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The Economic Issues

This paper is essentially about economics and no apology is made for this. It is also somewhat academic in its style. The reasons for this may become clearer later in the paper. It explains some of the economic concepts that can help in decision-making regarding the use of scarce environmental resources by embodying such decisions in the normal decision processes that underlie the economies of most western societies, including the US. It looks in general terms at methods of measuring and pricing environmental externalities and in doing so focuses on the need for utmost care and caution in undertaking a task that is full of potential pitfalls. 

Terminology and classifications are important in costing. The term ‘externalities’ comes directly from economics, but more recently it has often tended to take on fuzzy connotations leading to even fuzzier policy prescriptions. It is useful, therefore, to clarify what exactly one is one is talking about when dealing with externalities.

Externalities take a variety of forms. They all reflect some form of effect (either negative or positive) that the perpetrator does not take due cognizance of in his/her utility function. The main differences are in terms of whether this has real resource implications (technological externalities) or simply reflect transfers of resources via price changes (pecuniary externalities). Within the former, and generally the most germane category, there are further divisions that reflect the nature of the perpetrator and those affected. Environmental externalities (air pollution, soil contamination and the like) are within the simplest form of sub-division, user-on-non-user externalities. This is an important and oft neglected fact. It, in the transport context for example, separates environmental externalities from traffic congestion on roads that is a user-upon-user externality (or a club-good issue). 

The distinction is an important one not only from an intellectual perspective, but also in the formulation of policy. That as many policy instruments are required as there are policy targets has long been long appreciated by economists. Further these instruments should be those that most powerfully impact on the design targets. Road congestion is internal to the community of road users and it should be optimized in the context of their costs and benefits. Most economists who believe in market systems recommend ‘Road Pricing’ principles should be applied along the lines initially developed in the 1840s. This is not the only approach – those of a Marxist bent may favor not using pricing but rather leave it to congestion itself to allocate road space. Experience in most other situations indicates the superiority of the market approach. And the recent experiences in London with charging in the central area of the city show how powerful charges can be in affecting motorists’ behavior and reducing congestion.

The advantage of prices is largely in their flexibility. Confronted with prices that reflect the full resource cost, and environmental damage is a resource cost, of an action leaves a transportation user with numerous choices. Paying the charge and acting as before is only one option, but one some users will adopted. Most, however, will consume less and substitute other items into their consumption patterns. This need not actually mean reducing the consumption of travel per se, it may mean a mode switch or adopting new cleaner technologies for the motor vehicle, or changing the time of travel. In many cases, people will simply say that the environmental costs, as reflected in the price is not worth paying and use their money to buy entirely different things. But whatever this choice, it is not made by some central planning authority, but by the individuals themselves. Prices simply lead to awareness that resources are not finite.

There are problems in using environmental pricing. First, it should not be confused, as it often is, with a market-based approach to tackling environmental externalities. The difference is that environmental prices are in most circumstances easily dmonstrated to be the most efficient way of meeting some predetermined environmental standard. Who determines that standard is an institutional matter and not an economic matter. There is absolutely no guarantee that this standard is in any sense optimal, and in practice it is often partly political in its underpinnings. 

A market-based approach by definition lets the market set the price. In other words individuals are given property rights to resources, including the air, water and soil, and then they are allowed to buy and sell these rights. The trading will establish a set of prices and in ideal circumstances the environment will used optimally. This utopian economic framework does rely upon a set of rather strong assumptions, but possibly not as strong as those that underpin a lot of the planning initiatives to regulate or set standards for environmental harmful emissions from vehicles. The approach also underlies the notion of tradable permits that have been used in the US to phase out lead in gasoline, although this is more of a hybrid framework aimed at meeting a given long term target – national lead free gasoline.

The Nature and the Scale of the Environmental Problem

In terms of the environmental damage caused by transportation, the excesses are manifest. But many other activities have adverse environmental effects. Transportation, however, is particularly problematic. It is associated not only with generating large amounts of some pollutants and other harmful chemicals – for example CO2 emissions – but more importantly it produces a very wide and diverse range of pollutants (Table 1), and to make matters worse the source is, with very few exceptions, mobile. One can add to this the variations in the temporal duration of the effects of the environmental damage – some affects have little more than a passing effect, whilst some others have an infinite impact.

