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Core Concepts: the “rational” 
framework for decision analysis

 Goals

 Objectives

 Alternatives

 Impacts

 Criteria  [singular=criterion]

 Constraint



 Goals:  “what is sought to accomplish or 
attain”

 Objectives: “measurable sub-components 
or operationalization of goals”



Goals and Objectives

 Goals
1. Fishable/swimmable waters 

2. Adequate affordable housing

3. Transportation capacity 
sufficient to demand

4. Reduction of contagious disease

5. Decrease in solid waste landfill 
volume

 Objectives
1. Nitrogen levels “below” national 

standards

2. Median housing price less than 
3x median family income

3. LOS C or better on all county 
roads

4. No new cases of measles

5. Reduction of SW volume by 35% 
compared to 2000.



 Alternatives: “options of means available, 
by which, it is hoped the objectives 

can be attained”

1. curved row planting on croplands

2. expansion of land supply through conversion of 
abandoned inner city industrial land

3. bike lane construction program

4. free vaccinations for school children

5. curbside pickup of recyclable waste



 Impacts: “positive and/or negative 
consequences of alternatives, including 
benefits and costs, direct and indirect.”

1. Reduced nitrogen runoff

2. Decreased number of affordable housing units

3. Reduced vehicle miles traveled

4. Reduced cases of measles

5. Decreased landfill deposits



 Criterion: “rule or standard by which to rank 
the alternatives in order of desirability” 

1. Minimize nitrogen discharge

2. Maximize affordable units produced

3. Maximize additional traffic lane capacity

4. Minimize new cases of communicable disease

5. Minimize annual volume of landfill deposits
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Key Criteria Types:
 Technical feasibility

• Effectiveness

• Adequacy
 Economic and financial possibility

• Fiscal benefits and costs to government

• Total societal benefits and costs
 Equity

 Risk and Uncertainty

 Reversibility

 Political viability

 Administrative operability

 Other types of criteria: security, liberty, rights



 Constraint: “Condition within criteria that 
sets a firm limit on choice of alternatives”

1. Georgia surface water quality standard for N

2. Capital expenditures no greater than $50 mill.

3. No reduction in vehicular Level of Service

4. Immunization rate of at least 98%

5. No new costs to owners of rental housing





Environmental Impact Assessment

 US: NEPA (1969)
 §102

 Other mandates include:
 Canada 1973

 Australia 1974

 Columbia 1974

 UK

 Netherlands 1981

 Japan 1984

 Thailand

 Phillipines

 EU 1985

 Guidelines:

 US CEQ 1978

 OECD 1974 & 1979

 UNEP 1980

 US States:

 California 1st: SEPA

 Florida DRI Ch. 380 
1972

 Many others







EIA Early Issues and Results

 Early implementation: few no build decisions; immense 
wasted paperwork; some changes to project design 
(Andrews 1974; Ortolano and Hill 1975)

 1978 CEQ guidelines: negative declarations; scoping





Major families of EIA methods

 Checklists

 Matrices
 Leopold matrix 

(USGS)

 Overlays
 McHargian

 GIS Land Suitability

 EQ Indices
 Battelle Columbus EES

 Valuation tradeoff 
models

 WRAM (ACOE)

 HES (USFWS)

 SWT (Haimes)

 Adaptive 
Assessments

 C.S. Holling

 Simulation modelling















Benefit Cost Analysis

 Public Sector oriented tabulation of –

benefits (to whomever they accrue)

costs (to whomever they accrue)

 Intended to identify “Kaldor Hicks efficiency”

 Contrast with “Pareto efficiency”.



Pareto v. Kaldor Hicks

 Pareto efficiency: Someone is made better 
off; no one is made worse off.
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Pareto v. Kaldor Hicks

 Pareto efficiency: Someone is made better 
off; no one is made worse off.

 Kaldor-Hicks efficiency:  Gainers could
compensate losers and still be better off.

 Contrast with Fiscal Impact Assessment



BCA considers:

 Benefits (E)

 Capital Costs (K)

 OMR Costs (M)

 Disbenefits (D)



Benefits and costs to whom?

 The agency proposing the project

 The jurisdiction authorizing the project

 The residents of the jurisdiction

 The firms in the jurisdiction

 Extra-territorial residents/citizens

 Future generations



We have to consider the timing of payments, or cash flow.







KALDOR HICKS CRITERION:

PV(NB)= PV(E-M-D – K)

Choose any alternative whose PVNB>0



Possible Park Projects

Alternative PVNB

Greenway $ 3.4 Million

Ballfields $ 900,000

Urban vest pocket park $-1.2 Million

Wildlife habitat $ 650,000
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Present Value

 What is $100 next year worth to you in today’s dollars?

 How much can you earn on a liquid, risk-free investment?

 Assume 3%   >>   103% * $Today = $100 next year

>> $100/1.03 = $Today = $92.59

mn

mn

mn
r/m

S
SPV

*

*
*

)1(





The expenditure of $5,000 four years from now is 
preferable to the expenditure of $3,000 now.  
True or False? Assume 10% discount rate.
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The expenditure of $5,000 four years from now is 
preferable to the expenditure of $3,000 now.  
True or False? Assume 10% discount rate.

PV ($5,000 at T=4) = ?

