CHAPTER 5

ASSESSMENT OF EARTHQUAKE DISASTER MITIGATION: EXISTING AND SALIENT FEATURES OF THE PROPOSED METHODOLOGY

5.0
Overview

The chapter describes existing methodologies for financial assessment of projects with special reference to disaster mitigation. It describes financial principles, rules for weighing social projects. Net Present Value (NPV), Cost Benefit Analysis(CBA) and Internal Rate of Return (IRR) in details. Various approaches for social project appraisal with respect to human capital, court award, risk cost, willingness to pay, survey approach, labour market and consumer analysis have been discussed in brief and critically analyzed in this chapter. The chapter also discusses salient features of proposed methodology for assessment of earthquake disaster mitigation.
5.1 Introduction of Project Assessment 

It is an established fact that project assessment methods enable making decisions. Thompson et al 1996 has described project assessment for natural disasters in which is stated that the following three criteria are usually applied to assess whether decisions are appropriate:

· In view of scarcity of resources, it is expected that investments of resources that gives the highest return or at least it fulfills social commitment which is politically accepted.
· There is a need to justify the options chosen and decisions made on behalf of the society with full accountability towards public and their elected representatives.
· The decisions should be taken on the basis of result of a rational comparison of the available options and the different consequences of those options.

As per Thompson et. al. 1996, the project assessment method, its analysis and result should satisfy certain criteria viz., Euclidian of the issue, simplification, feasibility, completeness, replicability, regiour, value basis reliability. 

5.2
Various Approaches for Project Assessment (Thompson et. al., 1996)
The cost and benefit from investment for alternative disaster mitigation decisions are distributed differently with respect to time. For example, in flood mitigation the costs of capital works to reduce the flood damage are borne up first, while the benefits are spread over the life of the works. 

In order for costs and benefits to be compared inter and intra projects, the costs and benefits must be expressed in a common terms. The mechanism whereby benefits and costs that occur at different points in time are compared and weighed is known as discounting, and the rate at which the benefits or costs are discounted is known as the discounted rate.

Discounting is based on two preconditions:

· All the economic costs and benefits of a given project can be valued in common units.

· Society places a higher value on present costs and benefits than those costs and benefits accruing in the future.

The present value of benefits or costs is derived by discounting the stream of benefits or costs estimated for the life of the project, respectively back to the middle of the base year for the assessment. This can be written mathematically for benefits as
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i.e. 
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And likewise for costs
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Where 

r  = the discount rate (Given)

n = the number of years involved in the economic horizon

t = the relevant Year

Bt = Benefits in year t

ct = Costs in Year t

PV  = Present Valuee
Decision Rules 

After finding present value of costs and benefits  of a particular project, the next step is to assess which mitigation option should be adopted. There are number of decision rules that may be used in project appraisal. The three standards test for appraisal are estimation of:

· The Net Present Value (NPV)
· The Internal Rate of Return (IRR)
· The Benefit Cost Analysis (BCA)
Following are the details of NPV, IRR and BCA. 
Net Present Value (NPV): Under subject of budget constraints, and assuming no alternative projects are under consideration, a project should be accepted if the sum of its discounted costs, i.e. where NPV is greater than zero. NPV is the sum of discounted costs and benefits of the projects. 
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NPV is directly related to rate of discount. As the rate of interest increases, the NPV reduces substantially. 
Internal Rate Return (IRR)

IRR is that discount rate at which the net present value of a project is zero. Hence at this discount rate the sum of the discounted benefits of the project equals the sum of the discounted costs i.e. NPV = 0, this is represented mathematically by substituting NPV = 0 in equation 5.4.
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or
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The value of r calculated from equation 5.6 is IRR. If the IRR is greater than the appropriate social discount rate the project is worthwhile, otherwise it should be rejected.

