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Executive Summary


Small communities face special challenges in allocating resources to reduce risks to citizens.  In many cases, a wide range of risks, from fires to hazardous materials, compete for these resources.  Mandates from the state and federal government may limit the discretion these communities have to set priorities and to allocate funds.  Yet decisions must be, and indeed are, made.  This white paper argues that these decisions require careful evaluation of the benefits of a risk reduction action and the associated costs if scarce resources are to be used wisely.  Evaluating risks is complicated by differences between known risks and “theoretical” or predicted risks, and failure to acknowledge the public health side effects of risk management actions.  This failure may lead to an inordinate focus on some risks while other substantial risks are ignored.  This paper discusses tools that can help lead to improve decisions, including comparative risk assessment and benefit-cost analysis.  These techniques may help small communities allocate resources and understand the relative benefit of actions, both voluntary and mandated, in reducing risk.

Introduction


Americans desire protection from the many sources of risk they confront in their lives.  We deal with some risks personally, for example, by watching our diet, driving carefully, or buying medical, homeowners, or auto insurance to protect against health and financial losses.  To reduce other risks we look to government at all levels, from local to national.  Government risk actions to reduce risk include funding of police and fire protection, enforcement of rules to improve highway safety, regulation of chemicals in food or the environment, development of airline safety rules, in addition to many other actions.


Addressing risks to health and the environment requires both public and private resources.  Because money, time, and attention are limited, choices must be made regarding which risks to address and how much control is needed.  These decisions require careful evaluation of the benefits of a risk reduction action and the associated costs if scarce resources are to be used wisely.  This paper will focus on the choices and tradeoffs inherent in decision making for small communities.  Section 1 is a short overview of the type of decisions small communities face in addressing health and environmental risks.  Section 2 addresses shortcomings in the way in which choices are made by government entities, including failure to consistently allocate resources, and failure to consider the side effects of interventions.  Section 3 describes some of the tools and techniques that have been developed to help decision makers facing these issues, and Section 4 is a summary.

1
Hard Decisions


Local government provides many services that enhance the lives of citizens.  Obvious examples include police and fire protection, schools and libraries, and road maintenance and snow removal.  In addition, many small communities run local utilities to provide electricity, water, and other necessities to residents.  Many of these functions reduce risks to human health from injury, accident, or disease either directly or indirectly.  Citizen demands or government regulations can stimulate efforts to increase protection in any of these areas.  For example, citizens may wish government to reduce risks by reducing the level of a potentially dangerous compound in drinking water or by buying new fire fighting equipment.


In most communities, these sorts actions to protect health are supported by tax dollars or ratepayers of local utilities.  Of course, all of these costs have an impact on household budgets, and as a result, tax payers may be less willing to support increased expenditures in any one area if they feel their total expenditures on public services is already too high.  As a result, increased spending in one area due to either citizen pressure or new regulations may reduce attention in other areas.  Complicating these tradeoffs are “involuntary” requirements imposed by state or federal regulations that make significant demands on a community’s resources without giving communities the discretion to consider alternative risk reducing actions or to balance competing risks.


It is this simple fact, i.e., that resources are limited, that raises the question of how communities should best allocate financial resources to protect health.  From the perspective of economic efficiency, the goal is to reduce risk to the greatest extent possible using available resources.  Doing so requires ranking different possible programs in terms of how much they improve public health per dollar spent.  

2
How well are we doing?


Evaluating the effectiveness of an intervention to manage health risks requires two questions to be addressed.  The first question asks how much the intervention reduces risk?  Estimates may overstate actual risk reduction because estimates of existing risks are unrealistic (and consequently risk reduction estimates are incorrect), or there may be insufficient attention to countervailing risks (i.e., risks that are created by an intervention and therefore offset some or all of the intervention’s benefits).  The second important question asks if risk reduction resources are being used wisely given alternative interventions that could be implemented using these resources.  Research suggests that our society suffers from a haphazard approach to risk management that we therefore may not achieve the most public health good for our resources.

2.1
Why are we not reducing risk as much as we think?

2.1.1
Questionable risk estimates


To understand the benefit of a risk management strategy, the size of the risk addressed and the amount by which it is reduced, must be known.  There are two general categories of risk estimation procedures.  Actuarial approaches use empirical data on incidence of a specific risk and its attendant circumstances to project how various interventions might influence that risk in the future.  For example, in the U.S., the federal National Highway Transportation Safety Administration maintains a database that keeps track of every fatal automobile accident and records factors such as the type of cars involved, the characteristics of the drivers, safety equipment in the vehicle (e.g., seat belts and airbags) and road conditions (type of road, weather, and so forth).  These data can be used to estimate how an intervention (e.g., road improvements) might influence the number of fatalities in the future.  Actuarial projections, based on experience with the risk of concern, can be made with relative confidence.  


