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Abstract

It is proposed to replace or amend the new vehicles approval process with a new, market-based alternative to conventional regulation that introduces market factors as cost differentials based on actual accident losses experienced by cars introduced by a specific company. With this methodology, there will be an additional differentiation of the vehicles that compete in a certain market niche, increasing the company benefits from the best performing cars, in terms of road safety, and imposing a charge for the worst performing cars, that will result in an additional market incentive to build less accident-prone cars. 

However, the full benefits of this methodology are not related to a static, one-year picture of the situation, his implementation will add an additional market incentive to increase the safety features on cars in the following years, that will result in a increase of the company income (or decrease in expenditures). The aim is to recognize that vehicle design decisions are a component of accident costs; in this sense, these decisions generate an external costs or benefits to the community. 

The final objective of this methodology is to enlist market forces to improve the safety features of new vehicles.

Introduction

For a long time as been recognized that vehicles, irrespective of drivers or road conditions, have different frequency and cost associated with accidents. For example, the website of the Vehicle Information Center for Canada states: 

“Canadian Loss Experience Automobile Rating (CLEAR) analyzes the historic claims of vehicles in order to predict future losses. From statistical analyses, relationships are established between vehicle characteristics and insurance claims, which, when adjusted by actual experience of individual models, are used to predict future losses. CLEAR rewards consumers who buy vehicles with lower insurance losses with lower rates. Furthermore, these consumers no longer subsidize people who choose to drive vehicles that incur higher insurance losses. In addition to providing benefits to discerning consumers, CLEAR also encourages vehicle manufacturers to build vehicles that are safer, less expensive to repair, and less likely to be stolen.”

This fact is used by the insurance industry to develop tables of cost associated to specific vehicles and later to apply this result to the particulars of the situation, like driver’s sex or age. For example, the Highway Loss Data Institute (USA) publishes actual level of claims for different vehicles. As an example, in this data for the worst and the best vehicles in the category “All Midsize” is as follows: 

	INJURY  & COLLISION LOSSES
by make and model, 1998-2000 models

(100 represents average for the category)

Four-Door Cars

	
	Injury
	Collision

	Saab 9-3
	58
	106

	Hyundai Sonata
	169
	134

	% Increase losses
	191%
	26.4%


These findings are in line with the investigations done in the EU, for example the European Union, Consultation paper on a 3rd Road Safety Action Plan 2002 – 2010 “A partnership for safety”, states:

“Accident analysis shows that if all cars were designed to give crash protection equal to the best in their class then 50 per cent of fatal and disabling injuries could be avoided.”

And adds: 

“Vehicle engineering improvements for safety can either be achieved by modifying the vehicle to help the driver avoid accidents, or by modifying the vehicle to provide protection against injury in the event of a crash. A recent study in one EU Member State reviewed the effectiveness of casualty reduction measures nationally and demonstrated that the greatest contribution to casualty reduction since 1980 was vehicle crash protection. These accounted for around 15 per cent of the reduction compared to 11 per cent for drink/drive measures and 6.5 per cent for road safety engineering measures. A great deal more can be achieved. Much of the research and development activities necessary for improvements in other areas of vehicle safety have  been completed and now awaiting implementation.”  (Emphasis by the author)

  But the fact that some designs are more or less accident-prone has not been used to develop a policy to improve the level of safety, for example by removing from the market the worst performing vehicles in terms of safety. Instead, the usual approach is to develop technical specifications for detailed elements considered relevant, like brake hoses, together with an approximation to real-life situations, with limited but expensive evidence from standardized crash tests performed in laboratory conditions to assess a pass/fail criteria. It is worth noting that the approved vehicles will include cases, as shown above, of products with broadly different levels of safety to car-occupants, pedestrians and property. 

Furthermore the actual procedures for type approval not only fails to remove from the market (or correct) dangerous vehicles, but also introduces long delays to correct know, and obvious, safety deficiencies, for example the fitting of aggressive front bumpers (Bull bars), in new vehicles. DETER, 1997 states:

“The UK has pressed for the early adoption of a directive on pedestrian friendly car-fronts which would effectively outlaw aggressive bull-bars, but progress on this has been slow and early adoption of a directive seems unlikely.”

