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Premise: The freedom to travel is an ancient one dating back at least as far as the Magna Carta, and later elucidated in U.S. Law. From the Magna Carta, we observe: 

“It shall be lawful to any person, for the future, to go out of our kingdom, and to return, safely and securely, by land or by water, saving his allegiance to us, unless it be in time of war, for some short space, for the common good of the kingdom…” 

Furthermore, we read in Kent v. Dulles, 357 U.S. 116 (1958) at 125-126: 

"The right to travel is a part of the `liberty' of which the citizen cannot be deprived without due process of law under the Fifth Amendment. . . . Freedom of movement across frontiers in either direction, and inside frontiers as well, was a part of our heritage. Travel abroad, like travel within the country, . . . may be as close to the heart of the individual as the choice of what he eats, or wears, or reads. Freedom of movement is basic in our scheme of values."

(Quotes above taken from the International Bicycling Fund, “Cuba. Right to Travel: The Constitutional Case”. http://www.ibike.org/cuba/ofac/law.htm )

Surface transportation is unsafe: we kill more than 40,000 people a year in traffic incidents. Death and injury fall disproportionately on pedestrians, cyclists, and operators of small vehicles.  In light of traditional guarantees of our rights to travel, (and to presumably arrive safely), our surface transportation system must be guided by a safety culture that encourages rather than inhibits our ability to travel unimpeded by serious and unmitigated risk factors. A safety culture is guided by the concept of ALARA.

ALARA stands for a concept of reducing risk to “As Low As Reasonably Achievable”. ALARA is not adversarial (i.e, it is not “anti-car”) but instead requires us to analyze and mitigate the risks imposed by operating our vehicles. Transportation, like work in a plant, factory, or any other work site, is a shared endeavor where the safety of one is predicated on the safe behavior of all. ALARA requires all users to maintain high levels of competence and “sign on” to a safety culture that assumes that all accidents and injuries, if not completely avoidable, can be reduced drastically to rates approaching zero.

The notion of ALARA, long practiced in inherently hazardous industries (nuclear, chemical) is based on an integrated hazard analysis approach that understands and mitigates hazards prior to conducting an activity. Here at the Los Alamos National Laboratory (LANL), we call it the five-step process: 

· Define the task

· Analyze the hazards

· Mitigate the hazards

· Do the Work

· Review the work and revise procedures, incorporating lessons we learn that can improve safety

The premise is to avoid having hazardous situations develop rather than reacting to them after an accident or injury occurs or a bad design or practice is in widespread use (i.e., high bumpers overriding small cars, rollover problems, poorly placed controls, exploding gas tanks, other incompatible designs, schedule stress, etc.). In the workplace, the process requires close cooperation among all interested parties including users, workers, supervisors, and safety and design professionals, in order to function. How do we apply this concept to transportation?

A formal hazard-analysis process is especially critical when working with hazardous, complex, tightly coupled, and dynamic systems.   Normal Accident Theory predicts that unless clearly articulated, formalized hazard analysis processes and controls are in place and unless we clearly understand the dynamic operations of our systems prior to conducting complex, potentially hazardous and tightly coupled operations, accidents will happen, i.e., they will be the “normal” course of events. In some respects, traffic is tightly coupled since a mistake by one operator can immediately impact a host of other operators and processes, such as causing chain-collisions, traffic snarls, and backups, which themselves can lead to further mishaps.

It is therefore instructive to look at some of the important elements of hazard control that can be put into practice to more effectively control traffic hazards. But before doing that, we must remember that transportation is but one thread in the fabric of a community. Any efforts to control and make traffic safe must do so within the context of how such solutions will affect the entire community, not just the strip of asphalt that our motorists, truckers, pedestrians, and bicyclists call home.

Substitution of a less dangerous device

A common method of reducing risk is to substitute a less hazardous material that can accomplish the same task. In chemistry, this might entail using a weak acid rather than a strong one, or a non-toxic solvent rather than a carcinogenic one. In the case of traffic, there are several ways to reduce risk by using a less dangerous device:

1. Replace private vehicle transit, when possible, with transit systems operated by highly trained professionals.

2. Use a small vehicle rather than a large one, thus mitigating the amount of vehicle energy that has to be dissipated in a panic stop or a crash.