Benefit Cost Analysis (BCA)

In BCA of the project  cost benefit ratio is worked out by dividing the present value of its benefits by the present value of its costs. This is represented mathematically as:
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A project will be accepted if, the Cost Benefit Ratio is greater than one. To choose among mutually exclusive alternatives of the projects, the BCR values greater than one are compared and highest is chosen as best alternative.  
The decision rules for accepting the project may be referred at Table 5.1

Table 5.1: Project Assessment Decision Rules (Source: Thompson et. al. 1996)
	NPV Outcome
	BCR Outcome
	IRR outcome
	Project Decision

	If NPV >0
	BCR >1
	IRR  > r
	Accept Project

	If NPV = 0
	BCR = 1
	IRR  = r
	Indifferent

	If NPV <0
	BCR <1
	IRR  < r
	Reject Project


Often in disaster mitigation, there is a tradeoff between increasing standards of protection and increasing costs of higher benefit cost ratio will be preferred, but the return from an increase in the level of protection may not be worth the additional expenditure. 

5.3
Existing Methodologies for Feasibility of Disaster Mitigation Projects
The United States’ Federal Emergency Management Agency (FEMA) has developed a ‘Mitigation BCA Toolkit’, which is available on CD-Rom and explained in FEMA FEMA 174, 1991. This toolkit includes software ‘modules’ written in Excel for each of the major hazards, including flood, hurricane wind, earthquake, tornado and wildland /urban interface fires. These essentially provide templates to structure and guide the BCA and ensure that mathematical aspects of the analysis are correct. However, FEMA stresses that all of the modules require users to enter project-specific data and that any BCA is only as accurate and valid as the input data. Many of the BCA modules have an accompanying technical manual, providing a definition of terms and a detailed line-by-line breakdown of the module. A hotline service is also available for technical enquiries. There are two basic types of BCA software modules: a ‘limited data’ and ‘full data’ module. The ‘limited data’ or frequency-damage method module uses historical data and engineering judgement to develop frequency damage relationships both before and after mitigation. This analysis may be appropriate for small, low-cost projects, or as an initial screening of larger projects to assess whether more detailed analysis is warranted. The ‘full data’ or engineering method module uses engineering data on the probability and severity of hazards to estimate damages and losses (before and after mitigation) versus a quantitative measure of the hazard severity (e.g., flood depth, wind speed or level of earthquake ground shaking).This more detailed analysis is appropriate for large, high-cost projects, projects that are politically sensitive, or projects where initial screening indicates that benefit-cost ratios are close to one. The CD-Rom also includes further practical assistance in the form of worked case studies; guidance on data derivation, including how to overcome data deficiencies; and guidance on determining and valuing benefits. 

FEMA 227 & 228, 1991 have described details of cost benefit models related to earthquake mitigation. the document refers research work conducted by Schulz(1987), Pate-Cornell(1985), Milliman(1985), Yezer(1987) and others. 
Schulze(1987) used an expected utility model to estimate “willingness to pay” for increased safety and reduced property losses. The methodology was used to determine the economic feasibility of requiring earthquake resistant buildings in southern California. Pate-Cornell (1985) determined the benefits and costs of reinforcing unreinforced masonry warehouses and cost of remodeling the reinforced concrete manufacturing buildings into apartment or office buildings. Benefits were defined as the number of lives saved and the value of avoided property damage. Milliman(1985) states that there can be too much mitigation as well as too little and that an “optimal” level needs to be estimated. This involves estimating expected losses and cost of various mitigation policies. He further offers the concept of measuring the “wealth looses” that result in an earthquake while recognizing that death, trauma, and social dislocation losses are best handled outside of the economic analysis. Yezen (1987) concluded that social welfare losses due to unanticipated natural disasters are reflected in land or house prices and wage-based measures are inappropriate. Two Important differences from other studies are contained in his conclusion. First, the concept that anticipated disasters do not result in indirect economic effects which comes from the economic theory of natural resources. Second, the concept that land value changes represents a proper change in social welfare which comes from the opportunity cost that underlies neoclassic   economic theory. 
FEMA 174, 227 & 228 has described various empirical models. As per the document, the model developed by Ellson et al., 1984 is comprehensive, flexible and limited only by the lack of good regional data. An econometric model using 1965-80 annual data of Charleston was formulated (SC SMSA) to assess potential earthquake damages. Supply constraints of capital investment, housing starts, net migration, and transportation are explicitly modeled.  The model is spatially disaggregated to indicate how consequences will vary across the region. The model is fully simultaneous both within an individual county in the region and between the three counties that comprise the SMSA.

