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Abstract

This paper briefly covers the research areas under the theme “long-term effects” in the project IMPACT. IMPACT focuses on models and tools that support the implementation of transport related policies for a sustainable development. These research areas are: treatment of time inconsistency in decision-making, discounting long-term impacts, treatments of risk, uncertainty and irreversibility, and path dependency and dynamic efficiency. The paper gives a discussion of these research areas and provides short reviews of literature. These research areas are examined in the context of two case studies, alternative fuel technologies and provision of transport infrastructures. 

1. Introduction

In 2005 the Foundation for Strategic Environmental Research, Mistra, launched the sustainable mobility initiative TransportMistra. The project IMPACT has been funded through this initiative. IMPACT focuses on models and tools that support the implementation of transport related policies for a sustainable development. “Long-term effects” is among the research themes that IMPACT has emphasised. This paper briefly discusses the research under long-term effects.

Transport has been recognised as the source of many adverse impacts on the ecological systems and there have been extensive research on and suggestions for policies, instruments and measures for remedies. Yet there has been an acknowledgement that the current trends in transport are not sustainable and difficult to deal with (see Stern 2006, EEA 2006). An understanding of the transport sector is crucial in this context since policies and plans are devised for implementation in this system and with an expectation to produce the intended results. The complexities of the transport sector are probably a main cause for the current unsustainable trends and the failure to change the course. Transport sector is a dynamic system and like other complex systems exhibits path dependencies and lock-in effects. Furthermore policies and plans involve costs and benefits that can occur over long periods of time. Provisions of infrastructures and changes in land use are such examples with impacts on environment that are often irreversible and associated with high degree of risk and uncertainty. Risk, uncertainty and irreversibility are also associated with technological change, often considered vital for environmental safeguard. Uncertainty can be inherent in the technology itself and related to relevant economic signals.

Individuals and actors behave according to their own values and preferences that are central in decision-making and in evaluation of policies and plans. Policies are formulated and implemented by both elected politicians and non-elected bureaucrats. Different actors, politicians and bureaucrats and at the different levels of government have different time preferences that are often not consistent. And evaluations of policies with long-term impacts involve consideration to the time preferences of the individuals and the welfare of the future generations. Hence evaluation is explicitly or implicitly based on a “social contract” for intragenerational and more importantly for intergenerational equity.” 
In summary research areas under theme “long-term effects” in IMPACT are:

1. Treatment of time inconsistency in decision-making. Time inconsistency in the models of decision-making and organisation typically suggests that agents have different time preferences. Some like to encounter rewards soon and costs later and others are willing to accept costs for future rewards. This phenomenon is often central in the understanding of political process in a given organisation and institutional setting. The allocation of tasks (in decision-making) among the different levels has been explained by time inconsistencies in preferences. 
2. Discounting long-term impacts. Policies and plans involve cost and benefits that occur over long periods of time. Typically people do care about when the costs and benefits occur. They prefer benefits now rather than later and costs later rather than sooner. People have time preference. Since evaluation of policies and plans are based on preferences, it is essential to take account of time preferences in discounting. However discounting on the basis of time preference of the present generation undermines the interest of the future generation. The choice of the ‘correct’ discount rate has been the subject of a long debate. The core of the debate is whether a long time horizon context, with potential irreversibility, requires special treatment, and even if standard welfare-theoretic approach is appropriate. The central issue is how to account for the preferences of the future generations in policy debates that will affect them.
3. Treatments of risk, uncertainty and irreversibility. The third issue is related to decision making under risk and uncertainty and with irreversibility. There is particularly a great deal of risk and uncertainty associated with the long-term effects of an action or policy. And most actions such as provisions of infrastructure, changes in land use have uncertainty associated with their social benefits and costs, and are irreversible. Their impacts on environment are also associated with uncertainty that can be irreversible, even catastrophic. Technology adoption is another example where investment decisions are made under uncertainty and irreversibility. 

4. Path dependency and dynamic efficiency. Path-dependency means that the sequence of historical events influences future possibilities. The lock-in effect is mainly discussed in the context of technological change, but can be extended to other phenomena that exhibit path dependency. The lock-in effect is explained by infrastructure and networks that support and cater to a technology in terms of standards, direct investment costs such as costs related to learning, and uncertainty among other considerations (Arthur 1989). Transport system is a complex system that seems highly sensitive to the dynamics of technical change, namely to path-sensitivity and lock-in phenomena. How do path dependencies influence public policies and how public policies can affect path dependencies? Timing and dynamics of policy and plan are crucial and there could be only narrow windows in which policy can be effective (David 1985). 