3. Walk or ride a bicycle (i.e., a small, low mass vehicle) over short distances, further reducing mass.

4. Mandate energy absorbing panels on the outside of all vehicle front ends to mitigate crashes with pedestrians, cyclists, and other vehicles.

Engineering Controls


Engineered safety systems are often considered the first line of defense against accident or injury because they do not require human intervention to do their job—their strength is that they act on their own. Their weaknesses include that they often are expensive to install, maintain, and inspect and therefore must be mandated or else they are not used. An example is a glove box in the nuclear industry, which provides a physical barrier between nuclear material and worker. In the traffic context, they can include antilock brake systems, dual and redundant brake lines, run-flat tires, shatterproof glass, stability management systems, divided highways, pedestrian overpasses, “radar” in cars that reacts to impending collisions, and bulbouts or speed bumps that force vehicles to reduce speed. 

Present day engineering controls in the automotive world are inconsistent. While efforts are being made to screen out egregious defects in vehicles and protect against known weaknesses, these efforts falls far short of complete because they are balanced by market forces demanding cheaper or more powerful products or those that impose unmitigated hazards on both the driver and other people. For example, if a proper “global” hazard analysis had been done—and had top priority--on vehicles such as the Ford Excursion or Pinto, deadly hazards due to grossly mismatched vehicle size and bumper heights or poor fuel tank placement would not require after-the-fact solutions introduced after crashes brought these defects to our attention. Similarly, stability systems and design changes for SUV’s and pickup trucks designed to prevent rollover should not have been an afterthought.


Therefore, a more strict hazard analysis must be done on new or revised vehicles to determine not only whether they are intrinsically safe for the vehicle operator, but “what if” drills (i.e., “what if the large vehicle hits a small one?”) must be performed to determine what hazards vehicle designs pose to roadway users, including motorists, motorcyclists, bicyclists, and pedestrians.


Critical to these efforts are the “what if” drills designed to point out defects before they hit the market and a requirement that safety concerns override convenience or market forces. For example, while the risks imposed on the public by cell phone and in-vehicle audiovisual devices are well-understood, the risks of new generations of electronic process controls (for radios, heat, air conditioning, etc.) are unresolved even though these devices are already in service. Ominously, at least one motorist magazine is criticizing some new designs such as BMW’s iDrive as lacking transparency and adding needless complexity to driver duties1. Such counterintuitive designs likely detract from driver awareness of the road and therefore increase the risk of crashes.


Nonetheless, modern computer controls can be used as safety devices governing speed, providing active stabilization of the vehicle above and beyond what a driver is capable of (“Porsche Stability Management” for example), and providing “hard” evidence of wrongdoing  (“black boxes”) in the event of a crash. “Driving Data Processing and Recording” can thus be an engineering feature that not only mitigates a loss of driver control, but which can indicate, post-crash, whether vehicle performance or operator error was at fault. These devices should be installed in all new vehicles. Furthermore, an implied consent law should be passed that requires, as a condition of operation, that all motorists turn over these black boxes to crash investigators, much as the implied consent law for sobriety testing is now a condition of driving in many areas. While some object to such an implied consent law based on rights to privacy, previous court rulings have indicated that a driver’s right to privacy is limited.2
1. Commentary, in 

Excellence: The Magazine About Porsche
pg. 4, #132, October, 2004

2. The right to privacy is a weak argument. In Illinois vs. Caballes, the U.S. Supreme Court went pretty far in allowing police “searches” of vehicles. Excerpt from a Findlaw article: 

“To give an obvious example, if a cop on the beat observes an assault, clearly the mere act of viewing what is plain for everyone to see is not a "search." Or, to give an example closer to the facts of Caballes, if a police officer patrolling a public park smells marijuana coming from a group of teenagers smoking on a bench, that ordinary use of his olfactory senses is not a "search" either.