Vermeiren and Stichter (1998) conducted the appraisal for hypothetical evaluation of benefits of retrofitting of port in Dominica and school in Jamaica. The appraisal was conducted with assumption that the intervention will avoid reconstruction costs in hurricane events.  The cost benefit ratio for such project was 2.2 to 3.5. Dedeurwaerdere (1998) carried out analysis for different prevention measures against floods and lahars in the Philippines. The project resulted in avoidance of economic losses. The CBA for the project was ranging from 3.5 to 30.  Mechler(2004a) performed appraisal of risk transfer for public infrastructure in Honduras and Argentina. The project was aiming at reducing macroeconomic impacts. Mechler (2004) further conducted appraisal for flood mitigation projects of Peru. This project was implemented for reducing economic and indirect impacts. 

Boardman (2001)
 has explained simplified methodology for cost benefit analysis or mitigation strategy. The methodology follows nine steps including Select the portfolio of alternative projects, Decide whose benefits and costs count, Catalog the impacts and select measurement indicators (units), Predict the impacts quantitatively over life of the project, Monetize (attach dollar values to) all impacts, Discount benefits and costs to obtain present values, Compute the net present value [of each alternative], Perform sensitivity analysis and Make a recommendation based on the net present value and sensitivity analysis. 
Kunreuther et al (2001)
 has developed cost benefit analysis model for earthquake mitigation for existing lifeline infrastructures like electric power system and water distribution systems for Tennessee and California. The method of cost benefit analysis clubs natural of problem, determination of cost for alternative mitigation options, determine loss to the system with and without mitigation measures, calculate attractiveness of mitigation alternatives and choose best alternative. However, for assessment of losses associated with different lifelines, certain set of scientific and technical methodologies were used. 

Further the another category of appraisal i.e. assessment after implementation of project. IFRC (2002) executed mangrove planting project in Vietnam for protection of  coastal  population against typhoon and storms. CBA was 52, which is very high. Venton (2004) evaluated implemented combined disaster mitigation and preparedness program in Bihar and Andhra Pradesh. The calculated CBA for Bihar and Andhra Pradesh projects were 3.76 and 13.38 respectively. MMC(2005) has worked out the cost benefit analysis of Jefferson county, Alabama mitigation projects. The project was combination of early warning system , vulnerability  and mapping and awareness programmes. The overall cost benefit ratio for the project was 2.6. MMC (2005) further conducted feasibility study of Michigan mitigation projects, which combined mapping of flood mapping of vulnerable areas, improve drainage system, retrofitting of houses and commercial setups. The cost benefit ratio for the project was 12.5.

Federal Emergency Management Agency (FEMA)
 has conducted Benefit Cost Analysis of FEMA mitigation grants for the projects executed between years 1993 to 2003. The total expenditure for the project was approximately 3.5 billions. The net benefit calculated for these projects were 14.0 billions. The exercise yielded overall cost benefit ratio of 4.0 for selected projects. The exercise was conducted on three types of hazards i.e. earthquake, cyclone and floods. For assessment of CBA, conventional method was followed. For damage assessment, HAZUS®MH methodology is utilized. The analysis presents fair idea about the investments and returns in term of reducing the disaster impact on human lives, injury,  property, business, displacement and other associated losses. As per analysis, earthquake mitigation reflects benefit cost ratio of 1.5. 
Ganderson (2006)4 has explained various aspects of  cost benefit analysis. He has explained the constraints in assessing the CBA in developing and developed countries. 

Ghesquiere et al (2006)
 developed the model for probabilistic cost benefit analysis for earthquake vulnerability programme for Colombia. The proposed methodology was built upon a sequence of modules, quantifies potential losses arising from an earthquake. The methodology included hazard module, exposure module, vulnerability module, damage and loss module, average annual loss, pure risk premium and maximum probable losses. After these scientific module developments, conventional cost benefit method as discussed earlier has been followed. 

Moench et. al. (2007)
 has described number of CBA project executed in various parts of the world. The projects are categorized in to two types i.e., assessment before implementation and after implementation. World Bank (1996) conducted appraisal of Argentinean flood protection project. This included structural mitigation like flood protection structures and strengthening of national and provincial institutions for disaster management. This reduced the direct flood impacts on housing, expenses in evacuation and relocation. The internal rate of return for the project was worked out, which was 20.4%. 

