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 5.0 Risk and Uncertainty in Environmental Impact Assessment  
 
 

Many kinds of uncertainty are present in economic development; for example, financial risk analysis 
(such as, return on investment) has long been a part of management information. Environmental Impact 
Assessment (EIA) provides the scope and much of the data for explicitly dealing with uncertainties relating to 
environmental risks. This chapter reviews the nature of scientific uncertainties about the environment, and then 
provides an introduction to the concept of, and methods for, Environmental Risk Assessment (ERA). Rather than 
being a separate assessment, ERA is an extension of EIA, undertaken when uncertainties are large and important 
to project success. 
 

The two major categories of risk are those to human health and those to ecosystem integrity. They are 
sufficiently different that this chapter deals with them individually. Because of the emphasis in U.S. law, human 
health risks from cancer are relatively well quantified compared with those from other diseases — this warrants 
yet another separation of methodologies. A primary use of ERA results, discussed here, is the comparison of 
risks, their monetary costs, and the costs of emergency response or avoidance. Remaining issues in the 
improvement of ERA are reviewed in each section. 
 
 
5.1 The Nature of Uncertainty 
 

Science is the activity of understanding the regularities of the universe and revealing the simple laws that 
produce them. Prediction (for example, EIA) to guide human actions is also a primary goal of science, however 
uncertainties interfere, causing what occurs to differ from what was expected. Scientific truth is always 
somewhat uncertain, and information is characterized by kinds and degrees of doubt, change, and availability. 
 

Ecological uncertainty is of two basic kinds: what is not known at all, and errors in what is known. The 
latter type is a quantitative departure from the truth, and can sometimes be expressed statistically as a distribution 
of a number of repeated measurements around a mean value. Other forms of quantitative uncertainty are 
incomplete data, “anecdotal” data which is not gathered with a statistical design, inappropriate extrapolation, and 
temporal and spatial variability of the measured parameter. Most important environmental problems, however, 
suffer from true uncertainty — that is, indeterminacy, or events with an unknown probability. Surprise is a 
manifestation of uncertainty that, by definition, cannot be predicted. Totally unanticipated rapid and adverse 
changes in ecosystems may arise from apparently unrelated policy or social events. Long-term effects sometimes 
become evident only much after the original cause, and explanation may be confounded. For example, surprising 
consequences in ecosystem behavior are likely as a result of rapid climate change, carbon dioxide fertilization, and 
enhanced UV radiation. Ocean warming may bring larger and more frequent typhoons, previously unexperienced 
by tropical coastal zones. Rare stochastic events such as large meteor impacts, major earthquakes, and large 
volcanic eruptions provide another source of surprise. Multiple causes and nonlinear response are also sources of 
“unknowable” outcomes. 
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Uncertainties have relative importance, depending on their size. Stochastic ity is the variation in response 

of an ecosystem due to random, uncontrollable factors such as weather, and not to the stressor being studied. If 
stochasticity is large, a smaller degree of error in measurement is not of much help, and the predictive power of 
the EIA/ERA is limited. 
 

Another source of uncertainty is bias resulting from measurement and sampling errors of the parameters 
in a model. These may be reduced at some cost. Field operations, especially in developing countries, make 
improvements difficult (see section 5.1.2). 

 
5.1.1 Natural Variation 
 

A familiar source of uncertainty is natural variation. Any “signal” that a change in condition is due to 
human action is often hidden in the “noise” of natural changes in the value measured. For example, no statistically 
significant change in the volume of water discharged by the Amazon River, or the amount of sediment delivered 
from the deforested Rondonia region, has yet been detected. In this case, a signal that deforestation has altered the 
hydrologic cycle or soil erosion rate in that basin is obscured by the high natural variability of rainfall. El Niño 

Box 5-1: Chemical Time Bombs.  
One example of surprise is the potential for “chemical time bombs.” Long lasting chemicals such as heavy metals and refractory organic 
compounds may not be toxic or bio-available in the chemical combination or form in which they first are introduced into the biosphere. They 
are thus ignored in conventional ecotoxicology. Accumulating in soils, sediments and groundwater, they can undergo transformations due to 
changes in land use, climate, acidification, redox potential, and cation exchange capacity. The responses of biota to these pollutants is time-
delayed and nonlinear. ERA can provide an estimate of these risks. 

Box 5-2: Sources of Uncertainties. 

 
Uncertainties arise from: 
 
 • lack of theory, explanatory paradigms, and basic understanding; 
 • inadequate monitoring of parameters of environmental conditions;  
 • sampling and analytical errors; 
 • lack of baseline environmental data at a project site;  
 • models that do not completely correspond to reality because they cannot consider all variables and must be simplified; 
 • the novelty of technology, materials or siting;  
 • inherent variation and stochastic events in complex natural systems; and  
 • control and replication problems in ecological research. 

Box 5-3: Types of Uncertainty Suggesting the Need for ERA. 

 
 • Potential for leaks and spills • Movement and fate of pollutants in the environment 
 • Accident rate  • Dose/response relationships based on animal studies 
 • Errors in human behavior • Equipment and structural failure rate 

• Weather and storm events 
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events explain most of the occasional trends in the “noise” evident in the hundreds of river gauging stations. 
Scientific research cannot decrease natural variability, but can certainly improve our ability to detect the cause-
effect signal.  
 
5.1.2 Biophysical Measurements in the Field 
 

Collecting statistically reliable data in the field in developing countries over a long period of time can be 
problematic. Access to remote sites may be disrupted during rainy seasons. Political unrest, corrupt officials, and 
guerilla activities intimidate researchers. Vandalism and theft deplete project equipment and supplies. Heat and 
humidity, unreliable electric power, poor or nonexistent repair and maintenance facilities, and untrained manpower 
reduce the effectiveness of sophisticated instruments. 
 

Natural variation in rainfall, soil characteristics, crop yields, biomass productivity, and pest population 
dynamics are a reality in EIA.  The range of natural variability is usually between 100% and 1000%. Spatial 
variation can be reduced by sampling a larger area or by using larger representative plots, more sample points, or 
more transects. Temporal variation can be reduced by sampling more frequently or over longer time periods. Both 
types of variation can be reduced by using a composite sample or by concentrating sampling in the area or period 
of greatest variability. The detection of a change in one of these parameters due to some management practice or 
action depends on the magnitude of the change compared with the magnitude of the natural variation — the signal 
to noise ratio. If this ratio is not greater than one, the large number of replicate samples required to give a 95% 
confidence level is often too expensive or time consuming to be obtained. 
 

Walters and Holling (1990) explain the necessity for continuous EIA and adaptive ecosystem 
management: 
 

Almost by definition, the impacts will be the consequence of disturbances that are unlike any 
natural system has yet experienced. . . . [T]he post-project system is a new system, and its 
nature cannot be deduced simply by looking at the original one. If the project planning and 
development sequence fundamentally incorporates adaptive assessment throughout all of its 
stages, then the ecological response of both the old and the new systems will be studied. . . . 
[A]ssessment merges into environmental management. . . . Environmental assessment should be 
an ongoing investigation into, not a one-time prediction of, impacts (emphasis in the original). 