Under the relevant precedents, police activity only constitutes a Fourth Amendment "search" if it violates a "reasonable expectation of privacy." In our two hypothetical examples, it is not reasonable to expect privacy in activity conducted in public, where it can be seen or smelled by any passersby, including the police.”

http://writ.corporate.findlaw.com/dorf/20050201.html
In addition, at least one Florida case already resulted in a manslaughter conviction based on black box testimony. Edwin Matos was sentenced to 30 years in prison after being convicted of manslaughter. His car, being operated at an extreme speed, hit another vehicle on a suburban street in Florida and killed the two teenage girls who were in it. This is (on this writing) going through the appeal process in Florida. Also, the previous link on the lack of an expectation of privacy ( Illinois vs. Caballes ) should be relevant.

http://www.acrsnetwork.com/acrs/html/the_black_box.html
http://www.sun-sentinel.com/news/local/broward/sfl-cblackbox31mar31,0,5438699.story?coll=sfla-news-broward
Florida Supreme Court Appeal:

http://www.harristechnical.com/downloads/05-887_JurisIni.pdf
http://www.harristechnical.com/downloads/05-887_JurisAns.pdf
Caselaw file, Collision Safety Institute.

http://www.collisionsafety.net/cdrcaselaw.htm

Unfortunately, many engineering controls are designed to protect the vehicle inhabitants but do little to protect others. This unfortunate trend is being reversed, at least in Europe, by design constraints that require “pedestrian friendly” bumpers, hoods, and windshields purposefully designed to reduce injury to pedestrians in the event of a crash. To some degree these are engineering controls that work by isolating the pedestrian from hard surfaces, to some degree they fall under the category of Personal Protective Devices.


Strong engineering controls must be continuously monitored rather than treated as an initial condition. All states must implement annual safety inspections and when possible, safety upgrades. Aftermarket modifications affecting basic engineering designs must undergo an additional safety analysis (either individually or as a class) to be street-legal, such as is presently done for all aftermarket modifications performed on cars in Germany3. The notion of “souping up” cars and trucks by installing highly modified engines and suspension components into vehicles with insufficient chassis structure, poor aerodynamics, and inadequate brakes demonstrates not only a misunderstanding of automotive engineering, but a willingness to impose unresolved safety issues on an unsuspecting public.

3. As noted on pg. 137 of the May, 2006 issue of Excellence, and documented in the  Motoring Overseas link regarding importing a car into Germany (see Sec. 3):

http://www.mapsupport.com/thedatabase/impex/imprtgvehger.htm
Note; Don't add any modifications or special features to licensed motor vehicles without consulting a certified German expert; otherwise you might lose the operating license, as well as the insurance coverage. Furthermore, you may have difficulties registering a car which has not previously been registered.
See also:  http://www.us.tuv.com/product_testing/automotive/index.html

Finally, one must realize that transportation is meant to enhance the social fabric of a community, not reduce its scope. Some engineering solutions, if narrowly focused, may solve a specific problem while exacting a cost on the community which is not seen in narrow engineering terms. Elevated walkways may provide safe pedestrian passage, but their expense often limits them to a few paltry and inconvenient examples. 

A clear example of the conflicting values of engineering safety vs. community values can be seen in the divided highways built on Oahu, Hawaii. Efforts to increase the flow of cars into the Primary Urban Center from outlying “suburban” districts resulted in the construction of an entrenched H-1 freeway into Honolulu that divided communities landward and seaward along the entire southeast coastline. In Leeward Oahu, repeated instances of pedestrian fatalities and erratic driver related accidents suggest to some that jersey barriers be used to create a divided highway. These solutions cut off communities landward and seaward of the highways.  The notion of ahupua’a3, i.e., the Hawaiian concept of land management that stretched continuously from the mountains to the sea, is violated by such engineering solutions and violates the Hawaiian sense of place. If senseless pedestrian and motorist fatalities are a violation, one can only suggest that a community does not need to be raped a second time by its traffic management system.

3. http://www.k12.hi.us/~ahupuaa/  The Ahupua'a is an ancient Hawaiian land division system which contained strips of land that extended from the mountain to the sea. The Ahupua'a supported a self-contained community working with a spirit of cooperation of caring and revering the land to meet the needs of all.

Administrative Controls


Administrative controls are basically rules and regulations. Ideally, they should augment and compliment engineering controls. Their strength is that they can clearly articulate goals, hazard analyses, and direction. But unless a strong culture of safety and accountability is in place, their weakness is that they are often ignored or “pencil-whipped”. In such cases they can be ineffective and impart a false sense of security to the public. For example, pedestrians are often victimized by red light runners and motorists who do not yield at crosswalks.

