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Objectives

By the end of this session, the student should understand—

12.1
The basic elements of a cost-benefit analysis for public policy programs including cost and performance measures.

12.2
The use of cost-benefit analyses for evaluating mitigation programs.  

12.3
An example of a mitigation program subjected to a cost-benefit analysis. 

Scope
This session introduces the topic of cost-benefit analysis within the context of mitigation. The techniques associated with cost-benefit analysis provide a useful basis for sorting out difficult choices for emergency managers as well as other managers who develop public policy.  Cost-benefit analysis in public decision making can help to rationalize a process that is largely political in nature.  The process should be undertaken when decisions have to be made regarding any substantial new program that could be accomplished in several ways.  The process can be viewed as a simple tradeoff among alternatives, but in actuality is usually complex. In the emergency management arena, mitigation projects are commonly being examined using cost-benefit analysis techniques; results are frequently favorable.  Cost-benefit analysis within the federal government is the object of considerable attention because of a recent government-wide requirement for performance evaluation of government programs.

Government agencies, including those with an emergency management mission, are being required to document both the cost and benefits of their programs.  Mitigation programs are increasingly being advocated because they can produce long-term cost savings. The session does not cover the details of conducting a cost-benefit, because this is a very complex subject.  However, it does introduce the student to this one aspect.  Several case studies are also included that make a strong case for the cost-benefits of at least some mitigation programs. 
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Remarks

Objective 12.1.
Basic elements of a cost-benefit analysis for public policy programs.

Cost-Benefit Analysis is a technique designed to weigh all of an action’s costs against all of its benefits to assist decision-makers in their choices.

Basic steps in the process include—

1. Developing a detailed breakdown of all of the costs associated with the proposed system or project.

2. Developing a list of the expected benefits.

3. Making a judgment related to the cost, risk, and performance, resulting in a final decision about how to proceed.
The technique’s complexity arises from the difficulty of—

· Identifying all costs and benefits associated with a given program or decision. 

· Quantifying costs and benefits in comparable units of measurement (i.e. dollars).  

Most easily recognized are the costs and benefits that are both tangible and direct, such as—

· Labor and equipment costs 

· Value of a particular product.  

More difficult to identify and measure are—

· Intangible direct costs and benefits (gains or losses in public and governmental perception of agency, and worker morale associated with the choice of a particular option)

· Indirect costs and benefits (because they are often unanticipated and are especially difficult to identify).

Comprehensive cost-benefit analysis addresses each of these elements and provides decision-makers with a method of—

· Assessing the return on a particular investment or 

· Comparing the relative advantages of a variety of options.  

Program options may be judged on—

· Net benefit (the difference between benefits and costs) or 

· Benefit-to-cost ratios.

The table below outlines in the simplest terms the range of decisions associated with public policy, taking into account cost and effectiveness.  Using program effectiveness as the initial consideration:

1. When two methods are equally effective, select the one that costs less.

2. When one method of training is more effective than another, select it, provided that it costs the same or less than the alternative.

The same argument applies when cost is used as the criterion.

Decision Diagram for Selecting the Preferred

Program Given Two Alternatives
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Objective 12.2.
Use of cost-benefit analyses for evaluating mitigation programs.

Cost-Benefit Analysis for Mitigation

From the National Mitigation Strategy.  Internet site is http://www.fema.gov/mit/ntmstrat.htm
There will always be residual losses from extreme events above and beyond those for which mitigation is cost-effective.

It is not economical to protect buildings and infrastructure other than critical facilities from these more extreme events—

· The increased cost of construction can far exceed the damage prevented.  

Types of Losses

To reduce potential flood losses, States and communities must—

· Enforce floodplain management requirements for new and substantially improved buildings. 

· Increase the National Flood Insurance Program (NFIP) policy base to reduce disaster assistance costs and provide incentives for mitigation in the affected communities. 

Reducing potential earthquake damages will require—

· Voluntary decisions by business and home owners to invest in mitigation measures, and 

· Adoption and enforcement by States and communities of building codes that incorporate broad structural damage reduction practices (where economical). 

Reducing potential wind damages will require—

· Further advances in our understanding of wind hazards. 

· Application of that understanding to the built environment. 