For other risks, actuarial approaches cannot be used to develop estimates of either existing risk or how an intervention might influence its magnitude.  For example, in the case of cancer risks associated with chemicals in the environment or in drinking water, there is rarely direct evidence of an association between human exposure and an increase in the incidence of disease.  Typically, such associations in human populations are limited to historical occupational settings in which such exposures were relatively high and hence any association would be relatively strong.  A variety of assumptions, most of which cannot be verified, are necessary to extrapolate such findings to populations that experience lower levels of exposure.  


For most chemicals of environmental concern, there is no direct evidence of harm to people (sometimes because such an association has not been studied in humans).  Instead, concern stems from the results of experiments in rats and mice.  In addition to the questions about generalizing the response from animals to humans, using these results to estimate risks in humans also involves extrapolating from high to low doses, just as is often the case when occupational epidemiology data are used.  Animal studies often expose animals for most of their two-year lifetimes to as much of a substance each day as a typical person might be exposed to in a lifetime.  The assumptions and choices made in projecting findings of cancer under these conditions to people have a large influence on the estimate of human risk, yet they are unverifiable and matters of great scientific contention.  In general, regulatory risk estimates are based on “conservative” assumptions that are designed to err on the side of overstating the magnitude of the risks in human populations.  The resulting risk estimates are therefore subject to a great deal of uncertainty, including the possibility that there is no risk to humans because the underlying disease process observed in laboratory animals does not occur in humans, or because the phenomenon that was observed at the high doses used in animal experiments does not occur at the lower doses experienced in human populations.


Because the evidence of adverse human health effects for the majority of contaminants in drinking water is based on laboratory animal experiments, the risks associated with exposure to these contaminants are uncertain.  As a result, the risk reduction that could be accomplished by reducing exposure to these chemicals is also uncertain.  Estimates based on regulatory risk assessment procedures are, in the words of the U.S. Environmental Protection Agency (U.S. EPA), “plausible upper bounds” to risks that are likely to be smaller and could be zero (U.S. EPA, 1986).


The recent debate over the maximum contaminant level goal (MCLG) for chloroform under the Safe Drinking Water Act demonstrates the potential for benefits to be overestimated.  Chloroform is found in drinking water supplies in the U.S. as a disinfection byproduct and sometimes as a contaminant.  Standard risk assessment procedures suggested that chloroform posed a human cancer risk, potentially causing tens or hundreds of excess cancer cases in the United States at current exposure levels.  Yet many years of scientific research have convinced most of the scientific community that cancer caused by chloroform in animal tests were not relevant to the far lower levels of human exposure to chloroform in drinking water.  In March 1998 the U.S. EPA proposed a change in the risk assessment procedure for chloroform that took into account accepted toxicology findings and that suggested there was no cancer risk at current levels of exposure in the U.S. population.  Although this proposal was caught up in political and legal wrangling for several years, it highlights the potential for standard “conservative “ risk assessment procedures to distort benefits estimates.  Reductions in chloroform exposure would have been linked to significant benefits under the old risk assessment approach.  However, more scientifically sound estimates of risk show that these benefits probably do not exist.


These questions about the magnitude of risk reduction become important as we weigh risk reduction opportunities and alternative uses of resources.  When some risks are estimated actuarially, with relatively little uncertainty, and others are overstated because of conservative risk assessment approaches used in the face of uncertainty, there is a thumb on one side of the scale.  We often do not know how much distortion is introduced into the comparison because the degree of conservatism in projected risk estimates is rarely calculated.

2.1.2
Ignoring Countervailing Risks


The notion of side effects, which are unwanted consequences of an intervention, has been recognized for many years.  For example, doctors warn patients against potential risks from medications or surgical procedures designed to treat a specific ailment.  The military worries about collateral damage.  Much less attention has been given to the public health side effects of efforts to reduce health and environmental risks.  


Countervailing risks may be thought of as the “side effects” of an intervention.  These risks arise from changes in behavior, from substitutes for a controlled material, from engineering changes required to meet a standard, or economic effects induced by the measure.  Examples include the risk of microbial disease if water chlorination is reduced to address concerns about disinfection byproducts and the risk of pesticides that farmers would substitute for a banned product.  In the context of environmental regulation, identification of countervailing risks requires a thorough evaluation of the way in which users, consumers, or the market will respond to a particular risk management strategy.


