�u�a�r�d ��s�)� �h�a�z�a�r�d�s� �a�s�s�e�s�s�m�e�n�t� �c�o�m�p�u�t�e�r� �p�r�o�g�r�a�m�.�.�.�i�s� �a�v�a�i�l�a�b�l�e� �f�o�r� �c�o�m�m�u�n�i�t�y� 

�e�m�e�r�g�e�n�c�y� �r�e�s�p�o�n�s�e� �p�l�a�n�n�i�n�g�.� �T�h�e� �c�o�m�p�u�t�e�r� �c�a�n� �b�e� �u�s�e�d� �t�o� �s�i�m�u�l�a�t�e� �t�h�e� �k�i�n�d�s� �o�f� 

�i�n�c�i�d�e�n�t�s� �t�h�a�t� �m�i�g�h�t� �o�c�c�u�r� �i�n� �a� �c�o�m�m�u�n�i�t�y� �s�o� �w�a�y�s� �c�a�n� �b�e� �d�e�v�e�l�o�p�e�d� �t�o� �h�a�n�d�l�e� 

�t�h�e�m �� �[�3�5�]�.� �T�h�i�s� �m�o�d�e�l� �s�p�e�c�i�f�i�e�s� �a� �p�a�r�t�i�c�u�l�a�r� �t�y�p�e� �o�f� �i�n�c�i�d�e�n�t� �s�c�e�n�a�r�i�o�,� �s�o� �i�t� �w�o�u�l�d� 

�a�p�p�e�a�r� �t�o� �b�e� �l�e�s�s� �s�u�i�t�e�d� �f�o�r� �g�e�n�e�r�a�l� �r�i�s�k� �s�t�u�d�i�e�s� �f�o�r� �s�t�r�e�e�t�s� �a�n�d� �j�u�r�i�s�d�i�c�t�i�o�n�s�.� 

�H�e�r�e� �a�g�a�i�n�,� �w�e� �h�a�v�e� �a� �m�o�d�e�l� �w�h�i�c�h� �s�e�e�k�s� �t�o� �p�r�o�v�i�d�e� �g�r�e�a�t�e�r� �d�e�t�a�i�l�e�d� �r�e�s�u�l�t�s� 

�t�h�r�o�u�g�h� �d�e�t�e�r�m�i�n�i�n�g� �a�c�t�u�a�l� �c�o�n�s�e�q�u�e�n�c�e� �l�e�v�e�l�s�.� �T�h�e� �a�p�p�r�o�a�c�h� �i�s� �d�i�f�f�e�r�e�n�t� �i�n� �t�h�a�t� �i�t� 

�u�s�e�s� �c�o�n�t�r�o�l�l�e�d� �t�e�s�t� �d�a�t�a�;� �h�o�w�e�v�e�r�,� �t�h�e� �a�b�i�l�i�t�y� �t�o� �m�a�k�e� �a�c�c�u�r�a�t�e� �p�r�e�d�i�c�t�i�o�n�s� �i�s� �s�t�i�l�l� 

�q�u�e�s�t�i�o�n�a�b�l�e�.� 
�F�r�o�m� �1�9�7�5�-�1�9�7�9�,� �t�h�e� �U�.�S�.� �C�o�a�s�t� �G�u�a�r�d� �d�e�v�e�l�o�p�e�d� �a� �v�u�l�n�e�r�a�b�i�l�i�t�y� �m�o�d�e�l� �t�h�a�t� �i�n�c�l�u�d�e�s� �p�r�o�b�i�t� 

�e�q�u�a�t�i�o�n�s� �f�o�r� �t�h�e�s�e� �g�a�s�e�s� �(�c�o�m�m�o�n� �t�o�x�i�c� �g�a�s�e�s�,� �s�u�c�h� �a�s� �a�m�m�o�n�i�a� �a�n�d� �c�h�l�o�r�i�n�e�)�,� �f�o�r� �e�x�a�m�p�l�e�,� 
�e�q�u�a�t�i�o�n�s� �t�h�a�t� �i�n�d�i�c�a�t�e�d� �t�h�e� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �d�e�a�t�h� �f�o�r� �a� �g�i�v�e�n� �c�o�n�c�e�n�t�r�a�t�i�o�n� �a�n�d� �d�u�r�a�t�i�o�n� �o�f� 
�e�x�p�o�s�u�r�e�.� �T�h�e�s�e� �a�r�e� �r�e�a�l�l�y� �b�a�s�e�d� �o�n� �l�i�m�i�t�e�d� �a�n�d� �o�f�t�e�n� �o�l�d� �a�n�i�m�a�l� �t�e�s�t� �d�a�t�a� �[�1�6�]�.� 

�3�.�2�.�1�4� �R�a�j� �a�n�d� �G�l�i�c�k�m�a�n� �R�a�i�l�r�o�a�d� �M�o�d�e�l�!� 

�T�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�e� �R�a�j� �a�n�d� �G�l�i�c�k�m�a�n� �m�o�d�e�l� �i�s� �t�o� �b�e� �a�b�l�e� �t�o� �d�e�v�e�l�o�p� �r�i�s�k� �p�r�o�f�i�l�e�s� 

�f�o�r� �v�a�r�i�o�u�s� �r�a�i�l�r�o�a�d� �l�i�n�e�s� �a�s� �a� �m�e�a�n�s� �o�f� �c�o�m�p�a�r�i�n�g� �r�i�s�k� �l�e�v�e�l�s� �f�o�r� �d�i�f�f�e�r�e�n�t� �s�i�z�e�d� 

�h�a�z�m�a�t� �s�h�i�p�m�e�n�t�s�.� �B�y� �c�o�m�b�i�n�i�n�g� �t�h�e� �p�r�o�f�i�l�e�s� �f�o�r� �d�i�f�f�e�r�e�n�t� �h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l�s� �(�f�o�r� 
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�t�h�e� �i�n�i�t�i�a�l� �s�t�u�d�y�,� �c�h�l�o�r�i�n�e� �a�n�d� �l�i�q�u�e�f�i�e�d� �p�e�t�r�o�l�e�u�m� �g�a�s�e�s� �w�e�r�e� �u�s�e�d�)�,� �g�e�n�e�r�a�l� 

�m�e�a�s�u�r�e�s� �o�f� �r�i�s�k� �m�a�y� �b�e� �d�e�v�e�l�o�p�e�d�.� �R�i�s�k� �p�r�o�f�i�l�e�s� �a�r�e� �d�e�t�e�r�m�i�n�e�d� �b�y� �p�l�o�t�t�i�n�g� �t�h�e� 

�f�r�e�q�u�e�n�c�y� �o�f� �a� �g�i�v�e�n� �n�u�m�b�e�r� �o�f� �r�a�i�l� �c�a�r�s� �r�e�l�e�a�s�i�n�g� �t�h�e�i�r� �c�o�n�t�e�n�t�s� �v�e�r�s�u�s� �t�h�e� 

�c�o�n�s�e�q�u�e�n�c�e� �o�f� �r�e�l�e�a�s�e�s� �o�f� �t�h�a�t� �m�a�g�n�i�t�u�d�e�.�  ��I�t� �i�s� �a�s�s�u�m�e�d� �c�o�n�s�e�r�v�a�t�i�v�e�l�y� �t�h�a�t� �w�h�e�n� 

�t�h�e�r�e� �i�s� �a� �r�e�l�e�a�s�e� �f�r�o�m� �a� �c�a�r� �a�l�l� �o�f� �i�t�s� �c�o�n�t�e�n�t�s� �a�r�e� �r�e�l�e�a�s�e�d ��  ��t�h�e� �p�r�o�b�a�b�i�l�i�t�y� �t�h�a�t� �N�,� 

�o�f� �t�h�e� �N�,� �c�a�r�s� �c�o�n�t�a�i�n� �(�h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l� �o�f� �t�y�p�e�)�  ��x �� �i�n� �a� �r�a�n�d�o�m�l�y� �s�e�l�e�c�t�e�d� �t�r�a�i�n� �i�s� 

�a�s�s�u�m�e�d� �t�o� �f�o�l�l�o�w� �a� �P�o�i�s�s�o�n� �d�i�s�t�r�i�b�u�t�i�o�n �� �[�3�4�]�.� �I�n� �t�h�e� �c�a�s�e� �o�f� �h�i�g�h�w�a�y� �a�c�c�i�d�e�n�t�s�,� �a�n� 

�a�n�a�l�o�g�o�u�s� �s�i�t�u�a�t�i�o�n� �m�a�y� �b�e�,� �a�s� �a�n� �e�x�a�m�p�l�e�,� �t�h�e� �b�r�e�a�c�h�i�n�g� �o�f� �i�n�d�i�v�i�d�u�a�l� 

�c�o�m�p�a�r�t�m�e�n�t�s� �i�n� �a� �m�u�l�t�i�p�l�e� �c�o�m�p�a�r�t�m�e�n�t� �t�a�n�k�e�r� �t�r�u�c�k�.� 

�T�h�e� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �a�n�y� �c�e�r�t�a�i�n� �n�u�m�b�e�r� �o�f� �c�a�r�s� �r�e�l�e�a�s�i�n�g� �h�a�z�m�a�t�s� �i�n� �a�n� �a�c�c�i�d�e�n�t� 

�s�c�e�n�a�r�i�o� �i�s� �r�e�p�r�e�s�e�n�t�e�d� �b�y� �a� �s�e�r�i�e�s� �o�f� �c�o�n�d�i�t�i�o�n�a�l� �p�r�o�b�a�b�i�l�i�t�i�e�s� �a�n�d�  ��c�a�n� �b�e� �c�o�m�p�u�t�e�d� 

�s�e�q�u�e�n�t�i�a�l�l�y� �f�r�o�m� �a� �n�u�m�b�e�r� �o�f� �o�t�h�e�r� �e�s�t�i�m�a�t�e�d� �c�o�n�s�t�i�t�u�e�n�t� �p�r�o�b�a�b�i�l�i�t�y� �d�i�s�t�r�i�b�u�t�i�o�n�s� 

�t�h�a�t� �h�a�v�e� �t�o� �d�o� �w�i�t�h� �t�h�e� �s�i�z�e� �a�n�d� �m�a�k�e�u�p� �o�f� �t�h�e� �t�r�a�i�n�,� �t�h�e� �s�e�v�e�r�i�t�y� �o�f� �t�h�e� �d�e�r�a�i�l�m�e�n�t�,� 

�a�n�d� �t�h�e� �i�m�p�a�c�t� �o�f� �t�h�e� �d�e�r�a�i�l�m�e�n�t� �o�n� �t�h�e� �h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l�s� �c�a�r�s�.�.�.�t�h�i�s� �s�e�q�u�e�n�t�i�a�l� 

�a�p�p�r�o�a�c�h� �h�a�s� �t�h�e� �a�d�v�a�n�t�a�g�e� �t�h�a�t� �s�e�n�s�i�t�i�v�i�t�y� �a�n�a�l�y�s�i�s� �c�a�n� �e�a�s�i�l�y� �b�e� �p�e�r�f�o�r�m�e�d� �l�a�t�e�r� 

�b�y� �v�a�r�y�i�n�g� �a�n�y� �o�f� �t�h�e� �c�o�n�s�t�i�t�u�e�n�t� �p�r�o�b�a�b�i�l�i�t�y� �d�i�s�t�r�i�b�u�t�i�o�n�s�.�.�. �� �[�3�4�]�.� 

 ��T�h�e� �a�p�p�r�o�a�c�h� �a�l�s�o� �r�e�l�i�e�s� �o�n� �a� �n�u�m�b�e�r� �o�f� �c�o�n�s�e�q�u�e�n�c�e� �m�o�d�e�l�s� �f�o�r� �t�h�e� �v�a�r�i�o�u�s� 

�s�c�e�n�a�r�i�o�s� �u�n�d�e�r� �w�h�i�c�h� �t�h�e� �h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l�s� �o�f� �i�n�t�e�r�e�s�t� �m�a�y� �b�e� �r�e�l�e�a�s�e�d�.�.�.�t�h�e�s�e� 

�m�o�d�e�l�s� �a�r�e� �c�o�m�b�i�n�e�d� �w�i�t�h� �t�h�e� �p�o�p�u�l�a�t�i�o�n� �e�x�p�o�s�u�r�e� �e�s�t�i�m�a�t�e�s�.�.�.�i�n� �o�r�d�e�r� �t�o� �e�s�t�i�m�a�t�e� 

�t�h�e� �a�s�s�o�c�i�a�t�e�d� �f�a�t�a�l�i�t�y� �l�e�v�e�l�s �� �[�3�4�]�.� �T�h�e� �c�o�n�s�i�d�e�r�a�t�i�o�n� �o�f� �l�o�s�s� �o�f� �l�i�f�e� �a�s� �t�h�e� �o�n�l�y� 