Reducing losses from fire will require—

· Adoption and enforcement of building codes for fire-resistant materials, and 

· Incentives for installing residential sprinkler systems. 

Cost-effective retrofitting of buildings and facilities will have to be aggressively implemented for all hazards. 

A baseline will have to be established against which to measure progress toward achieving the goal. 

Most Effective Mitigation Measures
From the National Mitigation Strategy  http://www.fema.gov/mit/ntmstrat.htm
Structure Acquisition and Relocation

Multi-Hazard and Hazard-Specific Building Codes

Land Use Planning 

· zoning and development controls

· floodplain management 

· transfer of development rights

Public Awareness Efforts

Education and Training

Structural Measures

· retrofitting 

· erosion control

· flood control structures 

· site improvements 

· building elevation

Incentives and Disincentives

· grants

· tax credits

Insurance rate adjustments



What Costs More: Preventing or Rebuilding

(from Vermeiren, 1998)

The decision to invest in protecting property against possible damages from disasters is primarily an economic decision. It should therefore be made in the framework of an economic analysis: Evaluating

· The costs of investing in mitigation or prevention

against
· Expected benefits, in terms of risk reduction, be derived from the investment.

For new development projects, the economic analysis of mitigation should be implemented as part of the project appraisal phase.

Hazard Mitigation Options

Risk Avoidance Measures

(Non-structural measures)

Discourage location of infrastructure and economic activities in known hazardous areas—

· Land-use regulations ordinances 

· Financial incentives or penalties 

· Disclosure of risk information

· Public infrastructure policy 

· Natural resource management policy
Risk Spreading Measures

· Property damage and revenue loss insurance 

· Crop diversification 

· Redundancy in lifeline systems
Vulnerability Reduction Measures (Structural measures)

Physical measures to enhance natural hazard impacts—

· Retrofitting existing structures

· Use of appropriate building standards

· Reducing hazard proneness of site (dams, retaining walls, windbreaks)

Cost-Benefit Analysis

Methodological Factors

· Quality of risk information

· Planning horizon/lifespan


Estimated Value of Benefits

Project Specific Benefits—

· Reduction in maintenance costs

· Reduction in insurance costs

· Losses/damages avoided

Socio-Economic Benefits—

· Continuity in service

· Contribution to sustained development

· Improved investment climate



Present Value of Costs

· Cost of adherence to stricter standards

· Cost of protective works

· Cost associated with foregoing the use of hazardous areas




Cost of Mitigation Measures in Relation to Value of Building

All empirical evidence shows that it is significantly more cost-effective

· to design and build a structure to standards that would withstand maximum expected wind or seismic forces in a given location, rather than 

· to build to lower standards and suffer the damages.

Field observations after recent hurricanes have shown that the main contributors to property damage are—

· loss of roof material 

· failure of doors and windows.

Failures of this nature could be avoided through the use of proper materials and improved workmanship, factors that would add minimally to the cost of a building.

Objective 12.3.
Example of a mitigation program subjected to a cost-benefit analysis.

Acquisition/Relocation from Multiple Hazards: The Castaic School District in California

The case studies presented so far in this report have a single hazard mitigation focus. Castaic Union School District, located in southern California, is a case study which demonstrates the threat from multiple hazards. After the 1994 Northridge Earthquake, Castaic Union School District conducted a study of the earthquake-related risks that threatened their elementary and middle schools, and administration buildings. The assessment revealed that earthquake-related structural damage was not the only risk the school district faced. 

As of 1993, the district maintained and operated 63 buildings (77,000 square feet of usable space) in Northern Los Angeles County that consisted of a mix of permanent and portable structures with construction dates as far back as 1917. These structures service approximately 1,200 students and 115 staff. The San Andreas and San Gabriel fault systems, two of the most active faults in the country, pass through the area in which the District is located. In addition, the U.S.  Geological Survey has concluded that significant new earthquake activity may occur along both the San Andreas and San Gabriel systems. The San Gabriel fault system has had fewer large earthquakes than expected over the last 200 years; while 17 large earthquakes would be expected, only two such events have occurred. Also, the San Andreas Fault system has historically experienced a large earthquake every 170 years, and it has been 140 years since the last large seismic event (the 1857 Fort Tejon earthquake).

