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Province of Newfoundland, throwing some 30,000 fishermen and plant workers on to the unemployment roster. Only 

limited signs of recovery of this historical fishery had appeared by 1999.

Fisheries as natural capital

Modern economic theory treats renewable resource stocks as forms of natural capital. To describe a generic model, let x(t) denote the biomass of a given fish population at time t. When the biomass is x, the net rate of population growth equals F(x). Harvesting at the rate h reduces the net population growth rate accordingly.
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Equation 10.1
Here, the production of the natural capital, F(x), is facilitated by the natural environment (driven ultimately by solar energy). Positive investment in natural capital occurs, if h > F(x), whereas disinvestments occurs, if h < F(x). Equilibrium at stock level is reached at h = F(x). Figure 10.5 below illustrates this phenomenon:

Figure 10.5

Natural Capital: An Illustration
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In the fishery model, it is assumed that F peaks at some value x = xMSY and then decreases to zero:

F (0) = 0, F (K) = 0, F’’ (x) < 0

Max F (x) = F (xMSY) = hMSY 


Equation 10.2 10.210.2

Here K is the environmental carrying capacity of the population; x = K is a stable equilibrium (when h = 0) of the natural population. The harvest rate hMSY given by the Equation 10.2 is the maximum sustainable yield (MSY) that can be harvested from the population. MSY has been the traditional management objective for most fisheries, but achieving this objective in a stable, efficient and equitable way has proved to be more difficult than anticipated due to various reasons.

Next, we introduce the quantity E, the fishing effort (e.g., the number of standardised fishing vessels in operation at time t), and assume that:

 
h = qEx 




Equation 10.3
Here q, the catchability coefficient, may in general depend on the current stock size x. For simplicity, however, we assume q = constant. If c denotes the unit cost of effort, and p the landed price of fish, then the net flow of revenue (economic rent) equals:

R = pH – cE = (pqx –c) E   


Equation 10.4
On the basis of this simple model, we can discuss the concepts of bionomic equilibrium, depletion and optimal exploitation.

Bionomic equilibrium
Bionomic equilibrium is the natural equilibrium point where the economic forces and the forces of biological productivity will be in balance. Consider an unregulated fishery exploited by numerous fishermen. If pqx – c > 0, that is, when:
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Equation 10.5
Equation 10.5 has several implications. Bionomic equilibrium depends on the cost/price (c/p) ratio: lower costs or higher prices lead to reduced biomass levels at equilibrium. Likewise, increased vessel efficiency, as reflected by increased catchability q, also reduces the bionomic equilibrium.. Sustainable yield equals F (xBE). This will increase in the early development of the fishery, but will subsequently decline once xBE falls below xMSY. This latter situation, involving low fish stocks and low catches, characterises over fishing in the usual sense of the term. The model, thus, predicts that over-fishing is inevitable in an unregulated, open access fishery, provided that demand is highly relative to fishing costs. The history of countless fisheries supports this prediction.

Externalities

Over-fishing is sometimes attributed to externalities in the operation of individual firms/fishmonger competing in the fishery. In this context, externalities arise because each firm bases its decision solely on current returns to effort (pqx-c) and does not consider the effects of its catches on future stock levels. Additional short-term externalities may arise, if fishing vessels interfere with one another during search or capture activities. While such crowding externalities may influence the economic efficiency of fishing in important ways, they are probably less significant in terms of over fishing than the dynamic stock externality described above. Yet another form is the by-catch externalities, when firms seek a particular species (e.g., shrimp) or destroy other species (such as juvenile fish) that may also have value, either directly or as food for other targeted species.

Management techniques

Traditional management approaches concentrate on controlling annual catches. Typically, the management agency determines a total annual catch (TAC). The cumulative year’s catch is tracked and the fishery closed once that TAC had been reached. Alternatively, the length of the fishing season may be determined in advance, based on an estimate of the fleet’s capture efficiency. Assuming that TAC has been correctly calculated and that actual catches are quickly and accurately reported, this method has the potential for protecting vulnerable fish populations. However, there are usually unfortunate economic side effects. 

