
Ο
ικ

ον
ομ

ικ
ά

 κ
α

ι 
δι

α
χε

ίρ
ισ

η
  

Φ
υσ

ικ
ώ

ν 
Π

όρ
ω

ν w
w
w
.sm

ecom
p.eu/

w
w
w
.sm

ecom
p.eu/

Eftichios Sartzetakis Economics & Management of Natural Resources

Lecture 4

Cost Benefit Analysis



Normative Criteria for Decision Making

• Evaluating Predefined Options: Benefit–Cost 
Analysis

– Let B be the benefits from a proposed action and C be the 
costs. Our decision rule would then be: 

• If B > C, support the action

• Otherwise, oppose the action
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• How do we measure benefits 
and costs? 



• CBA is a process of quantifying costs and benefits of a decision, 
program, or project (over a certain period), and those of its 
alternatives (within the same period), in order to have a single 
scale of comparison for unbiased evaluation. 

A CBA calculates net social benefits (NSB) for each policy 
alternative: net social benefits equal social benefits (B) minus 
social costs (C):  NSB = B - C

Defining the subject
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CBA measures the aggregate change
in individual well-being resulting from
a policy decision. Individual welfare is
assumed to depend on the satisfaction
of individual preferences, and
monetary measures of welfare change
are derived by observing how much
individuals are willing to pay, i.e.,
willing to give up in terms of other
consumption opportunities.

This approach can be applied to
nonmarket "public goods" like
environmental quality or
environmental risk reduction as well
as to market goods and services,
although the measurement of
nonmarket values is more
challenging.



• There is no problem, public or personal, to which the Cost-Benefit 
analysis’  broad ideas could not be applied. 

• However, Cost-Benefit analysis is usually used as a tool to 
compare policy alternatives.

Some typical questions on which cost-benefit analysis has something to 
say are:

Should Thessaloniki expand its airport, or improve its water supply? 

Defining the subject
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A
B

Should Thessaloniki expand its airport, or improve its water supply? 
Should higher education expand, or invest on the subway?

How fast should we consume non-renewable resources
and what are the costs and benefits of protecting 
the environment? 

Policy A is more efficient than policy B if the 
net benefits are greater under policy A.



DEBATE:
Should Humans Place 
an Economic Value 
on the Environment?

Why Value the Environment?
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Individuals view the environment from many different perspectives. 
Consider, for example, the value of a wild animal. To humans it may 
have instrumental value[1]because it provides value as an exploitable 
resource (as food or labor), and/or as a source of emotional, 
recreational, aesthetical, or spiritual experience. In addition to the 
value it creates for others, a wild animal may also have value unto 
itself – that is, intrinsic value[2] – that needs to be recognized and 
respected. It has been argued that if an entity possesses intrinsic 
value, it “generates a prima facie direct moral duty on the part of 
moral agents to protect it or at least refrain from damaging it.”[3] A 
substantial literature on environmental ethics that arose in the early 
1970s[4] challenges a purely anthropocentric approach, positing new 
directions such as enlightened anthropocentrism, biocentrism, new 
animism, and deep ecology. An important point that differentiates 

DEBATE:
Should Humans Place 
an Economic Value 
on the Environment?

Why Value the Environment?
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animism, and deep ecology. An important point that differentiates 
these approaches concerns the attribution of intrinsic value – that 
is, whether only humans, or only animals,[5] or all natural entities 
including flora, mountains, and rivers, have intrinsic value. Another 
important point is whether comparisons between these values are 
permitted, that is, whether hunting or using animals in experiments 
should be allowed when the results of these actions provide value to 
humans.

[1] Defined as the value of an entity as means to achieve an end.
[2] Defined as the value of an entity as an end in itself.
[3]See Brennan and Lo (2020, p. 2). On the issue of intrinsic value, see also Nash (1989) and Jamieson (2002).
[4] Building on the classic works of Rachel Carson’s Silent Spring (1963), Paul Ehrlich’s The Population Bomb
(1968) and Dennis Meadows et al. The Limits to Growth (1972).
[5] Those that can experience happiness and pain, including all animal species.

Inderst, R., Sartzetakis, E. and  
Xepapadeas, A. (2021) Technical 
Report on Sustainability and 
Competition 



• Valuing Environmental Services: Pollination as an Example

– Multiple benefits including nonmarket impacts

• Some 1,000,000 honeybee hives, or more than 40% 
of all the beehives in the US are required for 
crosspollination of the $2 billion almond crop in 
California. When the almond trees flower, managed 
honeybee hives are moved by flatbed trucks to the 
San Joaquin Valley to provide sufficient bees to 
pollinate the crop (Ratnieks and Carreck, 2010). 

Why Value the Environment?
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pollinate the crop (Ratnieks and Carreck, 2010). 
Unfortunately this important ecosystem service may 
be in jeopardy. In 2006, the popular press began 
reporting on what has been called Colony Collapse 
Disorder, an unexplained disappearance of honeybee 
colonies. Beekeeper surveys suggest that 33 percent 
of honeybee colonies in the United States died in the 
winter of 2010. While the exact causes are, as of yet,
unknown, multiple causes are likely to blame.