While administrative controls in themselves are often less effective than engineering controls, they act as a defense in depth. Examples include driver’s licensing, speed limits, and the Uniform Traffic Laws and Ordinances. Administrative rules must be clear, effective, and enforced. Furthermore, they must be intelligently designed and drafted to protect all members of the public, and should be drafted with a bias towards protecting the most vulnerable. One weakness of present administrative controls is that they are designed first to move vehicles and second to protect people. An 85th percentile-based speed limit does not ensure that pedestrians are protected in a crosswalk.


Finally, administrative controls are weak, if not useless, if the recipient is receiving grossly mixed signals. Presently, the overriding message drivers are getting is “closed course, don’t try this at home”. When the popular message is that more speed, horsepower, and individual risk-taking is acceptable, it should be no surprise that administrative safety controls are being ignored. Messages, to be effective, must be clear, concise, and not contradicted by popular cultural pressures.

Personal Protective Equipment (PPE)


Personal protective equipment is designed as last-ditch protection from likely accident scenerios. These are considered the final line of defense in hazardous situations. Having said that, PPE should not be “dismissed” as “merely” last ditch efforts since the use of properly designed and worn PPE is a sign that a safety culture is in place and valued. Seat belts, air bags, leather clothing, and helmets are common protective equipment in traffic situations. 

Unfortunately, recent marketing efforts have created another class of PPE that is incompatible with and which negates all the others: the notion that bigger and more bulky vehicles (the ludicrously named Nissan “Armada”, for example) are PPE. While armoring may give a sense of security to the inhabitant, it creates a more dangerous situation for motorists in small cars and for pedestrians, motorcyclists, and bicyclists. Not only do these ponderous vehicles often lack maneuverability and stability, but the use of bulk as PPE makes other forms of PPE such as helmets or seat belts irrelevant since they do not protect against likely injury from this new class of vehicles, thus making PPE for those in small vehicles or on foot somewhat irrelevant to likely hazard scenerios.

Finally, PPE as passive safety devices cannot be considered ends in themselves. The notion that passive safety will protect one results in passive thinking about safety. It detracts from an individual’s taking active responsibility for safety. In other words, PPE is but one element of a safety system, and is not adequate unless complimented by all the others.

Training and Awareness


Training mitigates hazards by ensuring individual and group competence during routine operation, by providing emergency preparedness via drills and “what if” exercises, and by ensuring that participants are sufficiently knowledgeable about processes that they can “think on their feet” in an emergency. The present low level of training for motorists, and virtual lack of training for pedestrians and bicyclists, does not inspire confidence that roadway users are even minimally competent, not to mention prepared, to handle an emergency wisely. 


For example, it is perfectly legal and indeed expected that a person will pass a road test in a Honda Civic and the next day buy a Ford Excursion or a Hummer without ever demonstrating competence in the larger vehicle. I recall that in college, a group of us rode motorcycles, ranging from Carlos’ diminutive 250 cc Yamaha to Bill’s imposing 1000 cc Honda Gold Wing. Needless to say, we all took our motorcycle road test on Carlos’ Yamaha.


A better system would provide graded training. We should create more classes of vehicles, acknowledge there is a range of complexity in traffic conditions, and thus require a graded level of certification much as we do in the nuclear materials world (i.e., I am certified to handle small amounts of material but not amounts that could result in a criticality4 accident that could kill people). Additional training in hazard avoidance and control (“advanced driver’s ed) would ensure that “what if” exercises were conducted in a controlled laboratory environment rather than when a new or inexperienced driver is speeding down the street. An example of a graded training approach would be the following:

· A basic operator’s licence would allow a person to operate a vehicle under 4,500 lbs in rural and low-population suburban areas.

· Additional certification would be required to operate a vehicle in dense urban areas. These roads could be coded with signs or colors.

· A still higher level of training would be required to operate autos, light trucks, and SUV’s in excess of 5,000 lbs (or some scientifically determined size).

· Periodic re-training, similar to what occurs in nuclear power plants, would test whether operators were keeping up on their skills and knowledge.