�m�e�a�s�u�r�e� �o�f� �c�o�n�s�e�q�u�e�n�c�e� �c�i�r�c�u�m�v�e�n�t�s� �t�h�e� �t�r�a�d�i�t�i�o�n�a�l�l�y� �c�o�n�t�r�o�v�e�r�s�i�a�l� �s�u�b�j�e�c�t� �o�f� �t�h�e� 

�v�a�l�u�e� �o�f� �h�u�m�a�n� �l�i�f�e� �i�n� �t�e�r�m�s� �o�f� �o�t�h�e�r� �m�e�a�s�u�r�e�s�.� �H�o�w�e�v�e�r�,� �i�n� �d�o�i�n�g� �s�o� �w�e� �n�e�g�l�e�c�t� 

�o�t�h�e�r� �m�e�a�s�u�r�e�a�b�l�e� �q�u�a�n�t�i�t�i�e�s� �o�f� �i�m�p�o�r�t�a�n�c�e�.� 

�C�a�l�c�u�l�a�t�i�o�n� �o�f� �r�i�s�k� �i�n� �t�e�r�m�s� �o�f� �t�h�e� �e�x�p�e�c�t�e�d� �m�a�g�n�i�t�u�d�e� �o�f� �c�o�n�s�e�q�u�e�n�c�e�s� �i�s� �t�h�e�n� 

�p�e�r�f�o�r�m�e�d� �f�o�r� �t�h�e� �s�p�e�c�i�f�i�c� �s�c�e�n�a�r�i�o�.�  ��T�h�e� �e�x�p�e�c�t�e�d� �m�a�g�n�i�t�u�d�e� �o�f� �t�h�i�s� �(�l�o�s�s� �o�f� �l�i�f�e�)� 

�c�o�n�s�e�q�u�e�n�c�e� �m�a�y� �b�e� �e�s�t�i�m�a�t�e�d� �b�y� �m�u�l�t�i�p�l�y�i�n�g� �t�h�e� �e�x�p�e�c�t�e�d� �d�e�n�s�i�t�y� �o�f� �p�o�p�u�l�a�t�i�o�n� �i�n� 
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�t�h�a�t� �a�r�e�a� �b�y� �t�h�e� �e�x�p�e�c�t�e�d� �s�i�z�e� �o�f� �t�h�e� �l�e�t�h�a�l� �a�r�e�a�.� �T�o� �b�e� �p�r�e�c�i�s�e�,� �t�h�e� �p�o�p�u�l�a�t�i�o�n� 

�d�e�n�s�i�t�y� �f�a�c�t�o�r� �s�h�o�u�l�d� �i�n�c�l�u�d�e� �a�n�y� �o�n�-� �s�c�e�n�e� �p�r�o�f�e�s�s�i�o�n�a�l�s� �(�t�r�a�i�n� �c�r�e�w�,� �f�i�r�e� �f�i�g�h�t�e�r�s�,� 

�a�n�d� �r�e�l�a�t�e�d� �e�m�e�r�g�e�n�c�y� �p�e�r�s�o�n�n�e�l�)� �a�n�d� �t�h�e� �t�i�m�e� �o�f� �d�a�y� �s�h�o�u�l�d� �b�e� �t�a�k�e�n� �i�n�t�o� 

�a�c�c�o�u�n�t�.�.�. �� �[�3�4�]�.� �T�h�e� �e�s�t�a�b�l�i�s�h�m�e�n�t� �o�f� �d�i�f�f�e�r�e�n�t� �r�i�s�k� �l�e�v�e�l�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �d�i�f�f�e�r�e�n�t� 

�t�y�p�e�s� �o�f� �p�e�r�s�o�n�n�e�l� �(�e�.�g�.�,� �t�r�u�c�k� �d�r�i�v�e�r�s�,� �f�i�r�s�t� �r�e�s�p�o�n�s�e� �p�e�r�s�o�n�n�e�l�,� �e�t�c�.�)� �w�a�s� �n�o�t� �f�o�u�n�d� 

�i�n� �t�h�i�s� �r�e�p�o�r�t ��s� �s�u�r�v�e�y� �o�f� �c�u�r�r�e�n�t� �r�i�s�k� �m�o�d�e�l�i�n�g� �p�r�a�c�t�i�c�e�s�.� �T�h�e� �i�n�c�l�u�s�i�o�n� �o�f� 

�c�o�m�p�u�t�a�t�i�o�n�s� �t�o� �r�e�c�o�g�n�i�z�e� �s�u�c�h� �p�e�r�s�o�n�n�e�l� �w�a�s� �t�h�e�r�e�f�o�r�e� �n�o�t� �c�o�n�s�i�d�e�r�e�d� �f�o�r� �t�h�e� 

�M�a�c�r�o�R�A�D�S�S� �m�o�d�e�l�.� 

�H�a�v�i�n�g� �d�e�v�e�l�o�p�e�d� �t�h�e�i�r� �m�o�d�e�l�,� �R�a�j� �a�n�d� �G�l�i�c�k�m�a�n� �c�o�n�c�l�u�d�e�d� �b�y� �c�o�n�d�u�c�t�i�n�g� 

�s�e�n�s�i�t�i�v�i�t�y� �a�n�a�l�y�s�e�s� �o�n� �t�h�e� �p�a�r�a�m�e�t�e�r�s�.�  ��S�e�n�s�i�t�i�v�i�t�y� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �c�h�l�o�r�i�n�e� �a�n�d� �L�P�G� 

�r�i�s�k� �p�r�o�f�i�l�e�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �t�o� �e�v�a�l�u�a�t�e� �(�i�n�d�e�p�e�n�d�e�n�t�l�y�)� �t�h�e� �e�f�f�e�c�t�s� �o�f� �r�e�d�u�c�i�n�g� �t�h�e� 

�r�e�l�e�a�s�e� �p�r�o�b�a�b�i�l�i�t�y� �(�P�x�)� �a�n�d� �c�o�n�d�u�c�t�i�n�g� �e�m�e�r�g�e�n�c�y� �e�v�a�c�u�a�t�i�o�n �� �[�3�4�]�.� �T�h�i�s� �w�a�s� 

�a�c�c�o�m�p�l�i�s�h�e�d� �b�y� �v�a�r�y�i�n�g� �i�n�p�u�t� �p�a�r�a�m�e�t�e�r� �a�m�o�u�n�t�s� �a�n�d� �o�b�s�e�r�v�i�n�g� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� 

�c�h�a�n�g�e�s� �i�n� �i�n�t�e�r�m�e�d�i�a�t�e� �a�n�d� �o�u�t�p�u�t� �v�a�r�i�a�b�l�e�s�.� 

�3�.�2�.�1�5� �S�a�c�c�o�m�a�n�n�o� �M�o�d�e�l�!� 

�A�p�a�r�t� �f�r�o�m� �t�h�e� �C�a�n�a�d�i�a�n� �R�o�u�t�e� �S�c�r�e�e�n�i�n�g� �M�e�t�h�o�d�,� �a� �s�e�c�o�n�d� �C�a�n�a�d�i�a�n� �m�o�d�e�l� 

�w�a�s� �d�e�v�e�l�o�p�e�d� �b�y� �S�a�c�c�o�m�a�n�n�o� �e�t� �a�l�.� �t�o� �e�v�a�l�u�a�t�e� �v�a�r�i�o�u�s� �r�o�u�t�i�n�g� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� �f�o�r� 

�t�h�e� �C�i�t�y� �o�f� �T�o�r�o�n�t�o�.� �H�e�r�e�,� �t�h�e� �a�t�t�e�m�p�t� �w�a�s� �m�a�d�e� �t�o� �o�b�t�a�i�n� �a�c�t�u�a�l� �c�o�n�s�e�q�u�e�n�c�e�s� 

�r�a�t�h�e�r� �t�h�a�n� �e�x�p�o�s�u�r�e� �v�a�l�u�e�s�.�  ��(�F�o�r� �T�o�r�o�n�t�o�)� �S�a�c�c�o�m�a�n�n�o� �e�t� �a�l�.� �c�o�n�c�l�u�d�e�d� �t�h�a�t� 

�t�r�a�d�i�t�i�o�n�a�l� �m�e�t�h�o�d�s� �o�f� �r�i�s�k� �a�s�s�e�s�s�m�e�n�t� �w�e�r�e� �l�a�c�k�i�n�g� �b�e�c�a�u�s�e� �t�h�e�y� �c�o�n�s�i�d�e�r�e�d� �t�h�e� 

�n�u�m�b�e�r� �o�f� �p�e�r�s�o�n�s� �o�r� �t�h�e� �a�m�o�u�n�t� �o�f� �p�r�o�p�e�r�t�y� �p�o�t�e�n�t�i�a�l�l�y� �e�x�p�o�s�e�d� �t�o� �a� �h�a�z�m�a�t� 

�r�e�l�e�a�s�e�,� �b�u�t� �n�o�t� �t�h�e� �p�r�o�b�a�b�i�l�i�t�y� �t�h�a�t� �t�h�e� �e�x�p�o�s�e�d� �p�e�r�s�o�n�s� �o�r� �p�r�o�p�e�r�t�y� �w�o�u�l�d� �a�c�t�u�a�l�l�y� 
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�"� �i �� �b�e� �h�a�r�m�e�d� �b�y� �a� �r�e�l�e�a�s�e ��  ��t�h�u�s� �t�h�e� �s�p�i�l�l� �i�m�p�a�c�t� �a�r�e�a� �i�s� �i�t�s�e�l�f� �a� �v�a�r�i�a�b�l�e� �w�h�o�s�e� 

�p�r�o�b�a�b�i�l�i�t�y� �d�i�s�t�r�i�b�u�t�i�o�n� �s�h�o�u�l�d� �b�e� �c�o�n�s�i�d�e�r�e�d�.� �T�h�e�r�e�f�o�r�e�,� �S�a�c�c�o�m�a�n�n�o� �e�t� �a�l�.� �u�s�e�d� �a� 

�f�a�u�l�t�-�t�r�e�e� �a�p�p�r�o�a�c�h� �t�o� �t�r�y� �t�o� �i�n�t�e�g�r�a�t�e� �t�h�e�s�e� �v�a�r�i�a�b�i�l�i�t�i�e�s� �a�l�o�n�g� �r�o�u�t�e�s� �a�n�d� �s�e�l�e�c�t� �t�h�e� 

�m�i�n�i�m�u�m� �r�i�s�k� �r�o�u�t�e �� �[�2�6�]�.� �T�h�e� �u�s�e� �o�f� �f�a�u�l�t� �t�r�e�e�s� �h�e�r�e�,� �a�s� �i�n� �t�h�e� �o�t�h�e�r� �m�e�t�h�o�d�s� �w�h�i�c�h� 

�e�m�p�l�o�y� �t�h�e�m�,� �i�s� �m�e�a�n�t� �a�s� �a� �m�e�a�n�s� �o�f� �c�a�t�a�l�o�g�i�n�g� �a�n�d� �g�r�o�u�p�i�n�g� �t�h�e� �v�a�r�i�o�u�s� �r�e�l�e�a�s�e� 

�s�c�e�n�a�r�i�o�s�.�  ��i�n� �g�e�n�e�r�a�l�,� �a� �f�a�u�l�t� �t�r�e�e� �r�e�p�r�e�s�e�n�t�s� �a� �d�e�d�u�c�t�i�v�e� �f�a�i�l�u�r�e� �m�e�c�h�a�n�i�s�m �� �[�4�1�]�.� 

�T�h�e� �r�e�a�d�e�r� �i�s� �r�e�f�e�r�r�e�d� �t�o� �t�h�e� �p�r�e�v�i�o�u�s� �r�e�v�i�e�w� �o�f� �g�e�n�e�r�a�l� �m�o�d�e�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �f�o�r� 

�m�o�r�e� �d�i�s�c�u�s�s�i�o�n� �o�f� �f�a�u�l�t� �t�r�e�e� �u�s�a�g�e�.� 

�I�n� �a� �s�e�n�s�e�,� �t�h�e� �S�a�c�c�o�m�a�n�n�o� �m�o�d�e�l� �d�o�e�s� �n�o�t� �f�i�t� �t�h�e� �s�t�a�n�d�a�r�d� �d�e�f�i�n�i�t�i�o�n� �o�f� �a� �r�i�s�k� 

�m�o�d�e�l� �b�e�c�a�u�s�e� �t�h�e� �r�e�s�u�l�t�s� �a�r�e� �e�x�p�r�e�s�s�e�d� �a�s� �p�r�o�b�a�b�i�l�i�t�i�e�s�.�  ��T�h�e� �u�l�t�i�m�a�t�e� �o�b�j�e�c�t�i�v�e� 