The ACEA Commitment Relating To The Protection Of Pedestrians And Cyclists states:

“From 1 January 2002, bull bars installed as original equipment on new motor vehicles to which this Commitment applies, or sold as spare parts, will not be of a rigid nature.”

i.e. a minimum time of five years as passed to remove a simple aggressive feature. 

This work was developed starting with the long-documented reluctance of car manufacturers to introduce some new safety features. In USA, for example, Nader, 1965 reported the difficulties and delays in the introduction of safety belts, but Nader did not notice that, as long as the safety of the vehicles are not reflected in the companies income, managers will look first and rightfully for the benefits of the shareholders and will oppose any device that increase costs, creating long delays for the introduction of investigation results in production vehicles. For example JAMA, 2001 and ACEA make a Commitment on Pedestrian and Cyclists Protection, that will result in the introduction of daytime running lights (DRLs) and anti-lock brake systems (ABS) in new vehicles. Further measures expected to increase pedestrian protection will be introduced in a first and second phase, effective as of 2005 and 2012 respectively. In practical terms this means that is a long time before improvements in vehicle design hits the streets.  It is worth remembering that the investigation on safer car fronts for pedestrians and cyclists are being developed by 25 years in Europe, with TRL demonstrating a Pedestrian friendly car by 1985. (European Transport Safety Council, 2001)
This Paper develops a new market methodology to internalize the benefits or costs of accidents rates of vehicles with the manufacturers, thus making a significant improvement from the current situation characterized by the real accidents rates of the products are not directly reflected in the companies income. The current situation results from the fact that they see new safety features, like safety belts yesterday or air bags today, as a factor of increasing cost and not as a source of additional revenue. In the new scenario, created by this proposed methodology, the introduction of a new safety feature, like air bags, will be seen as a source of revenue and not as a source of additional cost, and will speed-up the introduction of additional safety features in vehicles, like speed limiters or pedestrian protection, that can be justified by the companies in terms of cost/benefits ratio for them based in a reduced levels of accidents.

Economic Background

Externalities are defined as costs or benefits not taken into account in a transaction or system of transactions. A requisite for the correct operation of the markets in an economy is that all costs or benefits are internalized. For example: the white paper on European transport policy for 2010 defines fair and efficient pricing, as pricing where external costs should be paid in full by users. This is a rationale, for example, to enforce financial responsibility for each person or company participating in transport markets. 

By the same token, in the day-to-day job, designers take decisions about several technical aspects that influence vehicle safety; for example by introducing side air-bags or programming the vehicle computer to allow speed over 200 Km/h.  The resulting decreased or increased accident cost is not directly borne by the manufacturer, but by the consumer and the community. In this sense, the level of built-in safety in the vehicle is an external cost or benefit that is introduced in the economy by the manufacturer’s decision. The lack of internalization in the industry of this real cost or benefit to the community means that the manufacturers do not have the economic incentives to include the most cost-effective measures in terms of safety. For example, vehicles are usually sold with the computer programmed to permit speed well over the legal limits, or come with dangerous options, like bull bars. The European Transport Safety Council, 2001, states:

“Road death is the leading cause of death for EU citizens aged under 45. By introducing legislation which reflects our best knowledge we have an opportunity here to save as many as 2000 lives and 18000 serious injuries annually at an additional cost at design stage of only 30 euro per car. Making the ordinary fronts of cars safer for vulnerable road users is, undoubtedly, the most important transport safety matter on the EU agenda.”

The situation is not better for the Companies either, they incur in significant costs to obtain the approval of a vehicle based on the traditional methodology, for example, in standardized crash tests. This is a situation where the manufacturer has no real responsibility as to the level of safety of his products; the only requirement is to comply with technical standards.

The methodology proposed will promote the introduction of safer vehicles, with a simultaneous reduction of the administrative burden and costs to the industry and Government. If the costs of accidents are well defined, the designers will have the elements to add -or remove- a safety feature. A new feature will be added if the additional company income arising from a lower accident rate compensates the additional cost per vehicle, i.e. if the marginal cost is compensated by the marginal income.  