The restricted seasonal opening forces the firms to compete vigorously for their share of the TAC and also motivates them to increase vessel capacity so as to maximise their catches. Eventually, there will be pressure on the management agency to increase the TAC (or retain the current TAC) even though this may destabilise the fishery and precipitate a collapse. 

Most fish populations undergo environmentally induced fluctuations from which they usually recover under natural conditions. When an overcapitalised fishery is dependent on the stock, such a fluctuation may result in a population collapse, unless the management agency responds quickly by reducing the TAC.

To prevent over capacity, management agencies may be forced to regulate vessel size, appropriate horsepower and fishing gear. They may also limit the number of vessels licensed to participate in the fishery. Such regulations tend to interfere with market-based individual decisions and lead to an increasingly unwieldy management system.

An alternative approach, now being used with increasing frequency, employs individual’s transferable quotas (ITQs). Each firm has a specified annual quota, which may be caught whenever and however it desires. Quota units may be bought from or sold to other fishers. The management authority, as usual, determines total quotas. Provided that illegal catches can be prevented, the ITQ approach has many advantages arising from decentralised decision-making and the elimination of competition among firms. Economic rents are preserved and distributed among quota owners. 

10.3.2
Forestry

The proper economic management of forests is one of the classic problems in renewable resource economics. To maximise land value, one has to choose the harvest time optimally. It is obvious that, if prices, the interest rate and the biotechnology remain unchanged, then each rotation will be of the same length over an infinite time horizon.

The optimal cutting rule

Trees are biological resources in the same way as fish and crops, and the principles of forest management should, under well-defined property rights be analogous to what we have learnt in renewable resources (i.e., fishery). A fish stock should, in a steady state, be kept at a level where the yield from an extra unit added to the stock coincides with the real interest rate from an extra unit harvested and invested in a bank account. 

This is a rule, which is analogous to the fundamental principle of profit maximisation in microeconomic theory: marginal revenue is equal to marginal cost. That is to say, the marginal cost (yearly) of keeping the fish in the fishing bank is the opportunity cost of not putting the market value of the fish in a bank. The marginal benefit (yearly) of an extra unit of the biomass is what it contributes to the stock over the period, and at, the optimal steady state, it coincides with the interest rate. This is steady state criterion for the economically optimal stock. To preserve the stock at a steady state level, we have to harvest the yearly yield generated at the steady state level of the stock.

What distinguished trees from fish is that, for the latter population, it is neither practically feasible nor theoretically necessary to distinguish between fish in different age classes. Instead, we adapt the fishing tackle to catch the more mature individuals. However, it is both practically and theoretically crucial to keep track of the age distribution on forestry. In this case, it turns out to be more practical to focus on non-stationary conditions and decide the conditions for the optimal time to harvest an even-aged stand.

An approach, which can be used to find the optimal economic decision, is to consider marginal revenue and marginal costs. The marginal revenue from preserving the stand intact, until the next period, is the growth of the biomass over the period, times the market price of timber. The opportunity cost of preserving the stand one more period is not only the interest on the revenue from selling the harvest, but also the interest on the value of the bare land. As indicated above, the latter component of the marginal cost of not harvesting the trees now surfaces, since one cannot start a new rotation without cutting down the standing trees. The marginal cost of keeping the stand intact can be decomposed into two components: the interest on the value of the standing trees and the interest on the value of the bare land.

We can sum up the discussion on the optimal rotation period under stationary external conditions such as constant prices, constant technology and a constant interest rate by the theorem proposed by Faustmann-Marshall-Pressler: a forest stand should be harvested when the change in its value with respect to time is equal to the interest on the value of the stand plus the interest on the value of the bare forest land.

Empirical studies of the timber market

The empirical studies extend the discussion of forest management by formally introducing the concept of timber supply. To start with, if all prices, including harvesting costs, are increased by the same percentage, the rotation period remains unchanged. The intuition is that both marginal revenue and marginal cost increase by the same percentage, and they are therefore, equalised at the original rotation period. 

