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5.2
Cost/Benefit Analysis

Economic analyses associated with the Coastal Planning Process are best undertaken by resource economists with experience in coastal resources and values.  The following brief discussion is intended as an introduction to some of the elements of cost/benefit analysis for the non-specialists.

5.2.1
Social cost benefit analysis

Having determined the range of potential uses of coastal resources and opportunities for development, it is necessary to assess their comparative benefits and comparative costs (not just monetary).  Social cost benefit analysis (SCBA) is a method of evaluation which can be used in the Coastal Planning Process, and is one which ensures consistency in appraisal.  The method has two distinct advantages.  Firstly, SCBA can take into account wider impacts of a proposed development which are excluded in a typical financial analysis, and secondly, SCBA allows developments to be ranked according to their net economic worth.  Proposals can then be selected so as to maximize the net gain to society.

The first step in the analysis process is to define the existing situation, problems, issues, etc, and the impact that such problems are having on society, natural resources, biodiversity, economic activity, etc.  

The next step involves the estimation of projected loss or damage if the present situation continues without any development or improvement.  For example erosion damage, sedimentation, pollution, high unemployment, etc, can be expressed as an expected annual damage.  In many cases historical data are available to allow impact projections to be made.  Ideally, a strong GIS database will provide reliable forecasts.

Loss or damage can be direct or indirect and both need to be considered.  Direct losses include damage to property and other goods, including infrastructure, and valuation is carried out on a market value basis, or replacement costs.  Indirect losses include the cost of emergency services, clean-up costs, and the loss of business profits and public services during the emergency event and subsequently during repair and reconstruction.  Intangible losses include human morbidity and mortality and damage to natural habitats.  

The expected annual cost of the loss or damage associated with an existing problem is simply the probability of such loss or damage occurring multiplied by the costs that would be incurred.  

If remedial work or other development is carried out, the cost of the damage can be expected to be reduced.  The extent of the reduction will depend on the magnitude of the remedial work undertaken.  The annual benefit from the remedial work is represented by the difference in the expected loss or damage with and without the work.  

To determine the net economic worth of the work, project costs and any additional project benefits need to be considered.  Project costs include both the capital and operational expenditures and off-site costs such as, for example, the contamination of waterways, traffic disruption, habitat destruction and noise pollution that are incurred during the construction period, in some cases, beyond.  Any additional annual benefits, such as habitat preservation from reduced sedimentation and land enhancement (urban and agricultural land enhancement is brought about by changed land use patterns which result from reduced erosion, etc), should also be added to the annual benefits.  Once benefits and costs streams through time are known, measures of economic worth can be derived.  As development budgets are finite, the level of improvement which yields the highest return for each dollar spent should be selected as the optimal strategy.

Because the decision whether to undertake the work or not, and if so by how much, rests with the Government, measures of economic performance of selected strategies need to be provided to decision-makers so that policies which generate the maximum benefit on a sustainable basis can be selected.  For example, greater gains to the coastal area may be possible from road improvement works rather than from erosion control.  However, a rational decision can only be made if the economic worth (based on comparative costs and benefits) of each option is known.  

It is worth noting that the proposed remedial work in the coastal area that generates the greatest return may not necessarily be the optimal strategy if the situation in the upper catchment had to change.  In other words, it may be wiser to address the root causes of the problem rather than the immediate causes.  If, for example, greater use of conservation farming techniques were adopted in the upper catchment, then less dredging may be possible to maintain shipping channels and the net gains to the country could be far greater than under existing land use practices.  Such a broad and comprehensive picture is made possible by the integrated approach to coastal planning.

Finally, ethics, equity, aesthetics and cultural aspects are other attributes of social well-being, and these are ignored in SCBA.  By using multiple goal programming or multiple criteria techniques, broader social goals can be built into the assessment process.  In contrast to approaches which seek to maximise economic returns subject to non-economic constraints, an alternative decision framework is one based on a scoring system whereby each project is scored against economic and non-economic attributes.  By assigning weights, an overall score for each development proposal can be determined and proposals ranked accordingly.  Goal programming models can also be constructed by using weights for different criteria.  Such models can greatly assist decision-makers in their selection of projects when non-economic criteria need to be considered.  Decisions of this type are generally made at a broader government level.  A GIS database provides an excellent tool for this type of analysis.