New methodology

This methodology is based upon using the database of accidents and vehicle fleets to assess every year the current average losses associated to the vehicles fleet of each manufacturer (or importer) brought to the market, introducing in the following year a charge per vehicle to the companies that are over the average in the industry (negative externality) and utilizing this income to pay a reward to the companies that sold vehicles that perform better that the average in term of safety (positive externality). The average rate of accidents is used as a yardstick to consider the elements that are not under the influence of the manufacturer but are a factor in the number of accidents, for example black spots; it is unlikely that a specific vehicle models will be subject to more black spots that another’s. The first result is that the manufacturers that are in the average rate of accident costs will not be affected with additional income or cost. 

The result will be the introduction of fair and efficient pricing i.e. the external benefits or cost arising from the designer’s decisions will be reflected in additional income or expenditure for the companies. 

Application of this new methodology will produce a change in management of vehicle safety by the industry, from a culture of regulation complying, irrespective of the real or imaginary contribution to road safety; to a culture that privilege results from real life operations.   The end result will be that the companies will recover the full ownerships of the design criteria and will have the possibility of introduce the most cost-effective technology, or remove the safety equipment that is not cost-effective. This methodology will reduce the costs of approval by making unnecessary the expensive procedures presently used to assess, in artificial laboratory conditions, the theoretical criteria developed to define a “safe” product. Also, by considering all accidents categories, the case of pedestrians accidents is included, creating incentives to the manufacturer to design more pedestrian-friendly vehicles, closing a loophole for an area not covered by specific measures today, in spite of the high levels of pedestrians killed in road accidents, from 20% in the EU to 60% in some countries.

The final intention is to promote a continuous vehicles safety levels improvement. This will be achieved because the improvements in the safety condition of one vehicle will reduce the number of killed in accidents with this vehicle’s participation, increasing his company income. But the resulting lowering the average rate for all the industry, will introduce a market pressure to increase the level of safety of other manufacturers (or increase the losses of other companies). This means that the companies that don’t increase the level of safety will see a continuous increment in their vehicle’s cost that will result in a diminishing market share and/or profits.

An additional benefit is that, as the manufacturer receives the benefits or costs of the accidents levels of its products, it will be possible to transfer to them the possibility of issuing the periodic technical inspection certificate, currently produced by a public inspection. Of course, each manufacturer will select the periodicity and the items that need to be inspected. This will correct the problems with conflicting goals of private testing stations operating in some places. The goal of the private station owner is to have as many customers as possible, and usually this is reflected in a high rate of approval, to attract more customers than a station that is more rigid in assessing the vehicle quality.

Another possibility of this methodology is to restrict the analysis the accident to the first year of use of the vehicles, assessing his first year benefits or cost and introducing a first year earnings or expenditure considering the expected life of the product, discounted yearly using a suitable interest rate. For example, in USA, the Environment Protection Agency defines useful life for a car as 10 years or 100,000 miles, whichever occurs first. (EPA, 1997).

This approach will limit the possible claims that by considering a long time span, for example, 10 years, the manufacturers will be affected by the quality of the maintenance or consumables, like replacement tires but, by the other hand, it’s open the possibility that the car manufacturer fine-tuned the safety features, like shock absorber life or tires quality, for a shorter period. Also a shorter evaluation period will eliminate the possibility of transferring the technical inspection to manufacturers.

Insurance Charges

It can be argued that external cost from the vehicles are actually reflected in the Insurance Policies, but it is necessary to remember that this charges reflect private and not social costs, for example, the white paper on European Transport policy indicates that the cost of accidents is 160 Billion Euros, and the insurance expenditures on compensation and repairs is only 60 billion. Furthermore, Insurance charges doesn’t internalize costs, because is oriented to the car owners (that have no possibility of redesign his vehicle) and not to manufacturers that are in control of vehicle design. Finally insurance charges apply to all vehicles, while in this methodology safer vehicles will not receive a charge but will produce additional income for the company.

Indicators

Obviously, the best indicator is a to have an assessment of the total losses in accidents with the participation of each company products, although it is fairly well known that the number of damage-only accidents are unreported, sometimes by a factor of 4, usually this problem is smaller in the case of fatalities. For this reason it is suggested, as a first stage, to use fatalities as the indicator. Also, it is necessary to remember that all accidents are, by definition, multifactor events; this means that assignment of “guilty” to a specific participant is mainly a discretionary process of arbitrary decisions. The end result is that searching for a “guilty party” is not done in the interest of road safety, but in the necessity of sorting out legal responsibilities. For this reason it is proposed that the victims and damages in an accident be assigned to all participating vehicles irrespective of the guilty concept. This procedure will take charge of different levels of aggressiveness built-in the vehicles design. For example, an accident between a light passenger car impacted laterally by a sport utility vehicle will produce significant injuries to the cars occupants, Evans (1991) thus alleges that when two vehicles crash, one weighing 1800 kg and the other 900 kg, there is a 13-times higher probability of a fatal accident in the second car that in the first one. A military tank can be a safe vehicle, but not for the by-standers!