If only the prices for wood, but not the harvesting costs are increased, the revenues from waiting yet another year, as well as the opportunity cost of the standing trees (interest on the value of the stand), will increase. However, the opportunity cost of the bare land will increase by even more. The reason is that revenues are scaled up, while costs are kept constant. To compensate for the increased marginal cost, the rotation period is shortened to increase marginal growth, and indirectly, marginal revenue. The immediate effect of a shorter rotation period is that less wood will, in the long run, be supplied from the stand. However, forestry has become more profitable, and it is likely that more land will be transformed into forestland. The long-term effect on wood supply is, therefore, ambiguous.

The demand for timber

The demand curve helps us to estimate both demand and supply curves from empirical data. The derivation of the demand curve can be dealt with very quickly. Timber and pulpwood are demanded as input in the forest industry. This means that we can use the theory of the firm and conclude that the input demand curve is downward sloping. We derive this result formally by a simple revealed-preference argument.

The timber market

Econometric analyses of the timber market require us to identify and estimate both the demand and supply curves, and identification is crucial. To identify the demand curve, we have to use the fact that the supply curve depends on entities such as felling costs, which do not affect the position of the demand curve. The principle is to use this shifter to cut out points along the fixed demand curve as illustrated in Figure 10.6 where an increase in felling costs shifts the supply curve from S1S1 to S2S2 along the demand curve D1D1: 

Figure 10.6

The Supply-Demand Curve
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Along the rationale established in Figure 10.6, we need a variable such as the price of lumber, which shifts the demand curve, to identify the latter. 

10.3.3
Water use

Water resources serve multiple purposes in meeting human needs and their allocation has been a subject of dispute over centuries. Rapid population growth has resulted in increased water scarcity and interest in the pursuit of improved productivity in water resource management.

On the global level, irrigated agriculture is by far the largest consumer of water among the various users, and concern over improving water use efficiency in this sector has been widely reflected in the water economics literature. The emphasis in this Subsection is on water use in agriculture and its impact on the environment because much of the political debate in recent years has centred on use in this sector, and many of the conceptual and methodological issues that have been raised in addressing agricultural water issues apply in other sectors as well.

Farm-level water allocation decisions

One of the most important issues facing policy makers is an assessment of the response of irrigated agriculture to increased water scarcity as reflected in increased water prices or reduced aggregate supplies of water. Evidence has shown that increases in water prices and reductions in water availability result in the adoption of water conservation technologies and the reduction of water use within existing practices, as well as changes in cropping patterns.

A key concept necessary for the analysis of farmers’ water use patterns is that of effective water. The water that is actually utilised by the crop is effective water and is commonly measured by crop evapotranspiration coefficients (Stewart, et al., 1974, Grimm, et al., 1987). The total amount of water applied to the crop comes from several sources, including water applied for irrigation, rainwater and run off water that is drained from other fields. The residual quantity of applied water, which is not utilised by the crop becomes surface run off or percolates to groundwater.

The distinction between applied water and effective water gives rise to the concept of water efficiency. In cases, where the only source of water is applied water, water use efficiency is the ratio between effective and applied water.  Water efficiency is highly dependent on the ability of the soil to store water, which can be utilised by the crop over time. Water efficiency is, typically, higher on heavy clay soils, which retain applied water, in comparison with sandy soils through which water passes rapidly. Climate and water quality also affect water efficiency. Through their effect on water efficiency, these factors influence irrigation technology choices. To illustrate how land quality and effective water influence farmer’s choice of irrigation technology and water use, we turn to a simple model. 

Suppose a farmer produces a crop with the following per acre production function:

y = f(e) 



Equation 10.6
Where y denotes output per acre and e is the effective water. The production function f (*) has the regular properties of a neo-classical production function: f (0) = 0, f’ (*) > 0, f”(*) < 0.

Let ai denote applied water per acre under technology I, and ( is the land quality index, assuming values from 0 to 1 from poor to good quality. For simplicity, assume two technologies: a traditional technology (i = 0) and a modern technology (i = 1). Modern irrigation technologies, which permit the application of small quantities of water over long periods of time, result in higher irrigation efficiencies, particularly on poor quality soils, which are incapable of retaining applied water. Thus, effective water under each irrigation type is a function of soil quality: e = ei ((). Irrigation effectiveness is defined as:

hi(() = ei(()/ai(()


Equation 10.7
and 

1 > h1 > h0 > 0

The cost per acre associated with each technology is ki. This cost includes annualised repayment of investment costs and annual operating costs. The modern technology is assumed to be more capital-intensive, so that k1 > k0.