 
5.1.3 Data Quality 
 

The category of uncertainty that can most readily be reduced has to do with data quality. Determining 
which parameters are most relevant to decisions affecting sustainability should focus on field investigations. Better 
monitoring program design can make data collection more efficient and cost-effective; more use can be made of 
prior similar studies and existing information. Decision makers should be involved in data quality management in 
order to express their acceptable decision error rate, that is, the probability of making an incorrect decision based 
on data that inaccurately estimate the true state of nature. Acceptable data quality depends on the decision for 
which it is to be used and the comfort level demanded by the decision maker. 
 

Accuracy is a combination of precision (standard deviation) and systematic errors (bias in 
measurements). Other elements of quality are mean square error, representativeness, comparability and 
completeness. Practical management decisions dictate the required degree of certainty. For example, if soil 
building processes at a site suggest a tolerable soil loss rate of 7 +/- 3 tons/hectare/year, and soil erosion 
measurements under the existing agricultural practice predicted in an EIA are 20 +/- 7 tons/ hectare/year, then a 
clear signal of unsustainability is given, even with the uncertainty. Institutional aspects such as budget disruptions 
and policy changes may also affect data quality by preventing time series from accumulating. All of these quality 
aspects are, however, amenable to standardization and control. 
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Box 5-4: Statistical Analysis.  
 The null hypothesis is that human intervention (for example, a development project) causes no effect on the environment. A type I 

error is to reject a true null hypothesis. A type II error is to accept a false null hypothesis. When uncertainty prevents both types of error 
from being avoided, science traditionally prefers to minimize the risk of making a type I error. For example, if a development or regulatory 
agency makes a type I error (that adverse change has occurred when none has), unnecessary protective or corrective expenses may be 
incurred. More dangerous, however, is the usual total disregard of variance and the presentation of a single (expected, or mean) value as 
a “go - no go” advisory from the impact assessor. This is misleading at best, and quite often will be disputed by subsequent events, earning 
the assessor the future distrust of the decision maker. Uncertainty must be embraced and preserved by the analyst and communicated 
clearly to the manager. Statistical “power” of a hypothesis test is the probability of avoiding the type II error; that is, accepting the null-no 
effect when change has occurred. In contrast with the more familiar “confidence,” or the probability of avoiding the type I error (rejecting the 
null when in fact there has been no change), power is seldom considered in designing monitoring programs. If the size of an impact is small 
relative to natural variability, it will be difficult to detect with any degree of confidence. The probability of correctly concluding that change has 
occurred is equally as important as knowing the confidence level, and may be preferred from an ethical standpoint.  
 

Incidentally, the so-called 95% confidence limit — often the minimum statistical significance required for scientific data to be taken 
seriously — needs to be understood by scientists and their clients for what it is: an artifact of arithmetic in normal distributions of sets of 
repeated measurements. The probability is 0.95 that the next measured value will lie in an interval on the distribution between 1.96 
standard deviations on either side of the mean. 95% of samples taken in the same way will yield confidence intervals that contain the true 
mean. The coincidence of this interval being about ~2 standard deviations, and the “comfort” that decision makers seem to feel in being right 
19 times out of 20, has given a false authority to this arbitrary formulation that is now widely accepted as a standard of certainty. Some 
bench mark is required for expediency, however, and this one is useful. 
 
Hypothesis Testing: Let us try to apply these arguments to EIA. Say that a parameter of environmental change or damage (D) exists such 
that an acceptable development project or practice produces D ≤ 0. The null hypothesis is thus D = 0. A “truth table” like that below may be 
constructed.  
 
 State of Nature, Truth: 
 
 Null is true- no damage- Null is false- damage- 
 Project is acceptable Project is unacceptable  

EIA Conclusion: 
Do not reject null - Project is acceptable No Error Type II Error 
Reject null - Project is unacceptable Type I Error No Error  

 
Whether a management practice at a site is acceptable or not is akin to the question of safety, and safety (a negative concept - the absence 
of harm) is not provable in a statistical study. The EIA should not reject the null hypothesis if it is true. The difficulty arises because the 
rejection of a hypothesis is a strong statement, while evidence that favors the null hypothesis is regarded as confirmatory evidence but not 
proof. The EIA finding that the project is acceptable really means that there is no evidence to indicate otherwise, and the finding should be 
viewed with some suspicion. Calculating the power, or probability of a type II error takes more data gathering, and is much more difficult to 
do, than calculating the confidence, or probability of a type I error. In contrast to confidence, power does depend on the magnitude of the 
hypothesized change to be detected — the larger the change, the larger the power. Increasing the number of sampling stations and 
frequency of sampling can also increase power, but at some cost in time and effort. Analysis of variance in typical environmental problems 
shows that the number of samples required to give a power of 0.95 increases rapidly if changes smaller than 50% of the standard deviation 
are to be detected. Thus, the desired emphasis on avoiding type II error must be balanced against other opportunities to use limited scientific 
resources to reduce uncertainty  in achieving sustainability. 
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5.2 Risk Assessment Deals Explicitly With Uncertainty 
 

Risk assessment (RA) is the scientific method of confronting and expressing uncertainty in predicting the 
future. Risk is (has the dimensions of) the chance of some degree of damage in some unit of time, or the 
probability of frequency of occurrence of an event with a certain range of adverse consequences. These 
probabilistic expressions, as opposed to a single (mean or expected) value, are what distinguish RA from mere 
impact assessment. The irreducible uncertainties leave uncertain the calculated absolute value of a risk, often by as 
much as an order of magnitude or more. Risk itself, therefore, should be expressed and communicated as a mean 
plus its standard deviation, in addition to any upper bound or worst case calculation that may be used for purposes 
of conservative policy.  
 

Environmental risk assessment is the process of evaluating the likelihood of adverse effects in, or 
transmitted by, the natural environment from hazards that accompany human activities. Some of the major 
hazards associated with development projects are listed in Table 5-1. The effects from hazards may be on human 
health, economic welfare, quality of life, and valued ecosystem components (VECs). The severity, or distribution 
of the range of magnitude of the adverse effect (damage), is also evaluated. 
 
 
Table 5-1: Major hazards associated with development projects. 
  
 

 
Hazard 

 
Type of Project 

 
Toxic 

Chemical 

 
Flammable or 

Explosive 
Material 

 
Highly Reactive 

or Corrosive 
Metal 

 
Extreme Conditions 
of Temperature or 

Pressure 

 
Large Mechanical 

Equipment 

 
Collision 

 
Refinery/Petrochemical 

 
X 

 
X 

 
 

 
X 

 
 

 
 

Pesticide Manufacturing X      

Fertilizer (N&P) X  X X   

Pulp and Paper X      

Thermal Electric  X  X X  

Oil and Gas Transport  X  X  X 

Heavy Chemicals X  X    

Light Chemicals X X     

Smelting X  X X X  

Cement  X  X   

Railroad X X   X X 

Highway  X X    X 

Hazardous Waste X X X    

Ports and Harbors X X X  X X 

Dam and Reservoir    X X  

 
 

In its rigorous form, ERA deals with the excess risk — that anthropogenic risk in addition to normal 
existing risks from natural variation and natural events. ERA also is limited to residual risk from the project being 
assessed, assuming all existing installations are meeting environmental regulations. Natural disasters are recognized 
as interacting with anthropogenic hazards to sometimes increase the risk from the latter, but natural disasters are 
not usually the focus of ERA.  
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Ecological Risk Assessment (EcoRA) is a subset of ERA. It deals with the condition of ecosystems rather 

than human health or individual organisms. The site, or ecosystem occurrence in geophysical terms, is analogous 
to the person in human health ERA. EcoRA has a host of special problems (for example, choosing assessment 
endpoints) that are well recognized and that add to the uncertainty of the results. 
 

