Chapter 3 Lecture - Evaluating Trade -Offs: Benefit -Cost Analysis and Other
Decision -Making Metrics

Econ 275 & Environmental Economics Normative Criteria for Decision Making
Chapt_erS Lecture N Evaluaﬁng Trad_e_ -Offs: ABenefit -cost analysis provides a method for determining
Benefit -Cost Analysis and Other Decision - whether or not an action should be supported .

Maklng Metrics A Most simply, if the benefits exceed the costs, then the

action should be supported .
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- LivABLE c.;.gs AEvaluating Predefined Options : Benefit -Cost Analysis

- RENEWABLES AlLet B be the benefits from a proposed action and C be
the costs . Our decision rule would then be:

Alf B > C, support the action

AOtherwise, oppose the action
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Normative Criteria for Decision Making

Consider the net benefits from preserving a stretch of river .
L e t Suppose that we are considering preserving a four -mile
stretch of river and that the benefits and costs of that action

Normative Criteria for Decision Making

ATotal b‘?”EﬁtS are the value of total wilingness to are reflected in the figure below. Should that stretch be
pay, which is the area under the market demand preserved? Explain why or why not?
curve from the origin to the allocation of interest . Price
(dollars 10
per unit)
AOpportunity cost is the net benefit lost when 8
specific environmental  services are forgone in the 7

conversion to the new use. € Compare 4 versus 5 versus 6 miles

ATotal cost is the sum of marginal opportunity sl
costs, which is the area under the marginal cost ol
curve . R
L . i i : . . . River
o 1 2 3 4 5 6 7 8 9 10 Miles Preserved
3 4




Chapter 3 Lecture

- Evaluating Trade

-Offs: Benefit

Decision -Making Metrics

-Cost Analysis and Other

Normative Criteria for Decision Making

AFinding the Optimal Outcome
AUse benefit -cost analysis to identify

ACarry out normative analysis

Aldentify an optimal outcome

ADiscern  the divergences between  actual
optimal outcomes

ADesign appropriate  policy solutions
AExamples include depleted fisheries, landfills,
waste .

ARelating Optimality to Efficiency
AAn allocation of resources is said to satisfy the static
efficiency criterion if the economic surplus from the
use of those resources is maximized by that
allocation

6opti mal o

and

and

Normative Criteria for Decision Making

AFirst Equimarginal Principle (the
Equimarginal Principle 6 )
ANet benefits are maximized  when
benefits from an allocation equal
costs .

APareto optimality
Aallocations  are said to be Pareto optimal
feasible allocation
without  any deleterious
person .

effects

oEfficiency

the marginal
the marginal

if no other
could benefit at least one person
on some other

Pareto Optimality Explained Edgeworth Exchange Box & Gains from Exchange
. . . = AEdgeworth exchange box: a diagram used to analyze the
Simple economy in which there are only two consumers fi Ann g
andeiII A and {NO goods, food and clothi)r/1g general equilibrium of an exchange economy.
AAllocation : an assignment of these total amounts between N
Ann and Bill . Bill's quantity of clothing o
Alnitial  endowments : the amounts of the two goods with 200
which Ann and Bill begin each time period . oo Iy .
RBill's quantity of clothing f
200 130 o lga R ff
H = =1 . l ES
rl = 3|65 " =
---------- B S Il = - 2
i =3 E =
H = = las laz =
=5 200 oo = I 100
Ann‘s quantity of clothing 85 200
oA
Ann’s quantity of clothing
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Further Gains from Exchange A Pareto -Optimal Allocation
Bill's quantity of clothing o
ill's i - ino 200
200 Bill's quantity of clothing on 100
100 R g
R = z £
5 ! P = 2
] 5 2 =
= =] = =
5 . S =
E: g )
= <] =
z 2
- 100
8‘ A 200
= Ann’s quantity of clothing
100
OA 200 Pareto optimal : the term used to describe situations in which it
Ann’s quantity of clothing is impossible to make one person better off without making at
least some others worse off.
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Back to Normative Criteria for Normative Criteria for Decision Making
Decision Making
Comparing  Benefits and Costs _Across Time ) AThe present value of a stream of net benefit {By,é,
APresent Value of a one-time net benefit (B,) B,) received over a period of n years is
received n years from now is n B
— A I
PV[B]: Bn PV[B)”BJ_a 1+ i
n n i=0 ( r)
@+r) o .
Where r is the interest rate and B, is the
amount of net benefits received immediately.
Where r is the interest rate and B, is the amount
of net benefits received immediately . .
AThe process of calculating the present value is called
discounting, and the rate r is referred to as the
discount rate .
11 12
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Calculating Present Value Using Excel
Demonstrating Present Value Calculations