PV  =  FV / (1+i)4

=  $5,000 / (1+0.10)4

=  $5,000 / 1.46
=  $3,425

$3,425 > $3,000

Statement is False.



What’s in a Discount Rate?

Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Proposal A (100) 0 8 11 13 14 15 176  

Proposal B (100) (5) (5) 0 5 11 12 14 17 20 23 25 27 28 29 330  

Annual Net Benefits (B-C), ($MM)
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Enhanced BCA

Reagan’s E.O. 12291 (1981):

“In promulgating new regulations, reviewing existing regulation, all agencies, to 
the extent permitted by law, shall adhere to the following requirements:

a) Administrative decisions shall be based on adequate information 
concerning the need for and consequences of proposed government action:

b) Regulatory action, shall not be undertaken unless the potential 
benefits to society for the regulation outweigh the potential costs to 
society;

c) Regulatory objectives shall be chosen to maximize the net 
benefits to society;

d) Among alternative approaches to any given regulatory 
objective, the alternative involving the least net cost to society shall be 
chosen; and

e) Agencies shall set regulatory priorities with the aim of maximizing 
the aggregate net benefits to society, taking into account the condition of 
the particular industries affected by regulations, the condition of the 
national economy, and other regulatory actions contemplated for the 
future.”



Techniques for Monetization

 Changes in productivity and value of output
 Physical changes in production are valued using market prices 

for inputs and outputs.  Boundaries of analysis are broadened 
so as to include all benefits and costs, regardless of whether 
they occur within the project’s ordinary boundaries or beyond 
them.

 Cost of illness
 Underlying damage function relates the level of pollution 

(exposure) to the degree of health effect.

 Opportunity costs
 The cost of using resources for unpriced purposes can be 

estimated by using the forgone income from other uses of the 
resource as a proxy

 Cost-Effectiveness Analysis
 Preventative Expenditures/Replacement Costs/Relocation 

Costs
 Expenditures individuals undergo to avoid or mitigate 

environmental problems



Opportunity Costs:

Preservation of  Hell’s Canyon
Krutilla and Fisher

 Proposed hydroelectric dam would destroy 
unique wilderness area.

 BCA of proposed dam and of next cheapest 
alternative

 Added cost of paying for the next cheapest 
alternative was seen as less than the worth of 
the loss of the wilderness area



WHAT DO YOU DO WHEN THE 
ALTERNATIVES ARE MUTUALLY 
EXCLUSIVE?

Max (PVNB)=PV(E-M-D-K)



Mutually exclusive alternatives

Alternatives for River 
Development/Protection

PVNB

Floodplain zoned for 
green space only

$ 2.5 Million

Limited floodway 
protection + recreational 
use of remaining 
floodplain

$ 3.6 Million

Riverside shopping 
development

$ 1.7 Million



CAPITAL CONSTRAINT?

Combine independent alternatives into packages and choose the 
package with Max(PVNB)



Park Projects
Capital Constraint = $3 Million

Alternatives PVNB K

Greenway $3.4 Million $2 Million

Ballfields $900,000 $2 Million

Urban Vest 
Pocket Park

$-1.2 Million $3 Million

Wildlife Habitat $650,000 $1 Million



BENEFIT COST RATIO 
APPROACH:

B/C= PV[(E-D)/(M+K)]

Conventional BC Ratio

*Choose any alternative with B/C>1
•Highly sensitive to specification of D and M
•Mutually exclusive alts: choose greatest B/C



Eastern Leon Power Line 
Route

ALT E M D    K

(E-D)/

(M+K)

Mahan 
Dr.

$14M $2.5 M $ 5M $5.4 M 1.14

CSX/

Alford 
Arm

$14M $2 M $ 1M $8.9 M 1.19



B/C=PV[(E-M-D)/K]

Modified BC Ratio:
Choose any alternative with B/C>1

Preferred formulation for iterative decisions



Eastern Leon Power Line Route

ALT E M D    K

(E-M-
D)/(K)

Mahan 
Dr.

$14M $2.5 M $ 5M $5.4 M 1.20

CSX/

Alford 
Arm

$14M $2 M $ 1M $8.9 M 1.24



Thinking about Valuation

 Market

 Non-market
 Health

 Environmental amenity

 …

 Use
 Actual Use

 Option Value (risk aversion; deferred demand)

 Non-use
 Existence value

 Vicarious use value

 Bequest value



Methods for Estimating Non-market Values

 Observed

 Data from 
observation

 Hypothetical

 Data from 
hypothetical 
questions 
asked

• Direct
―Yields prices

• Indirect
― Yields data that 

can be converted 
statistically to 
prices



Contingent Valuation

 Survey-based method that estimates what a population 
would be willing to pay to achieve a higher level of 
amenity (WTP), or would be willing to accept to allow a 
lower level of amenity (WTA).

 First proposed by Davis in 1963 in study of benefits of 
outdoor recreation in Maine woods; surveyed 121 
hunters and recreationists; R-squared=.59

 Ridker 1967: air quality improvements

 Chicchetti and Smith 1976: congestion reduction in 
hiking areas



Planning Evaluation

 Goals, Objectives, Alternatives, Criteria, 
Constraints

 Single v. Multiple Objective Analyses

 Monetary, Monetized, Intangible

 Risk and Uncertainty