The communication of ERA results should take the form of decision analysis, that is, what options are 
available and, for each option, what are the risks, costs, and benefits, and how are these distributed within 
society. Proper comparison and communication can change laypeople’s misperceptions of risks so participatory 
decision making may proceed on a more rational, less emotional basis. 
 

EIA is a prediction based on quantification of cause-effect relationships. The opportunities for variability 
of data, only partial understanding of development activities and their consequences, and future surprises are 
obvious. These uncertainties may not, however, be properly communicated to the decision maker since the 
language of EIA often expresses an “if, then” finding without explicitly addressing the probabilities that are 
implied. The EIA may use the average (mean) or expected value, or alternatively, a worst case value. The implied 
choice may be conservative or optimistic, and is usually internally inconsistent. The use of mean values for 
measurements of effects, when the actual data are widely scattered and/or skewed from a symmetrical bell-
shaped pattern, is also misleading. The correct and appropriate way to characterize data is to describe the 
statistical distribution of a range of values and the confidence with which that range is held to be true. ERA makes 
it practical to carry throughout the problem analysis, following the rules of probability theory, an expression of the 
likelihood of all possible values of each parameter. ERA is also known as Probabilistic Risk Assessment and 
Probabilistic Quantitative Risk Assessment. ERA informs managers and decision makers about the frequency and 
severity of those adverse consequences to the environment caused by their activities or planned interventions. If 
these officials are not comfortable with the predictions, changes (for example, using a different site or alternative 
technology, implementing risk management or emergency response capability) can be made to mitigate or 
eliminate the impact and to reduce the risk. 
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Box 5-5: History of Environmental Risk Assessment.  
Technological risks began to be specifically analyzed during World War II in military operations research and thereafter in the nuclear 
energy and space exploration fields. The concern was mainly with infrequent but catastrophic events. Since then, the number of severe 
industrial accidents that have captured headlines has increased. At the same time, environmental concerns have become a central theme in 
public policy discussions. Factory explosions, oil tanker spills, chemical tank car derailments, and petroleum product fires have generated a 
public demand for prevention and a profound concern for victims and damage to the natural environment. Official responses have included:  
 
 1980- The Scientific Committee on Problems of the Environment (SCOPE) of the International Congress of Scientific Unions 

published the landmark report “Environmental Risk Assessment” (Whyte and Burton, 1980). 
 1982- The European Economic Community issued the so-called Seveso Directive on potential industrial hazards, following a 

serious dioxin release incident in Italy. 
 1984- The World Bank, after the Bhopal, India methyl isocyanate disaster, issued guidelines and a manual to help control major 

hazard accidents (World Bank, 1985a, 1985b). 
 1987- The Organisation for Economic Cooperation and Development (OECD) compiled a report on risk assessment in the OECD 

countries with sections on the nuclear industry, chemicals, petroleum processing, transportation of hazardous materials, and dam-reservoir 
projects (Hubert, 1987). 

 1987- The much referenced [Brundtland] Report of the World Commission on Environment and Development called for “further 
development of technology/risk assessment methodologies ...” in pursuing sustainable development. 

 1990- The Asian Development Bank published “Environmental Risk Assessment: Dealing with Uncertainty in EIA.” (Carpenter et 
al., 1990). 

 1992- Over fifty commercial banks signed a statement that, as part of their credit risk procedures for both domestic and international 
lending, they would recommend EIA and ERA. 

Box 5-6: Uses of ERA in development planning and management. 

 
 Land Use Planning 
  Zoning, restrictions, or exclusion distances to separate industry from residential areas 
   Siting of industrial park components; for example, landfills, incinerators  

Transportation routing 
Pollution Control Regulations 

Standards setting 
Design of monitoring systems 
Strategies for cleanup of existing hazards 

Allocation of Money and Effort for Risk Reduction 
Emergency plans 
Inspection schedules 
Screening chemicals to set priorities 
Addressing traditional vs. modern technological risks  
Training 

Comparing alternative development pathways 
Import vs. local manufacture 
Different technologies or raw materials to yield the same goods and/or services 
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ERA is expensive and so is performed as a part of the EIA process only when uncertainties are large and 
important for prudent decision making. There should be just one environmental assessment report. Figure 5-1 
provides a generic illustration of probabilistic concentration of a toxic material that is the consequence of a 
hypothetical scenario. When the concentration can be estimated with little error (small standard deviation from the 
mean), the mean may be used to decide whether it exceeds the maximum allowable level; but when the error in 
the estimate is large, a statistical expression is necessary to convey the risk of exceeding the maximum allowable 
level. 
 

 A hazard is a danger, peril, source of harm, or an adverse impact on people or property. Risk is an 
expression of chance, a function of the likelihood of an adverse impact and the magnitude of its consequences. 
 

 
 
Figure 5-1: Generic illustration of probabilistic concentration of toxic material that is the consequence of a 

hypothetical scenario. In a) uncertainty is small and an EIA is adequate; in b) uncertainty is large 
and ERA should be considered to aid in decision-making. Upper curves are probability density 
functions (the area under the curve between the horizontal axis coordinates is the probability that 
the actual parameter value lies between those coordinates), and the lower curves are the probability 
distributions (the vertical axis coordinate for the curve is the probability that the actual parameter 
value is greater than the horizontal axis coordinate). (source: Carpenter et al., 1990). 
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Table 5-2: Chemicals requiring priority attention in developing countries. 
 
 

 
Metals: 

Pesticides: 
Solvents: 

Cyanide (metal processing wastes) 
Polychlorinated Biphenyls (PCB) 

Volatile Organic Compounds (VOC): 
Highly Toxic Organic Intermediates: 

Bulk Chemicals: 

 
Cadmium, Chromium (Hexavalent), Lead, Mercury 
DDT, Arsenicals, Paraquat 
Trichloroethylene, Perchloroethylene, Benzene 

 
 
Chloroform, Carbon Tetrachloride 
Aniline, Phosgene 
Chlorine, Ammonia 

 
 
5.3 Performing ERA 
 

ERA addresses four questions: 
 

• What can go wrong to cause adverse consequences? 
• What is the probability of frequency of occurrence of adverse consequences? 
• What are the range and distribution of the severity of adverse consequences? 
• What can be done, at what cost, to manage and reduce unacceptable risks and damage? 

 
EIA should answer the first question, and give at least a qualitative expression of the magnitude of the 

impacts. The major additional consideration in ERA is the frequency of adverse events. Risk management is 
integrated into ERA because it is the attitudes and concerns of decision makers that set the scope and depth of the 
study. ERA attempts to quantify the risks to human health, economic welfare, and ecosystems from those human 
activities and natural phenomena that perturb the natural environment. 
 

Box 5-7: Screening. 