Assessment Period

The first possibility in this methodology is to perform a yearly analysis for all vehicles in service; for example, if the new procedure starts in 2004, in 2005 the vehicle fleet and losses will be considered in respect of vehicles introduced in year 2004, while in year 2009 years 2004 to 2009 will be assessed. Another possibility offered by this methodology is to restrict the accident analysis to the first year of use of the vehicle, assessing the first year benefits or costs and introducing a yearly earning or expenditure by considering the expected life of the product, discounted annually using a suitable interest rate. For example, in USA, the Environment Protection Agency defines the useful life of a car as 10 years or 100,000 miles, whichever occurs first (EPA, 1997). Both procedures are used in the examples.

This second approach will limit the possible claims by considering an extended time span, e.g. 10 years, whereby the manufacturers will be affected by the quality of the maintenance or consumables, such as replacement of tires. On the other hand, it opens the possibility that the car manufacturer fine-tunes the cost of safety features like shock absorber life or tires quality for a shorter period. Also a shorter evaluation period will eliminate the possibility of transferring the technical inspection to manufacturers.

Working examples
In the following simplified example there are three companies, each producing two car models, with the following participation in fatal accidents in the first year:

	ACCIDENT DATA, FIRST YEAR

	
	Participant vehicles
	Total killed

	Accident 1
	d, e
	3

	Accident 2
	f (single vehicle)
	2

	Accident 3
	a, c
	1

	Accident 4
	a, b
	2

	Accident 5
	b (single vehicle)
	2


The resulting statistics are as follows:

	Company
	Model
	Killed in accidents
	No de Vehicles


	Average Value
	Average for the Industry
	Excess or decrease related to the average

	
	
	
	
	Killed per 10,000 vehicles

	A
	a
	3
	10,000
	2.80
	1.74
	+1.06

	
	b
	4
	15,000
	
	
	

	B
	c
	1
	12,000
	1.08
	
	-0.66

	
	d
	3
	25,000
	
	
	

	C
	e
	3
	15,000
	1.67
	
	-0.07

	
	f
	2
	15,000
	
	
	


The doubt arises if the charge/benefits are made to the specific model or to the Company. It is necessary to remember that vehicle models changes, and are introduced or discontinued. For this reason it is necessary that the rewards or charges be assigned to the companies, they have the liberty to assign internally the benefits or cost to specific models (or to discontinue them).

The cost/benefits assigned need to be the real cost of the accidents, but for the sake of simplicity, we will assume the standard European Union recommendation of € 1,000,000 investment for each killed person saved. In this case, the results will be as follows:

	Company
	Excess or decrease related to the average (killed By 10.000 Vehicles)
	Total Number of Vehicles
	Yearly income or Cost  (Million€)
Note: 1 M€ considered as the cost of a killed person
	Additional yearly income (+) or Cost (-),


	Present Value, discounted over a 10 year period and 6% annual rate.

	
	
	
	
	€ Per vehicle

	A
	+1.06
	25,000
	-2.65
	-106
	-826.8

	B
	- 0.66
	37,000
	+2.44
	+65.95
	+514.41

	C
	-0.07
	30,000
	+0.21
	+7
	+54.6


Note 1: It is necessary to remember that the methodology is applied yearly with all the vehicles; this means that accident rates of a specific model-year will continue to be reflected in future annual results. 

Note2: The cost suggested, (€ 1,000,000 ), needs to be considered as a minimum. This figure includes only the cost of a killed person, by considering his/her lost output and not the cost of damages nor is determined by wiliness-to-pay methodology.

Note3: The cost assigned to a killed person, together with the expected reduction in fatal accidents and the cost of the feature are the commanding arguments to introduce or not a new safety feature.