�o�f� �t�h�e� �a�n�a�l�y�s�i�s� �i�s� �t�o� �e�s�t�i�m�a�t�e� �t�h�e� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �o�c�c�u�r�e�n�c�e� �o�f� �a� �s�y�s�t�e�m� �f�a�i�l�u�r�e� �s�u�b�j�e�c�t� 

�t�o� �a� �s�e�q�u�e�n�c�e� �o�f� �p�r�e�c�o�n�d�i�t�i�o�n�i�n�g� �o�r� �p�r�i�o�r� �e�v�e�n�t�s �� �[�4�1�]�.� �T�h�e� �d�e�f�i�n�i�t�i�o�n� �o�f� �t�h�e� �t�h�r�e�s�h�o�l�d� 

�f�o�r�  ��s�y�s�t�e�m� �f�a�i�l�u�r�e �� �g�i�v�e�s� �u�s� �o�u�r� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�h�e� �l�e�v�e�l� �o�f� �c�o�n�s�e�q�u�e�n�c�e�s� �w�e� 

�r�e�q�u�i�r�e�.� �S�i�n�c�e� �t�h�i�s� �o�n�l�y� �c�o�n�s�i�d�e�r�s� �o�n�e� �l�e�v�e�l� �o�f� �c�o�n�s�e�q�u�e�n�c�e�,� �i�t� �i�s� �a� �l�e�s�s� �i�n�f�o�r�m�a�t�i�v�e� 

�a�p�p�r�o�a�c�h�.� �T�h�e� �b�e�n�e�f�i�t� �g�a�i�n�e�d� �i�n� �d�o�i�n�g� �t�h�i�s� �i�s� �t�h�a�t� �o�t�h�e�r� �v�a�r�i�a�b�l�e�s� �i�n� �t�h�e� �m�o�d�e�l� �m�a�y� 

�b�e� �u�s�e�d� �a�s� �t�h�e� �s�t�a�n�d�a�r�d� �o�f� �c�o�m�p�a�r�i�s�o�n�.�  ��T�h�e� �e�v�a�l�u�a�t�i�o�n� �f�o�u�n�d� �v�a�r�i�o�u�s� �p�a�t�h�s� 

�b�e�t�w�e�e�n� �p�o�i�n�t�s� �i�n� �t�h�e� �h�i�g�h�w�a�y� �n�e�t�w�o�r�k� �i�n�c�l�u�d�i�n�g� �m�i�n�i�m�u�m� �t�i�m�e� �r�o�u�t�e�s�,� �m�i�n�i�m�u�m� 

�t�r�u�c�k� �o�p�e�r�a�t�i�n�g� �c�o�s�t� �r�o�u�t�e�s�,� �a�n�d� �m�i�n�i�m�u�m� �r�i�s�k� �r�o�u�t�e�s �� �[�2�6�]�.� �F�o�u�r� �r�o�u�t�i�n�g� �s�t�r�a�t�e�g�i�e�s� 

�a�r�e� �c�o�n�s�i�d�e�r�e�d�:� �m�i�n�i�m�u�m� �t�r�u�c�k� �o�p�e�r�a�t�i�n�g� �c�o�s�t�,� �m�i�n�i�m�u�m� �t�r�u�c�k� �a�c�c�i�d�e�n�t� �r�a�t�e�,� 

�m�i�n�i�m�u�m� �s�p�i�l�l� �d�a�m�a�g�e� �p�o�t�e�n�t�i�a�l�,� �m�i�n�i�m�u�m� �o�b�j�e�c�t�i�v�e� �r�i�s�k� �e�x�p�o�s�u�r�e�.�  ��C�o�m�p�a�r�i�s�o�n�s� 

�a�g�a�i�n�s�t� �m�i�n�i�m�u�m�-� �o�p�e�r�a�t�i�n�g�-�c�o�s�t� �r�o�u�t�e�s� �i�n�d�i�c�a�t�e� �t�h�e� �t�r�a�d�e�-�o�f�f�s� �b�e�t�w�e�e�n� �t�h�e� �b�e�n�e�f�i�t�s� 

�t�o� �s�o�c�i�e�t�y� �a�n�d� �t�h�e� �c�o�s�t�s� �t�o� �t�h�e� �t�r�u�c�k�i�n�g� �i�n�d�u�s�t�r�y �� �[�4�1�]�.� �T�h�e�s�e� �a�l�t�e�r�n�a�t�i�v�e� �m�e�a�s�u�r�e�s� 

�w�e�r�e� �n�o�t� �r�e�q�u�i�r�e�d� �i�n� �t�h�e� �M�a�c�r�o�R�A�D�S�S� �o�b�j�e�c�t�i�v�e�s�,� �s�o� �t�h�i�s� �a�p�p�r�o�a�c�h� �i�s� �i�n�a�p�p�r�o�p�r�i�a�t�e�.� 

�A�l�s�o�,� �a�s� �p�r�e�v�i�o�u�s�l�y� �s�t�a�t�e�d�,� �t�h�e� �c�o�n�s�i�d�e�r�a�t�i�o�n� �o�f� �t�r�u�c�k� �o�p�e�r�a�t�i�n�g� �c�o�s�t�s� �i�n� �r�o�u�t�i�n�g� �i�s� �n�o�t� 

�a� �c�o�n�c�e�r�n� �f�o�r� �m�a�n�y� �g�o�v�e�r�n�m�e�n�t�-�r�e�l�a�t�e�d� �a�p�p�l�i�c�a�t�i�o�n�s�.� 

�3�.� �L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �8�1



�T�o� �c�o�m�p�u�t�e� �t�h�e� �p�r�o�b�a�b�i�l�i�t�y� �p�o�r�t�i�o�n� �o�f� �t�h�e� �r�i�s�k� �e�x�p�r�e�s�s�i�o�n�,� �d�e�f�a�u�l�t� �a�c�c�i�d�e�n�t� �r�a�t�e�s� 

�a�r�e� �u�s�e�d�.� �T�h�e� �d�e�f�a�u�l�t� �a�c�c�i�d�e�n�t� �r�a�t�e�s� �a�r�e� �d�i�s�a�g�g�r�e�g�a�t�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �a�v�a�i�l�a�b�l�e� 

�c�l�a�s�s�e�s� �w�h�i�c�h� �i�n�f�l�u�e�n�c�e� �t�h�e� �a�c�c�i�d�e�n�t� �r�a�t�e�.�  ��B�o�t�h� �a�c�c�i�d�e�n�t� �l�i�k�e�l�i�h�o�o�d� �a�n�d� �c�o�n�s�e�q�u�e�n�t� 

�d�a�m�a�g�e�s� �a�r�e� �a�s�s�u�m�e�d� �t�o� �b�e� �a�f�f�e�c�t�e�d� �b�y� �r�a�n�d�o�m� �e�n�v�i�r�o�n�m�e�n�t�a�l�!� �i�n�f�l�u�e�n�c�e�s�.� �A�s� �a� 

�r�e�s�u�l�t�,� �e�s�t�i�m�a�t�e�s� �o�f� �r�i�s�k� �e�x�p�o�s�u�r�e� �a�l�o�n�g� �s�p�e�c�i�f�i�c� �l�i�n�k�s� �(�r�o�u�t�e�s�)� �o�f� �t�h�e� �r�o�a�d� �n�e�t�w�o�r�k� 

�m�u�s�t� �a�c�c�o�u�n�t� �f�o�r� �v�a�r�i�a�t�i�o�n�s� �i�n�d�u�c�e�d� �b�y�.�.�.�t�h�e�s�e� �i�n�f�l�u�e�n�c�e�s ��  ��T�w�o� �t�y�p�e�s� �o�f� �r�a�n�d�o�m� 

�e�n�v�i�r�o�n�m�e�n�t�a�l� �i�n�f�l�u�e�n�c�e�s� �a�r�e� �c�o�n�s�i�d�e�r�e�d� �i�n� �t�h�i�s� �(�S�a�c�c�o�m�a�n�n�o� �a�n�d� �C�h�a�n�)� �p�a�p�e�r�:� 

�d�e�t�e�r�m�i�n�i�s�t�i�c� �i�n�f�l�u�e�n�c�e�s� �c�a�n� �b�e� �c�o�n�t�r�o�l�l�e�d� �t�h�r�o�u�g�h� �s�p�e�c�i�f�i�c� �p�l�a�n�n�i�n�g� �a�n�d� �d�e�s�i�g�n� 

�o�p�t�i�o�n�s�.� �S�t�o�c�h�a�s�t�i�c� �i�n�f�l�u�e�n�c�e�s�,� �h�o�w�e�v�e�r�.�.�.� �r�e�m�a�i�n� �e�s�s�e�n�t�i�a�l�l�y� �u�n�a�l�t�e�r�a�b�l�e� �i�n� �n�a�t�u�r�e �� 

�[�4�0�]�.� �O�n�c�e� �d�i�s�a�g�g�r�e�g�a�t�e�d�,� �c�o�m�p�a�r�i�s�o�n� �o�f� �a�c�c�i�d�e�n�t� �r�a�t�e� �v�a�l�u�e�s� �p�r�o�v�i�d�e�s� �s�o�m�e� 

�i�n�d�i�c�a�t�i�o�n� �o�f� �t�h�e� �p�a�r�a�m�e�t�e�r ��s� �a�c�t�u�a�l� �i�n�f�l�u�e�n�c�e�.�  ��T�w�o� �c�o�n�t�e�x�t�u�a�l� �f�a�c�t�o�r�s� �w�e�r�e� �f�o�u�n�d� �t�o� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �i�n�f�l�u�e�n�c�e� �t�r�u�c�k� �a�c�c�i�d�e�n�t� �r�a�t�e�s�,� �n�a�m�e�l�y�,� �g�e�o�m�e�t�r�i�c� �d�e�s�i�g�n� �a�n�d� �w�e�a�t�h�e�r �� 

�[�4�1�]�.�  ��A�c�c�i�d�e�n�t� �r�a�t�e�s� �w�e�r�e� �e�s�t�i�m�a�t�e�d� �f�o�r� �d�i�f�f�e�r�e�n�t� �e�n�v�i�r�o�n�m�e�n�t�a�l� �c�o�n�d�i�t�i�o�n�s�,� �i�n�c�l�u�d�i�n�g� 

�b�o�t�h� �d�r�y� �p�a�v�e�m�e�n�t� �a�n�d� �w�e�t� �p�a�v�e�m�e�n�t�,� �a�n�d� �t�h�e� �m�i�n�i�m�u�m�-� �r�i�s�k� �r�o�u�t�e�s� �w�e�r�e� �f�o�u�n�d� �t�o� 

�d�i�f�f�e�r� �u�n�d�e�r� �d�r�y� �a�n�d� �w�e�t� �c�o�n�d�i�t�i�o�n�s �� �[�2�6�]�.� �T�h�e� �u�s�e� �o�f� �d�i�f�f�e�r�e�n�t� �a�c�c�i�d�e�n�t� �r�a�t�e�s� �f�o�r� 

�d�i�f�f�e�r�e�n�t� �w�e�a�t�h�e�r� �c�o�n�d�i�t�i�o�n�s� �i�s� �t�h�e�r�e�f�o�r�e� �a� �v�a�l�i�d� �m�o�d�e�l�i�n�g� �a�p�p�r�o�a�c�h� �w�h�e�n� �u�s�i�n�g� 

�d�e�f�a�u�l�t� �a�c�c�i�d�e�n�t� �r�a�t�e�s�.� 

�T�o� �c�o�m�p�u�t�e� �t�h�e� �c�o�n�s�e�q�u�e�n�c�e� �p�o�r�t�i�o�n� �o�f� �t�h�e� �r�i�s�k� �e�x�p�r�e�s�s�i�o�n�,� �a�c�t�u�a�l� �m�e�a�s�u�r�e�s� 

�o�f� �c�o�n�s�e�q�u�e�n�c�e�s� �(�e�.�g�.�,� �f�a�t�a�l�i�t�i�e�s�,� �i�n�j�u�r�i�e�s�,� �e�t�c�.�)� �a�r�e� �e�s�t�i�m�a�t�e�d�.� �F�i�r�s�t�,� �t�h�e� �i�m�p�a�c�t� �a�r�e�a� 

�i�s� �d�e�t�e�r�m�i�n�e�d� �u�s�i�n�g� �s�p�e�c�i�f�i�c� �s�c�e�n�a�r�i�o� �i�n�f�o�r�m�a�t�i�o�n�.�  ��F�o�*� �e�a�c�h� �s�p�i�l�l�,� �t�h�e� �c�o�n�s�e�q�u�e�n�t� 