 
While when to do ERA is a matter of judgement, some typical hazards to the environment (and their subsequent impacts) suggest the need 
for ERA. These include:  
 
 •  toxic, flammable, or explosive materials (while most ERAs of development projects deal with hazardous materials, the screen test here 

is how much of the chemical is present at any one time, and how hazardous is it, usually in terms of toxicity to humans (see Table 5-2)); 
 •  large and complex mechanical equipment or controls; 
 • extreme conditions of temperature or pressure; 
 • transportation accidents; 
 • natural disasters interacting with technological installations; and 
 • large, rapid changes to valuable ecosystems. 
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 The five step sequence in performing ERA is: 
 

1. hazard identification - sources of adverse impacts; 
2. hazard accounting - scoping, setting the boundaries of the ERA; 
3. scenarios of exposure - how the hazard might be encountered; 
4. risk characterization - likelihood and severity of impact damage; and 
5. risk management - mitigation or reduction of unacceptable risk. 

 
5.3.1 Step 1 - Hazard Identification 
 

This step, which is akin to the qualitative prediction of impacts in EIA, begins to answer the question 
“What can go wrong?” It lists the possible sources of harm, usually identified by experience elsewhere with 
similar technologies, materials, or conditions. This is, in fact, a preliminary risk assessment, immediately useful to 
managers in appraising the project or activity upon which they are embarking. 
 

Hazardous chemicals are a major topic for ERA. Elaborate screening procedures have been devised to 
judge when a chemical merits full investigation (Carpenter et al., 1990). The U.S. Environmental Protection 
Agency (EPA) and the World Bank issue threshold guidelines based on frequently revised lists of highly toxic 
chemicals. These thresholds indicate the amounts of each chemical, if present at any one location, that trigger risk 
assessment and emergency planning. Similar quantity-related guidelines are issued for highly reactive and 
flammable materials. 
 
5.3.2 Step 2 - Hazard Accounting 
 

In the second step, ERA a) considers the total system of which the particular problem is a part, b) begins 
to answer questions about the frequency and severity of adverse impacts, and c) sets the practical boundaries for 
the assessment. Much of the hazard accounting will be covered during the scoping of the EIA. For example, a 
hazardous chemical may pose a risk in any stage of its life cycle, that is, from mining/refining or synthesis 
through manufacturing, processing and compounding, to storage and transportation, to use and misuse, and 
finally, to post-use waste disposal or recycling.  
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Figure 5-2:  Generic flow cycle for hazardous chemicals. Any of the stages may involve suboperations of 

packaging, storage and transportation (source: Smith et al., 1988). During the hazard accounting 
step, it is decided which parts of the flow cycle are appropriate to be included in the ERA 
(dependant on the management questions being asked). 

 
Risk managers must state their concerns and indicate possible linkages of operations to mitigation 

measures. Some of the scoping choices to be made are: 
 

• geographic boundaries; 
• time scale of impacts; 
• stages of the causal chain of events; 
• phase or phases of the technological activity; 
• whether to include routine releases or just accidents; 
• whether to include workers or just the general population; 
• definitive end points for health or ecosystem effects; and 
• cumulative effects and interactive risks that result from other projects. 

 
The scope should include the social and natural systems around a project, not just a single pollutant path. 

For example, it would be wrong to assess the risk posed by small concentrations of halomethanes produced 
incidentally to the chlorination of drinking water without comparison of the risks to the same public from not 
killing the pathogenic organisms with chlorine. 
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 The time covered should include all phases of an activity where risk is important, not just the operational 
period. Construction, maintenance and dismantling may pose special hazards. For example, it is well known that 
the Chernobyl nuclear reactor was being tested, and normal safety systems were disabled, at the time of the 
disaster. Toxic effluents such as heavy metals may circulate for a long time and nuclear wastes may have half 
lives of thousands of years. It is common practice to look at least one lifetime (about 75 years) into the future. 
The important point is that the time horizon should be consciously chosen and recorded as one of the assumptions 
of the ERA.  
 

A causal chain for a risk may stretch from an original decision to satisfy some wants and needs, through 
the choice of technologies, to adverse events, to exposure conditions, and finally to health impacts. In a sense, the 
Bhopal accident originated with India’s desire to be self sufficient and to invite the local manufacture (incidentally 
by a multinational concern) of pesticides necessary for the protection of food crops. Such a comprehensive 
analysis of all related human activities is difficult and infrequently attempted. 
 
5.3.3 Step 3 - Scenarios of Exposure 
 

No exposure means no risk, so experiential or imaginative constructions (models) are made of how the 
hazard might be encountered. For the environmental pathway, the bodily dose/response calculation is only one 
step. Knowledge of earlier parts of the exposure sequence can reveal chances to reduce risk. For example, a toxic 
chemical may ultimately poison people when inhaled, but ERA seeks information on: 
 

• the type, amount, location, and storage conditions of the chemical (an inventory); 
• releases to the environment, whether deliberate or accidental; 
• how people are exposed and for how long; 
• ambient concentrations; 
• the actual bodily dose; and then 
• the physical condition of specific victims that might affect how they respond.  
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Figure 5-3: The relationship between quantity, emissions, environmental considerations, human exposures, 

doses, and health effects. At each step, different units and techniques of measurement are used 
with differing degrees of reliability and specificity. A complete understanding of the risk 
represented by a pollutant and the potential ways to manage it would entail exploring all the links 
shown. In practice, lack of data, time or money substantially limit the direct relationship with 
human health (source: Carpenter et al., 1990). 

 
 

Reasonable sequences of events and environmental pathways by which the source of harm could impact 
health and welfare, including the condition of ecosystems, are devised. For example, a toxic chemical might move 
from any point in its life cycle through air, water, plants, animals, or soil to cause an exposure by skin contact, 
inhalation or ingestion (see Figure 5-4). 
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Figure 5-4: Exposure pathways (source: Carpenter et al., 1990) 
 
 

Accident scenarios and their likelihood are analyzed with methods that evolved from the nuclear energy 
industry. Hazard and Operability Studies (HazOps) investigate deviations from the intent of engineering design. A 
multidisciplinary team identifies all credible accident scenarios using detailed design information, operating 
characteristics, and actual operating experience with engineering components and systems. 
 

The Fault Tree procedure begins with an accident and determines with “reverse analysis” the equipment 
failures or events that could have led to it. The Event Tree procedure begins with a component failure and follows 
a “forward analysis” to determine if a major accident could result. Figure 5.5 illustrates the differences between 
the two approaches and also how they can be used in a complementary manner. Maintenance of publicly available 
data bases on industrial accidents is carried out by the European Economic Community, the U.S. EPA, and the 
American Institute of Chemical Engineers. 
 



 December 1997 
Chapter 5: Risk and Uncertainty in EIA EIA for Developing Countries in Asia  
 

  
 5-15 

 

 
 
 
Figure 5-5: Event and fault trees are approaches to schematically breaking down complex systems into 

manageable parts for which failure rates or other risk-related data can be found. It is thus 
possible to construct some idea of the failure rate and resultant risk of a large, complex, and new 
entity, such as a chemical plant, even if no data about its performance exist. This example 
shows the differences between the two approaches and also how they can be used in a 
complementary manner (source: Smith et al., 1988). 

 
 
Fault Tree Analysis 
 

During hazard analysis the sequence of events which could lead to hazardous incidents is set out. The 
likelihood of the incident is then quantified. Fault tree analysis plays a key role in this part of the risk assessment. 
 