This paper briefly discusses the research areas under “long-term effects”. Section two describes the transport system as a dynamic and complex system. Section three focuses on the concept of sustainable transport in the context of sustainable development. In section four the research areas under “long term effects” are described. Section five provides examples from transportation where their analysis requires accounting for time inconsistency in decision making, discounting, risk, uncertainty and irreversibility, and path dependency and dynamics. Summary and a short conclusion are presented in section six.
2. Transport as a complex system

Fossil fuel has powered the economic growth worldwide. The increasing reliance on fossil fuel is unsustainable both in view of the scarcity of this resource and considering its local and global environmental impacts. While the reliance on fossil fuel has been in focus, the pressure on other natural resources has been increasing beyond ecological sustainability. The present trends of development have created a greater social divide globally, regionally and at urban levels. 
The role of the transport in this trend has been quite complex. Transport in general and urban transport in particular is the key to economic development. It provides accessibility for production and consumption and services. And production geared to the provision of transport is often an important volume of economic activities. The growing automobile industries are major contributor of the GDP in China and India. The trends in urbanization points to the rapid growth in vehicle mobility, urban sprawl, serious traffic congestion, and high traffic casualties (WBCSD 2004). The reliance on fossil fuel to accommodate car mobility is a too great risk for the future viability of any urban area.  

The strong tie between economic development and the increase in mobility and the consequent costs for environment has set in motion the notion of “decoupling”. The decoupling of economic development and transport demand, or its environmental consequences, has been the subject recent research (Gilbert and Nadeau 2002, Banister and Stead 2002, OECD 2002).

Another dimension of the complexities of the transport system is the strong interdependencies between its different subsystems (road, public transport and slow modes networks). The interactions between these subsystems and with urban systems have positive (economic development, accessibility, social cohesion, etc.) or negative (traffic fatality, negative environmental impacts on human and nature, urban sprawl, social divide, etc) consequences. 

An explanation for lack of success with sustainable mobility is the complexities of the transport systems. Richardson (2005) states that “the transport systems are complex, and its complexity derives from the pluralism of its hardware (infrastructure and vehicles) and of the people and organizations involved. The complexity is multiplied by the existence and roles of different modes, regulatory and legislative bodies, service providers, builders, financing systems, technologies, land-use patters and most importantly human behaviour”.  These frequently differ from what an “informed and benign” social planner would find best. 

Kaiser (2005) looks at the complexities of an urban transport system and describes the short-term dynamics of the system in terms of its daily operation. He suggests that the long-term dynamics of an urban system is determined by the interplay of the many different systems that can influence the development of its transport system. Kaiser suggests that an urban system itself has a “momentum”, what he refers to as path dependency, a concept used by industrial economist. In many areas of human activities the choice of path at an early stage will strongly influence further developments. There are many cases where it is impossible to undo an early choice. It has an irreversible character. 

3. Sustainable development 

The concept of sustainability is routinely attributed to the Brundtland report (WCED 1987). WCED defines sustainable development as “development that meets the needs of present without compromising the ability of future generations to meet their own”. According to this definition both inter- and intra-generational equity should be met before any society can attain the goal of sustainability. Social and economic developments must be undertaken in such a way to minimise the effects of economic activities, i.e., use of resources and waste assimilation, whenever the costs are borne by future generations.

Since WCED many definitions of sustainable development, often incompatible, have been offered. The differences can be linked to the differences in environmental ideologies. A central point of departure between the different views is related to substitutability between man-made capital and natural capital and the services provided by the ecological system (Hackett 2001). The spectrum of sustainability modes covers the very weak to very strong sustainability modes. A strong sustainability mode rejects that the man-made capital can perfectly substitute for the lost natural capital. In this view, some elements of the natural capital cannot be substituted by the man-made capital and some functions and services of ecosystems are essential to human survival and cannot be replaced. Other ecological assets such as landscape, space, relative peace and quite are essential to human wellbeing if not for human survival. These assets are regarded as critical natural capital and are not substitutable, if at all. Within a strong sustainability mode, policies and actions are governed by fixed standard approach, derived from absolute limits, precautionary principles, primary and secondary value of natural capital, constant natural capital, and strong version of safe minimum standard. The strong sustainability mode rejects the methodological assumptions in CBA. However, it does not oppose the achievement of specified goals through cost effective measures, including economic measures (Speth 2004).
The interpretation of the role of technological development varies significantly among the sustainability modes. The direction and extent of technological change matters in reducing abatement costs. While much is known about past technological changes, less is known about future changes. Uncertainties pertain to the whole process of technological change, from invention to diffusion (Schumpeter 1942). There is no evidence in the literature that any single technology will provide society with the ability to control the cost of emissions mitigation (Edmonds et al 2000). Almost all research on the relationship between technological change and environmental policy has been linked with one of two core areas: first, the rate and direction of technological change greatly influence the environmental impacts of social and economic activity; and second, environmental policy interventions themselves create new constraints and incentives that affect the process of technological developments (Jaffe et al 2002). Modelling the rate of technological change is in its infancy. While relatively simple models can be built that illustrate the effects of inducing technological change through different channels, they fall far short of the complexity of the real world. While these models provide some insights, they do not fully explain the process of technological change.