Fe Home It Pagelayut Fomus Dati R

Bocdr
Year | 23 45 Sm '
L3

Aﬂnuﬂ\AmOUﬂ[S %,000 $5,ﬂﬂﬂ %,Dﬂﬂ MO,UOO $12‘000 ﬁﬁ,ﬂﬂﬂ ) ] 3 ‘D i P § ] | J K L M N 0 P oot 5.
‘Youwill seceive §10000 in 5 pears. At an interest rate of 6 perceat, what is the preseat value of that sum of mosey to be received?
PresentVelue r=006)  $2.830.19 $444998 $5,08772 792094 $896710 $29.2059
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Normative Criteria for Decision Making Applying the Concepts
AAs looked at earlier, an allocation is efficient or has Apollution  Control
achieved static efficiency if the net benefit from the ABenefits include, but are not limited to, reduced
use of those resources is maximized by that death  rate lower incidences of chronic
allocation !

bronchitis  and other diseases, better visibility,

AThus, an efficient allocation will be achieved when improved  agricultural productivity

marginal benefit and marginal cost are equal .

ACosts include

ADynamic  Efficiency
Anhigher costs passed to consumers such as

AAn allocation of resources across n time periods

satisfies the dynamic efficiency  criterion  if it installing, operating, and maintaining
maximizes the present value of net benefits that pollution  control equipment
could be received from all the possible ways of Aadministrative costs such as designing,

allocating those resources over the n periods . . ) o .
implementing, monitoring  relevant policies .

15 16
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Social costs Economic costs
Input = Adverse effects on
environments = Initial investments
= Public antipathy = Development costs
= Aggravation of disparity
J
S

i

Social benefits Economic benefits

Contribution to national .

Areas of unmet public needs
wealth

Environmental cost-benefit analysis

"/, Costs

p Reductions in

human
well-being

Aggregate environmental and social impacts .
Across different people within a given geographical boundary &)‘

Output . = Improved life quality
P = Productivity enhancement . taking into account
+ Improved environment
= Employment generation
) + Improved health
= Development of ancillary .
\ industries = Improved security |
17 18
Does Reducing Pollution Make Economic Sense? Summary Comparison of Benefits and Costs from the
Evidence from the Clean Air Act Clean Air Act 1990 82020 (Estimates in Million 2006$)
Present Val

In its 1997 report to Congress, the EPA presented the results of its attempt to Annugl Estimates E:mm“
discover whether the Clean Air Act had produced positive net benefits over the
period 1970-1990. The results suggested that the present value of benefits (using 2000 2010 2020 1350-2020
a discount rate of 5 percent) was $22.2 trillion, while the costs were $0.523 trillion. Monetzed Direet
Performing the necessary subtraction reveals that the net benefits were therefore i .
equal to $21.7 trillion. According to this study, US air pollution control policy during L
this period made very good economic sense. “_w .

Soon after the period covered by this analysis, substantive changes were Central §20000  S53000  SE5000  $GEO000 e e e
made in the Clean Air Act Amendments of 1990 (the details of those changes are High! corouaion o, g s, and g
covered in later chapters). Did those additions also make economic sense? Monetized Direct vce e siricant uscerany iso the cost el .