Valuation

• Economists have decomposed the total economic value conferred by 
resources into three main components:

 Use Value

• the willingness to pay for direct use of the environmental resource

 Option Value

• the willingness to pay for the future ability to use the environment 

 Nonuse Value

• individuals’ willingness to pay to preserve a resource that he or she 
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will never use 

• These categories of value can be combined to produce the total willingness 
to pay (TWP)

 Total willingness to pay (TWP)

TWP = Use Value + Option Value + Nonuse Value



• Use Value
– Examples include fish harvested from the sea, timber harvested 

from the forest, water extracted from a stream for irrigation, even 
the scenic beauty conferred by a natural vista  (passive-use 
values or nonconsumptive use values).

• Option Value
– Example: Are you planning to visit Valia Calda next summer? 

Perhaps not, but would you like to preserve the option to go 
someday?

Valuation
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someday?

• Nonuse Value
– Bequest value is the willingness to pay to 

ensure a resource is available for your children
– Existence value is measured by the willingness

to pay to ensure that a resource continues 
to exist in the absence of any interest in future use.



• Classifying Valuation methods
 Revealed preference

• Methods which are based on actual observable choices 
and from which actual resource values can be directly 
inferred

 Stated preference
• Methods to elicit respondents’ willingness to pay when the 

value is not directly observable

• In summary:

Valuation
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• In summary:

Methods Revealed Preference Stated Preference
Direct Market price Contingent valuation

Simulated markets

Indirect Travel cost Attribute-based models
Hedonic properties Conjoint analysis
Hedonic wages Choice experiment
Avoiding cost Contingent Ranking



I: Methods for environmental valuation using case-specific data

Methods based on market choices
(potentially in surrogate markets)

Examples:
Discrete choice analysis of preferences revealed from actual purchases (e.g.

of products that are more or less environmentally friendly)
 Hedonic prices derived from surrogate markets, e.g. real estate prices

Methods based on hypothetical
choices or stated preferences

Examples:
Contingent valuation analysis based on surveys of stated preferences over

hypothetical scenarios
Conjoint analysis of (pairwise) choice between different scenarios
Subjective well-being valuation based on correlating stated well-being with

observable (environmental) variables and monetary values

II: Valuation methods for estimating and aggregating case-specific impact
Example: Estimating welfare through the impact on life expectancy or

Valuation
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Dose-response approaches
Example: Estimating welfare through the impact on life expectancy or
morbidity

Averting and defensive behavior Example: Estimating avoided costs of defensive expenditures
III: Valuation using data from existing studies and databases

Benefit transfer within a calibrated
model

Example: Adjusting willingness-to-pay (e.g. obtained from contingent
valuation) to different socioeconomics and demographics

Environmental prices databases
Example: Using environmental prices aggregating all health-related costs
from the emission of a particular substance in a specific country

IV: Valuation derived from stated policy objectives
Using market prices for permits or
taxes on emissions

Example: CO2 prices from the EU Emissions Trading System

Use of avoided abatement costs under
a cost effectiveness analysis

Example: CO2 prices based on an analysis and ranking of the costs of
alternative abatement methods

Inderst, R., Sartzetakis, E. and Xepapadeas, A. (2021) Technical Report on Sustainability and Competition 



• Stated Preferences Methods

– Contingent Valuation Method

• It is to elicit people’s willingness-to-pay (WTP) in a hypothetical 
market

• Major concerns include strategic bias, information bias, starting-
point bias, hypothetical bias and discrepancy between WTP and 
willingness-to-accept (WTA)

• A NOAA panel (1993) 
legitimized the use of 

I. Stated Preferences Methods
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legitimized the use of 
contingent valuation.

• Benefit transfer methods

– Value transfers, benefit 
function transfer, 
meta-analysis



• The most common (direct) stated preference method is the 
contingent valuation method (CVM). It is a survey where 
respondents are asked what value they would place on some level 
of environmental change.

• Steps in a CVM:
 Preparing a questionnaire

 Choosing a survey technique

Contingent Valuation Method
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 Choosing the sample

 Analyzing the collected data to get the WTP and aggregate



• Preparing a questionnaire
Guidelines to be followed when preparing a questionnaire:  

 Conservative design

 Accurate description on the environmental problem

 Accurate description of the program/policy

 Reminder of undamaged substitute commodities

 Ask WTP instead of WTA

o Open-ended: ask respondents for maximum WTP.

o Close-ended: ask respondents whether they are WTP a certain amount, or 
ask them to choose between different ranges. This amount (or, these 

Contingent Valuation Method
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ask them to choose between different ranges. This amount (or, these 
ranges) canvary across respondents. 

o Bidding games: ask respondents whether they are WTP a certain amount.  
If yes, ask them about a higher amount, until the highest WTP is reached. 

 Referendum format when possible

 Follow-up questions

 Specify a believable and non-controversial payment mechanism

 Collect demographic data about the respondent



• Choosing a survey technique
 Mail and Telephone surveys (voluntary response surveys).