The modern technology will be selected in cases where the increased profits from higher yields or lower water costs offset the higher costs associated with the adoption of the technology. These results indicate that modern technology adoption will increase with increasing water or output prices. In addition, modern technology adoption is more likely to occur with poor land quality, due to the high price of effective water under the traditional technology, and the land augmenting qualities of the modern technology. 

The economics of groundwater management

The optimal management of groundwater can be modelled as a non-renewable resource (e.g., desert regions with a closed aquifer) or as a renewable resource (i.e., when aquifers are recharged). The dynamics of optimal groundwater use depend on the price of energy, the interest rate, the efficiency of pumping and the hydrological characteristics of the system.

In the case of non-renewable groundwater with no technological change, the level of optimal pumping follows the standard hotelling rule. The rate of pumping declines over time with the interest rate, and the user cost of water (price minus extraction cost) rises. The introduction of technological changes, which increase water efficiency, leads to a reduction in extraction levels and extends the economic life of a finite aquifer. In contrast, improvements in pumping technology that reduce extraction costs actually tend to accelerate the pumping of aquifer.

In cases where groundwater aquifers can be recharged, the groundwater system may reach a steady state where pumping is equal to recharge. If the steady state level is below the initial stock of water, then a decline in pumping over time will occur, until the steady state is reached. In cases where groundwater aquifers have already been significantly depleted, an initial period when replenishment exceeds pumping levels will precede the attainment of the steady state.

Groundwater resources usually exhibit the characteristics of common property goods, where externalities arise because current water users do not take into account the impact of their pumping on future water users. Current pumping affects future water users primarily by lowering the depth of water, increasing pumping costs and by reducing the stock of water available for future pumping. In the absence of any common-pool management scheme, current users determine their water use levels by setting the value of the marginal product of water equal to their private pumping costs, rather than full social costs. Correct situations of over pumping may entail establishing a regional or local groundwater authority either by taxing pumping, or by establishing aggregate pumping levels and introducing a system of transferable permits for pumping rights within the system (Gisser, 1983). Enactment of these situations requires monitoring of groundwater by a water agency, which may not always be feasible.

In many cases, the management of groundwater can be improved by removing policies which encourage over pumping, particularly the subsidisation of electricity. Electricity is the major cost component in operating irrigation pumps. Lower electricity rates decrease the cost of pumping and increase the depth to which it is profitable for farmers to pump. This is a major cause of over pumping and the depletion of groundwater aquifers. Frequently, ground and surface water systems can be managed conjunctively, where the optimal management of the system depends on the stocks and flows of the two water sources over time. Surface water canals have been established in many regions to compensate or augment depleted groundwater aquifers. In other situations, groundwater reservoirs have been established as buffer stock to supplement the use of surface water supplies in times of low supply.

10.3.4
Agriculture 

Environmental externalities from agricultural activities, both past and present, are pervasive. Since Neolithic times, humans have been converting forests, wetlands and prairies into crop and grazing lands. These activities have shaped the rural landscape and the hydrology and ecology of agriculture as a bio-economic activity. Thus, agriculture is both a source and receptor of environmental externalities.

Contemporary evaluations of the environmental impacts of agriculture are both positive and negative. For example, the loss of biodiversity that occurred with the expansion of the agricultural frontier and human settlement in developing countries is viewed as an irreversible loss of natural capital. Yet, it is land drainage that has been an important factor in eliminating malaria in Europe and North America. In addition, agricultural land is an important habitat for many remaining wildlife species. Also, rural and urban populations often value agricultural landscape as open space. 