Fault tree analysis is normally used to evaluate failures in engineering systems. The analysis provides a 
graphical representation of the relationships between specific events and the ultimate undesired event (sometimes 
referred to as the “top event”). For example, the ultimate undesired event might be a large fire for which the 
preceding events might be both spilling a large quantity of flammable liquid and introducing a source of ignition. 
Fault tree analysis allows systematic examination of various materials, personnel, and environmental factors 
influencing the rate of system failure. 
 

The method also allows for the recognition of combinations of failures, which may not otherwise be 
easily discovered. The fault tree analysis is sufficiently general to allow both qualitative and quantitative estimates 
of failure probabilities within the analysis. A typical fault tree is given in Figure 5-6. Figure 5-7 is an example of a 
fault tree applied to biotic systems. 
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Figure 5-6: A fault tree. 
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Figure 5-7: A fault tree analysis applied to biotic systems (source: Barnthouse et al., 1986).
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Development of Fault Tree Logic 
 

An initial step in fault tree analysis is to organize the fault tree study according to the particular risk 
assessment being carried out. For a particular hazardous event, it is important that the analysis be broad enough to 
include all identifiable initiating events yet it must also retain a balanced depth. These concepts are examined 
below. 
 

Initiating events fall into three broad categories — operator error, equipment failure, and external events. 
Generally, the analysis of operator error and equipment failure receives thorough attention and can be considered 
one of the more reliable stages in risk assessment. The main difficulty is consideration of external events — 
events which, although external to the plant or operation under consideration, nevertheless have an impact upon it. 
They range from catastrophic natural events such as earthquakes or floods to less severe events such as lightning 
strikes. Local events, such as incidents at a nearby process unit and loss of main power, are also included. 
 

Simple external events are often missed. For example, there may be no analysis of “release of hydrogen” 
if there is no realization that a hydrogen pipeline located beside a main road will be exposed to vehicular impact. 
Thus, whenever possible, the assessor should visit the site under consideration to ensure that the more obvious 
initiating events have been taken into account. Visits to similar plants can help in the assessment of new designs. 
 
Quantification of Fault Trees 
 

Once the various initiating events have been identified, the risks of occurrence of hazardous events must 
be quantified. Ideally, the assessor identifies the various initiating events, consults a list of probabilities, and inserts 
the numbers into the calculations. In practice, the assessor identifies the events, finds the best data available, 
ponders the question “What seems reasonable?,” comes to an “expert judgment,” and inserts the numbers into the 
calculations. 
 

One uncertainty which should be resolved at an early stage is the degree to which the numbers are based 
on historical data rather than expert judgment. It is, therefore, important that the source for each number is clearly 
set out to enable some judgment to be made of its reliability. This balance between historical data and judgment 
depends very much on the installation/operation under consideration. In some cases there will be a wealth of 
operational experience available for a substantial database; in other cases historical data will be lacking — 
however, even for relatively untried operations, data for the initiating events (for example, valve failure) can often 
be readily transferred from other fields of experience. Failure rate data shown on fault trees should be supported 
by a narrative to justify particular values. 
 

Obvious guidelines for checking the quantification of fault trees can be formulated. The simplest is that if 
the predicted overall likelihood of a major accident far exceeds historical experience then one should either look 
carefully at the assessment for any special hazardous features of the operation or question the reliability of the 
figures used. Conversely, low likelihood figures (say, less than 10-6 yr-1, one chance in a million per year) should 
be regarded with suspicion either because some initiating events could have been missed or because some of the 
figures used are “optimistic.” 
 

For a hazardous event to happen, a precursor event often must occur with a failure of operator response 
(for example, the operator does not act in time to avert the accident, or protective equipment does not operate on 
demand). A common fault in hazard analysis is to ascribe a high probability for accident prevention once the 
precursor event has occurred. This often reflects a lack of thought about what personnel will do under conditions 
which pose a grave threat to their personal safety. Even if “emergency shutdown buttons” are sited close to highly 
reactive chemical processes, they may not be activated once the chemical process starts to go out of control, 
especially if personnel panic and rush away from the area. 
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Uncertainty in Hazard Analysis 
 

The major uncertainties in hazard analysis are the ability of the analyst to include all important initiating 
events and the reliability of the figures used to quantify likelihood. Several points should be noted concerning these 
uncertainties, including: 
 

1. The magnitude of the final likelihood figures for hazardous events provides an immediate indication 
of whether all initiating events have been considered. As a broad generalization, if the predicted 
likelihood of a hazardous event, to which many different initiating events may contribute, is much 
below 10-6 yr-1, the chances are some initiating events have been missed. This is based on practical 
observation in Western Europe of the likelihoods of failures of well-engineered structures and of 
major natural disasters. This is not to say, however, that events with lower predicted likelihoods 
should be excluded from analysis. 

 
2. The probability distribution associated with particular events is a second concern. Say a bank of 

data on equipment failures gives a statistical confidence that a particular failure rate is 2 ± 0.5 x 10-4 
yr-1. One could therefore use a figure of 2 x 10-4 yr-1 with confidence in a “best estimate” approach 
and 2.5 x 10-4 yr-1 in a conservative approach. Clearly the results of both approaches would be 
similar. 

 
3. Precision and accuracy is the third concern. It should be clear by now that results of the form 2.56 x 

10-3 yr-1 immediately convey a lack of appreciation of the uncertainties inherent in quantification. In 
short, precision of better than a few percent is worthless. In terms of overall accuracy, one should 
be wary of claims that an accuracy of much better than an order of magnitude has been achieved. 

 
4. There is the issue of “operator error,” for which data do exist. A routine error rate of one in 1000 is 

often used for situations where it does not apply. For example, an operator and a supervisor are 
claimed to have a combined probability of failure of 10-6 (1/1000 x 1/1000). This is spurious since 
the two are not independent; the supervisor will tend to assume that the operator is competent and so 
will not be expecting errors. A combined failure probability of 10-4 (1/1000 x 1/10) is more realistic. 
Also, operator error rates under abnormal conditions can be much higher than one in a 1000. 

 
5. Finally, one must consider the operability of protective instrumentation and equipment. A proper 

design philosophy is that control and protective items should be independent. Thus, instruments 
which control the temperature of a reaction should not be used to sound the alarm for “high” 
temperature since one initiating event, temperature control failure, will also fail the warning system. 

 
It is important when quantifying the hazard to ensure that the events which are being awarded 

independent probability/likelihood values are in fact independent. Another fault encountered is the evaluation of 
complex protective instrumentation, which incorporates several redundant systems to give a high reliability, in 
which no allowance is made for “common mode failure.” Such failures include a loss of main power or pneumatic 
pressure which could disable the entire protective system. 
 
 
 
5.3.4 Step 4 - Risk Characterization 
 

Methodically observing or estimating the likelihood of occurrence and the severity of impacts for each 
scenario can produce curves as illustrated in Figure 5-8, plotting the probability of frequency of adverse events of 
a given severity vs. the severity per event (for example, the number of fatalities). Known as F/N curves, they 
present the “how often” and “how bad” aspects of risk. As shown in Figure 5-9, the integral under the curve is 
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not the whole story. Hypothetical project (or technology) A has a lower mean risk than does B (for example, spill 
and fire from a tank truck in transit), but A also has a larger probability of a catastrophic accident (for example, 
explosive dispersion of a toxic material in a highly populated area). There is no objective way to combine these 
two criteria and different societies or individuals will make different choices between the two. However, the 
explicit depiction of risk is valuable information.  
 