�d�a�m�a�g�e�s� �a�r�e� �e�s�t�i�m�a�t�e�d� �i�n� �t�e�r�m�s� �o�f� �s�e�v�e�r�a�l� �i�m�p�a�c�t� �p�r�o�p�a�g�a�t�i�o�n� �r�e�l�a�t�i�o�n�s�h�i�p�s�.� �T�h�e�s�e� 

�r�e�l�a�t�i�o�n�s�h�i�p�s� �e�s�t�i�m�a�t�e� �t�h�e� �m�a�g�n�i�t�u�d�e� �o�f� �t�h�e� �a�f�f�e�c�t�e�d� �a�r�e�a� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �t�h�e� �r�e�l�e�a�s�e� 

�r�a�t�e�,� �d�u�r�a�t�i�o�n� �o�f� �r�e�l�e�a�s�e�,� �w�i�n�d� �s�p�e�e�d�,� �m�a�t�e�r�i�a�l� �t�o�x�i�c�i�t�y�,� �a�n�d� �c�o�n�c�e�n�t�r�a�t�i�o�n �� �[�4�1�]�.� �N�e�x�t�,� 

�t�h�e� �e�x�p�o�s�e�d� �p�o�p�u�l�a�t�i�o�n�s� �a�n�d� �p�r�o�p�e�r�t�y� �w�i�t�h�i�n� �t�h�e� �i�m�p�a�c�t� �a�r�e�a� �a�r�e� �d�e�t�e�r�m�i�n�e�d�.�  ��T�h�e� 

�p�o�p�u�l�a�t�i�o�n� �d�e�n�s�i�t�y� �e�m�p�l�o�y�e�d� �w�i�t�h�i�n� �t�h�e� �m�o�d�e�!� �i�s� �a� �w�e�i�g�h�t�e�d� �s�u�m� �o�f� �t�h�e� �r�e�s�i�d�e�n�t�i�a�l� 

�a�n�d� �e�m�p�l�o�y�m�e�n�t� �p�o�p�u�l�a�t�i�o�n� �i�n� �a�n� �a�r�e�a� �f�o�r� �a� �c�o�m�p�l�e�t�e� �2�4�-�h�r� �d�a�y �� �[�4�1�]�.� 
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�O�n�c�e� �t�h�e� �e�x�p�o�s�e�d� �p�o�p�u�l�a�t�i�o�n�s� �a�n�d� �p�r�o�p�e�r�t�y� �a�r�e� �d�e�t�e�r�m�i�n�e�d�,� �t�h�e� �e�x�p�e�c�t�e�d� 

�n�u�m�b�e�r� �o�f� �f�a�t�a�l�i�t�i�e�s�,� �i�n�j�u�r�i�e�s� �a�n�d� �p�r�o�p�e�r�t�y� �d�a�m�a�g�e�d� �a�r�e� �c�o�m�p�u�t�e�d�.�  ��A�n�a�l�y�s�i�s� �o�f� �1�4�0� 

�a�c�c�i�d�e�n�t� �p�r�o�f�i�l�e�s� �f�r�o�m� �F�H�W�A� �r�e�c�o�r�d�s� �f�r�o�m� �1�9�7�3� �t�h�r�o�u�g�h� �1�9�7�9� �p�r�o�v�i�d�e�s� �a�n� �e�s�t�i�m�a�t�e� 

�o�f� �t�h�e� �p�r�o�p�o�r�t�i�o�n� �o�f� �a�c�c�i�d�e�n�t�a�l� �s�p�i�l�l�s� �t�h�a�t� �r�e�s�u�l�t� �i�n� �f�a�t�a�l�i�t�i�e�s�,� �i�n�j�u�r�i�e�s�,� �a�n�d� �p�r�o�p�e�r�t�y� 

�d�a�m�a�g�e �� �[�4�0�]�.�  ��E�s�s�e�n�t�i�a�l�l�y�,� �i�n� �t�h�i�s� �a�s�p�e�c�t� �t�h�e� �l�o�n�g�-�t�e�r�m� �e�f�f�e�c�t�s� �o�f� �d�a�n�g�e�r�o�u�s� �g�o�o�d�s� 

�s�p�i�l�l�s�,� �s�u�c�h� �a�s� �a�n�y� �c�a�r�c�i�n�o�g�e�n�i�c� �e�f�f�e�c�t�s�,� �a�r�e� �i�g�n�o�r�e�d�.� �E�x�p�o�s�u�r�e� �t�o� �l�o�n�g�-�t�e�r�m� �e�f�f�e�c�t�s� 

�i�s� �f�r�e�q�u�e�n�t�l�y� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �i�m�m�e�d�i�a�t�e� �p�o�p�u�l�a�t�i�o�n� �i�m�p�a�c�t�s �� �[�4�1�]�.� �C�o�s�t� �o�f� �t�h�e� �a�c�c�i�d�e�n�t� 

�i�n�c�u�r�r�e�d� �b�y� �t�h�e� �s�h�i�p�p�e�r� �i�s� �n�o�t� �c�o�n�s�i�d�e�r�e�d�.�  ��A�c�c�i�d�e�n�t� �c�o�s�t�s� �(�t�o� �s�h�i�p�p�e�r�s�)� �o�c�c�u�r� �t�o�o� 

�9� �6�6� �i�n�f�r�e�q�u�e�n�t�l�y� �a�n�d� �t�o�o� �r�a�n�d�o�m�l�y� �t�o� �b�e� �p�e�r�c�e�i�v�e�d�.�.�. ��  ��a� �l�a�r�g�e� �c�o�m�p�o�n�e�n�t� �o�f� �t�h�e� �d�a�m�a�g�e� 

�f�r�o�m� �s�p�e�c�i�f�i�c� �a�c�c�i�d�e�n�t�s� �m�a�y� �b�e� �s�h�a�r�e�d� �b�y� �t�h�e� �t�r�u�c�k�i�n�g� �i�n�d�u�s�t�r�y� �a�s� �a� �w�h�o�l�e� �t�h�r�o�u�g�h� 

�u�n�i�v�e�r�s�a�l� �i�n�s�u�r�a�n�c�e� �p�r�e�m�i�u�m� �i�n�c�r�e�a�s�e�s �� �[�4�0�]�.� 

�A�l�t�h�o�u�g�h� �t�h�e� �c�o�m�p�u�t�i�n�g� �o�f� �a�c�t�u�a�l� �c�o�n�s�e�q�u�e�n�c�e� �l�e�v�e�l�s� �i�s� �n�o�t� �u�n�i�v�e�r�s�a�l�l�y� 

�a�c�c�e�p�t�e�d�,� �t�h�e� �k�e�y� �c�o�n�t�r�o�v�e�r�s�y� �i�n� �u�s�i�n�g� �t�h�i�s� �m�o�d�e�!� �i�s� �p�r�o�b�a�b�l�y� �t�h�e� �w�a�y� �i�n� �w�h�i�c�h� �t�h�e� 

�c�o�n�s�e�q�u�e�n�c�e� �m�e�a�s�u�r�e�s� �a�r�e� �c�o�m�b�i�n�e�d�.� �I�n� �t�h�e� �S�a�c�c�o�m�a�n�n�o� �m�o�d�e�l� �t�h�i�s� �i�s� �i�n� �t�h�e� �f�o�r�m� 

�o�f� �a� �t�o�t�a�l� �i�n�c�u�r�r�e�d� �c�o�s�t�.� �T�h�e�  ��t�o�t�a�l� �c�o�s�t� �o�f� �d�a�m�a�g�e� �o�n� �l�i�n�k� �k� �f�r�o�m� �t�o�x�i�c� �i�m�p�a�c�t� �C�,� �,� 

�c�o�n�t�a�i�n�s� �v�a�r�i�a�b�l�e�s� �C�,�;� �a�n�d� �C�,� �w�h�i�c�h� �r�e�p�r�e�s�e�n�t� �t�h�e� �a�v�e�r�a�g�e� �r�e�a�l� �c�o�s�t� �v�a�l�u�e� �o�f� �i�n�j�u�r�i�e�s� 

�a�n�d� �f�a�t�a�l�i�t�i�e�s�,� �r�e�s�p�e�c�t�i�v�e�l�y �� �[�4�0�]�;� �t�h�u�s� �r�e�q�u�i�r�i�n�g� �a� �d�o�l�l�a�r� �e�q�u�i�v�a�l�e�n�t� �c�o�s�t� �f�o�r� �p�e�r�s�o�n�a�l� 

�i�n�j�u�r�y� �a�n�d� �l�o�s�s� �o�f� �l�i�f�e�.� �D�o�l�l�a�r� �v�a�l�u�e�s� �f�o�r� �b�o�d�i�l�y� �i�n�j�u�r�i�e�s� �a�n�d� �h�u�m�a�n� �l�i�f�e� �a�r�e� �a�t� �b�e�s�t� 

�c�o�m�p�l�e�x� �p�o�l�i�t�i�c�a�l� �a�n�d� �p�h�i�l�o�s�o�p�h�i�c�a�l� �q�u�e�s�t�i�o�n�s�.� �T�h�e�y� �c�a�n� �n�o�t� �r�e�f�l�e�c�t� �t�h�e� �i�r�r�e�p�l�a�c�e�a�b�l�e� 

�n�a�t�u�r�e� �o�f� �p�e�o�p�l�e� �r�e�l�a�t�i�v�e� �t�o� �p�r�o�p�e�r�t�y�.� �C�o�n�s�e�q�u�e�n�t�l�y�,� �o�t�h�e�r� �m�e�t�h�o�d�s� �w�h�i�c�h� �a�v�o�i�d� �s�u�c�h� 

�a�b�s�t�r�a�c�t�i�o�n�s� �a�r�e� �t�o� �b�e� �p�r�e�f�e�r�r�e�d�.� 

�E�v�e�n� �s�o�,� �s�o�m�e� �o�f� �t�h�e� �c�o�n�c�l�u�s�i�o�n�s� �r�e�a�c�h�e�d� �i�n� �t�h�e� �i�n�i�t�i�a�l� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �t�h�i�s� �m�o�d�e�l� 

�h�a�v�e� �f�a�r� �r�e�a�c�h�i�n�g� �i�m�p�l�i�c�a�t�i�o�n�s� �f�o�r� �f�u�t�u�r�e� �m�o�d�e�l� �d�e�v�e�l�o�p�m�e�n�t�.� �R�e�s�u�l�t�s� �o�f� 

�S�a�c�c�o�m�a�n�n�o ��s� �m�o�d�e�l�i�n�g�:� 

�1�)�  ��A�c�c�i�d�e�n�t� �c�o�s�t�s� �a�r�e� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t� �i�n� �r�e�l�a�t�i�o�n� �t�o� �e�i�t�h�e�r� �r�i�s�k� �o�r� �t�r�u�c�k� 
�o�p�e�r�a�t�i�n�g� �c�o�s�t�s� �a�n�d� �c�a�n� �t�h�u�s� �b�e� �i�g�n�o�r�e�d �� 

�2�)�  ��.�.�.�m�i�n�i�m�u�m� �a�c�c�i�d�e�n�t� �l�i�k�e�l�i�h�o�o�d� �s�t�r�a�t�e�g�y� �i�s� �n�o�t� �c�o�s�t�-�e�f�f�e�c�t�i�v�e �� 
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�3�)�  ��.�.�m�i�n�i�m�u�m� �a�c�c�i�d�e�n�t� �l�i�k�e�l�i�h�o�o�d� �r�o�u�t�e�s� �c�o�n�s�i�s�t�e�n�t�l�y� �y�i�e�l�d� �b�o�t�h� �h�i�g�h�e�r� 
�r�i�s�k� �v�a�l�u�e�s� �a�n�d�,� �i�n� �m�o�s�t� �c�a�s�e�s�,� �h�i�g�h�e�r� �o�p�e�r�a�t�i�n�g� �c�o�s�t�s �� 
�4�)�  ��E�n�v�i�r�o�n�m�e�n�t�a�l� �c�o�n�d�i�t�i�o�n�s�.�.�.�(�d�r�y� �v�s�.� �w�e�t� �p�a�v�e�m�e�n�t� �a�n�d� �r�e�s�t�r�i�c�t�e�d� �v�s�.� 

�u�n�r�e�s�t�r�i�c�t�e�d� �v�i�s�i�b�i�l�i�t�y�)� �d�o� �n�o�t� 
�g�e�n�e�r�a�l�l�y� �a�p�p�e�a�r� �t�o� �a�l�t�e�r� �t�h�e�s�e� �c�o�s�t� �t�r�a�d�e�-�o�f�f�s� 
�t�o� �a�n�y� �l�a�r�g�e� �e�x�t�e�n�t �� �[�4�0�]�.� 