In summary a major concern in “sustainable development” is the interests of future generations. Furthermore uncertainties, risk, irreversibility, path dependency is central in the course to sustainability and needs to be addressed in the policies and plans. These issues are particularly important in the context of the transport sector.    

Sustainable mobility

While there is not very much consensus on a definition for sustainable development, there is even less consensus on the interpretations of sustainable development for the transport sector or sustainable mobility. The nature of the transport, a sector that closely corresponds to “derived demand”, can be an explanation for the lack of consensus. Nonetheless numerous definitions have been devised to incorporate the different dimensions of environmental/ ecological, economic, social and cultural sustainability (OECD 1996, Greene 2001, Verhoef and Feitelsson eds. 2001, Gudmundsson 2004, Kågeson 1994). Indicators, policy packages and implementation course have also been subject to research. Specifically, many researchers have put emphasis on defining indicators for sustainable mobility (Gilbert and Tanguay 2000). The indicators include those derived from current practices, stakeholders’ views on sustainability, or the current state and quality of the transport systems. 

Various modelling and scenario studies, relying on forecasting or backcasting, have been applied for the evaluation of a single policy or a policy package and with focus on different dimensions of sustainability; economic, environmental and social (Banister and Stead 2004, Schade and Schade 2001, US Transportation Research Board 1997). These research projects have partly contributed to a formalisation of the constraints for the implementation of a policy package, most often as institutional, political, legal, financial and technological. Another contribution of this body of research has been related to formulation of intra- and intergenerational equity objectives for the transport sector (PROSPECTS and SPECTRUM). 

In summary there has been important research on definition of sustainable mobility, indicators for sustainable mobility, the interdependencies of the transport subsystems, interdependencies of the transport system with land use and the rest of the economy, in particular the labour market, implications of transport policies on equity and social cohesion, on efficient pricing and financing of the transport system, alternative fuel, financial requirements for investment on different subsystems, scenario analysis and institutions and governance. And in summary, there is agreement that societies have failed in even getting close to “sustainable mobility” but there is no consensus on the reasons for the failure. Some have suggested that there has been a lack of effective policy implementation (Tengström 1999, Flyvbjerg 2003). 

Almost two decades after the consent on the importance of sustainable mobility, European Environment Agency (2006) reports that in Europe: freight transport volumes grow with no clear signs of decoupling from GDP; passenger transport volumes have paralleled economic growth; greenhouse gas emissions from transport are growing; road freight continues to gain market share; air passenger is growing; the share of biofuel is increasing but is below the biofuel directive; new technology can cut emissions and fuel consumption, but more effort is needed to achieve CO2 targets. While the European Commission has a fairly optimistic view of the possibilities for decoupling economic activities and environmental impacts, it has not yet produced substantial evidence for its position.     

The transport sector has not only been identified as an important contributor to the emissions of the greenhouse gases, but also as a difficult sector to steer from a policy perspective (EEA 2006, Stern 2006). The problem is closely related to that transportation is in part a derived demand, and that mobility is deeply entrenched in lifestyle patterns, spatial structures, technical systems, industrial supply chains and simply the rest of the economy. Another complication for the goal of “sustainable mobility” has been the multiplicities of actors and institutions that are directly involved in or influence policy and plan formulation and their implementation.   

4. Theoretical frameworks

The following sections will briefly discuss the theoretical frameworks of the research areas under the theme long-term-effects.