Advantages Disadvantages
Relatively inexpensive method Self-selection bias

Low response rate
Demographic characteristics of the 
respondent cannot be verified 

Limited number of questions to be 
asked

Contingent Valuation Method
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 Personal interviews: 

o Better than voluntary response surveys BUT very expensive.

asked



• Choosing the sample
 Identify the population to be affected by the program/policy

 Sample size of 1,000 or more (when “yes-no” questions asked, 
according to NOAA guidelines)

 A simple random sample (SRS) must be used

 If the SRS selected is not representative of the population use stratified 

Contingent Valuation Method
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 If the SRS selected is not representative of the population use stratified 
SRS



• Analyzing the responses
Once the data are collected there are two main categories 
econometric models to be used:

 Parametric models
o Logit
o Probit

 Non-parametric models

Contingent Valuation Method
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 Non-parametric models
o Turnbull estimation



• The mayor of a small town wants to get an estimate about the 
value people (population of 2.000) place on the quality of the 
potable water. Upon the results of the estimation, the mayor will 
decide to undertake a public investment on placing new pipes and 
filters. The researchers selected to prepare a study, have randomly 
selected 24 people. Assume that the WTP of the individuals in the 
sample are given in the table below:

Example: bidding questions and Turnbull estimation

Contingent Valuation Method
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Individual WTP Individual WTP Individual WTP
1 $5 9 $24 17 $37
2 $10 10 $26 18 $38
3 $12 11 $27 19 $42
4 $12 12 $28 20 $43
5 $13 13 $30 21 $44
6 $15 14 $31 22 $47
7 $17 15 $35 23 $49
8 $20 16 $36 24 $67



• The researches randomly distribute questionnaires on the 24 individuals 
with the question being:

– “Are you willing to pay $10 for the installation of new pipes and filters 
in the public water system?

– If yes, are you willing to pay $20 for the installation of new pipes and 
filters in the public water system?...

– … If yes, are you willing to pay $50 for the installation of new pipes 
and filters in the public water system?”

Example continued..

Contingent Valuation Method
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and filters in the public water system?”

• The responses they get are Question No

WTP up to $10 1

WTP up to $20 6

WTP up to $30 5

WTP up to $40 6

WTP up to $50 5

WTP more than $50 1



• Turnbull estimator
– Step 1: Using the data derive the counts of individuals for every WTP interval. 

Derive the probability of individual being on a specific interval. 

– Step 2: Derive the Cumulative Distribution. Check that it is increasing. If not 
you will have to “pool” the intervals between which the CDF is decreasing.

– Step 3: Multiply each lower bound of a WTP by the probability and add up all 
the weighted WTP (lower-bound Turnbull estimator).

– Step 4: Multiply each upper bound of a WTP by the probability and add up all 
the weighted WTP (upper-bound Turnbull estimator).

Example continued..

Contingent Valuation Method
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the weighted WTP (upper-bound Turnbull estimator).

WTP Counts Prob. CDF Lower bound x Pr. Upper bound x Pr.
$0 ≤ WTP < $10 1 0.042 0.042 0 x 0.042= $0.00 9.99 x 0.042 = $0.42
$10 ≤ WTP < $20 6 0.250 0.292 10 x 0.250 = $2.50 19.99 x 0.250 = $5.00
$20 ≤ WTP < $30 5 0.208 0.500 20 x 0.208 = $4.16 29.99 x 0.208 = $6.24
$30 ≤ WTP < $40 6 0.250 0.750 30 x 0.250 = $7.50 39.99 x 0.250 = $10.00
$40 ≤ WTP <$50 5 0.208 0.958 40 x 0.208 = $8.32 49.99 x 0.208 = $10.40

$50 ≤ WTP 1 0.042 1.000 50 x 0.042 = $2.10 80   x 0.042 = $3.36
$24.58 $35.42

What’s this??? 
For those who answer “yes” to all questions we must make an 
assumption about their maximum WTP. In this example the 

assumption is that maxWTP = $80



• Assuming that the sample is representative of the population of 
2.000, the total willingness to pay (total benefits) for the public 
project is

• Conservative estimation:   
Total Benefits = 2000 x 24.58 = €49.160 

Example continued..

Contingent Valuation Method
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• Aggressive estimation:    
Total Benefits = 2000 x 35.42 = €70.840    



• Issues with CVMs: Cost
 CVM is an expensive method. Possible alternatives include

 meta-analysis. Meta-analysis utilizes a cross section of contingent valuation 
studies for determining non-use values. 

 benefits transfer. It involves the use of estimates from other places and other 
times being used for similar analysis elsewhere

• Issues with CVMs: Bias
 Strategic bias is the tendency to overstate or understate WTP in order 

to affect policy. 

Contingent Valuation Method
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to affect policy. 

 Information bias occurs when respondents are forced to evaluate 
goods/attributes for which they have little or no experience.  

 Starting point bias is the tendency for reference points for bidding 
games to induce higher or lower responses.  

 Hypothetical bias is the tendency for hypothetical payments to differ 
from actual payments due to a difficulty in picturing the situation.  

 WTP versus WTA bias



• Stated Preferences Methods (contd.)

– Attribute-based methods

• Choice-based, conjoint analysis, choice experiments

• Contingent ranking

Attribute-based methods
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• Revealed Preferences Methods
Revealed preference methods are those that are based on actual observable 
choices and/or goods that have market prices. Loss in value can be calculated 
easily if prices are directly observable. Indirect revealed preference methods 
utilize surrogate markets to infer a value. These techniques utilize spending on 
other goods in other markets in order to extract out the environmental value of 
that good.

– Travel Cost Models infer values of recreational resources by determining how 
much visitors spent getting to a site and then using this information to 
estimate a demand curve for that site.