FEMA 386-5 (2007)
 has proposed very simplified methodology for assessing the efficiency of the mitigation projects. Broadly, whole process is divided into three parts. First Part reviews benefits and costs. Three review tools have been suggested to assess the measurable and non-measurable benefits and costs associated with each action. It is followed by summarizing the analysis of each action’s benefits and costs and uses this review later when prioritizing the actions.  Second part explains prioritization actions. Two approaches are proposed i.e., qualitative and quantitative methods, for prioritizing the activities. Further, third part includes listing of activities, relative ranking, simple scoring and weighted scores. Finally it is followed by documenting the process. 

Value of Life: Cost Benefit Perspectives

Benefit Cost Analysis (BCA) (FEMA 227 & 228) can be used to assess public-sector resource allocation decisions. However to identify and objectively measure all benefits of public projects can be very difficult if not impossible. One of the principle benefits of seismic rehabilitation of hazardous buildings is reducing the expected number of fatalities resulting from an earthquake. Methods of measuring the value of reducing the risks to life and health in BCA are diverse and until recently, controversial. 

Three principle methods are described to derive the value of life in BCA. They are the human capital approach, the court award approach, the risk-cost method, and the willingness to pay approach. These approaches are briefly described and evaluated below. 

Human Capital Approach

Initially the value of health was estimated by measuring the lost wages, medical expenses and indirect costs resulting from the loss of injuries. This approach is easy to conduct since only the deaths that can be prevented and the expected lifetime earnings need to be estimated. But, Viscusi(1980)concludes that this is a poor proxy for the value of reducing health risks. The benefit of a government program is the reduction of the probability of death or some other health aspects for a large number of individuals rather than the prevention of a certain number of deaths that might be identified after the facts.

This approach suffers from other deficiencies. Persons with low expected future income are under represented under this approach. A very old person has a small amount of future earning and very young person’s earnings are sufficiently distant that current discount rates reduced them to almost nothing in a BCA. This approach assumes that income determines individual utility and the value of life, and as a result, ignores all non-market goods consumed by individuals.

Court Award Approach

Courts awarded damages for wrongful deaths are usually based on potential future earnings, which could serve as a proxy for the human capital approach, but they may include punitive damages and sadness of the family or related consequences. Since it would be difficult to separate all of the influences that were included for judgment, it probably cannot be used to evaluate the reduction.

Court awards are also based on specific historical cases but reducing earthquake hazards saves future lives, which are statistical in nature and not individual specific. Therefore the use of court awards to evaluate risk reduction in public projects would not be a valid measure of the value of life. 

Risk Cost Approach
Another method used to value life is simply dividing the amount of project expenditures by the number of deaths that will be reduced by the project. This approach transfers the responsibility of placing an explicit value on life from the analyst to the political level.

This approach does not value human life but provides decision makers with criteria for comparing programmes dealing with safety and health related issues. The variation in the cost of lives saved for various public programs was found to be high which indicates that the procedure does not estimate the correct  value of reducing risks to human safety.

Willingness-to-Pay Approach 

Willingness-to-pay is a valid methodology for determining the value of risk reduction in BCA. The theoretical foundation for this method is that individuals will maximize their own utility by trading off wealth or income for reducing the probability of death.  The document has summarized why Willingness-to-pay is the most correct method available of estimating the value of human life.

The value of life is embedded in the concept of Willingness-to-pay for improved safety. The concept provides a framework of establishing tradeoff between wealth and greater safety. These tradeoffs can be measured. The concept is consistent with BCA because it poses the choice process that would enhance welfare. It provides a peculiar index of safety which is additive to other damages. The Willingness-to-pay for safety is a function of age, income and the perception of risk.

Willingness-to-pay assumes that individuals are rational and correctly perceive the wealth-risk trade off.  This assumption may not be entirely met in all of the different empirical applications of the Willingness-to-pay approach.

The Survey Approach
For deriving, Willingness-to-pay is also called the contingent valuation method (CVM). The survey simulates a “market” of the public or nonmarket goods. This analogy or continent market is presented to the subject as providing public goods in return for his payment. Summing across all individual provides an estimate of value of the public goods. In initial CVM studies, individuals were simply asked to value the reduction of the risk in question. Those studies were criticized because of flaws in the design procedure.  