Table 1
Road Vehicle Pollution Emissions

	Emission
	Description
	Source
	Harmful Effects
	Scale



	Carbon monoxide (CO)
	A toxic gas which undermines blood’s ability to carry oxygen. 
	Engine
	Human health, Climate change
	Very local

	Fine particulates (PM10; PM2.5)
	Inhaleable particles consisting of bits of fuel and carbon.
	Diesel engines and other sources.
	Human health, aesthetics.
	Local and Regional

	Road dust 
	Dust particles created by vehicle movement.
	Vehicle use.
	Human health, aesthetics.
	Local

	Nitrogen oxides (NOx)
	Various compounds. Some are toxic, all contribute to ozone.
	Engine
	Human health, ozone precursor.
	Regional

	Hydrocarbons (HC)
	Unburned fuel. Forms ozone.
	Fuel production and engines. 
	Human health, ozone precursor.
	Regional

	Volatile organic hydrocarbons (VOCs).
	A variety of organic compounds that form aerosols. 
	Fuel production and engines. 
	Human health, ozone precursor.
	Local and Regional

	Toxics (e.g. benzene)
	VOCs that are toxic and carcinogenic.
	Fuel production and engines.
	Human health risks
	Very local

	Ozone (O2)
	Major urban air pollution problem resulting from NOx and VOCs combined in sunlight.
	NOx and VOC
	Human health, plants, aesthetics.
	Regional

	Sulfur oxides (SOx)
	Lung irritant, and causes acid rain.
	Diesel engines
	Human health risks, acid rain
	Regional

	Carbon dioxide (CO2)
	A byproduct of combustion.
	Fuel production and engines.
	Climate change
	Global

	Methane (CH4)
	A gas with significant greenhouse gas properties.
	Fuel production and engines.
	Climate change
	Global

	CFC
	Durable chemical widely used for industrial purposes, now banned due to environmental risks.
	Vehicle (especially older air conditioners).
	Ozone depletion
	Global


.

These features pose a variety of institutional problems as well as a range of inherent technical difficulties. In particular they raise issues of jurisdictions. Externalities are not just at the level of an individual but can extend across different legal spatial boundaries. Pollution from one region can adversely affect another with the former having little incentive to curb its activities. Urban motor traffic induced acid rain drifting across rural areas is one example. 

From an economic perspective, the problem is one of the magnitudes of the externality problem in terms of the excessive resources costs that it entails. Numerous studies have been produced putting a monetary value on these aggregate costs (Figure 1 gives an example of this type of analysis). These, however, are almost inevitably upward bias and the results should be taken as the highest possible. This situation is often a reflection of the political nature of the calculations. Lobby groups seldom have a motivation to be scientific. But even when this is not the case there are serious technical problems estimating national or global costs, and not the least of these is that the valuations used are inappropriate. 

[image: image1.wmf]Figure 1. Total External Costs of Transport in the European Union in1995 by Transport Means and Cost Category Calculated by Infras-IWW

The aggregate assessments are almost without fail based upon local, microanalysis or case studies and then aggregate to the national or global level. Willingness-to-pay measures that seek to define how much people are willing to pay for reduced environmental damage are often used. (Although many aggregate data estimates are a combination of figures gleaned from initial calculations using a diversity of procedures.) The problem is that however sound the methodology is for the local level studies, aggregation is not simple and may be impossible. The issue is that the local studies invariably make very strong assumptions to facilitate their calculations, but these assumptions breakdown when trying to fit the results into a larger spatial framework. The resultant bias in the values obtained is almost universally upward because the aggregation problem arises from not adjusting for the income taken out of the system to pay the environmental prices.