 
 
 
 

 
 
Figure 5-8: Risk is a function of frequency of occurrence of adverse events and the magnitude of their 

consequence. Note that while risk deals with uncertainty, there is also uncertainty in the 
expression of risk due to the variability of data used to estimate frequency and severity. 
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Figure 5-9: Risk distribution for two hypothetical alternative industrial facilities. Plant A has lower mean risk 

(expected value of damage) than Plant B. Plant A, on the other hand, has considerably larger 
probability (although still small) of causing a large accident that kills many people. There is no 
objective way to combine these two criteria (expected value and distribution), and different 
groups of people will make different choices (source: Carpenter et al., 1990). 

 
 

 Risk may also be indicated by the breadth and shape of the distributions or probability densities of the 
severity values (see Figure 5-10). If the standard deviation is small and the distribution approximately log-normal 
(bell-shaped), the mean can adequately represent the impact. If the standard deviation is large and there is a 
pronounced positive skew (tail) with low frequency but high severity outcomes, an expression of this risk and a 
more thorough investigation are warranted. 
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Figure 5-10: Plots of Probability Density Functions (PDF) (source: U.S. Environmental Protection Agency, 

1997). The probability that a variable will have a value within a small interval around x can be 
approximated by multiplying f(x) (that is, the value of y at x in a PDF plot) by the width of the 
interval. 

 
 
  Even a qualitative presentation of risk is useful (see Figure 5-11). It is obvious that whenever frequent 
occurrence is combined with catastrophic or critical severity, the risk must be reduced if the project is to 
proceed. Occasional or infrequent adverse events that have only negligible or marginal consequences may be 
acceptable because of the benefits of the project or activity. See Section 5.6 for an application using expert 
judgment to express relative risk when quantification is not possible.  
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Figure 5-11: Risks may be categorized on the basis of their frequency of occurrence and severity of 

consequences or damage (source: Carpenter et al., 1990). 
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Risk characterization facilitates the judgment of risk acceptability. Risks to health are typically 
characterized in terms of:  
 

• exposure period; 
• potency of a toxic material; 
• number of persons involved; 
• quality of models; 
• quality of data, assumptions, and alternatives; 
• the uncertainties and confidence in the assessment; and 
• appropriate comparisons with other risks. 

 
Useful risk characterization expressions include: 

 
• probability of the frequency of events causing some specified number of prompt fatalities (for 

example, equipment failure releasing toxic gas that kills ten or more people is estimated to occur 
every fifty years); 

• annual additional risk of death for an individual in a specified population (for example, one in a 
million); 

• number of excess deaths per million people from a lifetime exposure (for example, 250 people in the 
exposed population); 

• annual number of excess deaths in a specific population (for example, living within a certain distance 
from a hazard); and 

• reduction in life expectancy due to chronic exposure, or chance of an accident.   
 
 

Figures 5-12 through 5-14 are examples of different means of characterizing risk. 
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Figure 5-12: Hypothetical estimate of probability density function for number of persons affected per year 

from accidental releases of toxic gas stored at an industrial facility. Each bar represents a 
scenario within the range on the horizontal axis indicating the estimated ranges of adverse effects 
per year for that scenario. The area of the bar is the estimated probability that the scenario will 
occur in any given year. Note that scenarios may overlap and that gaps will occur (source: 
Carpenter et al., 1990). 

 
 

 
 
Figure 5-13: Probability per year of an average individual being severely injured. 
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Figure 5-14: Health risk ladder. 
 

 
 

Box 5-8: The psychology of risk acceptability. 

 
Risk comparisons must be carefully chosen because risk acceptability decreases markedly when: 
 

• risks are involuntary or controlled by others; 
• the consequences are feared and delayed; 
• the benefits and risks are inequitably distributed; 
• the project is unfamiliar and involves complex technology; 
• children are threatened; and 
• basic human needs (clean air, drinking water, food) are at risk. 
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Whyte and Burton (1980) suggest the following comparisons to interpret the findings of ERA (see 
Figure 5-15): 
 

• elevation of the risk above the natural background level; 
• risk of alternative actions to achieve the same goal; 
• other familiar risks; and 
• benefits of continuing the project and taking the risk. 
 

 
 
Figure 5-15: Alternative yardsticks for measuring risk (source: Whyte and Burton, 1980). 
 
 
5.3.5 Step 5 - Risk Management 
 

The communication of ERA results should take the form of decision analysis; that is, what options are 
available, and for each option what are the risks, costs, and benefits, and how are these distributed within society. 
Proper comparison and communication can actually change laypeople’s misperceptions of risks so participatory 
decision making may proceed on a more rational, less emotional basis. Risk management is the use of ERA results 
to mitigate or eliminate unacceptable risks. It is the search for alternative risk reduction actions and the 
implementation of those that appear to be most cost-effective. Most human activities are undertaken for obvious 
and direct benefits and risks are intuitively compared with these benefits. Avoiding one risk may create another 
(risk transference); net risk is a consideration facilitated by ERA. There are strong reiteration and feedback 
between risk management and hazard accounting because a) changes in the scope of the ERA may be necessary 
to fully answer the questions of management, and b) relatively simple changes in the project may alter the hazard 
and reduce risk (for example, different siting). 
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5.4 Human Health Risk Assessment Methods  
 
5.4.1 Exposure and Dose 
 

From the scenarios of exposure it is possible to estimate the amount of a toxin that affects any one 
person or a population. The procedure varies with the mechanism of exposure; that is, ingestion in food or water, 
inhalation, or through the skin. For example, the concentration of a toxin in air is calculated as mg/m3, or it may 
be converted to an inhaled dose, mg/kg/day, by dividing by 70 kg (an assumed body weight) and multiplying by 
20 m3/day (an assumed human inhalation rate). Published reference concentrations or daily doses are then used 
for comparison with the measured values to estimate risk. Oral exposure for drinking water is measured in 
mg/kg/day of intake, and the risk is compared with animal-derived data for a safe concentration (or reference 
intake that is safe). The concentration in the drinking water supply is measured in mg/l, and then compared with a 
safe concentration which is calculated as follows:  
 

safe concentration (mg/l) = reference intake dose (mg/kg/day) x 70kg / 2 l/day 
 

2l/day is assumed to be the amount of water a person uses. All of these individual assumptions need to be 
adjusted for specific groups and life styles. 
 

Similarly, diet patterns can yield estimates of a dose by studying the amount of a certain food that is eaten 
and the concentration of the contaminant in that food. Reference safe concentrations (RfC) and doses (RfD) are 
available from the World Health Organization. The risk assessor must carefully link exposure pathways and 
personal habits to estimate a dose and consequently a risk of daily continuous or one time exposure. 
 
5.4.2 Cancer 
 

The U.S. EPA has sponsored the development of methods for estimating the additional risk of an 
individual contracting cancer from exposure to some human-introduced carcinogen in the environment. Several 
hundred chemical compounds have been tested in animals. The procedure is to expose a group of test animals to 
high (maximum tolerated) dosage levels (by inhalation, ingestion, or skin absorption) of the suspected carcinogen 
for a period of time (usually the animal’s normal lifetime). Post mortem inspection of each test animal is made for 
tumors or malignant neoplasms. 
 