In an effort to encourage the explicit consideration of risk tradeoffs and their consequences, Graham and Wiener (1995) developed a typology of tradeoffs and a simple classification system that they called risk tradeoff analysis (RTA).  In this analysis, two evaluations are made.  First, does the countervailing risk, resulting from the risk management activity, affect the same population subject to the target risk, or does it affect a different group?  Second, is the countervailing risk of the same type (e.g., a cancer risk replacing a cancer risk), or of a different type than the target risk?  The answers to these two questions can be used to classify a tradeoff as a risk offset, a risk transfer, a risk substitution or a risk transformation, as illustrated in Table 1.

Table 1

Classifying Risk/Risk Tradeoffs

	
	
	How do the Risks Compare?

	
	
	Same Type
	Different Type

	Does the Countervailing Risk Affect the Same Population or a Different Population?
	Same 

Population


	Risk Offset
	Risk Substitution

	
	Different Population


	Risk Transfer
	Risk Transformation



There are numerous examples of risk tradeoffs in the context of health and environmental regulation.  Table 2 provides some examples culled from Risk vs. Risk (Graham and Wiener, 1995).  RTA can be a valuable tool for communication about risk tradeoffs with regulators, journalists, and the public.  The simple classification has great intuitive appeal and is often recognized as “common sense.”

Table 2

Examples of Risk/Risk Tradeoffs

	Risk Management Action
	Target Risk
	Countervailing Risk
	RTA Category

	
	
	
	

	Reducing Drinking Water Chlorination
	Cancer and Health Effects from Disinfection Byproducts 
	Illness and Death from Microbial Pathogens in Drinking Water
	Substitution

	
	
	
	

	Making Auto Fuel Efficiency Standards More Stringent
	Human and Environmental Damage from Pollutants
	Crash Injuries Due to Smaller Cars
	Transformation

	
	
	
	

	Restrictions or Bans on Specific Pesticides
	Cancer and Other Health Effects from Residues on Food
	Cancer and Other Health Effects from Substitute Pesticides
	Offset

	
	
	
	

	Fish Consumption Advisories
	Cancer/Neurotoxicity from Chemical Pollutants in Fish
	Increased Heart Disease and Developmental Deficits from Reduced Fish Intake
	Substitution


However, qualitative analysis does not compare the magnitude of the competing risks, only their types and target populations.  As such, RTA does not allow judgments about the risk reduction (or increase) brought about by managing the target risk, but does provide a starting point for more quantitative analysis.


The goal of a comprehensive evaluation of risk/risk tradeoffs is an estimate of the net change in health that might result from a regulatory action.  This net benefit (or harm) is estimated by aggregating the reduction in the target risk (and any additional benefits that might accrue) and the countervailing risks.  Comparing across different health endpoints requires the use of an integrated measure of changes in health status.  There are a number of ways to measure such changes.  Three of the most commonly used measures are the following:

· Years of life saved, a measure that reflects changes in life expectancy;

· Quality Adjusted Life Years (QALYs) saved, a measure widely used in the field of medical decision making to evaluate alternative treatments that affect both the length of life and quality of life;

· Disability Adjusted Life Years (DALYs) saved, a measure used in the international public health arena to evaluate the impact of interventions on life expectancy and population productivity.

Each of these measures of risk reduction has strengths and weaknesses.  For example, evaluating alternative interventions in terms of their cost per year of life saved does not take into account changes in morbidity, whereas evaluating alternatives in terms of either cost per QALY saved or cost per DALY saved does.  QALYs account for changes in morbidity but are more difficult to quantify.  DALYs may raise additional ethical considerations because they place less weight on non-productive segments of the population, such as the very young and the very old.  Gold et al. (1996) provides a complete discussion of these measures.  There are several examples in the literature of quantitative risk tradeoff analyses, including the tradeoff between reducing cancer risks by remediating a Superfund site and occupational injuries and fatalities experienced by workers (Cohen et al., 1997), risks following a hypothetical ban on pesticide products (Gray and Hammitt, 2000), and health risks from decreased fish consumption because of a consumption advisory (Ponce, et al, 2000).