But there are also counter forces at play. Many valuations of environmental externalities are expressed in terms of a percentage of National Income. But National Income itself is a very crude measure of society’s wellbeing. The National Income Accounts are based on principles of Keynesian economics and thus have an inbuilt structure that offers a measure of income that is closely tied to employment – jobs being the primary target of Keynesian economics. (As the French Economist Bastiat pointed out in 1850, this is why a child throwing a ball through a widow produces an increase in National Income when the glazier comes to replace the pane.)  Environmental costs may not be of that kind and hence ratios of National Income may be an inappropriate measure. The tendency here, one must suppose, is that the cost of environmental externalities are underestimated from a full social welfare perspective. This has, in effect been, argued, albeit in different terms, by environmental groups and it is valid. But it is a measurement issue rather one of deficient economics, National Income Accounts were not designed to take environmental costs into account (and recent efforts at Green Accounting will not improve the situation – adding wings to a battleship does not make it an aero plane.)

Putting a Price on Environmental Externalities.

The conventional way that economics measures the importance of an externality is to put a money value on it. Some argue that the environment is too precious to treat in that fashion. The counter argument is that if society truly believed that to be so then infinite sacrifices in terms of other activities would be made to protect it. Society simply does not do that but through a variety of mechanisms makes trade-offs. 

Money valuations may have intellectual problems, practically they may be difficult to arrive at, but they do have merits. Other aspects of our behavior in western economies are largely influenced by the prices of things – their money value. And the reason for this is that money offers a common unit of measurement that allows trade-offs to be made. It allows comparisons between the damage done by NOX output and that by increased CO2 emissions in the environmental context. If these monetary costs are then passed on into prices, society can chose how much of each to emit, and indeed compare this with the use of other resources.

Before looking at some of the multitude of techniques that have been applied to valuation of externalities it is important to reemphasize how difficult this task is. There are certainly intellectual problems but there are also basic data issues. 

Figure 2 highlights in very broad terms the stages that must be gone through before any valuation is possible. There are many of these and the Figure itself is sufficient to indicate this fact – the stages can could actually be even more disaggregated. Each of these requires information and data. In many cases it is missing, incomplete, or at best spurious. These are facts that are often forgotten in many of the discussions about environmental externalities – even research on their physical magnitude and physical implications is sparse.

Making use of Figure 2 in a slightly different way, the physical aspect of an adverse environmental external effects, the left side of the diagram, expresses relationships between transport activities and impacts on the environment. This is fed by a body of accumulated scientific knowledge that has establishes laws and parameters on which these relationships depend. The laws are often expressed by functional relationships between emissions and their effects, known as dose-response or exposure-response relationships, that highlight how, and in accordance with which parameters, impacts are related to emissions. 

Figure 2 The ‘Chain’ to Placing Monetary Values on Environmental Externalities.
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The economic aspect, described on the right, takes these quantities as its starting-point (number of deaths, quantities of crops destroyed and species disappeared) and applies unitary values to these quantities (value of a death, value of a crop). In the case of commodities (that is, goods commonly sold in a competitive market), these unitary values are the market prices. For non-market goods they are determined by methods that aim to evaluate what the individuals suffering the impact on the environment would be willing-to-accept (the amount of financial compensation that victims would have demanded before they would volunteer to accept such damages). 

Methods known as revealed preference analyze situations where the individual has a choice between greater or lesser degrees of pollution and more or less of a commodity. Methods known as stated preference are based on surveys where individuals are asked how much they would be prepared to pay to avoid such pollution. Finally, cost of damage methods seek to estimate the monetary cost of repairing the damage caused by the pollution or nuisance in question. These methods enable the development of concepts such as the cost of a year of human life saved, the cost of a year’s illness avoided or the cost of decibel of noise. 