The percentage (probability) of animals developing cancer at each dosage level is recorded. The slope of 
this curve is then extrapolated to the low doses expected to be encountered by human beings who may be 
exposed to the chemical. Various assumptions are made as to the shape of the extrapolated dose-response curve 
as it approaches zero dose and zero response (for example, whether a threshold exists or not). The slope becomes 
a unit cancer risk factor, or potency, expressed in terms of (mg/kg/day)-1, or risk per unit dose (risk per 
mg/kg/day). For example, the route specific unit risk for inhalation exposure equals risk per concentration unit in 
air equals risk per microgram/m3. The assessor measures the actual concentration at the point of exposure and 
then calculates the risk from potencies published by the U.S. EPA’s “Health Effects Assessment Summary 
Tables,” or by international groups such as the World Health Organization. 
 
5.4.3 Dose x Potency = Risk  
 

When the unit cancer risk factor is multiplied by a dose to an individual, expressed as mg/kg/day, the 
units cancel and the resulting number is the additional risk to the individual (chance or probability) of contracting 
cancer during a lifetime of exposure at that dose level to the toxic agent in question. This is an excess risk over 
the sum of all other risks of contracting cancer (one in three). If, for example, a lifetime exposure of a person to a 
carcinogenic material in the environment is calculated to yield an added risk of 1 x 10-4, then the new total cancer 
risk for that person is 0.3334. This is a small additional risk, but it is important to determine. Individuals are 
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exposed to many natural and artificial carcinogenic substances, some of which are highly potent. Many naturally 
occurring substances in food are more carcinogenic than are the contaminants from industrial chemicals (Ames 
and Gold, 1990). It is assumed that risks are additive unless there is strong evidence for synergism or antagonism. 
Some exposures of the general public are involuntary (for example, polluted air) and not avoidable by individual 
choice. Such risks, no matter how small, are generally not acceptable because they are perceived to be 
unaccompanied by any benefit, and people often feel helpless to avoid them. 
 

The expressed risk of contracting cancer is not the same as the risk of death. All cancers are not 
ultimately fatal. Toxic substances cause tumors at various sites in the body and different cancers have different 
mortality rates. About 50% of cancer patients survive at least five years. One of four deaths in the U.S. is caused 
by cancer; thus the overall risk of death by cancer there is 0.25. Developing country statistics may be somewhat 
different. The World Health Organization is helping other nations in beginning to assemble locally applicable data. 
Most developing country people will soon live in megacities, and, as a result, their health problems will change 
(that is, diseases such as cholera, malaria and tuberculosis will be exacerbated by heart disease, AIDS and 
cancer). A major health hazard will be the epidemic of smoking-related diseases in PRC and other developing 
countries. This is expected to account for 10% of all deaths and disabilities by the year 2020 (World Health 
Organization, 1996). 
 

Another useful way of expressing risk is the annual cancer incidence due to exposure to some specific 
carcinogen; that is, the additional number of new cases of cancer in a population each year. This carcinogen-
specific incidence depends on the number of people exposed to varying concentrations of that carcinogen. The 
U.S. EPA (1990) has made estimates for the American population for a number of cancer-causing agents.  
 
5.4.4 Noncancer Diseases 
 

Risks of contracting diseases other than cancer from exposure to toxic agents in the environment are also 
estimated using a potency factor called a reference dose (RfD) or reference concentration (RfC); that is, the 
maximum daily exposure unlikely to cause deleterious health effects. The RfD is derived from animal test data as 
described earlier. Because of the variety of effects short of death that are associated with diseases other than 
cancer, morbidity categories also are established for comparing health effects: 
 

Observable - these effects are detectable but may not show a disability (for example, in the level of 
an enzyme or low weight gain in infants). 

Serious - development or behavioral abnormalities and/or dysfunction of an organ. 
Catastrophic  - prompt death or shortened life, severe disability. 

 
An average reasonable exposure scenario (not a worst case) for the general population is usually chosen 

for the risk characterization. In some instances, a specially identified subpopulation may be exposed differently 
and its risk assessed separately. An exposure from a maximum plausible accident may sometimes be included to 
test the sensitivity of a scenario. 
 
 
5.5 Comparative Risk Analysis 
 

All societies have become aware that there are more requests for government actions and expenditures 
for public health and safety than there are revenues to pay for them. Some method of allocating available 
resources, not only money but also personnel and management attention, is essential. Since health and safety are 
sensitive political issues, choices and priority decisions are often made in response to alarming events and 
perceived risks. Decisions in these circumstances can result in wasted resources, unjustified fears, and social 
disruption. The products of ERA have been presented and used in several ways. In 1990, the U.S. EPA published 
“Reducing Risk: Setting Priorities and Strategies for Environmental Protection.” Here, the idea of comparing 



December 1997 
EIA for Developing Countries in Asia Chapter 5: Risk and Uncertainty in EIA  
 

  
 5-30 

similar risks, again on the basis of more-or-less absolute calculated values, was efficiency in government. The 
goal is to get the most risk reduction per dollar through risk-based strategic planning. 
 

Although this could work fairly well for comparing sources of one kind of risk — say cancer — it is less 
useful in allocating priorities among different diseases or between health and ecosystems risks. 
 

Another, older, use of the term comparative risk assessment involves the comparison of quite varied risks 
to human health. These are usually risks evaluated from empirical statistics. Lists are presented, of increasing or 
decreasing order, comparing risks to longevity as dissimilar as going skiing, being unmarried, and eating peanut 
butter. This misapplication of RA was recognized as long ago as 1980; compared risks must be strictly similar. 
 

Comparative risk assessment is now seen as a tool for more rational and effective environmental 
management. A risk-based strategy can show which actions will result in the most risk reduction per unit 
expenditure and which uncertainties are most important for additional scientific study. 
 
5.5.1 Criteria for Comparative Ranking of Health Risks 
 

The large uncertainties in risk assessment preclude reliance on the absolute quantitative risk numbers that 
are generated. For example, a scenario may produce an estimated exposure dose to a population, which, when 
multiplied by a unit cancer risk factor, infers that 100 excess cancer cases may be expected due to a specific 
carcinogen. This is based on the so-called “95% confidence limit, upper bound” estimate, which contains various 
conservative assumptions, so that it is certain not to be exceeded in more than one in 20 incidences. 
 

Carrying through all uncertainties might produce a wide calculated range (from example, from two to two 
hundred cases), that also might not be normally distributed; perhaps having a median value of ten, but with a tail 
of low frequency/high consequence events. The 100 value is far to the high side of the distribution of possible 
values. It alerts users of the ERA to remotely possible, very bad news, but does not remind them of the usual 
outcome. This highlights the need to provide both values. 
 

If consistent assumptions and models are carefully used for different scenarios, carcinogenic substances, 
and populations, a comparison among the similarly calculated risks is a valid way of ranking risks. Uncertainties 
tend to cancel out. There can be confidence in estimating the relative future risk of a project scheme that is 
revised in order to reduce risk. A difference of at least an order of magnitude (for example, a hundred versus ten 
calculated cases) is significant management information. All else being equal, more risk-reduction attention should 
be devoted to the scenario that yields a calculated hundred cases than to the scenario that yields ten. If the 
difference is less than a power of ten, other factors in the environmental problem analysis may dominate the 
choice of action to be taken. 
 