2.2
Inefficient investment in risk reduction


Even if we could estimate all risks perfectly and account for all countervailing risks, we would still want to know which risks could be reduced in a cost-effective manner.  The following discussion is based upon a study conducted at the Harvard Center for Risk Analysis to evaluate the cost effectiveness of lifesaving risk management actions (Tengs, et al., 1995).  The study evaluated the cost per life year saved of 500 proposed or implemented programs in the areas of medicine, transportation, toxic chemical control, and safety designed to save lives.  Some programs saved more money than they cost because they reduced medical expenditures or improved worker productivity.  Examples of cost saving programs include mandatory motorcycle helmet laws and reduction of the lead content in gasoline from 1.1 to 0.1 grams per gallon.  Among those programs whose net cost was positive, the “cost effectiveness,” which is the net monetary cost of the intervention divided by the number of life years saved, ranged from less than $100 per live year saved (e.g., mandatory seat belt use law) to billions of dollars per life year saved (e.g., radionuclide emission controls at coal-fired utility boilers).


Table 3 lists examples of some competing health and safety lifesaving investments that might confront a small community.  Again, the fact that resources are limited requires a community to make choices between programs.  Information on cost effectiveness, like that in Table 3, can be very helpful to decision makers.  Of course, not all programs are voluntary and regulations and requirements may force less cost effective measures to be adopted.  In addition, many investments not in the table, like more and better access to health care in rural areas, could be very cost-effective uses of resources.

Table 3

Cost-effectiveness of life-saving interventions of interest to small communities

	Program
	Cost/Life Year

	
	

	Drinking Water Interventions
	

	Chlorination of drinking water
	$3,100

	Chlorination, filtration, and sedimentation of drinking water
	$4,200

	Trichloroethylene standard of 2.7 (vs. 11) µg/L in drinking water
	$34,000,000

	Arsenic limitsb
	

	20 (g/L
	$3,000,000

	10 (g/L
	$8,600,000

	5 (g/L
	$13,000,000

	3 (g/L
	$43,000,000

	
	

	Roadway Safety Interventions
	

	Decrease utility pole density to 20 (vs. 40) poles per mile on rural roads
	$31,000

	Flashing lights at rail-highway crossings
	$42,000

	Widen shoulder on rural two-lane roads to 5 (vs. 2) feet
	$120,000

	Breakaway (vs.. existing) utility poles on rural highways
	$150,000

	Crossing control arms for school buses
	$410,000


Notes:


a.
Except where noted, estimates are taken from Tengs, et al. (1995).


b.
Estimates of the cost-effectiveness of limits on arsenic concentrations in drinking water are for illustrative purposes and are based on analyses reported by U.S. EPA in the Federal Register (June 22, 2000, vol. 65, No. 121, pp. 38957 – 38961).  We used estimates of cost and risk reduction from regulation of community water systems (CWS), and assumed a 3% discount rate.  Years of life saved reflect use of the midpoint in the range of values for averted fatal bladder cancers.  We assumed that each such averted case saved 10 life years.  Note that this analysis does not account for qualitative risk reductions of other diseases.  See Table X-7 on p. 38946.

Of course factors other than prevention of mortality may play a role in health and environmental risk management actions.  Measures may also reduce sickness or reduce risks to ecosystems.  Ideally, all potential benefits of an action should be identified and quantified to help inform decisions.


Failure to make cost-effective investments in protection of public health and the environment is more than just wasteful; it has also been referred to as “statistical murder”.  That is, by diverting resources from more cost effective interventions to less cost effective interventions, fewer lives are saved.  Concern with the potential for suboptimal public health investments has spurred work on approaches to maximize the benefits accrued from investment of limited resources.

3
How can we make better decisions?


This section reviews several approaches to using risk information in a broader context to help make decisions that use risk reduction resources wisely.

3.1
Comparative Risk and Risk Based Priority Setting


What are the biggest risks to public health?  Major efforts have been undertaken across the United States, by regulatory agencies, states, and cities to rank health risks.  Under the leadership of Administrator Lee M. Thomas, EPA undertook one of the first comparative risk projects in the mid 1980s.  Agency scientists and outside experts ranked sources of environmental and health risk and compared problems to the amount of Agency attention they received.  In a candid assessment, the project’s report, Unfinished Business: A Comparative Assessment of Environmental Problems, stated that  “Overall, EPA’s priorities appear more closely aligned with public opinion than with our estimated risks (U.S. EPA, 1987).” 


EPA has conducted several follow up reports to Unfinished Business and has made comparative risk a key component of agency planning.  In the last few years, at least 20 states and numerous cities and localities have undertaken comparative risk projects looking at environmental risks.  The EPA provides financial and technical support for many of these efforts.  Most projects use both technical experts and members of the public to rank risks.  These projects usually result in several lists of risks, usually divided into those that affect human health and those that may result in ecological damage, with each of these categories divided into groups of high, medium, and low concern.  In most cases, similar to Unfinished Business, rankings run counter to common wisdom. 


