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environmental policyenvironmental policy
and and 

managementmanagement

class 10class 10

environmental policy decisionsenvironmental policy decisions
s. kaufman instructors. kaufman instructor
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we willwe will

�� review key points of class 9review key points of class 9

�� discuss final paper outlinesdiscuss final paper outlines

�� listen to presentations on listen to presentations on 

the risk assignmentthe risk assignment

••VkVk chapter 7 (from last class)chapter 7 (from last class)

••VkVk chapter 9chapter 9

�� talk about the big picture talk about the big picture –– taking stocktaking stock
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remember policy as decision making?remember policy as decision making?

��individual individual 

decision processes:decision processes:

••combining combining 
••valuesvalues

••interestsinterests

••likelihoodslikelihoods

••contingenciescontingencies

••alternativesalternatives

��joint joint 

decision processes:decision processes:

••combiningcombining
••individual takesindividual takes

••jointly generatedjointly generated

informationinformation

••decision rulesdecision rules

••mandatesmandates

••political contextpolitical context



2

environmental policy & management, s. kaufman 26

environmental policy makingenvironmental policy making
�� perceived perceived 

problem/goal/challenge problem/goal/challenge ��

�� policy addressing problempolicy addressing problem

observers, observers, 
evaluatorsevaluators

stakeholdersstakeholdersdirect decision direct decision 
makersmakers

information information 
producers producers 

politicalpolitical
processprocess

indirect indirect -- influencersinfluencers

technocrats, technocrats, 
bureaucrats, bureaucrats, 
implementersimplementers

mediamedia

direct direct –– decision makersdecision makers

what is a good policy?what is a good policy?

criteria (e.g., criteria (e.g., bardachbardach):):

•correct objectives
•accomplishment of 

objectives
•full use of 

information
•correct scale
•efficiency
•effectiveness

••robustnessrobustness
••minimal side effects, minimal side effects, 

surprisessurprises
••reversibilityreversibility
••implementabilityimplementability::

••takes into account takes into account 
political contextpolitical context

••realistic realistic 
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observers, observers, 
evaluatorsevaluators
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what is a good policy?what is a good policy?

�� Criteria:Criteria: direct decision direct decision 
makersmakers•accomplishment of objectives 

in the short run
•efficiency
•minimal side effects, surprises

•• implementabilityimplementability
•• visibilityvisibility
•• clear path to personal credit, clear path to personal credit, 

avoidance of blameavoidance of blame
•• responsiveness to key constituenciesresponsiveness to key constituencies
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criteriacriteria

•solving perceived perceived 
problem
•at no direct cost

•timely 

•in just manner

•minimal side effects, 
surprises

••implementabilityimplementability

••process:process:
••openness to inputopenness to input

••transparencytransparency

••accessaccess
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what is a good policy?what is a good policy?
stakeholdersstakeholders

Criteria:Criteria:

•implementability:
•takes into account 

political context

•realistic 

•result of broad 
consensus

•based on available 
information

•efficiency
•effectiveness

••robustnessrobustness
••minimal side effects, minimal side effects, 

surprisessurprises
••reversibilityreversibility
••clear path to credit, clear path to credit, 

avoidance of blameavoidance of blame
••process:process:
••insulated from insulated from 

political battlespolitical battles
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what is a good policy?what is a good policy?
technocrats, technocrats, 
bureaucrats, bureaucrats, 
implementersimplementers
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what is a good policy?what is a good policy?
information information 
producers producers 

�� Criteria:Criteria:

• clear mandate
• respect of 

scientific/technical 
information

• effectiveness

••robustnessrobustness
••minimal side effects, minimal side effects, 

surprisessurprises
••clear path to credit, clear path to credit, 

avoidance of blameavoidance of blame
••process:process:
••insulated from insulated from 

political battlespolitical battles
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�� Criteria:Criteria:

•access to 
•power (decision 

makers)

•information

•protection of 
specific interests

•minimal side effects, 
surprises

••reversibilityreversibility
••process:process:
••insulated from insulated from 

political battlespolitical battles

••not in limelightnot in limelight

what is a good policy?what is a good policy?
middlemiddle--
peoplepeople

thomas sowell:thomas sowell:
they are they are 
necessary and necessary and 
universally hateduniversally hated
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weights?weights?
�� perceived perceived 

problem/goal/challenge problem/goal/challenge ��

�� policy addressing problempolicy addressing problem

observers, observers, 
evaluatorsevaluators

stakeholdersstakeholdersdirect decision direct decision 
makersmakers

information information 
producers producers 

politicalpolitical
processprocess

direct direct –– decision makersdecision makers

indirect indirect -- influencersinfluencers

technocrats, technocrats, 
bureaucrats, bureaucrats, 
implementersimplementers

mediamedia
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the robustness criterionthe robustness criterion
� meaning: 