4.1 Treatment of time inconsistency in decision-making

The first area of research will address the implication of time inconsistency in decision-making. Policies are formulated and implemented by both elected politicians and non-elected bureaucrats. Different actors, politicians and bureaucrats and at the different levels of government have different time preferences that often are inconsistent. The politician might make decisions based on their immediate rewards, i.e., re-election, and postpone the costs to future while bureaucrats often reveal a longer time horizon. Bureaucrats are more concerned with professional credibility. The allocation of tasks (in decision-making) among the different levels has been explained by time inconsistencies in preferences. An important application of this research area is the positive and normative analysis of the allocation of the tasks between politicians and bureaucrats or politicians at different levels of government. A normative perspective embodies the objectives of a society. The choice of optimal allocation of tasks is based on welfare economics, i.e., maximisation of social welfare function, is a normative approach. To achieve the normative perspective one has to assure that behaviour of the actors coincides with those of the normative perspective. A positive perspective illustrates the delegation of tasks by the politicians themselves, motivated by re-election. A positive approach provides us with the forecasts of task allocations that may or may not coincide with optimal allocation of tasks. Alesina and Tabellini (2004) suggest that “From a perspective of economic efficiency, politicians are preferable for tasks that have the following features: i) differences in performance are due to effort, rather than individual talent or technical ability; ii) the preferences of the public are unstable and uncertain, so that flexibility is valuable, a case that may be especially relevant for changing and complex policy environments; iii) time inconsistency is unlikely to be a relevant issue; iii) the nature of the policy is such that politicians cannot strategically distort policy choices in favour of short term objectives and against long term welfare; iv) the stakes for organized interest groups are small, or the legal system is poorly designed so that corruption is widespread; v) side payments to compensate the losers are desirable and relevant, or bundling of different aspects of policy management and a comprehensive approach is important.” Recognition of incentives facing different actors involved in decision making is imperative for an understanding political process, including those aspects of the process that result in policies that are not in accordance with the normative principles. “But welfare economics is not a positive theory of political process; its prescriptions must not be mistaken for forecasts. If we were to provide forecasts of what the future policy in this area is likely to be, the normative theory in my view, is certainly not irrelevant, since it provides important arguments for political debate”, suggests Sandmo (2000). The subject of time inconsistency in decision-making is particularly important in the context of environmental policies since these policies often require upfront costs that lead to environmental benefits over long period of time.  

The framework of time inconsistency in preferences can be applied for analysing situations involving different actors. For example how do the public and firms respond to policy actions with their knowledge of the politicians’ time-inconsistent preferences? And what are the necessary measures to assure time-consistency in the preferences of the decision maker? Among others Grossman and Helpman (1996) and Marsiliani and Renström (1999) have applied the framework of time inconsistency in to show that governments are unable to commit themselves to intergenerational equity. Grossman and Helpman suggest constitutional reform while Marsiliani and Renström suggest earmarking as a solution for time-inconsistency problem that arises in the environmental taxation.

4.2 Discounting

The second research area focuses on the appropriate discounting approach for different long-term effects such as those associated with infrastructure and land use policies and their environmental impacts such as climate change. Policies and plans involve costs and benefits that occur over long periods of time. Long-term effects involves uncertainty, irreversibility and even catastrophic. Long-term evaluation, explicitly, or implicitly is based on a “social contract” for intergenerational equity. This is captured by the discount rate in cost benefit analysis, by the application of option theory to address risk, uncertainty and irreversibility or by Precautionary Principles or Safe Minimum Standards. This section is a brief summary of these approaches.
The “correct” procedure to the evaluation of the social desirability of a project would have been in relation to its total effect on the economy, with it and without it. The total effect includes those concerning future generations. Without any market imperfection and failures and lump-sum redistributive taxation, it would have been possible to evaluate a project on the basis of its costs and benefits using market prices. The problem of finding shadow prices including the social rate of discount is related to the second-best world, where different market failures make market prices to deviate from the relative marginal social costs. Some of these market imperfections relate to social rate of time preference. Hence the question of social rate of discount involves a discussion of intra- and intergenerational distributional issues (Stiglitz 1994). Arrow, et al (1966) identifies two opposing school of thoughts on the selection of a discount rate, what they refers to as prescriptive and descriptive approaches. In descriptive approach, the choice of a discount rate is based on the observation of the rates of return on capital invested in a variety of assets. Prescriptive approach proceeds from ethical principles by suggesting rules to address the well being of different generations. 