Despite these limitations, it is necessary to loosely anchor comparative (higher or lower) risk rankings to 
an absolute scale. This can avoid absurdities such as a) ranking a risk of 10-8 excess cancer cases as higher than a 
risk of 10-9 when both are de minimus (trivial), or b) arguing whether to reduce a 10-3 risk or a 10-2 risk when 
both need urgent attention. 
 

 Throughout the world, different communities have adopted generally similar absolute values for 
acceptable risks to human life from involuntary, technology-caused, anthropogenic hazards. Lifetime excess risks 
greater than 10-4 (one in 10,000) for the individual are considered high and unacceptable. Excess risks less than 
10-6 (one in a million) are low and acceptable — de minimus in legal terms — “the law does not deal with 
trivialities.” As a reference, the risk of being struck by lightning is about one in a million in the U.S. For excess 
risks of between 10-6 and 10-4, decisions as to whether to take reduction action are based on additional 
considerations such as direct project benefits or costs of avoidance. 
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Overly conservative exposure assumptions. The use of the 95% “upper bound” of statistical distributions 
and “worst case” (often inconsistent) scenarios is challenged as unwarranted and philosophically pessimistic. 
Even more, these assumptions are seen to be potentially counter productive because they may shift limited risk 
reduction efforts from some significant risks to small, but exaggerated risks. Risk management is, in this view, a 
zero sum game and transfers among risks are inevitable. Being overly conservative inhibits optimization of risk 
management. The mean values should be carried and presented throughout an ERA to show more about the 
magnitude of the uncertainties, just as the low probability-high consequence information is necessary when there 
is evidence of abnormal distribution. 
 

Risk communication, perception, and acceptability. The public appears to expect and demand zero risk 
along with the benefits of a highly technological civilization and burgeoning economy. Risk professionals must 
patiently do more and provide better explanation of the probabilistic nature of science and the realities of risk in 
our complex civilization. The unwillingness to consider taking even infinitesimal and vague levels of involuntary 
risk must somehow be overcome in a participatory democratic way. The correct choice of familiar risks with 
which to compare new risks is all important. Risk cost-benefit analysis should be further developed as a 
presentational technique for the results of ERA.  
 

Biomarkers. Sophisticated microbiological techniques are being developed to ascertain effects of toxic 
substances on fundamental processes such as enzyme production and cell level behavior in humans and animals. 
These indicators may offer short cuts to predicting health impairment, but the skills and equipment required for 
these analyses are formidable. 
 
 
5.6 Ecological Risk Assessment (EcoRA) 
 

The American National Research Council, in its 1993 report “Issues in Risk Assessment,” notes: 
 

“Ecological risk assessments have no equivalent of the lifetime cancer-risk estimate used in 
health risk assessment. The ecological risks of interest differ qualitatively between different 
stresses, ecosystem types, and locations. The value of avoiding these risks is not nearly so 
obvious to the general public as is the value of avoiding exposure to carcinogens . . . the 
function of risk assessment is to link science to decision-making, and that basic function is 
essentially the same whether risks to humans or risks to the environment are being considered.” 

 
The objective of ERA as applied to ecosystems is usually comparative and qualitative because of the lack 

of data on stress/response. It is useful to decision makers to a) rank a comprehensive set of environmental 
problems (stressors on VECs at specific sites) relative to one another, using broad levels of risk; and b) target risk 
reduction actions toward those geographical areas or ecosystem sites that are of greatest value and at greatest 
risk. There is not yet any widely applicable, established procedure for EcoRA.  
 

In general, information is gathered about a) hazards or sources of harm; b) stressors and their pathways 
to target organisms; c) adverse responses of species and communities; and d) measurable changes in the 
condition (integrity, resilience, productivity, health, sustainability) of the ecosystem (see Figure 5-16). The last set 
(d) is termed an endpoint attribute similar to mortality or morbidity in humans. 
 
 
 
 
 



December 1997 
EIA for Developing Countries in Asia Chapter 5: Risk and Uncertainty in EIA  
 

  
 5-34 

 

 
Figure 5-16: Conceptual model for logging (source: U.S. Environmental Protection Agency, 1997). 
 
 
5.6.1 Ecosystem Integrity, Resilience, Biodiversity, Health, and Sustainability 
 

There are several concepts of ecosystem condition that are used in ERA as equivalents to morbidity in 
human health risk assessment. Searching any comprehensive literature data base for the keywords ecosystem (or 
biological) integrity, ecosystem resilience, and ecosystem health will reveal the confusion that attends these terms. 
The International Union for the Conservation of Nature is a source of ecosystem information relevant to 
developing countries. 
 

Much current emphasis in land management is on biodiversity. By managing for ecosystem integrity and 
resilience, that is, for the maintenance of ecosystem services rather than just species, both productive uses and 
biodiversity are achieved. 
 

Integrity of ecosystems remains a vague concept, difficult to quantify, and is rejected as a management 
goal by some ecologists. Metaphorical integrity is the most common usage; that is, conveying the idea that an 
ecosystem with integrity is, in a general sense, acceptable. 
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The following ideas on ecosystem integrity are adapted from Regier et al, 1994. 
 

“An ecosystem with integrity: 
 

• is an ever changing set of organisms, within adapting populations of evolving species, and with a 
capability for creativity; 

• contains organisms that purposely modify their surroundings, but not so as to impair self-
organizing capabilities; 

• contains some larger and longer lived organisms that cumulate, integrate, and regulate many 
features of the system; 

• processes energy and information from outside the system in a trophic network so as to increase 
energy and information per unit of biomass; 

• exhibits interactions through organization within a complex spatio-temporal domain so that 
relatively persistent structures are overlain with transient, perhaps cyclical processes; 

• achieves organizational flexibility and redundancy to cope with inevitable surprises that are 
simplifying in the short term but complicating in the long term;  

• interrelates dynamically, across fuzzy boundaries, with adjacent ecosystems;  
• is a self-organizing dissipative system compromising between the Second Law of Thermo-

dynamics and the biological imperative of survival and sustained identity.” 
 

This is an elegant expression of the concept of integrity but its relevance to the practical definition of 
sustainability and calculation of risk is not clear. 
 
  Resilience is a promising approach to objective integrity, the ability to recover from a specified stress. It 
is a context-dependent measurement; the meanings of recover and stress must be clear and testable in scientific 
experiments. Ecosystems are not a static integration of structure and functions. They continually evolve and 
change; this is the source of their resilience, which is the desired valuable behavior. Resilience may be gauged and 
interpreted by examining trends such as: 
 

• the ecosystem has not changed, at a given stress level, from an original satisfactory natural 
condition;  

• the ecosystem changes but returns to the original condition, even under continued stress (how much 
change? how long to return? is it stable on return?); 

• the stress is reduced or removed and the ecosystem returns to the original condition (how much 
change? how long to return? is it stable on return?); and 

• the ecosystem changes permanently (collapses? resumes original natural evolutionary pathway? takes 
new but derivative evolutionary pathway? takes catastrophically different evolutionary pathway). 

 
A site with high “biological integrity” is, supposedly, able to withstand natural or human disturbances. 

The components of an Index of Biological Integrity are species abundance counts and ratios, water quality, habitat 
structure, flow regime, energy source, and biotic interactions. This is essentially a resilience measurement and, 
although valuable in EcoRA, does not relate directly to productivity or sustainability. Some quantitative indices 
purporting to measure integrity are solipsistic, self-referential, and constitute a pseudo-science exercise. 
 