· Modern computer controls, modeled after IFF systems, could indicate if a vehicle was being driven by a motorist with the proper credentials by requiring that a motorist “log in” to a vehicle with an individual identifier. A motorist attempting to start a vehicle he was unqualified for simply would not be able to start it—this could also prevent drunks from driving a car not equipped with a court-mandated breatholizer interlock.

4. A criticality accident is one where inadvertent arrangement of large quantities of nuclear material accidentally sustains a continuous and uncontrolled chain reaction, releasing deadly amounts of radiation.

http://www.fas.org/nuke/guide/usa/doctrine/dod/fm8-9/1ch2.htm
Accountability Controls


None of these suggestions will accomplish much without accountability. The low fines, prevalence of repeat violators, weak sentences, and “no fault” mentality suggests a casual attitude to the misuse of vehicles; deaths or injury are indeed “no one’s” fault. This attitude, if applied to airline or nuclear workers, would result in planes falling out of the sky and landscapes glowing in the dark. We need to adopt the European model where justice is sure, fines are stiff, courts stern but fair, and drivers aware that they will be held strictly accountable for misuse of an intrinsically dangerous device. 

Crashes or moving violations should be investigated vigorously and drivers held strictly accountable for misbehavior, especially that which results in injury or the intimidation of vulnerable people such as children, bicyclists, small vehicle operators, and pedestrians. This may require rewriting laws or actively changing the prevailing paradigm. It will require a change in what is considered acceptable advertising. The change in acceptance of drunken driving is a good model to study as far as the politics and what sorts of advocacy efforts are involved.

Discussion and Conclusions

1. The ALARA concept, which ensures that a careful evaluation of risk factors and a clear understanding of the process are both completed before an endeavor is undertaken, must be incorporated into traffic design. Once the process begins, feedback is used to modify, replace, or improve safety measures taking into account unforeseen events. In order to function in the surface transportation world, we need a great deal of cooperation among all of the participants (traffic engineers, vehicle manufacturers, law enforcement, end-users, lawmakers, health professionals, safety modelers, etc.) who must coordinate with each other in planning, design, risk analysis, and incorporating ongoing feedback.

2. Mixed signals in our current safety model must be replaced with focused thinking. Using current accident theory parlance, we can best describe our transportation safety structure as following the “garbage-can” organizational principle: “The organization operates on the basis of a variety of inconsistent and ill-defined preferences.” (Cohen and Olsen, as quoted in Sagan, pg. 29). In the case at hand, vehicle manufacturers and owners consider performance and reliability before safety. When safety is considered, it often involves safety of inhabitants (air bags, SUV bulk) rather than safety of other transportation-system clients.  Engineers balance safety as only one of a competing group of desirables that also include efficiency, throughput, and cost. Lawmakers balance engineering and professional advice with desires for speed, cost, comfort, and access by their constituents, often leading to low safety standards. Clearly, no single “safety czar” controls and calls the shots. It may be implausible to suggest we move to a High Reliability organizational structure where a single overriding philosophy (safety) drives the organization, but in essence, that is what is called for here.

3. Suggestions for improvements. The Garbage Can organizational model must be replaced by more focused safety model. For example, current thinking in Sweden suggests: the concern for human life and health is an absolutely mandatory element in the design and functioning of the road transport system. This means that a road traffic safety mode of thinking must be clearly integrated into all the processes that affect safety within the road transport system. The level of violence that the human body can tolerate without being killed or seriously injured shall be the basic parameter in the design of the road transport system.1 While such a model as an end-member may not be practical, the hierarchical importance of safety must be raised considerably.

1. P. Wramborg, Proceedings, ICTCT Conference, 1998, Budapest

4. Cost-Benefit. All of these solutions will cost money. Balancing that is the benefit to society that is both explicit and implicit. At an estimated direct cost of 160 to 420 billion in 1994 dollars per year, “accidents” and crashes cost society money. They also cost us in lost mobility, health, and independence among our young (see Komanoff, 2005). Whether the suggestions I made above actually cost us or save us in the long run depend on how effective these suggestions are in reducing crash losses and increasing individual mobility, health, and the vibrancy of our communities.
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