Individual time preference relates to one’s own mortality and may be the interest of direct descendants. More distant benefits might get too little weight, what Pigou (1920) attributed to “our defective telescopic faculty”. The tyranny of discounting is that it could works against the interest of future generations. Discounting damages occurring far into the future makes the present value of such damages considerably smaller than actual damage. And when extracting resources is affected by the discount rate, exhaustible resources are more likely to be used up quickly the higher the discount rate, leaving less for the future generation. For this reason social rate of time preference should include some altruistic interest in welfare of other generations. There is in fact very little scope for avoiding a conscious ethical consideration on choosing appropriate rates of discount for cost-benefit analysis. Cost-benefit analysis should be based on the objectivity on the part of economists concerning the allocation of resources. Hence the parameters should reflect individuals’ preferences and not the economists. Meanwhile the distributional judgements are left to politicians. Consequently the choice of interest rate is not a detached and objective decision (Stiglitz 1994).

The vast attention on social discount rate in literature testifies to the importance of the social discount rate. Many economists, since Pigou and Ramsey have been engaged in this subject. Portney and Weyant (1999), in their introduction to a collection of articles by a number of prominent economists on discounting and intergenerational equity, suggest that, “There is a sense of unease about this subject, due to the technical complexity of the issues and the ethical considerations.”

The energy crisis of 1973 and social and economic consequences of climate change and related policies in the 1990’s brought focus on the question of appropriate discount rate for projects whose effects will be spread out over long period of time, longer than 40 years. Lind’s (1982) contribution came to a great importance with the short-lived energy crisis of 1973. The views of some prominent economists on this subject is appropriately summarised by Portney and Weyant (1999). All experts agree that, “It is appropriate-indeed essential- to discount future benefits and costs at some positive rate.” All agree on a standard procedure for evaluation of projects with timeframes of forty years or less. It is beyond this horizon that the experts divert in their approach and unease sets in. A low discount rate makes the evaluation of the various abatement strategies incompatible and incomparable with other environmental and social policy issues that require immediate attention. Some argue for different discount rates for different time horizons, more specifically, a smaller discount rate for a farther future. Among these are Arrow (1999), Weizman (1999) and Kopp and Portney (1999). Studies by Hausman (1979) and Horowitz (1991), among many others, support this view. Yet Solow (1999) points out that a non-constant discount rate will subject the policy path to time inconsistency. Heal (1999) suggests that there is no reason to require time consistency in decision-making involving many generations, a view embodied in the work by Chichilnisky (1996). Newell and Pizer (2001) assume a constant discount rate and allow for uncertainty to enter discounting. This approach accounts for future costs and benefits much more effectively than discounting without consideration to uncertainty. In this manner the policy path is not subject to time inconsistency.

Schelling (1999), among others, even questions the validity of the standard welfare-theoretic approach for decision making with intergenerational consequences. This view coincides with the view of the supporters of the strong sustainability mode. The strong sustainability position is that sustainability constraints should be seen as expression of Precautionary Principles, similar to the notion of Safe Minimum Standards. It is a way of giving shape to the intergenerational social contract idea. The trade-off decision has to be taken within a context of uncertainty and possible irreversibility. When harm is irreversible, and there is uncertainty associated with its magnitude and likelihood, the purchase an “option” prevents the harm at a later date. The Irreversible Harm Precautionary principle functions like option theory for environmental risk regulation. The Catastrophic Harm Precautionary Principle is applied when outcomes are catastrophic. It requires special precautions against the worst-case scenario. The principle is based on people’s potential failure to recognise the expected value of truly catastrophic losses and that political actors are likely to postpone action when the costs of precautions are immediate and when the benefits occur in the distant future. These normative arguments are demonstrated in the context of the impacts of global warming. See Sunstein (2005) for an excellent discussion on the subject. 

4.3 Risk, uncertainty and irreversibility  

Other researchers have applied option theory for environmental risk regulation and evaluations (Sunstein 2005). The simple concept is that when dealing with an irreversible loss, and when uncertain about the timing and likelihood of that loss, one should be willing to pay for an option in order to maintain flexibility for the future. Fisher (2001) has generalized this argument by suggesting “where a decision problem is characterized by (1) uncertainty about future costs and benefits of the alternatives, (2) prospects for resolving or reducing the uncertainty with the passage of time, and (3) irreversibility of one or more of the alternatives, an extra value, an option value, properly attaches to the reversible alternative(s).”  This implies that irreversible decisions must pass a higher obstacle in a cost benefit test.