Importantly, these rankings are based not only on the technically derived risk estimates, but also on expert and citizen expressions of the value should be attached to a risk.  For example, use of a chemical in the workplace and its release into the environment may pose similar risks to exposed people but expert and citizen values may rank the environmental release more highly because people could be exposed without their knowledge.  It is important to stress, however, that any ranking must be informed by technical analysis and that ranking may be of interest to a decision maker as well.  It has been suggested that broader risk comparisons, for example across all federal agencies responsible for protecting health, safety and the environment, would be even more useful than those that focus only on the environment (Harvard Group on Risk Management Reform, 1995).


Many advocate the use of these risk rankings to set priorities for public and regulatory attention.  The results of the Unfinished Business study provoked a great deal of concern in the public health community.  They worried that if our country were focusing our attention and resources on smaller problems while bigger ones were ignored, then we were not doing all we could to save lives.  If we were instead to address the biggest risks first, we could do the most good with available resources.  Various legislative proposals would have required EPA, for example, to rank the risks that it addresses and to inform Congress how it was going to allocate resources to address those risks.  Others have gone even further, suggesting that resource allocation by Congress should be directly tied to Agency’s risk rankings.


It must be recognized, however, that risk rankings alone are insufficient to inform decisions.  Ideally, one would like a ranking of risk management options because there may, of course, be small risks that can be readily addressed with limited resources and larger risks for which no feasible risk reduction intervention exists.  In addition, most rankings do not consider countervailing risks.  Evaluating interventions in terms of net reductions in mortality and morbidity (and ecological effects, if relevant), and also taking into account the financial resources necessary for their implementation would address the shortcomings of relying on risk rankings alone.

3.2
Benefit/Cost Analysis


As described in the preceding section, both the financial costs and the net risk reduction achieved by alternative interventions must be taken into account when ranking these alternatives.  The tools of benefit/cost analysis were developed to help do so systematically.  Benefit/cost analysis is conducted by placing a monetary value on the risk reduction achieved by an intervention and comparing its magnitude to the net financial cost of the intervention.  Interventions whose benefits have a greater value than their costs are considered to be desirable investments.  Concern that environmental regulations, often based on conservative risk assessments, have cost a great deal with relatively small benefits has led many to call for closer examination benefits and costs.


The use of benefit/cost analysis in environmental regulation has been advocated for many years.  Every president since Jimmy Carter has issued an Executive Order requiring benefit/cost analysis of all regulations.  The federal register notice referenced in the notes of Table 3 in this paper is an example of a cost-benefit analysis that was conducted to evaluate regulation of arsenic levels in drinking water.  Many believe that too often the provisions of this Executive Order have been ignored.  Legislation requiring benefit/cost analysis for environmental regulations has been proposed in the last three Congresses.  Despite the bipartisan history of Presidential support, Congressional efforts have stalled.  Few doubt, however, that the philosophy of benefit/cost analysis will play a larger role in regulation in the future.

4
Summary


Small communities face difficult choices when investing to protect human health or the environment.  Limits on resources mean that risk reducing programs compete for financial resources, time, and attention.  When considering the value of investments in drinking water treatment, a community should ask the following questions.

· How much will the intervention reduce risk?  In considering this question it is important to note whether the benefit of the action, reduction in death or disease, is an actuarial estimate or a “conservative” projection.

· Have we considered countervailing risks?  For example, changes in treatment may introduce other chemicals into the drinking water supply.

· Is this an efficient use of our resources?  If there are other measures that can be taken to improve drinking water safety, or measures addressing other classes of risks (e.g., improvements in traffic safety, increased access to health care, or reduction of air pollution) that could achieve a similar or greater risk reduction for the same cost or less cost, these alternatives might be more attractive uses of resources.


The tools of comparative risk can be used within a community to help set priorities and reflect the wishes of citizens.  Risk comparisons can be used to set priorities and, when supplemented by information about cost and feasibility of different strategies, encourage the “most bang for the buck” in risk management actions.  Benefit-cost analysis can help ensure that programs that will consume resources, either public or private, are wise investments.


Making decisions that affect the health and well being of a community is a tremendous responsibility.  Choices are fraught with concern and emotion and it is sometimes difficult to maintain perspective.  This discussion is intended as a step toward careful evaluation of alternatives so that small communities can be confident they are making sound decisions to protect health and the environment.
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