II. Revealed Preferences Methods
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– Hedonic property value and hedonic wage approaches use regression 
analysis to infer environmental values from spending on goods which include 
those values. 

– Averting Expenditures are designed to reduce the damage caused by 
pollution by taking some kind of averting action.



• Travel-cost methods infer values of recreational resources by 
determining how much visitors spend getting to a site (for instance 
a park or a river) and then using this information to estimate a 
demand curve for that site.

• Example:
Using the travel cost method, some economists have estimated the demand for 
visiting two Ontario lakes, Ahmic Lake and Eagle Lake. Ahmic Lake is 
contaminated by seaweed. The demands for trips to these two lakes are:

PE = 100 – 2QE

Travel Cost Models 
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PE = 100 – 2QE

PA = 80 – 4QA

What is the WTP to clean Lake Ahmic?

Assuming that one is considering going 20 
times to each lake, the difference in the 
willingness to pay is the resulting trapezoid 
shape between the two demands. This can 
be a good proxy of the amount people are 
willing to pay in order to clean up Lake Ahmic. 

Therefore:  
WTP = (100 + 60)(20)/2 – (80)(20)/2 = 800

P

100

80

20 50

60



• Hedonic property value and hedonic wage methods use 
regression analysis to infer environmental values from spending 
on goods that include those values. For example, property values 
are typically lower in areas with higher levels of air or water 
pollution. Houses near open space or with nice views will likely 
be more expensive than similar houses without those amenities. 
Similarly, workers in high-risk occupations receive higher wages 
for taking on that risk.

Hedonic Values & Averting Cost 
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• The averting expenditure method identifies the actions and 
expenditures needed to reduce the damage caused by pollution. 
These expenditures can be used as a lower bound estimate of 
damages.



• Smog has become a serious problem for the people in Hamilton, 
Ontario. To deal with the negative consequences of smog, some 
people in Hamilton buy air purifiers. The (inverse) demand for 
air purifiers in Hamilton has been estimated to be 

P = 400 – 0.125QH

• People buy air purifiers for other reasons too (e.g., to clean up 

Example:

Hedonic Values & Averting Cost 
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• People buy air purifiers for other reasons too (e.g., to clean up 
the air due to the presence of a smoker in the family). For 
example, people in Winnipeg, Manitoba, despite enjoying a smog 
free atmosphere, they have an inverse demand for air purifiers 
given by

P = 240 – 0.2QW

• Currently the world price of an air purifier is 
$60. What is the value that people of Hamilton 
place on clean air?



• The total willingness to pay for 
2720 air purifiers equals the sum 
of areas A and B. One can think of 
this WTP as the amount of money 
people of Hamilton would be willing 
to pay in order to avert the damage 
caused from smog. Calculating this 
area, we get: When P=$60 the quantity of air 

purifiers demanded is:

Example:

Hedonic Values & Averting Cost 
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area, we get:

• However, the above amount represents the WTP for purifiers for ANY 
reason. To figure out what’s the WTP ONLY because of smog we have to 
subtract from the above amount an amount equal to the WTP for 
purifiers to clean up smoke! We can interpret the WTP for air purifiers of 
people of Manitoba as the amount of money Hamiltonians would have 

been willing to pay for air purifiers IF they had no 
problem with smog (since the two cities are similar in their 
characteristics). 

TWTP = (400+60)(2720)/2 = 625.600
purifiers demanded is:

60=400-0.125QH QH = 2720



• The total willingness to pay for 900 
air purifiers equals the sum of 
areas A and B. Calculating this 
area, we get:

TWTP = (240+60)(900)/2 = 135.000
When P=$60 the quantity of air 
purifiers demanded is:

Example:

Hedonic Values & Averting Cost 
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• Therefore, the actual willingness to pay for smog-clean air is the 
difference of what we have found in the two cases. That is,

WTP = 625.600 – 135.000 = 490.600

purifiers demanded is:

60=240-0.2QW QW = 900



• Valuing Human Life

• Controversial subject 

– Focusing on calculating the change in the probability 
of death resulting from a reduction in some 
environmental risk and then placing a value on that 
change

Valuing Human Life
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• It is common to take the “heroic” view that life is sacred and  
cannot be monetised. 

• However, individuals make decisions everyday which involve  
undertaking health and mortality risks 
– Driving a car
– Smoking a cigarette
– Eating a medium-rare hamburger

• Also, we collectively have to make decisions in many fields –
transport policy, health, environment, etc. that require to place a 
monetary value on life, or changing the average expectation of 
duration of life. 

Valuing Human Life
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duration of life. 

 Value of a 
Statistical Life 
(VSL) is not
about immortality 
(how much one 
person could pay 
to avoid death)

 But rather, how much a great 
number of people should pay to 
avoid the probability 
that one of them 
would die 
prematurely.



 The dominant benefit identified in benefit/cost analysis of the 
Clean Air Act (1970-90) was reduced premature mortality due to 
reductions in particulate matter, which contributed $16.6 trillion 
of the estimated mean benefits of $22.2 trillion (in constant 1990 
dollars), or approximately 75% of the total economic benefit. 

 But how do researchers go from risk assessment of a pollutant 
such as particulate matter to the economic value of premature 
mortality prevented by regulation? 

Valuing Human Life
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 The main method used is the 
value-of-statistical-life (VSL)                                             
approach.