Arrow and Fisher (1974) and Henry (1974) demonstrate that the ideas of uncertainty and irreversibility have considerable importance to the theory of environmental protection. They use a linear net benefit function and an all-or-nothing choice situation and show that it will be optimal to delay or reduce investment. Arrow and Fisher give the example of the alternative actions of development or keeping a wilderness. They argue that if development produces “some irreversible transformation of the environment, hence a loss in perpetuity of the benefits from preservation,” then it is worth paying for the option to wait to acquire the missing information. Their proposal is that “the expected benefits of an irreversible decision should be adjusted to reflect the loss of options it entails.” Other economists have since had important contribution to this subject by extending the theory for nonlinear benefit function and continuous choice (Dixit and Pindyck 1994) and temporal resolution of uncertainty (Epstein 1980, Freixas and Laffont 1984, Hanemann 1989, Kolstad 1996, Ulph and Ulph 1997, Gollier et al 2000) and there have been contributions to the subject with techniques such as stochastic optimization.

There are numerous examples of the application of options theory in the literature in the context of “long-term effects”. The area of technology adoption under uncertainty and irreversibility has received ample attention. A firm faces a trade off between investing in a superior technology in order to produce more efficiently from early on and large sunk costs have to be paid for the decision (Fudenberg and Tirole 1985). Dixit and Pindyck (1994) combine the Fudenberg-Tirole framework with the theory of investment under uncertainty and allow the firm’s profit flow to be stochastic. Huisman and Kort (2000) extend Dixit and Pindyck model by incorporating an additional technology that becomes available at an unknown point of time in the future. van Soesta  et al (2005) have analysed energy investments’ using option theory to address uncertainty and irreversibility. Their model shows that a firm’s responses to energy price increases and decreases are not symmetric. The literature on the potential causes of asymmetric responses to energy price increases and decreases has focused on the importance of irreversibility that is intensified by uncertainty. If adjustments are costly and the future is uncertain, the option value of waiting increases.
Bosetti and Messina (2001) apply options theory to land allocation problems. They include both environmental and economic uncertainty in their model and two types of irreversibility: sunk costs associated with investment in developing decisions, environmental and social costs due to environmental degradation, and sunk costs associated to environmental regulation and conversation. They integrate decision analysis techniques and option theory to evaluate development versus conservation opportunities. 

4.4 Path dependency and dynamic efficiency

Dixit and Pyndick (1994) define path dependency as a situation where “the current state of the underlying stochastic variable is not enough to determine the outcome in the economy; a longer history is needed. The economy is path dependent.” Path-dependency means that the sequence of historical events influences future possibilities. While most often lock-in effect is discussed in the context of technological change, it can be extended to other situations that exhibit path dependency. In fact path dependence is a key element in North’s (1990) theory of institutional change. According to North “the path of institutional change is shaped by the lock-in that comes from the symbiotic relationship between institutions and the organizations that have evolved as a consequence of the incentive structure provided by those institutions.”

Gaviria (2001) provides a review of different modelling techniques in order to capture path dependency and lock in effects. Different versions of deterministic and stochastic models with positive feedbacks are described in this literature review. Multiple equilibrium and potential inefficiencies are property of these models. The modelling approach can determine how the short- medium- and long- run properties of a system can be altered by initial conditions. In Dixit and Pyndick (1994) model the long-run distribution of possible states in the economy is unchanged, but the short- and medium-run evolution can be affected by initial conditions. In Arthur (1989) and David (1985, 1988) approach the very long-run properties of their systems are altered by slight differences in initial conditions. 

The lock-in effect is explained by infrastructure and networks that support and cater to a technology in terms of standards, direct investment costs such as costs related to learning, and uncertainty among other considerations (Arthur 1989). Exit from lock in arises through gradual progress and major innovations, but also through what Gaviria formulates as change in fundamentals, self-fulfilling prophecies and random mutations. Changes in fundamentals relate to changes in technology (or preferences) that lead to changes in behaviour that usually involve sudden shifts.  Self-fulfilling prophecies refers to changes in behaviour of people based on their expectations of changes in other peoples behaviour. And if most individuals come to believe that everybody is for a change, there will be a mass exit from the current equilibrium without any change in fundamentals. The assumption under random mutations is that individuals experience independent random mutations. People switch to alternative activities every once in a while without apparent reason. Under all these models that describes exit from lock in, once the transition gets started, the move to a new equilibrium will happen quickly. 

Climate policy seems highly sensitive to the dynamics of technical change, namely to path-sensitivity and lock-in phenomena (Grubb et al 1995, Ha-Duong et al 1997) and so is the transport system. How do path dependencies influence public policies and how public policies can affect path dependencies? Timing and dynamics of policy and plan are crucial and there could be only narrow windows in which policy can be effective (David 1985).