The Labour Market Approach 

It is Willingness of workers to accept additional wages for riskier jobs. This approach is offered as an indirect indication of the value of life. Econometric models are used to estimates the wages differential earned by workers in risky jobs. This approach assumes that labour is mobile and that labour markets are competitive and these conditions are rarely achieved which results in an under estimation of the risk differential in wages. In addition, most models use gross wages rather than after tax income which also produces bias results.

Labour market studies also produce high variations in estimates if voluntary vs. involuntary risks are not specified. High risks jobs are voluntary and attract risk adverse labour that require small risk premium. This method has the advantages of re-estimating existing econometric equations using different assumptions or new data to produce new estimates. 

The Consumer Analysis Approach
It is proposed that the Willingness-to-pay for safer products can measure the value of relative risks of certain products. Econometric models are used to estimate the Willingness-to-pay for products with better safety records.  This approach assumes that consumers have prefect information on the relative safety of each product, and that estimates represent equilibrium demand-supply conditions that are seldom met. Using past societal decisions that imply heath or life values also assumes that those decisions were optimal, which may not be true. As with previous approaches, most studies vary different assumptions and discount rates, and results are quite variable and incompatible without modification (Viscusi, 1986). 
5.4
FEMA 227-228: A Benefit Cost Model for Seismic Rehabilitation of Buildings
The proposed research methodology is based on FEMA 227-228: A Benefit Cost Model for Seismic Rehabilitation of Buildings. As part of continuing program for reducing seismic hazards in existing building, FEMA contracted with VSP Associates, Inc, to develop a standard Benefit/ Cost Model, that could be used throughout the United States by community officials, analysts or practitioners to help evaluate the economic benefits / costs models of seismic rehabilitation of existing hazardous buildings. There are two benefit / cost computer models included in FEMA 227-228 under NHRPC program.  The single-class model analyzes groups of buildings of a single structure type, a single use, and a single set of economic assumptions. The multiple class model analyses groups of buildings, which may have several structural types and uses. Essentially the multi-class model aggregates results from single class models corresponding to the range of buildings and uses being considered, both models are spreadsheet programs written for Quattro-Pro, version 2.0 or 3.0. The model is comprised of estimating direct and indirect damage cost due to ground shaking, human injury and loss associated with in it. The proposed model is based on Basic NPV tool discussed in 5.2.
Expected Net Present Value Model
As per FEMA 227-228, 1991, the expected Net Present Value of a seismic retrofitting investment is the sum of the present value of benefits expected to accrue each year over the planning period, the present value of the salvage value of the retrofitting investment at the end of the planning period, plus the present value of expected deaths avoided by seismic retrofitting, minus the initial cost of the retrofitting. The expected net present value model is thus defined as 
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(5.8)
Where: INV is the cost of the rehabilitation:

Bt is the expected annual benefit attributed to the retrofitting in year t;

VT is any change that the retrofitting will have on the salvage value of the buildings in the terminal year T;

VDAt is the annual value of expected deaths / injury avoided by retrofitting of buildings to life-safety standards

T is the length of the planning horizon which should reflect the effective life of the retrofitting of the; and 

i is the discount rate.
In this model, each year’s expected benefit is discounted to its present value and then added together to yield the total expected net present value. The cost of the retrofitting (INV) includes direct engineering/construction costs and, if desired, other indirect costs. The salvage value of the retrofitting investment is the change that the retrofit will have on the value of the buildings at the end of the planning horizon. The planning horizon (T) is the time period, typically 20 or 30 years, over which future benefits are estimated. The discount rate ‘i’ is the annual percentage rate by which future benefits are discounted to net present value. 

If expected benefits are constant each year during the planning horizon time period, the expected net present value equation is simplified by substituting one term which includes the benefits accrued during the entire planning period in place of the annual benefit terms in the previous equation. In this case, the expected net present value equation can be reduced to:
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Assuming that expected benefits are constant each year is equivalent to assuming that the annual probabilities of future earthquakes of various intensities are constant and that the effectiveness of the retrofitting in reducing casualties, damages and losses is also constant.

