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Introduction
Economics as a discipline has been concerned with some of the major elements of sustainability from at least the 18thCentury. The use of resources, the impact of development on welfare, pollution and other externalities have been part of the mainstream economics curriculum for over forty years. More recently, subsidiary disciplines of environmental economics, natural resource economics and ecological economics have evolved. However, a significant rift has emerged between traditional economists applying established principles to the environment and those with a deeper understanding of the complexity and unpredictability of ecological systems. The former are responsible for the body of work referred to as environmental economics and includes contributors such as David Pearce, Edward Barbier and Michael Common. The latter tend to identify with ecological economics and include Robert Constanza and Herman Daly. 

Mainstream economic concepts and sustainability
There are many insights and techniques provided by mainstream economics which are invaluable in guiding policies aimed at achieving sustainable development. Some of these are outlined below.

The Use of Resources

A typical definition of the scope of the discipline is as follows:

The use of resources to create wealth and the subsequent distribution of that wealth.

By creating wealth, economists refer to the production of goods and services and much of the discipline is concerned with the allocation of resources - how resources are combined and used to produce goods and services.  There is thus an immediate resonance with the resource-based view of sustainability:

Sustainable development is development that meets the needs of the present without compromising the ability of future generations to meet their own needs (WCED 1987, p54).  

If this Brundtland Commission definition is re-formulated as: ”Future generations should inherit a stock of resources such that they can enjoy a quality of life at least equal to that enjoyed by present generations”2 it then becomes apparent that economics has at its heart the study of processes and behaviours that are also of paramount importance to moving towards sustainability. 

Externalities

The allocation of resources to productive uses results from consumers and producers making decisions with the aim of maximizing satisfaction and profits respectively. Decisions are based upon consumers’ and producers’ consideration of their respective self interests, this can be referred to as the private realm. Private costs and benefits are taken into account in deciding purchases and organizing production. The interests of wider society, the social realm, are usually ignored. Social costs and benefits include the costs and benefits of consumer and producer but also costs borne by those who are not participating in that particular market. These are known as external costs and benefits or externalities. Thus:


Social costs = private costs + external costs


Social benefits = private benefits + external benefits.

External costs and benefits can arise through both consumption and production. From a sustainable development perspective, external costs are most significant and arguably account for the failure of individuals, communities and nations to follow a sustainable path (Tietenberg and Lewis, 2009, p 607). For example, pollution is often perceived as an externality of production and can cause costs for communities and environments at a great distance from the source at the production site. It can also impose costs on future generations. As a result of this separation by distance and time, producers generally do not take this pollution cost into account when deciding on how much to produce and how to produce. If these external costs associated with the pollution were internalized and set against the benefits of production, profits would be lower and production of the product less attractive to firms. As a result either less would be produced and/or investment in cleaner technology would be adopted. The result would be a re-allocation of resources, achieving a social rather than a private optimum.  If firms had to face the full costs of their carbon emissions in terms of climate change, economic theory suggests they would reduce their carbon footprints and global warming would be reduced (see for example Tietenberg and Lewis, 2009, chapter 8). A common expression of production externalities and policy interventions to achieve internalization is contained within “the polluter pays principle’
There are also significant external costs of consumption. Internalization of these could lead to more sustainable lifestyles. For example, if private motorists had to face the full external costs of their motoring, such as carbon emissions, other pollution, wear and tear on roads and congestion, they might limit car use to the most essential trips (for a full discussion of this topic see Fullerton et al, 2008 and Tietenberg and Lewis, 2009, chapter 18).

Cost Benefit Analysis (CBA)

CBA as a methodology brings into focus many issues that are critical to sustainability. The choice of discount rate effectively involves taking a position on inter-generational equity. Arguably, the Brundtland definition of sustainability implies a zero discount rate so that the interests of future generations are weighted equally to those of the current generation. As indicated above, economists have much to offer in refining concepts such as inter-generational equity. The choice of discount rate is subject to much debate  - but usually in relation to the rate of interest.  It is rarely debated from the perspective of intergenerational equity and sustainability.

The monetization of environmental impacts is also a critical issue in sustainable development. The direct use value of environmental assets may be included where market prices exist. However, techniques for evaluating the non-marketed services derived from environmental assets are available such as Contingent Valuation, Hedonic Pricing and the Travel Cost Method.
The potential contribution of CBA to deciding policy priorities has been illustrated recently in the Stern Review (Stern, 2007), in which it was the key methodology for assessing the benefits of intervening to reduce carbon emissions and thus to reduce the likelihood of further global warming in the future.
Economic growth

Growth is the most contentious economic policy objective for sustainable development. Ever since the Limits to Growth hypothesis was put forward in 1972 (Goldsmith et al, 1972), economic growth has been seen as the enemy of sustainability by most in the green movement. The hypothesis is easier to support now than it was 35 years ago and makes an ideal platform for discussing sustainability at the national level.  An opposing view is centred on the Environmental Kuznets Curve hypothesis which suggests that as nations become wealthier, a point is reached where environmental damage  decreases with further  economic growth and increases in wealth (Grossman and Krueger, 1995). There are many critiques of this hypothesis. One of the most telling is that the finite resources of the planet constrain the ability of all nations to reach the level of wealth which represents the point of transition from a direct relationship between income growth and environmental damage to an inverse one. The most damning critiques challenge the empirical evidence for the relationship and show that few damage indicators reveal a turning point across those nations for which data is available. Further, the hypothesis does not appear to apply to carbon emissions (Bradford et al, 2005)
One response to the need for sustainable economic growth has been to use an alternative to conventional output measures such as GDP (Gross Domestic Product) which reflect negative externalities. Such a measure is the Index of Sustainable Economic Welfare (ISEW) which takes a more holistic view of the factors involved than GDP measures. A simplification of the formula is:

ISEW = personal consumption + public non-defensive expenditures - private defensive expenditures + capital formation + services from domestic labour - costs of environmental degradation - depreciation of natural capital

Environmental and Ecological Economics

The insights into sustainability provided by mainstream economics are taken much further by environmental and ecological economists. The main areas of contribution include the following:

· A classification of sustainability views according to assumptions about the conservation of natural resources

· Extending the analysis of externalities to provide a basis for designing  anti-pollution policies and deciding on the resources it is desirable to devote to avoiding pollution

· A range of methodologies for evaluating the services provided by environmental assets and social capital to extend the inclusiveness of Cost Benefit Analysis.

· Models for projecting the pricing and depletion of finite resources.

· Assessments of  the implications of various access regimes governing the harvesting of renewable resources 

There is considerable overlap in the subject matter of ecological and environmental economics. The key difference is one of orientation: Environmental economics tends to embrace the Neo-classical paradigm as an analysis of the economic system and seeks to incorporate environmental assets and services into that behavioural model.  The objective is to maximise economic welfare. Ecological economics gives priority to the health of complex interrelated ecological systems and consider how economic behaviour can be modified to that end. This prioritisation leads to a stronger view of sustainability than that entertained by many environmental economists. An example exists in Herman Daly’s four rules for the management of resource use and economic development:

1 Renewables: the rate of harvest should be less than or equal to the population growth rate

2 Pollution: waste discharges must be below the assimilative capacity of the ecosystem – cumulative pollutants should be set at zero (or as close as possible)

3 Non-renewables: benefits should be split between revenues and investment such that a renewable substitute is available at depletion

4  Macroeconomic controls: minimise matter/energy throughput in the economy, control population growth
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