 The value of statistical life is often used to estimate the benefits 
of reducing the risk of death (Viscusi 2003). 

 The value of statistical life is an estimate of the financial value 
society places on reducing the average number of deaths by one.

 A related concept is the value of statistical life year, which 
estimates the value society places on reducing the risk of 
premature death, expressed in terms of saving a statistical life 
year. 

The value of statistical life is most appropriately measured by 

Valuing Human Life
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 The value of statistical life is most appropriately measured by 
estimating how much society is willing to pay to reduce the risk 
of death. 

 Therefore, it could be interpreted as the demand for risk 
reductions

Viscusi, W. Kip, and Joseph E. Aldy. 2003. The value of a statistical life: A critical review of 
market estimates throughout the world. Journal of Risk and Uncertainty 27:5–76.



 In economic terms (VSL) is explained as a marginal rate of 
substitution between mortality risk and money (i.e., other goods 
and services). 

 While the WTP for an incremental risk change will be small, the 
numerical value of this ratio is very large. 
 For mortality risks (typically the risk of sudden death in the current period), 

Valuing Human Life
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 For mortality risks (typically the risk of sudden death in the current period), 
empirical data on the tradeoffs that real people are willing to make often 
indicate a middle-of-the-road estimate of around $7,000,000.



Food and Drug 
Administration
(FDA)

Federal Aviation 

• Estimates of VSL that various agencies in the USA have used during the 
period 1985-2000, to estimate C-B in millions of dollars (in constant 
prices of 2000).

Valuing Human Life
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Federal Aviation 
Administration
(FAA)



DEBATE:
Is Valuing Human 
Life Immoral?

Valuing Human Life
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TABLE: The 
Cost of Risk-
Reducing 
Regulations

Valuing Human Life
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TABLE: The 
Cost of Risk-
Reducing 
Regulations

Valuing Human Life
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• Advantages of CBA:
– Transparency; 

– accountability; 

– framework for consistent data collection; 

– the ability to aggregate dissimilar effects (such as those on health, visibility, 
and crops) into one measure of net benefits (money metric).

• Criticism of CBA
– can individual well-being be characterized in terms of preference satisfaction?

CBA: advantages and criticism
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– can individual well-being be characterized in terms of preference satisfaction?

– can aggregate social well-being be expressed as an aggregation (usually just a 
simple summation) of individual welfare?

• can (should) we make trade-offs between one person’s benefits and another person’s costs?

– empirical problems encountered in quantifying economic value and aggregating 
measures of individual welfare

• how to monetize costs and benefits, what impacts are (especially over time), whether an impact is a 
cost or a benefit, and how to make trade-offs between the present and the future



The WTP of a person depends on the wealth of the individual.  So, if the distribution of 
wealth of society changes, then individual WTP changes, and perhaps, the ranking of 
alternatives could change.  Dependence of net benefits on distribution of wealth is not a 
problem if losers are actually compensated (a la Pareto principle).  In the potential Pareto 
principle, however, it is possible that the policy could lower the sum of utilities if people 
with different levels of wealth have different marginal utilities of money (since the benefits 
and costs would be valued differently by different income groups).  Therefore, the 
potential Pareto principle weakens for policies with costs and benefits concentrated on 
different wealth groups.  However, if the potential Pareto principle is applied consistently, 
winners and losers would even out and the overall effect would be an increase in 
aggregate utility for everyone.  

CBA: Dependence on Wealth Distribution
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aggregate utility for everyone.  

Critics of CBA question the validity of Pareto efficiency because it depends on the present 
distribution of wealth.  They advocate creation of a social welfare function that maps 
utility, wealth, or consumption of society into an index ranking alternative distribution of 
goods.  An efficient policy is then one that maximizes the value of the social welfare 
function.  The social welfare function, in practice, must be provided by the analyst.  The 
analyst can either:

– Compare policies in terms of both efficiency and distributional criteria.

– Report net benefits by wealth or income group as well as for society as a whole.



• Total benefits are the value of total willingness to pay, which 
is the area under the market demand curve from the origin to 
the allocation of interest.

• Opportunity cost is the net benefit lost when specific 
environmental services are forgone in the conversion to the 
new use.

Normative Criteria for Decision Making

Economics & Management of Natural Resources E. SartzetakisLect. 4, p.  41

• Total costs is the sum of 
marginal opportunity costs,
which is the area under the
marginal cost curve.



EXAMPLE
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• Consider the net benefits from preserving a stretch of river using Figure 
3.1. Let’s suppose that we are considering preserving a four-mile 
stretch of river and that the benefits and costs of that action are 
reflected in Figure 3.1 

– This part of the river can be used either for white-water canoeing or 
to generate electric power. Since the dam that generates the power 
would flood the rapids, the two uses are incompatible. 

Normative Criteria for Decision Making
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would flood the rapids, the two uses are incompatible. 

• Should that stretch be preserved? Explain why or why not?



The Derivation of Net Benefits

The opportunity cost of producing power is the foregone 
net benefit that would have resulted from the white-water 
canoeing. The marginal opportunity cost curve defines the 
additional cost of producing another unit of electricity 
resulting from the associated incremental loss of net 
benefits due to reduced opportunities for white-water 
canoeing.

marginal opportunity costThe answer 
was yes 
(preserve 
the 4-mile Is it the 
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the 4-mile 
stretch) 
because 
the net 
benefits 
from that 
action are 
positive.