�I�g�n�o�r�i�n�g� �a�c�c�i�d�e�n�t� �(�i�n� �s�y�s�t�e�m�)� �c�o�s�t�s� �s�i�m�p�l�i�f�i�e�s� �t�h�e� �t�a�s�k� �o�f� �d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �p�r�o�p�e�r�t�y� 

�d�a�m�a�g�e�s� �i�n�c�u�r�r�e�d�.� �I�t� �w�o�u�l�d� �a�l�s�o� �s�e�e�m� �f�r�o�m� �t�h�e�s�e� �c�o�n�c�l�u�s�i�o�n�s� �t�h�a�t� �f�u�r�n�i�s�h�i�n�g� 

�a�c�c�i�d�e�n�t� �l�i�k�e�l�i�h�o�o�d� �v�a�l�u�e�s� �s�h�o�u�l�d� �b�e� �p�r�e�f�a�c�e�d� �b�y� �t�h�e�s�e� �o�b�s�e�r�v�a�t�i�o�n�s� �w�i�t�h� �t�h�e� 

�s�u�g�g�e�s�t�i�o�n� �t�h�a�t� �s�u�c�h� �c�o�n�c�e�r�n�s� �b�e� �k�e�p�t� �i�n� �m�i�n�d� �b�e�f�o�r�e� �u�s�i�n�g� �s�u�c�h� �d�a�t�a� �f�o�r� �r�o�u�t�i�n�g�.� 

�F�i�n�a�l�l�y�,� �o�u�r� �p�r�e�v�i�o�u�s� �c�o�n�s�i�d�e�r�a�t�i�o�n� �o�f� �w�e�a�t�h�e�r� �c�o�n�d�i�t�i�o�n�s� �a�p�p�e�a�r�s� �t�o� �h�a�v�e� �l�i�t�t�l�e� 

�s�i�g�n�i�f�i�c�a�n�c�e� �i�n� �t�h�e� �r�e�l�a�t�i�v�e� �r�a�n�k�i�n�g� �o�f� �m�u�l�t�i�p�l�e� �r�o�u�t�e� �s�e�g�m�e�n�t�s�,� �a�n�d� �s�o� �c�a�n� �b�e� �i�g�n�o�r�e�d�.� 

�3�.�2�.�1�6� �K�a�n�s�a�s� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y� �(�K�S�U�)� �m�o�d�e�l�i�n�g� 

�I�n� �1�9�8�6� �a� �t�e�c�h�n�i�q�u�e� �f�o�r� �s�m�a�l�l� �c�o�m�m�u�n�i�t�i�e�s� �(�i�.�e�.�,� �p�o�p�u�l�a�t�i�o�n� �u�n�d�e�r� �5�0�,�0�0�0� �p�e�o�p�l�e�)� 

�t�o� �e�v�a�l�u�a�t�e� �t�h�e�i�r� �o�v�e�r�a�l�l� �r�i�s�k� �a�n�d� �v�u�l�n�e�r�a�b�i�l�i�t�y� �t�o� �h�a�z�a�r�d�o�u�s� �m�a�t�e�r�i�a�l�s� �a�c�c�i�d�e�n�t�s� �w�a�s� 

�p�r�e�p�a�r�e�d� �a�t� �K�a�n�s�a�s� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y�.� �T�h�i�s� �m�e�t�h�o�d� �i�n�t�r�o�d�u�c�e�d� �n�e�w� �d�a�t�a� �g�a�t�h�e�r�i�n�g� �a�n�d� 

�i�n�t�e�r�p�r�e�t�a�t�i�o�n� �t�e�c�h�n�i�q�u�e�s� �w�h�i�c�h� �w�i�l�l� �b�e� �d�i�s�c�u�s�s�e�d� �b�e�l�o�w�.� �I�t� �s�h�o�u�l�d� �b�e� �m�e�n�t�i�o�n�e�d� �a�t� 

�t�h�e� �o�u�t�s�e�t� �t�h�a�t� �t�h�i�s� �m�o�d�e�l� �h�a�s� �d�i�f�f�e�r�e�n�t� �o�b�j�e�c�t�i�v�e�s� �f�r�o�m� �M�a�c�r�o�R�A�D�S�S� �a�n�d� �s�o� �m�o�d�e�l�i�n�g� 

�t�e�c�h�n�i�q�u�e�s� �a�r�e� �s�u�b�s�t�a�n�t�i�a�l�l�y� �d�i�f�f�e�r�e�n�t�.� �T�h�e� �K�S�U� �m�o�d�e�l� �i�s� �n�o�t� �c�o�n�c�e�r�n�e�d� �w�i�t�h� �t�h�e� 

�c�a�l�c�u�l�a�t�i�o�n� �o�f� �d�i�f�f�e�r�e�n�t� �r�i�s�k�s� �a�n�d� �v�u�l�n�e�r�a�b�i�l�i�t�i�e�s� �f�o�r� �s�t�r�e�e�t�s� �w�i�t�h�i�n� �a� �j�u�r�i�s�d�i�c�t�i�o�n� �n�o�r� �f�o�r� 

�n�e�c�e�s�s�a�r�i�l�y� �c�o�m�p�a�r�i�n�g� �m�u�l�t�i�p�l�e� �j�u�r�i�s�d�i�c�t�i�o�n�s�.� �R�a�t�h�e�r�,� �t�h�e� �m�o�d�e�l� �i�s� �i�n�t�e�n�d�e�d� �t�o� �g�i�v�e� 

�a� �c�o�m�m�u�n�i�t�y� �s�o�m�e� �i�d�e�a� �o�f� �i�t�s� �d�e�g�r�e�e� �o�f� �r�i�s�k� �a�n�d� �v�u�l�n�e�r�a�b�i�l�i�t�y� �o�n� �a�n� �a�b�s�o�l�u�t�e� �s�c�a�l�e�.� 

�P�e�r�h�a�p�s� �t�h�e� �s�t�r�o�n�g�e�s�t� �f�e�a�t�u�r�e� �a�b�o�u�t� �t�h�e� �m�o�d�e�l� �i�s� �i�t�s� �e�x�h�a�u�s�t�i�v�e� �t�r�e�a�t�m�e�n�t� �o�f� 

�d�a�t�a� �c�o�l�l�e�c�t�i�o�n� �t�e�c�h�n�i�q�u�e�s� �f�o�r� �m�u�n�i�c�i�p�a�l�i�t�i�e�s�.� �T�h�e� �f�i�r�s�t� �o�f� �t�h�e� �d�a�t�a� �g�a�t�h�e�r�i�n�g� �s�t�e�p�s� 
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�r�e�q�u�i�r�e�s� �t�h�e� �c�o�l�l�e�c�t�i�o�n� �o�f� �t�o�p�o�g�r�a�p�h�i�c� �m�a�p�s�,� �a�e�r�i�a�l� �p�h�o�t�o�g�r�a�p�h�s� �a�n�d� �p�r�e�v�a�i�l�i�n�g� �w�i�n�d� 

�d�a�t�a�.� �I�n� �t�h�e� �s�e�c�o�n�d� �s�t�e�p�,� �t�h�i�s� �i�n�f�o�r�m�a�t�i�o�n� �i�s� �a�u�g�m�e�n�t�e�d� �b�y� �l�o�c�a�t�i�n�g� �t�h�o�s�e� �b�u�s�i�n�e�s�s�e�s� 

�t�h�a�t� �m�a�n�u�f�a�c�t�u�r�e� �o�r� �s�t�o�r�e� �h�a�z�m�a�t�s� �i�n� �q�u�a�n�t�i�t�y�.� �T�h�e� �p�u�r�p�o�s�e� �h�e�r�e� �i�s� �t�o� �i�d�e�n�t�i�f�y� �t�h�e� 

�q�u�a�n�t�i�t�y� �a�n�d� �t�y�p�e�s� �o�f� �h�a�z�m�a�t�s� �w�h�i�c�h� �r�e�m�a�i�n� �f�o�r� �e�x�t�e�n�d�e�d� �p�e�r�i�o�d�s� �i�n� �t�h�e� �c�o�m�m�u�n�i�t�y�.� 

�T�h�i�s� �i�s� �c�o�n�d�u�c�t�e�d� �t�h�r�o�u�g�h� �t�h�e� �m�o�d�e�r�a�t�e�l�y� �e�f�f�e�c�t�i�v�e� �m�e�t�h�o�d�s� �o�f� �m�a�i�l�i�n�g� �s�u�r�v�e�y� �f�o�r�m�s� 

�f�o�l�l�o�w�e�d� �u�p� �b�y� �t�e�l�e�p�h�o�n�e� �i�n�t�e�r�v�i�e�w�s� �f�o�r� �t�h�o�s�e� �w�h�o� �d�o�n ��t� �r�e�s�p�o�n�d�.� �T�h�e� �p�o�i�n�t� �o�f� 

�i�n�c�l�u�d�i�n�g� �s�u�c�h� �a� �t�e�r�m� �m�u�s�t� �b�e� �c�o�n�s�i�d�e�r�e�d� �c�a�u�t�i�o�u�s�l�y� �a�s� �w�e� �a�r�e� �d�e�p�a�r�t�i�n�g� �f�r�o�m� �t�h�e� 

�c�o�n�s�i�d�e�r�a�t�i�o�n� �o�f� �h�a�z�m�a�t�s� �o�n� �t�h�e� �h�i�g�h�w�a�y� �n�e�t�w�o�r�k�.� �C�o�n�s�i�d�e�r�a�t�i�o�n� �o�f� �s�u�c�h� �s�i�t�u�a�t�i�o�n�s� 

�a�s� �i�n�d�u�s�t�r�i�e�s� �t�h�a�t� �k�e�e�p� �c�o�n�t�i�n�u�o�u�s� �s�t�o�c�k�p�i�l�e�s�,� �a�d�d�i�t�i�o�n�a�l� �c�o�n�t�a�i�n�m�e�n�t� �a�f�f�o�r�d�e�d� �b�y� 

�s�t�a�t�i�o�n�a�r�y� �h�a�z�m�a�t�s�,� �e�t�c�.� �a�r�e� �n�e�c�e�s�s�a�r�y� �w�h�e�n� �o�u�r� �c�o�n�c�e�r�n� �i�s� �n�o�t� �l�i�m�i�t�e�d� �t�o� �t�h�e� 

�h�i�g�h�w�a�y� �n�e�t�w�o�r�k�.� �O�t�h�e�r� �i�n�f�o�r�m�a�t�i�o�n� �r�e�g�a�r�d�i�n�g� �f�l�o�w� �d�a�t�a� �f�o�r� �a�l�l� �h�a�z�m�a�t� �t�y�p�e�s� �f�o�r� �a�l�l� 

�m�o�d�e�s� �o�f� �t�r�a�n�s�p�o�r�t� �i�s� �t�h�e�n� �r�e�q�u�i�r�e�d� �f�o�r� �f�i�n�a�l� �a�n�a�l�y�s�i�s�.� 

�T�h�e� �t�y�p�e�s� �o�f� �i�n�f�o�r�m�a�t�i�o�n� �r�e�f�e�r�e�n�c�e�d� �a�b�o�v�e� �s�h�o�u�l�d� �b�e� �a�v�a�i�l�a�b�l�e� �t�o� �m�o�s�t� �i�f� �n�o�t� �a�l�l� 

�l�o�c�a�l�i�t�i�e�s� �i�n� �t�h�e� �U�n�i�t�e�d� �S�t�a�t�e�s� �a�n�d� �s�h�o�u�l�d� �b�e� �v�e�r�y� �e�a�s�y� �t�o� �i�n�t�e�r�p�r�e�t� �f�o�r� �s�m�a�i�j�l�e�r� 

�j�u�r�i�s�d�i�c�t�i�o�n�s�.� �T�h�e� �p�r�o�b�l�e�m� �h�e�r�e� �i�s� �i�n� �t�h�e� �s�i�z�e� �o�f� �t�h�e� �d�a�t�a� �r�e�q�u�i�r�e�d� �f�o�r� �s�t�a�t�e�w�i�d�e� 

�a�n�a�l�y�s�i�s� �a�n�d� �t�h�e� �a�m�o�u�n�t� �o�f� �t�i�m�e� �r�e�q�u�i�r�e�d� �f�o�r� �d�a�t�a� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �i�n� �c�o�m�b�i�n�i�n�g� �t�h�e� �d�a�t�a� 

�i�n�t�o� �i�t�s� �f�i�n�a�l� �f�o�r�m�a�t� �a�n�d� �i�n� �t�h�e� �s�u�b�s�e�q�u�e�n�t� �a�n�a�l�y�s�i�s�.� �C�o�n�s�e�q�u�e�n�t�l�y�,� �n�o�n�e� �o�f� �t�h�e� �i�t�e�m�s� 