Traditionally, agricultural policies attempt, with varying degrees of success, to achieve objectives related to farm income, agricultural prices and agricultural trade (Gardner, 1990; Johnson, 1991). Agricultural externalities, although influenced by the scale, location and methods of agricultural production, are at best a secondary consideration. Agricultural policy is concerned with encouraging the supply of positive agricultural externalities, and reducing the generation of negative externalities (Ervin and Graffy, 1996).

Negative environmental externalities

As is the case in any economic enterprise, energy and materials enter the farms as purchased inputs and environmental flows (e.g., rainfall, sun, etc.) and are removed as commodities and outflows to the environment. Moreover, while soils represent a stock of productive services, they can also be a flow of pollutants in so far as wind (air) and water carry eroded soils to off-farm locations, where they can cause significant environmental harm. Environmental outflows are in part the result of purposeful waste disposal activities such as burning fields to remove stubble or dumping unused pesticides in streams. However, natural processes such as run-off and volatilisation of nitrogen are important forces in the formation and fate of agricultural residues. Let us elaborate on this further.

Run off from agricultural lands carry fertilisers, pesticides, livestock wastes, salts, pathogens and eroded soils into streams, lakes, estuaries and coastal waters. Many recent environmental assessments identify agricultural run-off as a major cause of surface-water quality problems in developed countries. Although the current knowledge of the state of groundwater is limited, there is evidence of groundwater contamination by agricultural chemicals around the world. Nitrates and pesticides that percolate into groundwater used to supply drinking water are of particular concern. The overall state of knowledge about chronic human health effects of pesticides is quite limited, but concern has been raised about the consequences of low exposures over long periods of time.

Economic costs from agricultural water pollution include reduced productivity of sports and commercial fisheries, in-stream recreational losses, increased cost of water treatment for industrial and domestic uses, costs of illness and death when contaminated waters are consumed, material damages and adverse impacts on the diversity and functioning of ecosystems. Although real or perceived human health rights often command the most attention, the costs associated with damages to the ecosystem and non-living systems are probably much larger.  

Apart from reaching surface-water or groundwater supplies, excess nitrogen in the soil can be lost to the atmosphere through denitrification and volatilisation. Volatilised forms of nitrogen such as ammonia, nitrous oxide and nitrogen dioxide can contribute to acidification of the atmosphere and, in turn acid rain. 

Agriculture, a source of several pollutants, is a contributor to greenhouse gas emissions. It is estimated that it accounts for one fifth of global emissions. The conversion of tropical forests to agricultural land, which releases carbon that had been sequestered in these forests, has perhaps garnered the most attention. Fossil fuels consumed in the process of using farm machinery and in the process of manufacturing fertilisers are other, albeit minor, sources of greenhouse gas emissions from agriculture. 

Beneficial environmental externalities

Agriculture can be a source of a number of positive environmental externalities. One argument for agricultural land conservation policies is to safeguard agricultural production capacity from urban encroachment. The more cogent reason for agricultural land conservation policies, at least in countries with well functioning land and capital markets, is to influence the supply of related public goods (Bromley and Hodge, 1990). The study carried out by Kline and Wichelns (1994 & 1996) shows that people are willing to pay to protect farmland from development. While markets can efficiently provide some of the uses of rural lands (e.g., crop production, hunting, etc.) and many others are inherently non-market goods  (e.g., visual amenities, habitat preservation, etc.).

Hodge (1995) identifies the following three broad categories of land use policy objectives:

(i)
To prevent undesired land use changes (e.g., urban containment).

(ii)
To modify existing land uses to reduce detrimental externalities (e.g., encouraging farming practices that preserve wildlife habitat or discouraging practices that result in water pollution).

(iii)
To stimulate new uses that give public or quasi-public goods (e.g., wetlands).

Agricultural policy change

A number of economic studies provide evidence that price supports, input subsidies and other agricultural policies influence the nature, size and spatial distribution of agricultural externalities through effects on the scale and location of production, input usage and structure. For example, policies that increase producer prices without restricting output (such as price floors, output subsidies, import restrictions) encourage farmers to increase production.  Adverse environmental impacts occur when environmentally sensitive lands are converted to agricultural production and when there is increased intensity of the inputs that can increase environmental harm from agricultural production (e.g., pesticides, fertilisers, irrigation water and fossil fuels). Increased livestock production also means an increase in the volume of livestock wastes.