5. Case studies 

The project IMPACT uses a set of case studies in order to provide: the empirical basis for analyses, concrete references for interdisciplinary communication, a natural arena for close interaction with users and practice, and for drawing case specific and generic conclusions. 

This paper focuses on two of case studies where consideration to time preferences and intergenerational equity, uncertainty, risk, irreversibility and path dependency and lock in effect are important in their analysis. These are alternative fuel technologies and provision of transport infrastructures.

5.1. Alternative fuel technologies
The recent debate and emphasis on the promotion of alternative fuel vehicles (AFV) is in response to our unsustainable transportation systems. See EU directive on alternative fuel (EU 2003). Industry and governments have already invested enormous resources to the promotion of alternative technologies. Electric and vehicles running on natural gas, propane, ethanol, biodiesel, and a host of hybrids have received both industry and government attention as potential substitutes for the conventional internal combustion engine (ICE) running on fossil fuel. The efforts to encourage widespread adoption of AFV have mainly resulted in failure and often attributes such as higher vehicle purchase and operating costs, poor vehicle performance, low re-fuelling range or inadequate government incentives have been mentioned for failures. These explanations fail to consider the entire system that is more complex and related to a well-embedded technology such as ICE. And there has been little, if any, attention to the complexities of the transitional dynamic due to the diversity of stakeholders, scale and scope economies, the size and impact of AFV fleet, the essential role of infrastructure requirements (such as those related to fuel distribution, service and maintenance) and the interactions between these, in order to achieve a policy objective. The role of the government in the creation of a self-sustaining market for AFV is crucial and the failure in adopting the “correct” set of policies is very costly for the society.  
There are many feedbacks that determine the co-evolutionary interdependence between AFV and their supporting infrastructures. It demands a systems approach to understand the challenges of creating an AFV self-sustaining market (Welch 2006). An example of such approach is the work by Struben and Sterman (2006). They develop a model that emphasizes a wide boundary, endogenously integrating consumer choice, as conditioned by product attributes, marketing, media attention and other channels, with scale economies, learning through R&D and experience, innovation spillovers, and infrastructure. Consumer choice among alternative vehicles (e.g. AFV and ICV) is modelled as a function of attributes including price, operating cost, performance, driving range, fuel and service availability, and ecological impact (McFadden 2001, Train and Winston 2005, Brownstone et al 2000, Greene 2001). Complementary infrastructures critically influence AFV attractiveness. In turn, the profitability of such infrastructures is related to the size of the fleet of AFV (Ogden 2004). Infrastructure development also requires a fuel supply chain creating additional positive feedbacks through interactions with other industries. Struben and Sterman demonstrate the existence of a critical threshold for sustained adoption of AFV, and show how the threshold depends on economic and behavioural parameters. They also show that marketing and subsidies of AFV must remain in place for long periods for the diffusion to become self-sustaining. 
Another equally if not even more costly solution for the society is for the government to support the take-off of an AFV technology that could prove not “good enough” or as bad compared to ICE. Environmental concerns are both local and global and the alterative fuel technologies need to respond to both demands. The adverse environmental impacts of production and use of alternative fuels, locally and globally, in a life cycle perspective could be even more than the conventional fossil fuel technologies. Take the example of alternative biofuels with wide range of local and global environmental impacts (Concawe 2007). 

There is a pressure for promoting alternative fuel vehicle technology, in particular with focus on biofuels. The creation of a self-sustaining market for AFV is very costly for society that involves consumers, many industries, and considerable investments including those related to infrastructures. And “irreversibility” is considerable in this process. The different stakeholders in this market face decisions under uncertainty, including in relation to governments policies. The examples of these policies are taxations, subsidies and regulatory measures related to alternative fuel and AFV as well as the necessary measures related to the supporting infrastructures, and industries. While investment under uncertainty has been extensively studied (Dixit and Pindyck 1994), the literature with focus on adaptation of technologies, effectiveness of the government’s environmental policies, and in general the process of technological change has become abundant (Stavins, Jaffe and Newell 2002). And the government needs to make the “right” choice of among technologies and like other stakeholders face uncertainties and risks. What are the “correct” sets of policies and how should the policies be phased in and out? How should the government address the choice among technologies and what are the variables/factors that need to be taken into consideration in this decision-making?