In August of 2010, the US EPA issued a report of the benefits and costs of the Benefits ‘f“:"i"‘_;’h""""“’*m”""'*"*‘ Qg T, we
Clean Air Act from 1990 to 2020. This report suggests that the costs of meeting Low? 0000 SI60000  $250,000  §1,400,000 T‘ g o st o

ow it estmaes & ey s "

the 1990 Clean Air Act Amendment requirements are expected to rise to approxi- Contral STT0000 $1.300000 $2000,000 $12000,000 me:mmﬂmm_mn“w ecaporsing wcarstdsin i el
mately $65 billion per year by 2020 (2006 dollars). Aimost half of the compliance 5 . . ‘nd abuation steos of asits analyss, Cther sgnicant souroes of uncensiny noc efectd e
costs ($28 billion) arise from pollution controls placed on cars, trucks, and buses, High 2300000 $3B00000 $5,700000 S36000.000  1rg g0t arsesr svmanesas et o st capsed n ey et
while another $10 billion arises from reducing air pollution from electric utilities. Nt Beneiis s s o

These actions are estimated to cause benefits (from reduced pollution damage) Low §70000  §1M0000  §1%0000  $1,000,000 "'“m _E:.;m‘m_;'!w__ewmﬁ
to rise from roughly $800 billion in 2000 to almost $1.3 trillion in 2010, ultimately Central 760000 $1.200000 §1.900000 $12000,000 ey oy e Lncersey it simetes, we e e ko
reaching approximately $2 trillion per year (2006 dollars) by 2020! For persons M ©300000 700000 $5600000 $000,000 e 28" more ' whete Xand ¥ are the low ansbigh
living in the United States, a cost of approximately $200 per person by 2020 pro- igh S 700000 55,600, o
duces approximately a $6,000 gain in benefits from the improvement in air quality. BeneftiCost Ratio
Many of the estimated benefits come from reduced risk of early mortality due to Low? 51 N an a4
exposure to fine particulate matter. Table 3.3 provides a summary of the costs and Contral 3 5N 3 20 L ¢
benefits and includes a calculation of the benefit/cost ratio. N B ’ e, BT ens ol ot o e

Hig* 1)1 20 831 91 epagotnsectTaOspectieL Tl ancecsosco VAL
19 20
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The 1990 Clean Air Act Amendments prevent:

Year 2020
(cases)

Adult Mortality - particles 160,000 230,000
Infant Mortality - particles 230 280
Mortality - ozone 4,300 7.100
Chronic Bronchitis 54,000 75,000
Acute Myocardial Infarction 130,000 200,000
Asthma Exacerbation 1,700,000 2,400,000
Emergency Room Visits 86,000 120,000
School Loss Days 3,200,000 5,400,000

Lost Work Days 13,000,000 17,000,000

This chart shows the health benefits of the Clean Air Act
programs that reduce levels of fine particles and Ozone.

Applying the Concepts

Issues in Benefit Estimation

APrimary versus secondary effects
AConsider both primary and secondary consequences
while implementing  environmental  projects .
AAccounting  stance
AWho benefits? The accounting stance refers to the
geographic scale at which the benefits are measured .
AAggregation
AEstimations  of benefits and costs must be aggregated
to some level .

21 22
21 22
Applying the Concepts Applying the Concepts
With and without principle Approaches to Cost Estimation
AThe o wi tahd wi t h o prindple states that only AA'IFhe Isurvey a}(pproach lut bout thei trol
those benefits that would result from the project nvolves  asking  poliuters  abou eir contro
should be counted, ignoring those that would have costs
accrued anyway . . .
A The engineering approach
Tangible versus intangible benefits AUsing engineering _|nformat|on to estimate the
technologies available and the costs of
ATangible benefits can reasonably be assigned a purchasing and using those technologies
monetary value . A Th bined h
Aintangible  benefits cannot be assigned a monetary e Com. !ne approac . .
value . ACombining both survey and engineering
approaches
23 24
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Applying the Concepts
The Treatment of Risk

policy is one which confers the higher
in every outcome .