Is it the 
efficient 
outcome?



Efficient outcome

MB

MC
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Diagrammatical illustration of the highest NPV



Optimality and efficiency

Static efficiency, requires us to ask a rather different question, 
namely, what is the optimal (or efficient) number of miles to be 
preserved? (maximize net benefits)

First Equimarginal Principle (the “Efficiency Equimarginal Principle”): 
Social net benefits are maximized when the social marginal benefits 
from an allocation equal the social marginal costs.

It is efficient, but is it fair?
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It is efficient, but is it fair?

Pareto optimality: Allocations are said to be Pareto optimal if no other 
feasible allocation could benefit at least one person without any 
deleterious effects on some other person.



Efficient allocations are Pareto optimal. Since net benefits are 
maximized by an efficient allocation, it is not possible to increase 
the net benefit by rearranging the allocation. 

Therefore, even if you have some losers, it is possible for the 
gainers to compensate the losers sufficiently; 

The gains to the gainers would necessarily be larger than the 
losses to the losers.

Optimality and efficiency
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losses to the losers.



The WTP of a person depends on the wealth of the individual.  So, if the distribution 
of wealth of society changes, then individual WTP changes, and perhaps, the ranking 
of alternatives could change.  Dependence of net benefits on distribution of wealth is 
not a problem if losers are actually compensated (a la Pareto principle).  In the 
potential Pareto principle, however, it is possible that the policy could lower the sum 
of utilities if people with different levels of wealth have different marginal utilities of 
money (since the benefits and costs would be valued differently by different income 
groups).  Therefore, the potential Pareto principle weakens for policies with costs and 
benefits concentrated on different wealth groups.  However, if the potential Pareto 
principle is applied consistently, winners and losers would even out and the overall 
effect would be an increase in aggregate utility for everyone.  

Dependence on Wealth Distribution
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effect would be an increase in aggregate utility for everyone.  

Critics of CBA question the validity of Pareto efficiency because it depends on the 
present distribution of wealth.  They advocate creation of a social welfare function 
that maps utility, wealth, or consumption of society into an index ranking alternative 
distribution of goods.  An efficient policy is then one that maximizes the value of the 
social welfare function.  The social welfare function, in practice, must be provided by 
the analyst.  The analyst can either:

– Compare policies in terms of both efficiency and distributional criteria.

– Report net benefits by wealth or income group as well as for society as a whole.



• Net Present Value Analysis – Choose the project with the largest net present 
value, which calculates the sum of the present values of all the benefits and costs 
of a project (including the initial investment):

NPV = PV(benefits) – PV(costs) (3)

Usually projects are evaluated relative to the status quo.  If there is only one new 
potential project and its impacts are calculated relative to the status quo, it should 
be selected if its NPV > 0, and should not be selected if its NPV < 0.  If the impacts 
of multiple, mutually exclusive alternative projects are calculated relative to the 
status quo, one should choose the project with the highest NPV, as long as this 
project’s NPV > 0. If the NPV < 0 for all projects, one should maintain the status 

Basics of discounting
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project’s NPV > 0. If the NPV < 0 for all projects, one should maintain the status 
quo. 



• Comparing Benefits and Costs Across Time
– Present Value of a one-time net benefit (Bn) received n

years from now is

Normative Criteria for Decision Making
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Where r is the interest rate



However, many of the decisions made now have
consequences that persist well into the future. Time is a factor. 

How can we make choices when the benefits and costs may occur 
at different points in time?

The present value of a stream of net benefit {B0,…, Bn) received 
over a period of n years is

Normative Criteria for Decision Making
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over a period of n years is
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Where r is the interest rate



• Future Value over Multiple Years – Interest is compounded when an 
amount is invested for a number of years and the interest earned each 
period is reinvested. 

• Interest on reinvested interest is called compound interest. 

• The future value, FV, of an amount X invested for n years with interest 
compounded annually at rate i is:

FV= X (1+i)n (4)

Compounding & discounting
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The government 
invests 10 mil. 
with interest 
compounded 
annually at a 
rate 7% for 5 
years

Increases 
over time



• Present Value over Multiple Years – The present value, PV, of an amount Y 
received in n years, with interest compounded annually at rate i is:

• The present value for a stream of benefits or costs over n years is:

)i + (1

Y
 = PV n

)t
i

n

o=t i + (1
B = PV(B) 

)i + (1
C = PV(C)

t
i

n

o=t
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Example: Compare the above two alternative projects:

PV(I) = 7,718          PV(II) = 7,718



Demonstrating Present Value Calculations

Suppose you were investigating an allocation that would yield 
the following pattern of net benefits on the last day of each of the 
next five years: $3,000, $5,000, $6,000, $10,000, and $12,000. 
If you use an interest rate of 6 percent (r = 0.06) and the above 
formula, you will discover that this stream has a present value
of $29,205.92.
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Interpreting Present Value Calculations

What does that number mean? If you put $29,205.92 in a 
savings account earning 6 percent interest and wrote yourself 
checks, respectively, for $3,000, $5,000, $6,000, $10,000, and 
$12,000 on the last day of each of the next five years, your last 
check would just restore the account to a $0 balance
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Thus, you should be indifferent about receiving $29,205.92 now 
or in the specific five-year stream of benefits totaling $36,000; 
given one, you can get the other. Hence, the method is called 
present value because it translates everything back to its current 
worth.