 Example 2

This example has the same data of accidents as before, but with the difference that it considers the second year of the scheme operation. To improve it’s position manufacturer C has introduced a new safety feature in model f, now called f’ for this period, that consists in limiting the maximum speed to 120km/h and remove bull bars. This eliminates in this period the single vehicle accident for f. Accident data for the second year, based on the assumption that the vehicles sold in the first year repeats their accident pattern, is as follows:

	ACCIDENT DATA, SECOND YEAR

	
	From the vehicles sold in Year 1
	From the vehicles sold in Year 2
	Total killed in both years

	
	Vehicles involved
	Total killed
	Vehicles involved 
	Total killed
	

	Accident 1
	d, e
	3
	d, e
	3
	6

	Accident 2
	f (single vehicle)
	2
	f’ (single vehicle)
	-
	2

	Accident 3
	a, c
	1
	a, c
	1
	2

	Accident 4
	a, b
	2
	a, b
	2
	4

	Accident 5
	b (single vehicle)
	2
	b (single vehicle)
	2
	4


Also the Companies have taken the strategic decision of including in the price the benefits or cost obtained from the scheme. Considering a cost in the first year for all vehicles at € 15,000 and the price elasticity of demand for cars of -1, i.e. a 10% increase in the price will be reflected in a 10% decrease in the quantity consumed, the changes in the number of vehicles sold will be as follows;

	Company
	Model
	Present Value, of Road Safety Charge, discounted over a 10 year period and 6% rate.  (€)
	CHANGE IN THE PORCENTAGE OF CARS BOUGHT              %, 

(Considering a price of € 15,000  per vehicle and Elasticity = -1)
	Total number of vehicles sold, year 1

(by model) 
	Total number of vehicles sold, year 2 (by model) 

	A
	a
	-827.48
	-5.52
	10,000
	9,448

	
	b
	
	
	15,000
	14,173

	B
	c
	513.28
	3.42
	12,000
	12,411

	
	d
	
	
	25,000
	25,855

	C
	e
	56.52
	0.38
	15,000
	15,570

	
	f
	
	
	15,000
	15570


The resulting statistics, for year two, are as follows:

	Company
	Model
	Killed in accidents
	No de Vehicles
	Average Value
	Average for the Industry
	Excess or decrease related to the average

	
	
	
	
	Killed per 10,000 vehicles

	A
	a
	6
	19,448
	2.88
	1.62
	+1.26

	
	b
	8
	29,173
	
	
	

	B
	c
	2
	24,411
	1.06
	
	-0.56

	
	d
	6
	50,855
	
	
	

	C
	e
	6
	30,570
	1.31
	
	-0.31

	
	f
	2
	30,570
	
	
	


The improvement made to car f in the second year has resulted in a reduction in the average number of killed per 10,000 vehicles, from 1.74 to 1.62. That results in a better position for company C while the positions of the companies that did nothing (A, B) has worsened. The resulting income (+) or payments (-) made in the second year are as follows:

	Company
	Excess or decrease related to the average (killed By 10.000 Vehicles)
	Total Number of Vehicles
	Yearly income or Cost  (Million €)

Note: 1Million € considered as the cost of a killed person
	Additional yearly income (+) or Cost(-),


	Present Value, discounted over a 10-year period and 6% annual rate.

	
	
	
	
	€ Per vehicle

	A
	+1.26
	48,621
	-6.12
	-125.87
	-981.79

	B
	-0.56
	75,266
	4.22
	56.06
	+437.27

	C
	-0.31
	61,140
	1.89
	30.9
	+241.02


The final results, for year 1 and 2, are as follows:

	Present Value of charges or income, discounted over a 10 year period and 6% annual rate, In € per vehicle

	Company
	First year
	Second year

	A
	-826.8
	-981.79

	B
	+514.41
	+437.27

	C
	+54.6
	+241.02


As can be seen, improvement of the products introduced by company C has resulted in an increased income per vehicle in the second year for this company, and the positions of companies that do nothing  (A and B) have worsened, as expected.