Getting to these values is the difficult practical task, and there is no ideal way. The reality is also confused in many studies and there are many reports that add or compare values for different externalities that have been derived using different techniques. Figure 3 extends the discussions a little further by going into more detail of the methods of valuation available. It gives an impression of the types of methods available. There are theoretical reasons why some are deemed better than others, but in many cases the approach adopted comes down to the data that is available. Often, as highlighted earlier, this is very limited.
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Figure 3. Approaches to Valuation of Externalities of Transport
We offer a few comments of some of the broader methods are that are used, The intention here is to give no more that a flavor of the alternatives.

a)
 Resource Approach

In the resource approach, all losses caused by environmental impacts are regarded as depletions of resources, which are evaluated either on the base of the costs of repla​ce​ment or on the base on lost of future returns. If buildings, facades or historical monuments are destroyed by air pollution their economic values can be estimated by the future cost of restoration. Human beings, animals and plants are also treated as material objects, i.e. they are conceptually equated with capital goods so that their cost values or income values can be determined. For instance in the case of valuation of human life the value added to the social product would be the benchmark of the economic value.

b)
Utility Approach

The utility approach is founded on the indivi​dual value estimates of those affected by the external effects as seen in their behavior or suggested behavior. (At the simplest level, the choice been made between identical houses where one is noisy and cheap and the other quiet but more expensive.). To give accurate results the method assumes all those involved are fully aware of the economically relevant data and can perform consistent evaluation and in particular trade-offs between the environment and material consumption. It also assumes that individuals are able to respond to changes in their economic situation by a monetary willingness-to-pay or to sell. This willingness can be measured by stated or revealed preference techniques. In the first case people are questioned and express the magnitude of their response to an external effect by virtual payments or contingent claims. Revealed preference approaches try to derive the economic valuation of an externality from observed behavior of affected people.

One approach to seeking revealing preferences is the hedonic pricing method. Here a demand function is constructed and estimated econometrically in a framework that includes, besides other market parameters, environmental quality as an argument of the function. The values of the parameters of the demand function are estimated on the base of field surveys. Because the demand function also includes market prices of material goods as explanatory variables it is possible to calculate the monetary value of the environmental good by taking the elasticity of substitution between material and environmental goods. 

c)
Prevention Approach

In some cases a prevention approach is applied for valuation that is basically an estimate the cost of avoiding environmental harm by prevention measures. Prevention mea​sures are related to standard settings. Their magnitude depends on the level of prevention defined by specified limit values, and the preventive technology used. The prevention approach is only used as a second-best method in the case that no first best method can be applied.

d)
Social Rate of Discount

Private investors discount future earnings and costs in their investment calculus and society effectively does the same. In the context of evaluation of external diseconomies, it is assumed that there is some sort of social discount allowing comparisons of effects occurring in different time periods. This social rate of discount equals the values of societal time preference and of the opportunity costs of production. It can be derived from a long-term intergenerational growth model with the result that it is not necessarily unique. This means that for damages, that can be repaired or compensated completely by material goods the social rate of discount would equal the private-one (close to the capital market rate of interest). In the case of risk for human health or for mankind to survive the rate of discount can be very low and approximately zero. This would reflect a high preference of the present society for preserving good living conditions for future generations.

e)
Insurance

Insurance contracts can is some cases be a means of placing future risk values on environmental effects. Reinsurance companies, which are in particular involved in insuring the damages stemming from natural catastrophes, have developed calculation schemes to estimate the premiums to be paid for future expected payments for loss compensations. Such an approach would start from the assumption that it is possible to give a rough estimate of the expected values and variances of losses. The yearly premiums to be paid would correspond to the expected annuities of future payments.

Pricing Environmental Externalities

Once a cost has been estimated then this can be translated into an appropriate price. To use prices effectively to attain a given environmental standard requires a clear definition of what the problem is. If the issue is one of excessive CO2 emissions then it is CO2 that should be priced. A close proxy may be used – a carbon charge for instance – but this proxy should be tightly tied to the problem at the core of the concern. This avoids, or at least minimizes the problems of interactive effects.

The problems in doing this are often more practical than theoretical. Using pricing to limit environmental damage may pose a variety of problems not least of which is that of imposing it on the perpetrator of the externality. In particular, there are high transactions costs involved in many cases. These are the costs of collecting the price, and of monitoring, administrating and policing the system. The arithmetic of these costs, however, should not be difficult to calculate. If they are excessive then the costs of the environmental externality may well be worth bearing, or as a second-best approach some other policy tool used.