• Dynamic Efficiency

– An allocation of resources across n time periods satisfies 
the dynamic efficiency criterion if it maximizes the present 
value of net benefits that could be received from all the 
possible ways of allocating those resources over the n 
periods.

Normative Criteria for Decision Making
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Applying the Concepts

• Pollution Control

– Benefits include, not limited to, reduced death rate, lower 
incidences of chronic bronchitis and other diseases, better 
visibility, improved agricultural productivity and etc.

– Costs include 

• 1) higher costs passed to consumers such as installing, 
operating and maintaining pollution control equipment
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operating and maintaining pollution control equipment

• 2) administrative costs such as designing, 
implementing, monitoring relevant policies



EXAMPLE
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Summary Comparison of Benefits and Costs from the Clean 
Air Act-1990–2020 (Estimates in 2006$ m)
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• One of the most basic conflicts faced by environmental policy 
occurs when a currently underdeveloped but ecologically 
significant piece of land becomes a candidate for development.

• Preservation Versus Development

– Benefits include improved economic welfare from increasing 
employment, rise of income and etc

– Costs include degradation of ecosystem. 

– Example of mining in Chalkidiki or Kozani

Applying the Concepts
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– Example of mining in Chalkidiki or Kozani



EXAMPLE 
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• Issues in Benefit Estimation
– Primary Versus Secondary Effects

(Ex.: the primary effect of cleaning a lake will be an increase in recreational 
uses of the lake. This primary effect will cause a further ripple effect on 
services provided to the increased number of users of the lake. 

Are these secondary benefits to be counted? In general, they should be counted 
in high unemployment areas or when the particular skills demanded are 
underemployed)

• Considering both primary and secondary consequences 

Applying the Concepts
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• Considering both primary and secondary consequences 
while implementing environmental projects

– Accounting Stance
• Who benefits? The accounting stance refers to the 

geographic scale at which the benefits are measured.



• Issues in Benefit Estimation (contd.)
– With and Without Principle

• The “with and without” principle states that only those 
benefits that would result from the project should be 
counted, ignoring those that would have accrued 
anyway.

Applying the Concepts
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– Tangible Versus Intangible Benefits
• Tangible benefits can reasonably be assigned a 

monetary value.

• Intangible benefits cannot be assigned a monetary 
value. (How are intangible benefits to be handled? One answer is 
perfectly clear: They should not be ignored.)



• Approaches to Cost Estimation
– The Survey Approach

• Involves asking polluters about their control costs 

– The Engineering Approach
• Using engineering information to estimate the 

technologies available and the costs of purchasing and 
using those technologies.

Applying the Concepts
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using those technologies.

– The Combined Approach
• Combining both survey and engineering approaches



• The Treatment of Risk
• Suppose we have a range of policy options A, B, C, D and a range of 

possible outcomes E, F, G for each of these policies depending on how the 
economy evolves over the future (example: low, medium, or high demand 
growth). 

• Thus, if we choose policy A, we might end up with outcomes AE, AF, or 
AG. Each of the other policies has three possible outcomes as well, yielding 
a total of 12 possible outcomes.

Applying the Concepts
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• Even if we examine all 12 possibilities, the policy that maximizes net 
benefits for E may be different from that which maximizes net benefits for 
F or G. Thus, if we only knew which outcome would prevail, we could 
select the policy that maximized net benefits; the problem is that we do 
not. Furthermore, choosing the policy that is best if outcome E prevails 
may be disastrous if G results instead.

• How do we choose the optimal policy?



• The Treatment of Risk

– A dominant policy is one which confers the higher net benefits 
in every outcome. 

– The expected value of net benefits is the sum over the possible 
outcomes of the present value of net benefits of that outcome 
weighted by its probability of occurrence. 

(3.1), 1,...,
I

EPVNB P PVNB j F 
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(3.1)

– The policy selected should be the one with the highest expected 
present value of net benefits.

0

, 1,...,j i ij
i

EPVNB P PVNB j F


 



• The Treatment of Risk
• Risk-neutrality: You are given the choice between a definite $50 or 

entering a lottery with 50% chance of winning $100 and a 50% chance of 
winning nothing. (EV = $50 = 0.5($100) + 0.5($0)). If you are indifferent 
between the two you would be said to be risk-neutral, if you view the 
lottery as more attractive, you would be exhibiting risk-loving behavior, 
while a preference for the definite $50 would suggest risk-averse behavior. 

• Using the EPVNB approach implies that society is risk-neutral. Is it? 

Applying the Concepts
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• Using the EPVNB approach implies that society is risk-neutral. Is it? 

• “when the risks of a public investment are publicly borne, the total cost of 
risk-bearing is insignificant and, therefore, the government should ignore 
uncertainty in evaluating public investments.” (Arrow and Lind, 1970)

• When the decision is irreversible, considerably more caution is 
appropriate. Irreversible decisions may subsequently be regretted, but the 
option to change course will be lost forever. (Arrow and Fisher, 1974)



• Distribution of Benefits and Costs

• We should also consider the distributional impacts 
of costs and benefits as part of any economic 
analysis.