5.2 Provision of transport infrastructure

There is a growing concerns related to the inadequacy of the traditional approach in addressing the way transport infrastructures contribute to sustainable development. And there is an increasing recognition that the scope of project evaluation should be extended to account for complexity, uncertainty, risk, irreversibility, and path dependency in particular in response to the challenges of environmentally sustainable development. While transport is a key to economic development, it has contributed considerably to the current unsustainable urban and regional development. Urban and regional are complex systems and they display path dependency (Arthur 1993). Provisions of transport infrastructures in such a complex environment have many rebound effects that are long lasting and reinforces the “lock in effects”. The uncertainties and risks in this setting are manifold with interactions, one upon another, and with consequence for the regions, environments and societies they are intended to serve. And often the costs and benefits of transport projects are not distributed equitably, including those related to environmental qualities. Evidence not only casts doubt on the ability to deliver transport infrastructure on time and within budget (Flyvbjerg et al 2003), but also their projected range of urban and regional development impacts (Broecker et al 2003, Dimitriou 2005). Furthermore, the transfer, or partial transfer of management and financial risk from the public to the private sector have often not led to a new disciplines and greater reliability in practice (Altshuler and Luberoff 2003, Dimitriou and Trueb 2005).
The issue of uncertainty and risk in the context of urban and regional planning began in 1970s. From the mid-1980s, numerous policy analysts made ‘uncertainty’ the focus of their research (Beck 1999).  Most recently, there has been increasing attention given to the impacts on uncertainty and risk-taking that arise from changing forces of globalisation (Seitz 2002).   Over the last two decades the role of infrastructure (both transport and communications) has dramatically shifted from being instrumental to deterministic at a local, regional and global scale (Castells 1996, Graham and Marvin 2000). In this shift, transport infrastructure development has in some cases become an end in itself, rather than being built to serve the needs perceived by local and regional places. The study and understanding of these circumstances and developments become critically important as the basis for ultimately determining what does, and does not constitute a ‘successful’ infrastructure projects from the perspectives of different stakeholders. In these circumstances, the politics of risk and uncertainty, irreversibility, path dependency and institutional contexts in which they arise are of great significance in delivery and operation.

6. Summary and conclusions

The present trends in transport are not sustainable. While the reliance on fossil fuel has been in focus, the pressure on other natural resources has been increasing beyond ecological sustainability. The present developments in transport have also contributed to a greater social divide globally, regionally and at urban level. There has been extensive research on and suggestions for policies, instruments and measures for remedies. Yet there has been an explicit or implicit acknowledgement that the transport sector is difficult to deal with, at least in the short-and medium-terms (Stern 2006, EEA 2006). An understanding of the transport system is crucial for changing the course, since policies and plans are formulated for implementations in this system and with an expectation to produce the desired impacts.   

The complexities of the transport sector are probably a main cause for the current unsustainable trends and the failure to change the course. Transport sector is a complex and dynamic system that seems highly sensitive to path-sensitivity and lock-in phenomena. Timing and dynamics of policy and plan are crucial in this context. There is particularly a great deal of risk and uncertainty associated with the long-term effects of actions or policy. Most policies and actions such as provisions of infrastructure, changes in land use are irreversible and there are uncertainties and irreversibility associated with their impacts. Technological changes, often considered essential for environmental safeguard, involve great deal of uncertainty and irreversibility and potential lock in effects. 

The multiplicity of actors and individuals and their preferences and behaviours add to the complexity of the transport system. Policies are formulated and implemented by different actors and at different levels of government, namely elected politicians and non-elected bureaucrats. Different actors at the different levels of government have different time preferences that are often not consistent. This phenomenon is often central in the understanding of the political process in a given organisation and institutional setting. The subject of time inconsistency in decision-making is particularly important in the context of environmental policies since these policies often require upfront costs that lead to benefits over long period of time.

Furthermore, evaluations of policies and plans with long-term impacts involve consideration to the time preferences of the individuals and the welfare of the future generations. Hence evaluation is explicitly or implicitly based on a “social contract” for addressing intragenerational and more importantly for intergenerational equity. The social contract is captured by the discount rate in cost benefit analysis or by the application of option theory to address risk, uncertainty and irreversibility. When the validity of standard welfare-theoretic approach for decision making with intergenerational consequences is under question, sustainability constraints is a way of giving shape to the intergenerational social contract idea. 
The paper briefly addresses methodologies and models that are appropriate for the complexities and the dynamics of the transport system. These research areas were explored in the contexts of two case studies, alternative fuel technologies and provision of transport infrastructures. The traditional approach to evaluation and techniques such as cost benefit analysis fall short of addressing the issues discussed under the research theme “long-term effects”. Timing and dynamics of policy and plan and flexibility in planning are crucial in this context. 
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