These factors led the Castaic Union School District to conclude in their study that the probability of a large earthquake affecting their facilities was high. They also learned, however, that the risk went well beyond possible damages caused by ground shaking. Along with the expected seismic damage, the study revealed two additional threats: flooding from the Castaic Dam and fire or explosion from a rupture in nearby oil pipelines. 

The school district’s risk assessment study indicated that the school buildings were located within the inundation area of the Castaic Dam (located only 1.7 miles upstream). If the dam were to fail, the school buildings and their occupants would be inundated with catastrophic flooding. The 2,200-acre reservoir above the dam could release nearly 105 billion gallons of water, inundating the area below the dam with 50 feet of water. In 1992, the California Department of Water Resources (DWR) re-examined the seismic performance of the dam. Based on the 1992 and previous analyses, the DWR considers the dam in compliance with all current safety requirements, and able to resist failure due to the maximum credible earthquake.  However, the district’s risk assessment concluded the probability the Castaic Dam will fail is never zero. In a catastrophic earthquake, the seismic ground motion could exceed the dam’s design basis, and other factors such as flooding, high-water levels, or large landslides flowing into the reservoir, could lead to the dam’s failure.

Along with the threat posed by the Castaic Dam, the study also revealed that the buildings were at high risk of damage from both fire and explosion should nearby pipelines fail. Two high pressure crude oil pipelines currently cross the campus (a 1925 gas-welded pipeline, and a 1964 modern arc-welded steel pipeline), both of which could rupture during ground shaking or ground displacement in earthquakes. An analysis of the lines and the fault conditions near the school district indicated that the 1925 line had a 35% chance of failure somewhere in the Castaic area as a result of any large earthquake. The study also revealed that during the 1994 Northridge Earthquake, both oil lines sustained some damage within 25 miles of the Castaic School District. 

This information caused alarm about the safety of the district’s facilities.  In the event of a pipeline failure, a fire or explosion could result from the ignition of the released oil, putting both facilities and people at great risk.  Additionally, the ability to prevent a nearby fire from spreading would be limited by the decreased reliability of water lines and hydrants, as well as the increased demands on emergency fire services after an earthquake.

Using the results of the District’s risk analysis, it was determined that the potential economic costs from either a dam failure or oil pipeline break following an earthquake were enormous. The first potential cost to the school district would be incurred from both building and content damage. Replacement of the school buildings would cost an estimated $7.7 million in direct construction costs (1995 dollars). Second, if such an earthquake occurred, alternative school facilities would have to be located and rented at an estimated cost of over $500,000 per year.  Third, the community would have to absorb the costs of losing the educational services provided by the district in the time period between the actual loss of the facilities and the relocation to temporary facilities.

The school district calculated the cost of the lost public services based on the operating expenses required to provide the services. The daily cost of lost educational services was estimated at $28,601.49. In addition to these direct and indirect financial losses, the risk of earthquake-related casualties in the district’s facilities was determined to be significant. In an earthquake-induced dam failure, the predicted speed of inundation on the campus caused the risk of casualties to be very high.

When calculating this risk, a casualty rate of 250 individuals was determined based on the average hourly rate of campus usage in a typical week. However, in the event of a dam failure during school hours, the loss of life could be as high as 1200 students and 115 faculty members. In an earthquake-induced potential pipeline failure, the district calculated a casualty rate of 9 individuals and injury rate of 45 individuals. Once again, the actual number of casualties increases dramatically if the earthquake and pipeline failure occurs during school hours. 

Through the cost-benefit analysis, the district determined that the most feasible method to reduce their risks would be to condemn the structures on the old, high-risk site and relocate the campus to a low-risk area.  Given the nature and severity of the potential hazards, mitigation options other than relocation were judged infeasible. 

Once the decision had been made to relocate, the district went to work to identify an alternative site for the school facilities. The selected location for the campus was completely out of the dam inundation area and far removed from the high-pressure oil pipelines. Thus, the risk posed by the dam and oil pipelines hazards would be eliminated. While the campus would still be within an active earthquake fault area, the new campus building would be constructed to fully conform to 1995 building code provisions, thus making them more resistant to seismic damage than the buildings being replaced. 