• Distributional analysis can take two forms:

– Economic impact analysis

Applying the Concepts
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– Economic impact analysis
• a broad characterization of who gains and who loses 

from a given policy

– An equity analysis
• Impacts on disadvantaged groups or sub-populations



• Choosing the Discount Rate

• The discount rate can be defined conceptually as the social 
opportunity cost of capital. 

• The choice of r is extremely important
– Ex.: a project imposes an immediate cost of $4,000,000 (today’s dollars), and derives 

$5,500,000 benefits in 5 years. 

– For r=5%: 5,500,000/(1+0,05)5 = 4,309,393,9  (C<B)

Applying the Concepts
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– For r=5%: 5,500,000/(1+0,05)5 = 4,309,393,9  (C<B)

– For r=10%: 5,500,000/(1+0,1)5 = 3,415,067,3  (C>B) 

• The appropriate rate to use will depend on the nature and 
expected lifetime of the project, who is doing the financing and 
the level of risk 



• Yes – choice of the rate can affect policy choices.  

Generally, low discount rates favor projects with the highest total benefits, 
while high SDRs rates favor projects where the benefits are front-end 
loaded.

• Example: The government has a budget of 100.000 to be spend on one of the 
following 3 projects with the net yearly benefits presented in the Table. As you can 
see the ranking of the projects depends on the value of the discount rate. Low 
discount rates favor 
projects with great value 

Does the choice of the discount rate matter?

Economics & Management of Natural Resources E. SartzetakisLect. 4, p.  70

projects with great value 
regardless of the timing, 
while high discount rates 
favor front-end loaded 
projects  



• To understand the theoretical foundation of discounting, one must 
recognize that it is rooted in the preferences of individuals.  

Individuals tend to prefer to consume a given amount of benefits 
immediately, rather than in the future.  

Individuals also face an opportunity cost of forgone interest if they 

Theory of the discount rate choice

marginal rate of 
time preference

marginal rate of 
private investment
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Individuals also face an opportunity cost of forgone interest if they 
postpone receiving a given amount of funds until later because they could 
potentially invest these funds once they are received.  

These two considerations of importance to individual decisions -- the 
marginal rate of time preference and the marginal rate of return on private 
investment -- provide a basis for deciding how costs and benefits realized 
by society in the future should be discounted so that they are comparable 
to costs and benefits realized by society today.



Choosing the discount rate

€60

€80

€100

€49,9

In 2006 economist Nicholas Stern 
from the London School of Economics 
issued a report using a discount rate 
of 1,4 percent that 
concluded that the benefits of strong, 
early  action on climate change would 
considerably outweigh the costs.• A recent very interesting 

example is the debate of 
whether we should take 
action concerning 
climate change
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After 50 y After 100 yToday

€40

€5,4 €0,29

€24,9

William Nordhaus of Yale University, 
who prefer a discount rate around 6 
percent, believe that
optimal economic policies to slow 
climate change involve only modest rates 
of emissions reductions in the near 
term, followed by sharp reductions in 
the medium and long term.



Divergence of Social and Private Discount Rates

• If resources are to be allocated efficiently, firms must use the 
same rate to discount future net benefits as is appropriate for 
society at large. 

– If firms were to use a higher rate, they would extract and 
sell resources faster than would be efficient. 

– Conversely, if firms were to use a lower-than-appropriate 
discount rate, they would be excessively conservative.
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• Why might private and social rates differ? 

• The social discount rate is equal to the social opportunity cost 
of capital.



Divergence of Social and Private Discount Rates

• The social opportunity cost of capital can be divided into two 
components: 

– Risk-free cost of capital
• The rate of return is earned when there is absolutely no risk of 

earning more or less than the expected return.

– Risk premium
• It is the amount required to compensate capital owners for 

potential differences between expected and actual returns. 
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potential differences between expected and actual returns. 

• If the risk of certain private decisions is different from the risks 
faced by society as a whole, then the social and private risk 
premiums may differ.

• Another divergence in discount rates may stem from different 

underlying rates of time preference.
• It affects both private and social discount rates, as well as 

across countries.



EXAMPLE
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EXAMPLE (cont.)
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• A Critical Appraisal

– Concerns exist on the reliability of benefit/cost analysis.

• A study found bias incorporated into agency ex ante 
evaluation procedures, resulting in persistent 
overstatement of expected benefits.

• Another shortcoming of benefit–cost analysis is that it 
does not really address the question of who reaps the 

Divergence of Social and Private Discount Rates
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does not really address the question of who reaps the 
benefits and who pays the cost.

• Thus, there are positives and negatives in using cost-benefit 
analysis



Cost-Effective Analysis

• Second Equimarginal Principle (the Cost-Effectiveness 
Equimarginal Principle): 

– The least-cost means of achieving an environmental target 
will have been achieved when the marginal costs of all 
possible means of achievement are equal.
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EXAMPLE
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Impact Analysis

• What can be done when the information needed to perform a 
benefit–cost analysis or a cost-effectiveness analysis is not 
available? The analytical technique designed to deal with this 
problem is called impact analysis.

• An impact analysis attempts to quantify the consequences of 
various actions.

Economics & Management of Natural Resources E. SartzetakisLect. 4, p.  80

• Impact analysis places a large amount of relatively undigested 
information at the disposal of the policy-maker. 