The presence of policies that distort agricultural product or input markets has implications for environmental policies for agriculture beyond their effects on the nature, size and location of agricultural externalities. For example, the costs of environmental policies that reduce surplus production or the excessive use of subsidised inputs will be overstated if the benefits from reducing these distortions are not counted. Shortle and Laughland (1994) demonstrate that the effectiveness of agricultural environmental policies can be diminished and the cost increased if distortion of agricultural policies are adjusted to compensate for the costs of compliance with environmental policies.

Policies for modifying agricultural land use to enhance rural amenities include regulations, cross compliance and environmental contracts. Architectural standards and other regulations can be, and are to some extent, used to control agricultural practices. However, in the provision of rural amenities, property rights and fairness considerations may reduce the feasible policy options to either voluntary action or subsidies to landowners for agricultural land use modifications (Hodge, 1989). Cross compliance makes eligibility for governmental benefits in one context contingent upon satisfying environmental performance goals in some other context.



10.4
ENVIRONMENT AND REGIONAL

ECONOMICS

The emergence of regional economics as an established discipline dates back to the 1950s and aims to study the spatial patterns and processes of human activity from an economic perspective. Environmental economics has followed a slightly different developmental pace. Though the implications of external effects in a market economy were recognised, it was mainly the concern with the quality of life and that of the ecosystem that prompted interest in environmental economics.  

Clearly, the concept of a region is central in regional economics. However, there is a multitude of regional demarcations: administrative regions, economic regions, natural resource regions and the like. A salient feature of a system of regions is its openness, which means the possibility of free trade, free movement of people and goods as well as transport of pollutants. The clear geographical focus in the region also means a close connection with the resource base and the pollution in a certain area.

We can, thus, conclude that there are many analytical connections between regional and environmental economic phenomena. These relationships may be unidirectional in nature, but may also show complicated feedback structures of modularly or hierarchically operating environmental economic systems in space and time. The nature of such interactions is dependent on ecosystems and human behaviour as well as on spatial environmental policy.

Spatial-environmental policy studies

Space can be observed in different ways:

· Space is the geographical medium, or physical market, for environmental externalities in a broad sense. This applies to global environmental change, but also to local issues like noise annoyance, soil pollution and so on.

· Space is of a heterogeneous nature with the consequences that environmental externalities have geographically discriminating and distributive impacts (e.g., recreational visits to attractive areas may pose an excessive burden on such areas).

· Space is a scarce good whose consumption (e.g., land use) has environmental implications and welfare effects for other members of society (e.g., environmental degradation processes in a global space-time context) – now or in the future, here or elsewhere. 

In short, the space-environment relationship manifests itself as a complex nexus at the interface of regional economics and environmental economics.

Spatial-environmental policies cover a wide range of government measures such as local and regional taxation schemes or subsidies, land use zoning initiatives, regional environmental standards, industrial location strategies, infrastructure investments and the like. Such measures may be market-oriented or based on second-best principles. They may be of a control and command type or of a stimulating (discouraging) nature. Also, they may be strictly environmental in nature or address broader issues related to regional sustainable development. It is clear that different economic policies in an open economic system of regions have immediate implications for the environmental quality in each of the regions. Furthermore, different environmental policies in a spatial system of regions have consequences for the well being in each area. Thus, both regional-economic and environmental-economic policies may soon become competitive weapons in an open regional system. Spatial-environmental policy studies are subdivided into the following:

· Impact studies: These normally deal with ‘what if’ questions. Such studies are particularly important because in an open spatial-economic and environmental system, interregional flows (e.g., goods, services, migration, pollution, etc.) may lead to spatially discriminating distributive effect, which may affect the root of many conflicts. Clearly, both industrial policies and environmental policies may generate complicated spatial spill-overs, which may affect the welfare position of the regions at hand. For instance, public investment programmes, physical planning and infrastructure measures, land use zoning principles, establishment of regional environmental standards and the like will all affect the environmental quality of regions in an open spatial system.