5.2.2    Valuation methods
In the evaluation framework discussed above the most critical aspect is the estimation of benefits and costs without which no valid comparison between alternatives can be made.  Many impacts of loss or damage will include changes in the production of goods and services which are actively marketed, that is those goods and services which are bought and sold by individuals within an economy.  For these goods and services the impact on yields, prices, input costs and input use can be determined and values easily obtained.  However, many goods and services are not actively marketed and hence there is no obvious measure of their value.  In this section, methods of valuing the impact of  works on both market and non-market goods and services is examined in some detail.  Because the greatest difficulty in any evaluation is often the identification of goods and services which are affected by developments, in Table XX some examples of marketable and non-marketable goods and services associated with coastal development projects are provided and categorised by whether they occur on-site or off-site.

For marketable goods and services, valuing the impact of development or remedial work is relatively straight forward.  As a first step in the valuation of marketable goods and services, the impact of the works on both production levels and prices needs to be determined.  If extra goods and services are produced as a result of the development, say for example through higher yields or less frequent losses, the benefit is simply the additional revenue earned.  If the production of goods and services declines, the cost would be given by the decrease in total revenue.  In some instances the price of the affected good or service could change as a result of the development and if so the new price should be used to calculate changes in total revenue.

In many instances it would be sufficient to value only the changes in production and commodity prices.  However, in some instances, it will be necessary to account for any change in use of inputs, and therefore the cost of producing the commodity.  For example, if a standing agricultural crop is lost as a result of flooding then the costs associated with harvesting would be avoided.  These cost savings need to be subtracted from the value of lost output to obtain the actual loss incurred.

Table XX.  Examples of marketable and non-marketable goods and services produced in a coastal area, categorized by whether or not they occur on-site or off-site


On-site
Off-site

Marketable
Food crops, forage for livestock, animal products, fuelwood, pulpwood, lumber, other wood products, minerals, water, fishing, port and shipping services, oil and gas
Fuelwood, animal products, food crops, forage for livestock, water for drinking, fish processing, irrigation water, hydroelectric power generation, municipal and industrial supplies, oil and gas

Non-marketable
Aesthetic values, wildlife habitat, health benefits of high quality water supplies, aquatic ecosystems, access and navigation erosion control, ecological health and biodiversity
Distant aquatic ecosystems, high quality water for recreational-aesthetic uses, flood control benefits, sediment loads control

One final consideration in the valuation of marketable goods and services is the adjustment of the price of goods and services and inputs to reflect their true value to society.  Market prices can differ from true prices because of the existence of distortions in commodity markets due to, for example, tariffs, subsidies, fixed or pegged exchange rates, marketing restrictions and common access to renewable and non-renewable resources.  Further, if price distortions were to be removed, then the level of production of goods and services throughout the economy would change.  The resultant level of production (and true value to society) should be taken as the base from which developments and other proposals are valued.  Because the estimation of production levels under true market prices requires a substantial amount of data and access to general equilibrium type models of the economy, quantity adjustments in individual evaluations are generally ignored.

Likewise, the estimation of true market prices themselves is not a trivial exercise, and would only be undertaken if the size of the proposed investment warrants it.  A general "rule of thumb" is that price distortions of 10% or less can be ignored without any significant loss in the accuracy of the evaluation.  However, in situations where price distortions are greater than 10%, then an estimate of the true price should be obtained and included in the valuation.  This is relatively straightforward in the case of taxes and subsidies which are based on market prices, but in more difficult cases general indicators are often available from the World Bank.  For common access resources such as fisheries, simple revenue and cost models can be constructed to assist the estimation of the socially desirable level of exploitation and harvest.  

For non-marketable goods and services, a number of valuation techniques are available.  These techniques are summarised in Table XX below.  While the list of techniques in Table XX is comprehensive, it is not exhaustive, and is intended as a guide to the approaches which are available to analysts and have been used with success in valuing non-marketed goods and services.