�r�e�q�u�e�s�t�e�d� �c�a�n� �b�e� �u�s�e�d� �i�n� �t�h�e� �s�t�a�t�e�w�i�d�e� �a�p�p�r�o�a�c�h� �w�e ��v�e� �c�h�o�s�e�n�.� 

�A�n�a�l�y�s�i�s� �c�o�n�t�i�n�u�e�s� �b�y� �p�h�y�s�i�c�a�l�l�y� �d�r�a�w�i�n�g� �t�h�e� �i�m�p�a�c�t� �a�r�e�a�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �e�a�c�h� 

�r�o�u�t�e� �o�n� �l�a�n�d� �u�s�e� �m�a�p�s� �o�f� �t�h�e� �j�u�r�i�s�d�i�c�t�i�o�n�.� �A� �o�n�e� �m�i�l�e� �c�o�r�r�i�d�o�r� �w�i�d�t�h� �i�s� �u�s�e�d� �e�v�e�n� 

�t�h�o�u�g�h� �d�i�f�f�e�r�e�n�t� �h�a�z�m�a�t�s� �h�a�v�e� �d�i�f�f�e�r�e�n�t� �a�r�e�a�s� �o�f� �e�f�f�e�c�t�.� �A�l�s�o�,� �t�h�e� �c�o�r�r�i�d�o�r� �i�s� �c�e�n�t�e�r�e�d� 

�o�v�e�r� �t�h�e� �r�o�a�d�w�a�y� �e�v�e�n� �t�h�o�u�g�h� �t�o�p�o�g�r�a�p�h�i�c� �a�n�d� �w�i�n�d� �d�a�t�a� �m�a�y� �h�a�v�e� �b�e�e�n� 

�a�c�c�u�m�u�l�a�t�e�d�.� �T�h�e� �b�o�u�n�d�a�r�i�e�s� �o�f� �o�n�e� �m�i�l�e� �l�o�n�g� �s�e�g�m�e�n�t�s� �o�f� �t�h�i�s� �c�o�r�r�i�d�o�r� �a�r�e� 

�a�r�b�i�t�r�a�r�i�l�y� �c�h�o�s�e�n� �s�o� �t�h�a�t� �t�h�e� �l�i�m�i�t�s� �o�f� �e�x�p�o�s�e�d�,� �d�e�v�e�l�o�p�e�d� �p�r�o�p�e�r�t�y� �m�a�y� �b�e� 

�d�e�t�e�r�m�i�n�e�d�.� �T�h�i�s� �i�s� �d�o�n�e� �s�o� �t�h�a�t� �a� �r�i�s�k� �p�e�r� �u�n�i�t� �m�i�l�e� �t�e�r�m� �m�a�y� �b�e� �o�b�t�a�i�n�e�d� �a�l�t�h�o�u�g�h� 

�t�h�a�t� �f�a�c�t� �i�s� �n�o�t� �e�x�p�l�i�c�i�t�l�y� �s�t�a�t�e�d�.� �T�h�e� �a�p�p�r�o�x�i�m�a�t�i�o�n� �i�s� �a� �c�r�u�d�e� �o�n�e� �i�n� �t�h�a�t� �t�h�e� �n�e�a�r�e�s�t� 
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�w�h�o�l�e� �m�i�l�e� �o�f� �r�o�u�t�e� �i�s� �u�s�e�d�.� �F�o�r� �s�m�a�l�l� �l�a�n�d� �a�r�e�a� �j�u�r�i�s�d�i�c�t�i�o�n�s� �a�n�d� �t�h�o�s�e� �w�i�t�h� �h�a�z�m�a�t� 

�t�r�a�f�f�i�c� �r�o�u�t�e�s� �u�n�d�e�r� �o�n�e� �m�i�l�e� �l�o�n�g�,� �t�h�i�s� �e�r�r�o�r� �s�o�u�r�c�e� �m�a�y� �y�i�e�l�d� �n�o�n�r�e�p�r�e�s�e�n�t�a�t�i�v�e� 

�v�a�l�u�e�s� �f�o�r� �c�o�n�s�e�q�u�e�n�c�e� �t�e�r�m�s�.� �A�l�s�o�,� �t�h�e� �d�e�f�i�n�i�t�i�o�n� �o�f�  ��e�d�g�e� �o�f� �a� �c�i�t�y ��s� �g�r�o�w�t�h �� �m�u�s�t� 

�b�e� �s�e�t� �f�o�r�t�h� �i�n� �t�h�e� �m�e�t�h�o�d� �d�e�s�c�r�i�p�t�i�o�n� �s�o� �a�s� �t�o� �f�a�c�i�l�i�t�a�t�e� �c�o�r�r�e�c�t� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �f�o�r� 

�c�i�t�i�e�s� �w�i�t�h� �g�r�e�e�n� �b�e�l�t� �z�o�n�e�s� �o�r� �l�a�r�g�e� �p�a�r�k�s� �o�r� �a�g�r�i�c�u�l�t�u�r�a�l� �f�a�c�i�l�i�t�i�e�s�.� 

�N�e�x�t�,� �a�  ��r�i�s�k� �s�u�b�f�a�c�t�o�r �� �i�s� �d�e�t�e�r�m�i�n�e�d� �w�h�i�c�h�,� �i�n� �r�e�a�l�i�t�y�,� �r�e�f�l�e�c�t�s� �t�h�e� �l�i�k�e�l�i�h�o�o�d� 

�(�o�r� �p�r�o�b�a�b�i�l�i�t�y�)� �o�f� �a� �c�e�r�t�a�i�n�,� �g�i�v�e�n� �l�e�v�e�l� �o�f� �h�a�z�m�a�t� �e�f�f�e�c�t�s� �o�f� �a� �g�i�v�e�n� �n�a�t�u�r�e� �t�o� �o�c�c�u�r� 

�f�o�r� �t�h�e� �c�i�t�y� �a�s� �a� �w�h�o�l�e�.� �I�t� �a�t�t�e�m�p�t�s� �t�o� �c�o�n�s�i�d�e�r� �a�l�l� �m�o�d�e�s� �o�f� �t�r�a�n�s�p�o�r�t� �b�y� �g�a�t�h�e�r�i�n�g� 

�f�l�o�w� �d�a�t�a� �o�n� �e�a�c�h� �m�o�d�e� �a�n�d� �o�b�t�a�i�n�i�n�g� �t�h�e� �e�q�u�i�v�a�l�e�n�t� �n�u�m�b�e�r� �o�f� �t�r�u�c�k�s� �b�y� �a�n� �a�r�b�i�t�r�a�r�y� 

�s�c�a�l�e�.� �O�n�c�e� �a�g�a�i�n�,� �w�h�e�n� �s�u�c�h� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� �o�c�c�u�r� �w�i�t�h�i�n� �t�h�e� �m�o�d�e�l�,� �w�e� �l�e�a�v�e� �t�h�e� 

�r�e�a�l�m� �o�f� �t�h�e� �h�i�g�h�w�a�y� �n�e�t�w�o�r�k� �w�i�t�h� �t�h�e� �a�s�s�o�c�i�a�t�e�d� �r�a�m�i�f�i�c�a�t�i�o�n�s� �a�s� �p�r�e�v�i�o�u�s�l�y� 

�m�e�n�t�i�o�n�e�d�.� �l�f� �a� �m�a�t�e�r�i�a�l� �i�s� �c�a�p�a�b�l�e� �o�f� �m�o�r�e� �t�h�a�n� �o�n�e� �t�y�p�e� �o�f� �r�e�l�e�a�s�e�,� �f�l�o�w� �d�a�t�a� �f�o�r� 

�t�h�e�s�e� �t�y�p�e�s� �o�f� �h�a�z�m�a�t�s� �a�r�e� �m�u�l�t�i�p�l�i�e�d� �b�y� �t�h�e� �n�u�m�b�e�r� �o�f� �s�u�c�h� �t�y�p�e�s� �o�f� �r�e�l�e�a�s�e� �(�1�,�2� �o�r� 

�3� �i�n� �t�h�e� �p�r�e�s�e�n�t� �m�o�d�e�l�)�.� �T�h�i�s� �d�o�e�s� �n�o�t� �c�o�n�s�i�d�e�r� �t�h�e� �d�i�f�f�e�r�e�n�t� �p�r�o�p�e�r�t�i�e�s� �o�f� �t�h�e�s�e� 

�d�i�f�f�e�r�e�n�t� �t�y�p�e�s� �o�f� �r�e�l�e�a�s�e� �n�o�r� �d�o�e�s� �i�t� �c�o�n�s�i�d�e�r� �t�h�e� �r�e�l�a�t�i�v�e� �l�i�k�e�l�i�h�o�o�d� �o�f� �e�a�c�h� �t�y�p�e� �o�f� 

�r�e�l�e�a�s�e� �o�c�c�u�r�i�n�g�.� 

�T�h�e� �o�t�h�e�r� �c�o�m�p�o�n�e�n�t� �o�f� �r�i�s�k�,� �t�h�e�  ��c�o�n�s�e�q�u�e�n�c�e� �s�u�b�f�a�c�t�o�r �� �i�s� �t�h�e�n� �c�o�m�p�u�t�e�d� �i�n� 

�s�i�m�i�l�a�r� �f�a�s�h�i�o�n� �t�o� �t�h�e� �M�R�I� �m�o�d�i�f�i�e�d� �F�H�W�A� �m�e�t�h�o�d�o�l�o�g�y� �w�h�i�c�h� �i�s� �t�h�e� �b�a�s�i�s� �f�o�r� �t�h�e� 

�M�a�c�r�o�R�A�D�S�S� �t�e�c�h�n�i�q�u�e�.� �H�e�r�e�,� �t�h�e� �u�n�i�t�s� �a�r�e�:� �p�e�o�p�l�e� �p�e�r� �m�i�l�e� �o�f� �r�o�u�t�e�,� �a�v�e�r�a�g�e� 

�p�e�r�c�e�n�t�a�g�e� �o�f� �r�o�u�t�e ��s� �i�m�p�a�c�t� �a�r�e�a� �c�o�v�e�r�e�d� �b�y� �w�a�t�e�r�,� �t�o�t�a�l�  ��l�a�n�d� �u�s�e� �v�a�l�u�e�s �� �(�a�n� 

�a�r�b�i�t�r�a�r�y� �s�c�a�l�e� �f�o�r� �e�q�u�a�t�i�n�g� �d�i�f�f�e�r�e�n�t� �t�y�p�e�s� �o�f� �l�a�n�d� �u�s�e�)� �p�e�r� �m�i�l�e� �o�f� �r�o�u�t�e�,� �a�n�d� �a� 

�m�o�d�i�f�i�e�d� �n�u�m�b�e�r� �r�e�p�r�e�s�e�n�t�i�n�g� �t�h�e� �n�u�m�b�e�r� �o�f� �h�a�z�m�a�t� �m�a�n�u�f�a�c�t�u�r�i�n�g� �a�n�d� �s�t�o�r�a�g�e� 

�f�a�c�i�l�i�t�i�e�s� �p�e�r� �m�i�l�e� �o�f� �r�o�u�t�e�.� �T�h�e� �m�o�d�i�f�i�c�a�t�i�o�n� �h�e�r�e� �i�s� �t�o� �e�q�u�a�t�e� �v�a�r�i�o�u�s� �f�a�c�i�l�i�t�i�e�s� �o�f� 

�d�i�f�f�e�r�e�n�t� �s�i�z�e� �a�n�d� �p�r�o�x�i�m�i�t�y� �t�o� �e�a�c�h� �o�t�h�e�r�.� �I�t� �s�h�o�u�l�d� �b�e� �p�o�i�n�t�e�d� �o�u�t� �t�h�a�t� �n�o�t� �a�l�l� �s�u�r�f�a�c�e� 

�w�a�t�e�r� �i�s� �u�s�e�d� �a�s� �p�o�t�a�b�l�e� �w�a�t�e�r� �s�u�p�p�l�i�e�s�,� �n�o�r� �d�o� �a�l�l� �s�u�p�p�o�r�t� �t�h�e� �s�a�m�e� �d�e�g�r�e�e� �o�f� �f�i�s�h� 

�a�n�d� �w�i�l�d�l�i�f�e�,� �e�t�c�.�.� �T�h�e� �K�S�U� �a�p�p�r�o�a�c�h� �i�s� �c�o�m�m�e�n�d�a�b�l�e� �f�o�r� �t�h�e� �q�u�a�n�t�i�t�a�t�i�v�e� �t�r�e�a�t�m�e�n�t� 
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�o�f� �s�u�c�h� �a� �v�a�r�i�a�b�l�e�,� �h�o�w�e�v�e�r�,� �t�h�e� �a�s�s�u�m�p�t�i�o�n�s� �f�o�r� �t�h�i�s� �m�o�d�e�l�i�n�g� �a�p�p�r�o�a�c�h� �s�h�o�u�l�d� �b�e� 