A A dominant
benefits

net

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

I
EPVNB; = Z PPVNBy, j=1,..J

i=0

Applying the Concepts

ADistribution  of Benefits and Costs
AEconomic impact analysis
AA broad characterization
who loses from a given policy
AEquity analysis
Almpacts

of who gains and

on disadvantaged groups or sub-
populations
AChoosing the Discount Rate
AThe appropriate rate to use will depend on the

nature and expected lifetime of the project,
A The evaluation of irreversible decisions requires extra who is doing the financing, and the level of
caution . risk .
25 26
25 26
Divergence of Social and Private Divergence of Social and Private
Discount Rates Discount Rates
ARisk -Free Cost of Capital Difference between Private and Social Discount Rates
AThe rate of return is earned when there is absolutely . . . . X .
no risk of earning more or less than the expected ADifference in social and private risk premiums
return .
AThe risk -free cost of capital is the rate of return
ARisk Premium earned when there is absolutely no risk of earning
Alt is the amount required to compensate capital more or less than the expected return .
owners for potential differences  between expected
and actual returns . A The risk premium is an additional cost of capital
) required to compensate the owners of this capital
ATime Preference when the expected and actual returns may differ .
Alt affects both private and social discount rates, as
well as across countries ADifference in underlying rates of time preference
27 28
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Divergence of Social and Private
Discount Rates

A Critical Appraisal
AWhen correctly implemented, benefit -cost
analysis is a very useful tool in decision making .

AConcerns exist on the reliability —of benefit -cost
analysis when benefits or costs are difficult or
impossible to quantify

You SHOULD DO A I “THE COST OF DOING | .. EXCEEDS Te |
CoST-BENEFIT A COST- BENEFTT BENEFIT.

! :ANALYS\S ! ANALYSIS E
29

Cost -Effective Analysis

Second Equimarginal Principle (the Cost -
Effectiveness  Equimarginal  Principle)

AThe least -cost means of  achieving an
environmental target will have been achieved
when the marginal costs of all possible means of
achievement are equal .

An the case of pollution control, cost -
effectiveness can be used to find the least -cost
means of meeting a particular standard and its
associated cost .

30

29

30

Pollution Damages

APeople have a willingness to pay to avoid damages
caused by pollution

Awe examine the Marginal Damages 8 additional
damage caused by additional units of pollution (or
higher ambient or surrounding concentrations)

Amarginal Damages tend to rise exponentially

AA little pollution causes little or no damage

AA safe o6thresholddé level of emis
exist

AAt higher concentrations, damages increase at an
increasing rate

AFor some, highly toxic pollutants, any emissions may
cause large damages

31

Marginal Damages: Explain Why?

ALocation Matters
ADamages may be higher in urban areas than rural
areas

AKnowledge Matters
AThe more you know about the impacts of
pollution, the more you are wiling to pay to
avoid it

ATastes and Preferences Matter
Aif my child has asthma, | may be wiling to pay
more to reduce pollution

AAbility to Pay Matters
APollution damages may be lower in low income
areas

32

31
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Representative Marginal Damage Function S
() (b)
Damages Iamages
$ 3 /,/

Emissions (kg/year)

dy

Damages _— Damages

Ambient concentration (ppim)

Ambient concentration (ppm)

Ambient Concentration: Measure of environmental quality indicating the amount

of pollutants found per unit volume in different environmental media.
S McGrankil yerson L 33

Marginal versus Total Damages

MD >

AArea b on the graph represents the Total Damages for curve
MD,.

AArea a + b on the graph represents the Total Damages for
curve MD ,

AWhich curve might represent an urban area and which might
represent a rural area? Explain why.

015 McGrawil Ryerson 34

33
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Abatement Costs

The Marginal Abatement Cost (MAC) Curve
AThe cost of abating the next unit of emissions

ARises exponentially as the amount of emissions to be
abated increases

AThe more polluton you abate, the higher the cost of
abating the next unit of emissions because you have

already abated the lowest cost units
(©

Emissions Emissions Emissions

35

Marginal versus Total Abatement Costs

75 R

70 +
~
~
~
5 oo ~.
3 [~ m( R
50 ~

» 12 1415 16

iy
AThe area under the Marginal Abatement Cost curve
represents the Total Abatement Cost
Alf technology to reduce abatement improves, the MAC curve
will shift lower (MAC, versus MAC,)

36
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Aggregate Abatement Cost Functions

ATo aggregate marginal abatement costs, individual
functions must be added horizontally to yield the
lowest possible aggregate abatement costs

(a) (b) (e)
$ $ b

80

0 5 10 15 2 25 30

Equimarginal  Principle

Plant A Plant B

38 50

Quantity produced

Quantity produced
in plant A

in plant B

their marginal cost of production are equalized

AThe equimarginal principle requires that the total
production  be distributed among sources so that