· Decision support studies: These aim at mapping out the trade-offs between different policy options, including distributional conflicts and environmental quality consequences. In a spatial context, these trade-offs are also reflected in different development opportunities of regions or places in a spatial system. In several cases, however, research has to rely on ad-hoc information, expert opinion and so on, so that a precise assessment of the socio-economic and environmental implications of spatial-environmental policies is fraught with uncertainties.


We will next touch upon an emerging field in environmental economics, i.e., ecological economics.

 

10.5
ECOLOGICAL ECONOMICS

Ecological economics is a policy-oriented perspective that addresses the interdependence and co-evolution between human economies and their natural ecosystems. Interest in this area has been prompted by concerns of the adverse impacts of human economic growth processes on natural systems. Ecological economics recognises that humans and their economies are parts of larger natural ecosystems and co-evolve with those natural systems. There is a material and energy basis for the relations between human economies and their ecosystems, defining not only economic, but also social structures and processes. 

The willful effort to extract useful things from natural systems is motivated by the satisfaction of basic biological needs and the seemingly limitless search for pleasure through consumption of goods and through social associations. The magnitude of potential impact on their own welfare through effects on natural systems requires that human decisions be guided by some notion of the value of their actions and the value of their impacts on ecosystems, either in terms of benefits of use or costs of abuse. Some concept of value is required for rational activities of human economies within their natural systems.

Both the structures and processes of natural systems have identifiable instrumental value to the human economy. However, natural systems also have aesthetic, moral and cultural values. These values are more intrinsic and immeasurable using traditional human preferences. 

Valuation is made more complicated by the fact that our natural environment is highly likely to shape values through establishing social and economic relations, aesthetic standards and culture. If so, our decisions now about the natural environment will shape future value systems, making values endogenous and, therefore, a poor guide to behaviour. A way out of this dilemma is to make valuations of natural systems based on what the society should be rather than on what the current valuations are. 

Furthermore, our understanding of ecosystems is primitive. We know that structures change through normal succession and evolution, that processes are altered as the structures through which they change, that processes have various temporal and spatial scales and that catastrophic changes can occur without much evident alteration of structures and processes. However, beyond this abstract knowledge and except for a finite number of circumstances, we know too little about ecosystems to be confident that we can predict the full range of impacts of economy on ecosystems.

In order to understand the paradigm of an ecological economics framework, it is useful to contrast it to a characterisation of the current management paradigm. The two paradigms differ primarily on the primacy given to human economies versus natural ecosystems. 

The prevailing management paradigm focuses on how humans can manage ecosystems for instrumental purposes of optimising human economic wealth. This wealth is, typically, measured in the value of utility enhancing things and actions, frequently measured by "willingness to pay" or "willingness to accept" monetary compensation for gains or losses and by summing across independent individuals. Preferences are, typically, taken as given and immutable and the manipulation of natural systems for human benefit addresses those preferences. 

This management paradigm approaches uncertainty about natural systems by either denying or opting in favour of human economies. If not denying the uncertainty, the optimistic argument is given that natural processes are either reversible with enough time and engineering skill, or economic systems can find human-made replacements for lost ecosystem materials and services. The prevailing issue for this paradigm is that which relates to the use of ecosystem to effectively enhance human wealth and welfare. 

The use of ecological economics requires knowledge of how ecosystems and economies work and how they interact at various spatial and temporal scales. 

First, the ecological economics framework requires knowledge of both how natural ecosystems respond to economic activity as well as how economic activity responds to ecosystem changes. A seemingly useful analytical construct at this boundary is a full ecological-economic, input-output matrix. Flows of material, energy, nutrients, etc., between the economic and ecological systems will be quantified and impacts of one system on the other could be established. 

Valuations of ecosystem services have, typically, been from the perspective of current generations and propose that value is represented by the willingness to pay for these services. The valuation methods developed by environmental economists may not be appropriate to valuing such services in a sustainability context. In a sustainability context, ecosystem structure and functions will be evaluated on the basis of the extent to which they contribute to the goal of economic and ecosystem health and sustainability rather than on the basis of their immediate contribution to current economic welfare. 