The companies can adopt another strategy, to absorb the income or cost and not produce change in prices to the public. In this simpler case, the quantities sold in the second year are the same as those in the first year. The final table of comparison is as follows:

	Present Value of charges or income, discounted over a 10 year period and 6% annual rate, In € per vehicle, with the same number of vehicles sold in the second year

	Company
	First year
	Second year

	A
	-826.8
	-912.26

	B
	+514.41
	+429

	C
	+54.6
	+234


Treatment of the market segmentation of vehicle models

It can be argued that market segmentation of vehicle models results in different risk levels depending, for example, on driver’s age. This means that two vehicles with the same intrinsic safety level can have different rate of accidents. For example, the one that is mostly bought by younger customers will participate in more accidents. It is necessary to remember that the calculations are made company-wide and not by model, but if some company sells more vehicles in a high risk segment of customers, it is possible to modify the accident data by using models that “take out” the effect of the driver’s age from the calculations, or by keeping in the calculations only the accidents with drivers in a specific age bracket (25-45 years old, but creates the difficulty of estimating what is the relevant vehicle fleet) or better, the companies can develop strategies to reduce or compensate their risk exposure, for example:

· The price of this specific model can be modified to reflect the increasing income or cost to the Company. i.e. the manufacturer can transfer the externality introduced by the driving style of its customers, with the corresponding changes in the number of vehicles sold.

· “Tone down” the commercials. Ads that emphasize the maximum speed of the car or its acceleration rate, besides promoting this type of dangerous driving, will surely attract this type of customer.

· The vehicles can be made safer by preventing dangerous use; for example by controlling the maximum speed or the maximum rate of acceleration. This will make the vehicle less attractive to this type of customer.

· The vehicle can be offered with a “gift”, a free course in defensive driving.

· Finally, it is possible to refuse to sell a vehicle to a dangerous driver, for example if he/she has over-speed tickets.

Treatment of Sample size

An issue that is necessary to address is to investigate what is the minimum number of vehicles of a specific company that need to exist in the market to have a appropriated confidence level of the number of killed. This topic arises because with a small number of vehicles a single accident for example, with 4 victims, will affect the “true” value of accident involvement for this company For example School buses in USA participate in accidents with 40 person killed a year, this small sample size will not provide a sound statistical basis to utilize this methodology. The minimum fleet size and number of accidents need to be investigated to obtain an appropriated statistical basis.  At this moment it is sufficient to say that this topic appears in all vehicle safety work. For example, TRB special report 248 states: 

“The repeatability of crash test results is an issue. Only one test per vehicle is conducted because of the cost of testing. Thus the range of variance in test scores is not well established, and the uncertainties of the results are not acknowledged in the published scores.”

One manufacturer, VOLVO, comments about crash tests:

“Besides represents just one type of accident, at one speed, there is a risk that a car manufacturer precision-adjust a car so it passes the single test, even if this means that the total protection offered by the car is not as good as it might be from an overall angle”.[image: image1.wmf]
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Conclusions

· The methodology proposed will change the income of car manufacturers based in the accident rate of their products.

· The Companies that improve the level of safety of their products will receive an additional income, or the price of theirs products can be reduced, a sharp difference from the current situation, when a company who adds a safety feature sees the cost going up.

· The companies that are lagging in terms of vehicle safety will receive a charge that reflects the social harm done by their products.

· The replacement of the current approval process for new vehicles will reduce the approval cost for both the Companies and the Government, by making unnecessary the process to introduce regulations used to introduce new safety features and the enforcement of this regulations.

· The Companies will recover complete ownership of vehicle design.

· The companies will need to develop responsible advertisement; otherwise they risk attracting undesirable customers.

· This new methodology doesn’t need more data than are collected today.

· Last but not least, the company board will start to question designers: how these new car designs will lower our average rate of accidents in real life conditions?

Final Remarks

A new procedure for considering the external cost in terms of accidents associated to design decisions is presented. It is indicated that the assigned cost of accidents, together with the expected reduction in accidents numbers and costs, compared with the cost of a new safety feature will be the commanding arguments inside the Company for a safety features introduction –or removal-.

This new methodology, oriented to internalize external costs, can be used in another’s areas, for example, to reduce the emissions levels of vehicles. The key component will be to replace the mandatory target of fleet emission averages used today in USA and start using the average calculated for the vehicles mix sold in the market. A charge will be made to each company that is average is over the car industry average and paying a subsidy to the companies that is level of emissions is below the car industry average. The prices are assigned based in the social cost of each pollutant considered. Again this will produce a permanent improvement of the emissions levels of vehicles, with a marked reduction in the government interference in industry decisions.
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