The first group of evaluation methods listed in Table XX are based on the establishment of a cause and effect relationship between the physical effects of an activity on the productivity of related activities, which in turn can be valued on a market basis.  The second group of techniques is based on the identification of marketable goods and services which could be substitutes for non-marketable goods and services, or are impacted upon directly, through the consumption (or destruction) of non-marketable goods and services, or include in their value the value of non-marketable goods and services.

The principal experimental technique is the contingent valuation method in which a sampling approach is used to elicit people's willingness to pay for unpriced goods and services.

One of the most widely used methods to value human life is the human capital approach in which the loss of the productive capacity of individuals is measured by lost incomes.  Morbidity effects can also be estimated from increased health expenditures.  A more recent approach has been to express reductions in quality adjusted years of life.  With this approach a state of health index is derived and the costs of improving health from one state to another is estimated by the observed expenditures required to bring about such improvements.  Valuing human life will always remain a contentious issue and in recent flood mitigation evaluation studies it has been suggested that a more appropriate method is to separate these impacts.
Table XX.  Valuation techniques for non-marketable goods and services


TECHNIQUE
APPLICATION EXAMPLE
METHOD

Physical linkage
Damage costs
decreased crop yields due to soil erosion
measure change in productivity or earnings


Replacement cost
reduced fuelwood collection from destroyed mangroves
measure costs of replacing lost goods or services  


Opportunity cost
decreased water quality due to increased turbidity
measure net benefit from alternate use of resources

Related markets
Hedonic pricing
increased land value due to reduced flood risk
measure value of non-marketable goods and services in prices paid for marketable ones


Travel cost
value of preserving marine environments in their natural
state
measure cost of consuming non-marketable goods and services


Preventive expenditures
obstruction to navigation and access
measure cost incurred in avoiding negative impacts


Interpret past decisions
damage caused by leaked pollutants
measure benefit or cost implicit in past decisions


Proxy values
reduced availability of Kai
measure value of similar or substitute food


Hypothetical markets
aesthetic and cultural value of mangroves
measure what people are prepared to pay

Human life and morbidity
Human capital
decreased likelihood of sustaining permanent injuries
measure lost income due to death and sickness


Health costs avoided
increased health risk due to

measure change in health costs water contamination


Quality adjusted life years
decreased number of lives lost
measure expenditures required to improve health status

5.2.3    The treatment of uncertainty
A decision is said to be risky when different outcomes are possible and the probability that different outcomes will occur is known.  Uncertainty exists when these probability distributions are unknown, and in these situations economic risk analysis methods can be used.  These methods are commonly based on the estimation of probability distributions for certain variables, and one which could easily be used in evaluating the economic worth of different loss alleviation strategies is the Monte Carlo sampling technique.  Monte Carlo sampling programmes which simply "add-in" to widely used spreadsheet software programmes are readily available, or could in fact be constructed easily in any spreadsheet model with the use of macros.

The method is based on the estimation of the probability distribution associated with outcomes critical to the analysis, and then selecting at random, points from these distributions.  Once points have been selected from all estimated distributions, dependent variable such as project net benefits can be determined.  This process of selecting points from estimated probability distributions is repeated again and again until a reasonable distribution for each dependent variable is obtained.  Because people generally tend to be risk averse, between two strategies which generate the same expected net benefits, the strategy with the least dispersion of values around its mean would be preferred.

The other source of uncertainty lies in the valuation of human life and irreversible decisions.  When a strategy impacts on human mortality, it is preferable to separate these impacts from the SCBA as valuation techniques may grossly understate the true value placed on life.  Mortality impacts can be incorporated in one of two ways.  Firstly, an acceptable trade-off between mortality risk and expected monetary return can be determined and strategies modified if they fail to provide this base level of return.  Secondly, and probably more effective and simpler, is the use of cost-effective analysis.  Here, a target reduction in the expected mortality (for example) is set, and the strategy which achieves this target at the maximum net benefit to society, is selected.  Such targets are readily incorporated into multiple criteria assessment models.

In situations where the potential for irreversible damage is large because the impacts of development options are not fully understood, there is merit in defining safe minimum standards of damage and exploitation levels of resources.  An extension of this approach is adaptive environmental impact assessment and management in which resource use options are kept open as far as possible.  Management is adaptive in the sense that project impacts are closely monitored and modifications made in line with changes that take place, including changes in overall social goals.