Perhaps of more importance in many cases is the problem of what should be done with the revenues that are collected. This is a topic that has emerged with something of a vengeance in recent debates over a non-environmental transportation/land-use matter namely traffic congestion and the deployment of Road Pricing. If, as many argue, the environmental costs of transportation are large, and many who do not accepted the aggregate figures that are thrown around still accept that it is a significant problem, then the revenues generated from environmental pricing will be significant. The question is how to spend these. 

Many may say that ideally from an equity perspective, since environmental pricing does not, unlike a market based approach, compensate those who are still suffer from adverse environmental affects, money should be paid in compensation to those still afflicted with noise, pollution, etc., Under a market system the optimal level of environmental intrusion is achieved and those who gain automatically compensate those that still suffer, even at significantly lower levels of noise and pollution. Environmental pricing, even if optimal environmental outcomes are achieved, leaves the revenues from the scheme in the hands of the authorities controlling the system. 

For a pricing scheme to be justified, the total net revenues collected should be sufficient to compensate those who continue to suffer from external costs and have a surplus. From a social perspective, whether that money is paid in compensation or not, is a political decision – there is no economic argument whether it should be or not. But the fact that this potential exists is important. For those who do not like environmental pricing, it should be noted that standards and regulations, also fall down in not offering any compensation to those who still suffer from external effects but here the problem is worsen by the lack of any revenue pool that could be exploited for redistribution.

There is always a danger of what is often called ‘capture’ of any system by those with particular interests, and environmental pricing would seem to offer a very ripe fruit to be picked. Indeed, it is interesting to reflect on the debates over the introduction of a crude congestion pricing scheme in London where the public transit lobbies and their labor union allies pressed for revenues to be spent on transit facilities. Such actions may be appropriate but often the strongest voices are from those with vested interests. Waste of the potential benefits of environmental prices is always a threat.   

Some Concluding Thoughts

There is considerable logic in seeking consistency in decision-making. Most decisions that people make are based upon an assessment of the merits and limitations of options. A vary large number of these are simplified by use of the price mechanism because this expresses the various characteristics of the merits and limitations in a single unitary form. This is translated into the very generic form of cost-benefit analysis that public policy makers often use in their decision-making. Measuring and then evaluating external costs in monetary terms is a logic part of this process. Its application is not easy, its pure accuracy is often doubtful, it is open to abuse, and it may throw up painful conclusions for some. 

When it comes to evaluation of external environmental costs the best we can do is to make local calculations and these are still not perfect. By-and-large the spectacular figures that appear at the national or global level are spurious and distortive at best and mischievous in many cases. But at the local level, the best we have, combined with suitable translations into environmental prices still offers the potential for providing more environmentally sensitive transportation systems.

Reading

The following is a list of useful titles dealing with the theme of this paper, together with a few notes on each. In addition, the journal Transportation Research D- Transport and Environment regularly contains papers of relevance to the topic.

1.
Hensher, D.A. and Button, K.J. (2003) (eds) Handbook on Transport and the Environment, Pergamon, Oxford.

(The 45 original papers in this volume cover all aspects linking transportation and the environment, including a significant number germane to the valuation/pricing issue.)

2.
Hayashi, Y., Button, K.J. amd Nijkamp, P. (1999) (eds) The Environment and Transport, Edward Elgar, Cheltenham.

(A collection of 26 previously published papers, many of which consider issue central to the evaluation and pricing of environmental externalities.)

3. Barde, J-P. and Button, K.J. (1990) Transport Policy and the Environment: Six Case Studies (edited with J-P Barde), Earthscan/OECD, London/Paris.

(Six detailed case studies of urban environmental problems associated with transportation and how the authorities have sought to tackle them.)

4. Organisition for Economic Coorperation/European Conference of Ministers of Transport (1994) (eds) Internalising the Social Costs of Transport, ECMT/OECD, Paris.

(A set of papers that examine the nature of environmental externalities, their measurement and methods of pricing.)

5. Greene, D.L., Jones, D.W. and Delucchi, M. A. (1997) (eds) The Full Costs and Benefits of Transportation Springer Verlag, Berlin.

(A set of original papers that seek to define the full costs of transportation and also the full benefits.)
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