�s�p�e�l�l�e�d� �o�u�t� �f�o�r� �c�l�a�r�i�t�y ��s� �s�a�k�e�.� �B�y� �t�h�e� �s�a�m�e� �t�o�k�e�n�,� �t�h�e� �c�o�e�f�f�i�c�i�e�n�t�s� �u�s�e�d� �i�n� �t�h�e� �l�a�s�t� �t�w�o� 

�p�a�r�a�m�e�t�e�r�s� �m�e�n�t�i�o�n�e�d� �s�h�o�u�l�d� �b�e� �r�e�c�o�g�n�i�z�e�d� �a�s� �c�o�m�p�l�e�t�e�l�y� �a�r�b�i�t�r�a�r�y� �c�o�n�v�e�n�t�i�o�n�s� 

�u�s�e�d� �t�o� �c�o�m�b�i�n�e� �d�i�f�f�e�r�e�n�t� �f�o�r�m�s� �o�f� �t�h�e�s�e� �m�e�a�s�u�r�e�s�.� �O�v�e�r� �a�n�d� �a�b�o�v�e� �t�h�i�s�,� �t�h�e�s�e� �f�o�r�m�s� 

�a�r�e� �a�d�d�e�d� �t�o� �p�r�o�d�u�c�e� �a�  ��c�o�n�s�e�q�u�e�n�c�e� �f�a�c�t�o�r �� �t�h�u�s� �a�s�s�u�m�i�n�g� �t�h�a�t� �e�a�c�h� �u�n�i�t� �i�s� �o�f� 

�e�q�u�a�l� �i�m�p�o�r�t�a�n�c�e� �i�n� �t�h�e� �m�o�d�e�l�.� 

�H�a�v�i�n�g� �o�b�t�a�i�n�e�d� �w�h�a�t� �a�m�o�u�n�t�s� �t�o� �t�h�e� �p�r�o�b�a�b�i�l�i�t�y� �a�n�d� �c�o�n�s�e�q�u�e�n�c�e� �h�a�l�v�e�s� �o�f� �t�h�e� 

�r�i�s�k� �e�x�p�r�e�s�s�i�o�n�,� �w�e� �o�b�t�a�i�n� �t�h�e� �r�i�s�k� �v�a�l�u�e� �c�a�l�l�e�d� �t�h�e�  ��R�i�s�k� �I�n�d�e�x �� �b�y� �m�u�l�t�i�p�l�y�i�n�g� �t�h�e� 

�r�i�s�k� �f�a�c�t�o�r� �a�n�d� �t�h�e� �c�o�n�s�e�q�u�e�n�c�e� �f�a�c�t�o�r� �t�o�g�e�t�h�e�r�.� �F�r�o�m� �t�h�i�s� �w�e� �o�b�t�a�i�n� �w�h�a�t� �i�s� �c�a�l�l�e�d� 

�t�h�e�  ��L�e�v�e�l� �o�f� �R�i�s�k �� �(�l�o�w�,� �m�e�d�i�u�m� �o�r� �h�i�g�h�)� �a�s� �o�u�r� �r�o�u�g�h� �i�n�d�i�c�a�t�i�o�n� �o�f� �t�h�e� �c�o�m�m�u�n�i�t�y ��s� 

�r�i�s�k� �f�r�o�m� �h�a�z�m�a�t� �t�r�a�n�s�p�o�r�t�a�t�i�o�n�.� �A�s� �a� �d�e�c�i�d�i�n�g� �f�a�c�t�o�r� �b�e�t�w�e�e�n� �m�u�n�i�c�i�p�a�l�i�t�i�e�s�,� �s�u�c�h� 

�t�e�r�m�s� �a�r�e� �t�o�o� �c�r�u�d�e� �t�o� �b�e� �o�f� �u�s�e�.� �I�n�d�e�e�d�,� �f�o�r� �t�h�e� �t�r�i�a�l� �r�u�n� �c�o�n�d�u�c�t�e�d� �b�y� �t�h�e� �u�n�i�v�e�r�s�i�t�y� 

�s�t�a�f�f�,� �a�l�l� �o�f� �t�h�e� �c�o�m�m�u�n�i�t�i�e�s� �a�n�a�l�y�z�e�d� �w�e�r�e� �f�o�u�n�d� �t�o� �h�a�v�e� �m�o�d�e�r�a�t�e� �r�i�s�k� �l�e�v�e�l�s�.� 

�C�o�n�s�i�d�e�r�i�n�g� �t�h�e� �e�x�t�e�n�t� �o�f� �t�h�e� �d�a�t�a� �c�o�l�l�e�c�t�i�o�n� �e�f�f�o�r�t�s� �r�e�q�u�i�r�e�d� �t�o� �c�o�n�d�u�c�t� �t�h�e� �a�n�a�l�y�s�i�s�,� 

�t�h�e� �d�e�g�r�e�e� �o�f� �s�o�p�h�i�s�t�i�c�a�t�i�o�n� �o�f� �t�h�e� �o�u�t�p�u�t� �i�s� �a� �m�a�j�o�r� �s�h�o�r�t�c�o�m�i�n�g�.� 

�C�o�n�t�i�n�u�i�n�g�,� �t�h�e� �v�u�l�n�e�r�a�b�i�l�i�t�y� �a�s�s�e�s�s�m�e�n�t� �c�o�n�c�e�r�n�s� �a�n� �a�d�d�i�t�i�o�n�a�l� �s�t�a�t�i�s�t�i�c� �c�a�l�l�e�d� 

�t�h�e�  ��L�e�v�e�l� �o�f� �P�r�e�p�a�r�e�d�n�e�s�s �� �w�h�i�c�h� �i�s� �o�b�t�a�i�n�e�d� �a�s� �t�h�e� �r�e�s�u�l�t� �o�f� �a� �s�u�r�v�e�y� �o�f� �t�h�e� 

�l�e�a�d�e�r�s� �o�f� �t�h�e� �l�o�c�a�l� �r�e�s�p�o�n�s�e� �a�g�e�n�c�i�e�s� �a�n�d�,� �p�e�r�h�a�p�s�,� �l�o�c�a�l� �h�a�z�m�a�t� �i�n�d�u�s�t�r�y� �o�f�f�i�c�i�a�l�s�.� 

�Q�u�e�s�t�i�o�n�s� �a�s�k�e�d� �a�r�e� �a�n�s�w�e�r�e�d� �w�i�t�h� �e�i�t�h�e�r� �a� �y�e�s� �o�r� �n�o� �r�e�s�p�o�n�s�e�.� �F�r�o�m� �t�h�e� 

�c�o�n�s�e�n�s�u�s� �r�e�s�p�o�n�s�e� �t�o� �s�u�c�h� �q�u�e�s�t�i�o�n�s�,� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �n�o� �r�e�s�p�o�n�s�e�s� �a�r�e� �t�a�l�l�i�e�d�.� 

�W�i�t�h� �a�n� �e�q�u�a�l� �w�e�i�g�h�t� �a�s�s�i�g�n�e�d� �t�o� �e�a�c�h� �q�u�e�s�t�i�o�n�,� �t�h�i�s� �s�u�m� �p�r�o�d�u�c�e�s� �t�h�e� �l�e�v�e�l� �o�f� 

�p�r�e�p�a�r�e�d�n�e�s�s� �v�a�l�u�e� �(�a�l�s�o� �l�o�w�,� �m�e�d�i�u�m�,� �o�r� �h�i�g�h�)�.� �K�n�o�w�i�n�g� �t�h�e� �r�i�s�k� �a�n�d� �p�r�e�p�a�r�e�d�n�e�s�s� 

�l�e�v�e�l�s�,� �w�e� �e�n�t�e�r� �a� �t�a�b�l�e� �w�h�i�c�h� �d�e�t�e�r�m�i�n�e�s� �t�h�e� �f�i�n�a�l�  ��C�o�m�m�u�n�i�t�y� �V�u�l�n�e�r�a�b�i�l�i�t�y� �L�e�v�e�l �� 

�(�l�o�w�,� �l�o�w� �t�o� �m�e�d�i�u�m�,� �m�e�d�i�u�m�,� �m�e�d�i�u�m� �t�o� �h�i�g�h�,� �o�r� �h�i�g�h�)�.� �S�u�c�h� �a�n� �e�x�e�r�c�i�s�e� �i�s� �e�q�u�a�l�l�y� 

�c�r�u�d�e� �a�s� �t�h�e� �p�r�e�v�i�o�u�s� �r�i�s�k� �l�e�v�e�l� �o�b�t�a�i�n�e�d�.� �T�o� �i�t�s� �c�r�e�d�i�t�,� �t�h�e� �m�o�d�e�l� �d�o�e�s� �p�r�o�d�u�c�e� �r�i�s�k� 

�a�n�d� �v�u�l�n�e�r�a�b�i�l�i�t�y� �v�a�l�u�e�s� �w�h�i�c�h� �a�r�e� �e�a�s�y� �t�o� �i�n�t�e�r�p�r�e�t� �b�u�t� �o�f� �l�i�m�i�t�e�d� �w�o�r�t�h�.� �I�n� �o�b�t�a�i�n�i�n�g� 
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�t�h�i�s� �l�e�v�e�l� �o�f� �p�r�e�p�a�r�e�d�n�e�s�s� �v�a�l�u�e�,� �q�u�e�s�t�i�o�n�s� �w�e�r�e� �p�o�s�e�d� �w�h�i�c�h� �w�e�r�e� �f�a�c�t�u�a�l� �i�n� �n�a�t�u�r�e�.� 

�H�o�w�e�v�e�r�,� �b�y� �t�h�e� �n�a�t�u�r�e� �o�f� �t�h�e� �s�u�r�v�e�y� �t�e�c�h�n�i�q�u�e�,� �w�e� �s�t�i�l�l� �i�n�c�o�r�p�o�r�a�t�e� �s�o�m�e� �d�e�g�r�e�e� �o�f� 

�s�u�b�j�e�c�t�i�v�i�t�y� �i�n�t�o� �o�u�r� �a�s�s�s�e�s�s�m�e�n�t�.� �T�h�i�s� �b�e�c�o�m�e�s� �c�l�e�a�r� �i�n� �t�h�e� �c�a�s�e� �w�e�r�e� �t�h�o�s�e� 

�r�e�s�p�o�n�d�i�n�g� �r�e�p�o�r�t� �d�i�f�f�e�r�e�n�t� �v�a�l�u�e�s�.� �T�h�i�s� �i�s� �a�l�s�o� �t�h�e� �c�a�s�e� �w�h�e�n� �w�e� �c�o�n�s�i�d�e�r� �t�h�a�t� �a�l�l� 

�o�f� �t�h�e� �s�u�r�v�e�y� �q�u�e�s�t�i�o�n�s� �a�r�e� �w�e�i�g�h�t�e�d� �e�q�u�a�l�l�y� �w�h�e�n� �t�h�e�y� �p�e�r�t�a�i�n� �t�o� �d�i�f�f�e�r�e�n�t� �r�e�s�p�o�n�s�e� 

�c�o�n�c�e�r�n�s�.� 
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�4�.� �M�O�D�E�L� �D�E�S�C�R�I�P�T�I�O�N� 

�4�,�1� �I�n�t�r�o�d�u�c�t�i�o�n� 

�T�h�e� �M�a�c�r�o�R�A�D�S�S� �r�i�s�k� �a�n�d� �v�u�l�n�e�r�a�b�i�l�i�t�y� �a�s�s�e�s�s�m�e�n�t� �m�o�d�e�l� �w�a�s� �d�e�v�e�l�o�p�e�d� �a�t� 

�V�i�r�g�i�n�i�a� �P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e� �&� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y� �u�n�d�e�r� �t�h�e� �s�p�o�n�s�o�r�s�h�i�p� �o�f� �t�h�e� 

�P�e�n�n�s�y�l�v�a�n�i�a� �D�e�p�a�r�t�m�e�n�t� �o�f� �T�r�a�n�s�p�o�r�t�a�t�i�o�n�.� �T�h�e� �c�o�m�p�u�t�e�r� �c�o�d�e� �f�o�r� �t�h�e� �m�o�d�e�l� 

�w�a�s� �d�e�v�e�l�o�p�e�d� �u�s�i�n�g� �M�i�c�r�o�s�o�f�t� �I�n�c�. ��s� �Q�u�i�c�k�B�A�S�I�C� �v�e�r�s�i�o�n� �3�.�0� �u�s�i�n�g� �a�n� �I�B�M� �P�S�/�2� 