37 38
37 38
. . . The Socially Efficient Level of Emissions
Equimarginal  Principle
The socially efficient level of emissions is found
where the MAC and the MD functions are equated
AAn aggregate MAC function (such as for several
firms or factories) will always represent the
minimum  MAC achievable i
AThe aggregate level of emissions will be
distributed among different sources in a way that
equalizes MAC M
AUnder the equimarginal principle, abate the !
cheapest unit of pollution first, no matter which !
factory emits it H
1 6 8 10 1 14 16
Emissions (tonnes per month)
39 40
39

40
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Proving Social Efficiency Yields the
Lowest Social Cost

ATotal social costs [the total costs of damages (area a)
plus the total costs of abatement (area b)] are minimized
at the level of emissions where MAC=MD (At 10 units of
emissions)

Alf emissions levels are higher or lower than the efficient

level, the sum of the total costs of damages plus the
total costs of abatement is higher than at the efficient
level

AFor example, at 15 units of emission, total social costs
equal total damages (a + b + c). There are no abatement
costs at this point, but the damages to society are very
high . Emissions that cause high damages can be abated

at low cost, improving social welfare
41

Impact Analysis

AAn  impact analysis attempts to  quantify the
consequences of various actions .
AA pure impact analysis does not convert all
consequences into a one-dimensional measure, such
as dollars, to ensure comparability
AAlso, impact analysis does not necessarily attempt to
optimize
Almpact analysis places a large amount of relatively
undigested information  at the disposal of the policy -
maker .

Almpact analysis is useful when the data needed for
either a benefit -cost analysis or a cost -effectiveness
analysis is unavailable

42

41
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Impact Analysis

AEconomic  Efficiency and equitable distribution of cost and benefits
must be taken into account when government introduces programs
and policies .

AThree Types of Distributional  Impacts of Programs and Policies

-Proportiona |. A program takes equal proportions of everyon
income to achieve net benefit .

-Regressive . A program provides individuals  with high incomes a

higher net benefit over lower income individuals based on

proportion  of income used.

-Progressive . A program provides net benefits that represent a

higher proportion of the lower income -p er s oincdrse than it does

the rich persons income .

Considering how a program or policy will distribute  aggregates

through a population is necessary to address the fairness of that

lan .
P 43

Future Uncertainty

Uncertainty may exist when anticipating future
values of benefits and costs .

AFor example we are uncertain when and where an
earthquake  may strike . Therefore it is hard to
estimate  how much we extra we should spend
today to make buildings strong to withstand an
earthquake that may or may not occur in our
lifetimes

AProbabilites can be created based on previous data
or expert advice to help gauge the likelihood of
future occurrences to better understand the risks
involved

44

43

44
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Future Uncertainty

Scenario Analysis

AWe may want to create future scenarios to address
uncertainty

AFor example, calculating
reducing CO2 emissions

a benefit -cost analysis of
to lessen the greenhouse

effect requires estimations of future energy saving

technologies . As a result, scenarios can be
presented based on 0sl ow,mb der aoregfoas
advancement rate . Economic Efficiency and
equitable distribution  of cost and benefits must be

TYPES OF ECONOMIC ANALYSIS

Economic impact analysis (EIA) -- What is the contribution of
tourism activity to the economy of the region?

Benefit Cost analysis (B/C) — Which policy will generate the
highest net benefit to society over time?

Environmental Impact assessment — What are the impacts of an
action on the surrounding environment?

Fiscal impact analysis — Will government revenues from tourism

activity (taxes, direct fees, etc.) cover the added costs for infrastructure and
government services

Demand analysis — How will the number or types of tourists change
due to changes in prices, promotion, competition, quality.etc.?

taken into account when government introduces » Feasibility study - Can/should this project or policy be undertaken?
rograms and policies . g 2 g
prog P « Financial analysis — Can we make a profit from this activity?
45 46
45 46
Looking at Benefits
Cycling to work
s
Less
congestion BuT.... WHAT
HAVE FUTURE
GENERATIONS
EVER DONE
Yok US??
pollution
£150a
day
www.economicshelp.org
47 48
47 48
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