Valuation of ecosystems based on individual preferences can be useful where spatial scales are narrow and temporal scales are short. However, the dramatic and potentially most serious ecosystem issues (e.g., global warming) are huge spatial and temporal scale problems. Preference-based valuations appear shallow in this context. For example, an appropriate question will  be the willingness of future generations to pay current generations to avoid passing a legacy of a severely degraded ecosystem. The preferences of future generations are simply unknown, though possibly formable by current generations through education and cultural legacies and adaptable to future circumstances. The current generation's most empathetic valuation will consist of asking: How maximally sorry could the future be if we altered their inherited ecosystem by action X and what would the valuation of that sorrow be? It is difficult to find an answer to this question. But, we can pass on to the future an ecosystem that has the ecological properties of integrity and resilience, if an effective environmental/ecological policy is in place.


SUMMARY   

In this Unit, we gave you an overview of environmental economics. We began the Unit by establishing the relationship between economics and the environment. We then presented some of the techniques for valuation of environmental costs and benefits.  We also discussed the use of economic instruments for environmental improvements. In other words, we explained how the present standards could be met more cost-effectively. We also touched upon the concept of regional economics. Finally, we introduced the concepts of ecological economics to address the interdependence and co-evolution between human economies and their natural ecosystems.
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Unit 10


Model Answers to Learning Activities
LEARNING ACTIVITY 10.1
Economics describes the systems that humans have invented to facilitate the production, trade and distribution of goods and services to satisfy the needs of a community.  Finance is a sub-set of economics, but one with its own procedures and philosophies.  It is the domain of the accountant and the lawyer rather than the economist.  It deals with diverse things by valuing them in terms of money.
LEARNING ACTIVITY 10.2
Costs can be classified as:

· Capital costs, operation and maintenance costs and sunk costs.

· Direct costs and indirect costs.

· Variable costs and fixed costs.

· Marginal costs.

· Incremental costs.

· Opportunity costs.

LEARNING ACTIVITY 10.3
Areas of application of environmental economics are the following:

Construction of national highways passing through forests.

Construction of a major dam.

· Selection of sites for industrial estates.

· Setting standards for pollution control.

LEARNING ACTIVITY 10.4
Various approaches to valuation of environmental impacts are:

· Total economic value.

· Direct use value.

· Indirect use value.

· Option value.

· Existence and bequest value.

· Benefit-cost vs. cost-effectiveness.

LEARNING ACTIVITY 10.5
Costs include:

· Cost of land acquisition.

· Monetary loss due to change in land use at new site.

· Monetary loss due to increase in transport cost.

· Monetary loss due to increase in pollution as a result of transport requirements.

Benefits include:

· Improvement in air quality in residential area.

· Improvement in water quality at present site.

· Monetary benefit through use of advanced technology such as power generation at new location.

LEARNING ACTIVITY 10.6
No decision about developmental projects can be taken solely based on economic assessment of environmental impacts. For complex proposals, it is unlikely that any economic analysis will provide a complete assessment. This is due to (a) uncertainty about the information on which analyses depend and the appropriateness of the methods and models they employ and (b) the boundaries imposed on their scope or extent.  So, in most cases, we can view assessments – economic, environmental, technological and social – as contributing information to a decision-making process, rather than being the decision-making process itself.

LEARNING ACTIVITY 10.7
In industrial estates, there are large, medium and small-scale industrial units. While pollution control in large-scale industrial units may be technically and economically feasible, in small-scale units, it may not be possible. In such cases, market-based instruments will promote co-operation and collaboration among the units and thus, will be useful for reducing the total pollution load from industrial estates.







































































































(LEARNING ACTIVITY 10.7





In your opinion state how market-based instruments will be useful as an environmental management tool in the management of industrial estates?





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.














(LEARNING ACTIVITY 10.5





Suppose a proposal suggests that the existing solid waste dump located within residential area is to be shifted to a new location. List three costs and benefits that you would consider important in assessment of the proposal.





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.














(LEARNING ACTIVITY 10.6





Can decisions for developmental projects be taken based solely on economic assessment of environmental impact? Justify your answer.





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.
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