The expected annual benefit, which accrues from the retrofitting, is the sum of expected avoided losses accounting for the expected annual probability of damaging earthquake. The expected annual benefit is assumed to be the sum of avoided building damages, rental losses, relocation expenses and personal property losses. The expected annual benefit of rehabilitating a group of buildings to meet life-safety earthquakes standards is thus defined as :
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Where:

EAEm is expected number of earthquakes annually by Modeified Mercalli Intensity (MMI) ranging from VI-VIII; 
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is the annual value of expected deaths avoided by rehabilitating buildings to life-safety standards

In this equation, the first summation symbol indicates that expected annual benefits must be summed over expected earthquakes with MSK ranging from VI to VIII. The second and third summation symbols indicate that expected damages and losses avoided must be calculated separately for each combination of category of buildings (N) and facility classification (t) and then summed. Avoided damages and losses means the reduction in expected damages and losses in retrofitted buildings versus those expected in without retrofitted buildings of the same category.

5.5
Proposed Mitigation Strategy Assessment Tool 

The proposed methodology has improvised the FEMA 227-228 model and modified it for Indian condition. This proposed method is described in detail in chapter 6. It varies in following way from FEMA 227-228. The details of similarity and differences are as below:

· The damage and loss assessment methodology in FEMA model is using the outcomes of ATC-13 methodology. ATC-13 has evolved damage criteria based on Delphi techniques, which is expert opinion about Mean Damage Ratio for various facility classification and social functions. The building used for Mean Damage ratio is prevailing in United States. The building typology changes substantial in India or other developing countries. 
In India, such type of research has not been carried out for assessing Mean  Factors for various classes of buildings and utilities. In this context, The model has been evolved for damage assessment of buildings. The criteria for damage assessment are based on comprehensive intensity scale (MSK 64) and past damage experience in and around the study area. The cost of material and manpower required for repair the buildings are treated as damage cost at particular intensity. A set of sample data has been considered for developing mean damage ratio for two classes of buildings. 

· The FEMA model uses various tangible and non tangible loss parameters including building damage, rental, relocation, personal income, business and personal property losses. 

In proposed research, all above stated parameters are considered except personal income and business inventory losses. These parameters are not considered because the proposed methodology is addressing the needs of residential buildings of rural to semi urban study areas. These parameters are barely present in the study area. 

· In FEMA approach calculations of non tangible losses are based on ATC-13. The coefficients developed for ATC-13 are  primarily based on United States data. 

Same basic equation has been used in present work methodology, however the approach and methodology for calculating the rental rate, relocation rate, personal property rate has been modified based on set of sample data and prevailing rate of construction. 

· FEMA 227-228 suggests the casualty estimation based on ATC-13 methodology. This methodology depends upon annual value of avoided earthquake death loss, which is assumed to be the product of the area of the building in sq ft, times the average occupancy per sq ft, times the difference in expected death rates between non-rehabilitated and rehabilitated buildings, times the dollar value of one life. This model makes three grades of casualty ranging from minor to deaths. The casualty has been classified based on damage grades, Central damage factors and ratio of casualty per set of population. 

The casualty estimation in proposed methodology is based on Lethality Ratio developed by Coburn, 1992. There is no such detailed data available for study, thus the method suggested by ATC-13 can not be implemented in India condition. The parameters of Lethality Ratio are further modified as per prevailing Indian condition. The details are given in Chapter 7.
5.6
Conclusion 

This chapter discusses details of various existing models for economic assessment of seismic mitigation. All models are critically evaluated with respect to the study area parameters. The parameters associated with FEMA 227-228 are studied in detail and applicability of the model has been worked out. The adopted methodology is based on FEMA 227-228, which is discussed in clauses 5.5. Many of the parameters, which are required for CBA is customized to the Indian Condition. The customization of the parameters and details of the methodology is discussed from Chapter 6 and 9.   
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� 	� HYPERLINK "http://www.fema.gov/library/viewRecord.do?id=2680" ��http://www.fema.gov/library/viewRecord.do?id=2680� downloaded on 14th April 2008 





PAGE  
62

_1165523212.unknown

_1165524518.unknown

_1292843555.unknown

_1165525686.unknown

_1165523238.unknown

_1165524461.unknown

_1117811425.unknown

_1118206986.unknown

_1165523095.unknown

_1117826142.unknown

_1117826158.unknown

_1117825963.unknown

_1105782479.unknown

_1117785814.unknown

_1105782497.unknown

_1105782299.unknown