�m�o�d�e�l� �5�0� �w�i�t�h� �o�n�e� �3� �1�/�2� �i�n�c�h� �d�i�s�k� �d�r�i�v�e� �a�n�d� �a� �3�0� �m�e�g�a�b�y�t�e� �h�a�r�d� �d�i�s�k� �d�r�i�v�e�.� �A� 

�m�i�c�r�o�c�o�m�p�u�t�e�r� �w�a�s� �c�h�o�s�e�n� �a�s� �t�h�e� �d�a�t�a� �p�r�o�c�e�s�s�i�n�g� �t�o�o�l� �i�n�s�t�e�a�d� �o�f� �a� �l�a�r�g�e�r� �s�y�s�t�e�m� 

�f�o�r� �t�w�o� �r�e�a�s�o�n�s�;� �a�c�c�e�s�s�a�b�i�l�i�t�y� �o�f� �t�h�e� �e�q�u�i�p�m�e�n�t� �b�y� �m�o�s�t� �s�t�a�t�e� �a�g�e�n�c�i�e�s�,� �a�n�d� �r�e�l�a�t�i�v�e� 

�e�a�s�e� �o�f� �d�a�t�a� �t�r�a�n�s�f�e�r�a�b�i�l�i�t�y�.� �[�3�3�]� �I�n� �f�o�r�m� �a�n�d� �i�n� �f�u�n�c�t�i�o�n�,� �M�a�c�r�o�R�A�D�S�S� �m�o�s�t� 

�r�e�s�e�m�b�l�e�s� �t�h�e� �F�H�W�A� �m�o�d�e�l� �a�s� �i�t� �s�t�a�n�d�s� �m�o�d�i�f�i�e�d� �b�y� �M�R�I�.� �T�h�e� �c�o�n�f�i�g�u�r�a�t�i�o�n� �o�f� �t�h�e� 

�M�a�c�r�o�R�A�D�S�S� �m�o�d�e�l�,� �a�s� �s�e�e�n� �i�n� �t�h�e� �o�v�e�r�a�l�l� �f�l�o�w�c�h�a�r�t� �(�F�i�g�u�r�e� �4�-�1�)�,� �i�s� �i�n� �d�i�s�t�i�n�c�t� 

�m�o�d�u�l�e�s� �(�e�a�c�h� �m�o�d�u�l�e� �b�e�i�n�g� �o�f� �t�h�e� �t�y�p�e�:� �p�r�o�b�a�b�i�l�i�t�y�,� �c�o�n�s�e�q�u�e�n�c�e�,� �r�e�s�p�o�n�s�e�,� �f�i�n�a�l� 

�c�a�l�c�u�l�a�t�i�o�n�s�,� �o�r� �o�u�t�p�u�t�)�.� �T�o� �s�i�m�p�l�i�f�y� �t�h�e� �p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �c�o�m�p�u�t�e�r� �c�o�d�e�,� �e�a�c�h� 

�m�o�d�u�l�e� �r�e�s�i�d�e�s� �a�t� �s�e�p�a�r�a�t�e� �l�o�c�a�t�i�o�n�s� �w�i�t�h�i�n� �t�h�e� �m�a�i�n� �p�r�o�g�r�a�m� �o�r� �i�n� �s�e�p�a�r�a�t�e� 

�s�u�b�p�r�o�g�r�a�m�s� �(�p�l�e�a�s�e� �s�e�e� �A�p�p�e�n�d�i�x� �A� �f�o�r� �a� �l�i�s�t�i�n�g� �o�f� �t�h�e� �c�o�m�p�u�t�e�r� �c�o�d�e�)�.� �T�o� �s�i�m�p�l�i�f�y� 

�t�h�e� �f�o�l�l�o�w�i�n�g� �d�i�s�c�u�s�s�i�o�n� �o�f� �M�a�c�r�o�R�A�D�S�S�,� �t�h�e� �r�e�m�a�i�n�d�e�r� �o�f� �t�h�i�s� �c�h�a�p�t�e�r� �i�s� �d�i�v�i�d�e�d� 

�a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �m�o�d�u�l�e� �t�y�p�e�s� �m�e�n�t�i�o�n�e�d�.� 
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�4�,�2� �P�r�o�b�a�b�i�l�i�t�y� 

�F�r�o�m� �t�h�e� �p�r�e�v�i�o�u�s� �r�e�v�i�e�w� �o�f� �e�x�i�s�t�i�n�g� �d�a�t�a� �s�e�t�s� �a�v�a�i�l�a�b�l�e� �a�t� �b�o�t�h� �t�h�e� �n�a�t�i�o�n�a�l� �a�n�d� 

�s�t�a�t�e� �l�e�v�e�l�s� �(�S�e�c�t�i�o�n� �3�.�1�)�,� �i�t� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �t�h�a�t� �t�h�e� �b�e�s�t� �a�p�p�r�o�a�c�h� �f�o�r� �m�o�d�e�l�i�n�g� 

�w�o�u�l�d� �b�e� �t�o� �u�s�e� �s�t�a�t�e� �a�c�c�i�d�e�n�t� �r�e�c�o�r�d�s� �t�o� �o�b�t�a�i�n� �a�c�c�i�d�e�n�t� �p�r�o�b�a�b�i�l�i�t�i�e�s�.� �I�n� 

�M�a�c�r�o�R�A�D�S�S�,� �t�h�i�s� �d�a�t�a� �i�s� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �i�n�d�i�v�i�d�u�a�l�!� �a�c�c�i�d�e�n�t� �(�a�s� �o�p�p�o�s�e�d� �t�o� 

�d�e�f�a�u�l�t�)� �p�r�o�b�a�b�i�l�i�t�i�e�s� �f�o�r� �t�h�e� �r�o�u�t�e�s� �r�e�p�o�r�t�e�d�.� �I�n� �t�e�r�m�s� �o�f� �r�o�u�t�e� �r�a�n�k�i�n�g�,� �t�h�i�s� �i�s� �a�n� 

�i�m�p�o�r�t�a�n�t� �p�o�i�n�t� �a�s� �w�e� �h�e�r�e� �a�s�s�e�r�t� �t�w�o� �f�u�n�d�a�m�e�n�t�a�l� �o�b�s�e�r�v�a�t�i�o�n�s� �o�f� �o�u�r� �a�p�p�r�o�a�c�h�.� 

�F�i�r�s�t�,� �t�h�a�t� �t�h�e� �v�a�r�i�a�t�i�o�n� �i�n� �a�c�c�i�d�e�n�t� �r�a�t�e�s� �f�o�r� �d�i�f�f�e�r�e�n�t� �r�o�u�t�e�s� �o�f� �t�h�e� �s�a�m�e� �r�o�u�t�e� �t�y�p�e� 

�(�d�u�e� �t�o� �g�e�o�m�e�t�r�i�c� �a�n�d� �o�t�h�e�r� �f�a�c�t�o�r�s� �w�h�i�c�h� �c�a�n�n�o�t� �b�e� �i�n�c�o�r�p�o�r�a�t�e�d�)� �i�s� �s�u�f�f�i�c�i�e�n�t�l�y� �l�a�r�g�e� 

�t�o� �a�v�o�i�d� �u�s�i�n�g� �d�e�f�a�u�l�t� �a�c�c�i�d�e�n�t� �r�a�t�e�s� �f�o�r� �t�h�e�s�e� �r�o�u�t�e�s�.� �W�h�i�l�e� �t�h�i�s� �m�a�y� �m�e�a�n� �t�h�e� �f�a�i�l�u�r�e� 

�o�f� �t�h�e� �m�o�d�e�l� �t�o� �f�i�n�d� �r�i�s�k� �i�n� �r�o�u�t�e�s� �w�i�t�h� �n�o� �r�e�p�o�r�t�e�d� �a�c�c�i�d�e�n�t�s� �d�u�r�i�n�g� �t�h�e� �p�e�r�i�o�d� �o�f� 

�r�e�c�o�r�d�,� �a� �g�r�o�w�i�n�g� �p�e�r�i�o�d� �o�f� �r�e�c�o�r�d� �w�i�l�l� �i�m�p�l�y� �t�h�a�t� �s�u�c�h� �a�c�c�i�d�e�n�t�s� �a�r�e� �i�n�c�r�e�a�s�i�n�g�l�y� �r�a�r�e� 

�e�v�e�n�t�s�.� �T�h�e� �u�s�e� �o�f� �t�h�e�s�e� �r�o�u�t�e�s� �i�s� �a�l�s�o� �t�h�e� �o�n�l�y� �m�e�a�n�s� �o�f� �e�x�c�l�u�d�i�n�g� �t�h�e� �n�o�n�h�a�z�m�a�t� 

�t�r�a�f�f�i�c� �r�o�u�t�e�s� �w�i�t�h�o�u�t� �e�x�t�e�n�s�i�v�e� �h�a�z�m�a�t� �f�l�o�w� �i�n�f�o�r�m�a�t�i�o�n�.� �T�h�e� �s�e�c�o�n�d� �p�o�i�n�t� �t�o� �b�e� 

�i�d�e�n�t�i�f�i�e�d� �f�r�o�m� �t�h�e� �m�o�d�e�l�i�n�g� �a�p�p�r�o�a�c�h� �i�s� �t�h�a�t� �w�e� �a�r�e� �u�s�i�n�g� �h�i�s�t�o�r�i�c�a�l� �d�a�t�a� �t�o� �m�o�d�e�!� 

�p�r�e�s�e�n�t� �b�e�h�a�v�i�o�r�.� �H�e�r�e� �w�e� �m�u�s�t� �p�o�i�n�t� �o�u�t� �t�h�e� �c�o�n�c�l�u�s�i�o�n� �o�f� �t�h�e� �E�n�v�i�r�o�n�m�e�n�t�a�l� 

�Q�u�a�l�i�t�y� �C�o�u�n�c�i�l� �(�U�.�S�.� �D�e�p�a�r�t�m�e�n�t� �o�f� �C�o�m�m�e�r�c�e�)�:�  ��t�h�e�r�e� �d�o�e�s� �n�o�t� �a�p�p�e�a�r� �t�o� �b�e� �a�n�y� 

�c�o�m�p�e�l�l�i�n�g� �r�e�a�s�o�n� �t�o� �t�h�i�n�k� �a�c�c�i�d�e�n�t� �o�c�c�u�r�r�e�n�c�e�s� �w�i�l�l� �d�e�v�i�a�t�e� �s�u�b�s�t�a�n�t�i�a�l�l�y� �e�i�t�h�e�r� �u�p� 

�o�r� �d�o�w�n� �f�r�o�m� �t�h�e�  ��b�e�s�t�-�f�i�t �� �e�x�t�r�a�p�o�l�a�t�i�o�n� �o�f� �t�h�e� �p�a�s�t� �d�a�t�a� �(�b�u�t� �c�a�n� �b�e� �a�f�f�e�c�t�e�d� �b�y� �s�u�c�h� 

�f�a�c�t�o�r�s� �a�s� �i�n�c�r�e�a�s�e�d� �s�p�e�e�d�s� �a�n�d� �c�h�a�n�g�e�s� �i�n� �h�i�g�h�w�a�y� �c�o�n�d�i�t�i�o�n�,� �e�t�c�.�) �� �[�5�5�]�.� 

�S�i�n�c�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �f�l�o�w� �d�a�t�a� �d�o�e�s� �n�o�t� �e�x�i�s�t�,� �d�e�f�a�u�l�t� �f�l�o�w� �r�a�t�e�s� �b�a�s�e�d� �o�n� �t�h�e� 

�h�i�g�h�w�a�y� �t�y�p�e� �a�r�e� �u�s�e�d� �t�o� �t�r�a�n�s�l�a�t�e� �t�o�t�a�l� �t�r�u�c�k� �f�l�o�w� �i�n�t�o� �h�a�z�m�a�t� �v�e�h�i�c�l�e� �f�l�o�w�.� �S�i�n�c�e� 

�n�a�t�i�o�n�a�l� �d�a�t�a� �i�s� �u�s�e�d� �a�n�d� �f�u�r�t�h�e�r� �a�g�g�r�e�g�a�t�e�d� �t�o� �f�i�t� �P�e�n�n�s�y�l�v�a�n�i�a ��s� �r�o�a�d� �t�y�p�e� 

�c�l�a�s�s�i�f�i�c�a�t�i�o�n�s�,� �i�t� �i�s� �d�o�u�b�t�f�u�l� �t�h�a�t� �t�h�e�s�e� �v�a�l�u�e�s� �w�i�l�l� �c�h�a�n�g�e� �s�u�b�s�t�a�n�t�i�a�l�l�y� �o�v�e�r� �t�i�m�e�.� 
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