The district then agreed to turn the land over to the Newhall County Water District as soon as the relocation effort was underway. The old school property is located above two active wells, which the water district can use to supply their customers in Castaic. In doing so, they changed the property deed to restrict human habitation and development, and to return the site to natural open space. 

Interactive Project

Using the case study above (Acquisition/Relocation from Multiple Hazards: The Castaic School District in California) discuss the hazard mitigation options which were employed.  A good starting point is the “Hazard Mitigation Option” table contained in this session. Discuss which risk (property damage or risk to human safety) was the main motivating factor in the decision to relocate.  The answer is of course, risk to human safety. Discuss why it is not always possible to precisely place a dollar figure on safety considerations.

Additional Information

From Laub, P. M. (1997).  Report on Costs and Benefits of Natural Hazard Mitigation. Washington, DC: FEMA.  http://www.fema.gov/home/MIT/cb_toc.htm
Evaluating Costs and Benefits

Mitigation is typically less expensive to implement when included in the planning and construction stage rather than after a building has been constructed. Mitigating the potential for natural hazard damages in existing structures is generally more costly, but when carried out effectively before a disaster, it prevents loss of life or reduces damages, and also avoids the outlay of associated costs for response and recovery operations. 
It is important to understand the methodologies that were used to determine the relative costs and benefits of each mitigation measure. Evaluating natural hazard mitigation is a complex and difficult undertaking which is influenced by several variables. First, natural disasters affect all segments of the communities they strike, including individuals, businesses, and public services such as fire, police, utilities, and schools. 

Second, while some of the direct and indirect costs of disaster damages are measurable, some of the costs are non-financial and difficult to quantify in dollars. Third, many of the impacts of such

events produce “ripple-effects” throughout the community, thus increasing the number of variables to be considered. While not easily accomplished, there is value, from a public policy perspective, in assessing such impacts and obtaining an instructive cost/benefit comparison. Otherwise, the decision to pursue or not pursue various mitigation options would not be based on an objective understanding of the net benefit or loss associated with these actions. 

Because of the difficulties inherent in empirically measuring all the disaster impacts and the corresponding value of mitigation measures, this paper utilized two different methodologies to identify the costs and benefits associated with natural hazard mitigation measures: 

· benefit/cost analysis, and 

· cost-effectiveness analysis. 

The distinction between the two methods is the way in which the relative costs and benefits are

measured. Through the first method, benefit/cost analysis, all costs and benefits are evaluated in terms of dollars and a net benefit/cost ratio is computed to determine whether a project should be undertaken (i.e., if net benefits exceed net costs, the project is worth pursuing). By contrast, the second method, cost-effectiveness analysis, evaluates how best to spend a given amount of money to achieve a specific goal; this type of analysis does not necessarily measure costs and benefits in terms of dollars, or any other common unit of measurement. This paper uses both methods as necessary to obtain a true picture of the value of mitigation in the case studies. Wherever possible however, associated costs and benefits of mitigation measures are measured in terms of dollars. 

In completing each case study, many types of cost data were considered in order to define both the direct and the indirect costs of natural hazard events. First, the actual cost outlays by Federal, State, and local governments and the private sector are identified in the analysis of each case study. To this end, damages are accounted for to appropriately quantify the costs and benefits of mitigation. In cases where damages could not be taken into account, this paper discusses the reasons why, and any resulting biases. Indirect costs (i.e., costs incurred as a result of the “ripple-effect” of actual damages to other parts of the society or economy) are also identified and discussed, whenever possible. Although it cannot be accurately measured, the reduction of a community’s image as a dependable and viable entity, and a reduction in its ability to provide basic services, is recognized as an additional cost.  

Throughout the case study analyses, care was taken not to count costs twice in instances where they could be measured in multiple ways. For example, the costs incurred by insurance companies are, in part, a reflection of the value of the damage a building has incurred. The depreciation costs for the usage of capital should also be taken into account in order to account for the actual loss attributable to a natural hazard event. To further clarify, suppose a 10-year old building with a normal life span of 20 years is destroyed; the cost of replacing the building, which is attributable to the disaster, is the capitalized cost of the 10 years of lost usage of the building, not 20.
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