• a decision/policy is a good choice for 
a broad range of possible futures

• (the opposite: a decision  is only good for 
very specific future conditions)

� robustness is enhanced by reversibility

�� importance: environmental decisions impact importance: environmental decisions impact 
the distant, unpredictable future the distant, unpredictable future ��
robust decisions are more likely to remain robust decisions are more likely to remain 

••wisewise
•• effectiveeffective
•• efficientefficient
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decision analysis (decision analysis (dada) approach) approach

DA decomposes any decision situation into: DA decomposes any decision situation into: 

�� preferencespreferences----how would how would 
an individual order the an individual order the 
possible outcomes of possible outcomes of 
the decision? (depends the decision? (depends 
on values)on values)

�� choice setchoice set----the set of the set of 
actions seen as available actions seen as available 
to the decision maker to the decision maker 
(e.g., several makes of (e.g., several makes of 
cars, several sizes of cars, several sizes of 
budgetary allocations to budgetary allocations to 
a particular program, a particular program, 
etc.)etc.)
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decision analysis approachdecision analysis approach
�� DA decomposes any decision situation into: DA decomposes any decision situation into: 

• contingencies--states 
of nature and their 
likelihoods 
(e.g., a downturn in the 
economy, a successful 
technology, etc.)

• probabilities for 
consequences of 
choices--the likelihoods 
that a set of 
consequences will follow 
the decision 
(e.g., frequency of 
repairs by car model, 
probability that certain 
amounts of spending will 
accomplish goals, etc.)

• decision rule
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decision analysis basics       decision analysis basics       

��decision elements:decision elements:

•• actsacts
(deliberate choices)(deliberate choices)

•• eventsevents
(chance)(chance)

�� representation:representation:

•• tabletable

•• treetree

outcomesoutcomes

eventevent actact

carry u.      leave u.carry u.      leave u.

rainrain Stay dryStay dry Get wetGet wet

no rainno rain Carry u.Carry u. Dry & freeDry & free

carry u.carry u.

leave u.leave u.

actact
under uncertaintyunder uncertainty

eventevent

rainrain

no rainno rain

stay stay 
drydry

carry u.carry u.

rainrain

no rainno rain

get wetget wet

dry, free.dry, free.

outcomeoutcome

individual or joint?individual or joint?
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decision analysis basics (cont.)decision analysis basics (cont.)

��payoffs: payoffs: 

outcomes of acts, outcomes of acts, 

conditional on conditional on 

uncertain eventsuncertain events

•• some preferred by some preferred by 
decision maker decision maker ––
hinging on goalshinging on goals

•• not always easily not always easily 
measurablemeasurable

��analysis should analysis should 

•• include only alternatives the include only alternatives the 
dm wishes to considerdm wishes to consider

•• work with ranges of events work with ranges of events 
when possible (rather than when possible (rather than 
discrete values), e.g., instead discrete values), e.g., instead 
of inches of rain, consider of inches of rain, consider 
light, moderate and heavylight, moderate and heavy

•• eliminate impossible eliminate impossible 
(dominated) alternatives(dominated) alternatives

measures should enable 
ranking by degree to 

which goals are attained
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decision ruledecision rule
�� based on the based on the expectedexpected benefits of the ultimate benefits of the ultimate 

choice.  choice.  
••combine the values of various outcomes with combine the values of various outcomes with 

their probabilities of materializing their probabilities of materializing �� select select 
the outcome with:the outcome with:

••the largest expected value, considered the most the largest expected value, considered the most 
rational choice, maximizing expected utility, with rational choice, maximizing expected utility, with 
advantages and disadvantages.  advantages and disadvantages.  

••the smallest maximum loss (the smallest maximum loss (minimaxminimax) ) 

••the largest minimum gain (the largest minimum gain (maximinmaximin) ) 

••the smallest the minimum loss (the smallest the minimum loss (miniminminimin))
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decision ruledecision rule
�� can can go back and work with the decision inputs go back and work with the decision inputs 

and explore the consequences of changing and explore the consequences of changing 
preferences or the likelihoods of consequences preferences or the likelihoods of consequences 
(sensitivity analysis);(sensitivity analysis);

�� as representative of a constituency, can as representative of a constituency, can 
explain what your decision was based on, or explain what your decision was based on, or 
customize it to the preferences of the customize it to the preferences of the 
constituency;constituency;

••Problems: Problems: 
••ignores all consequences that are ignores all consequences that are 

possible but not knownpossible but not known

••difficulty incorporating difficulty incorporating 
••nonnon--quantifiable items quantifiable items 

•• items for which the probability distribution is unknown.items for which the probability distribution is unknown.
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decision rulesdecision rules
��how to select an act?how to select an act?

Bayes ruleBayes rule::
•• consider payoff, and consider payoff, and 

likelihood of events on likelihood of events on 
which it is contingent;which it is contingent;

•• for each act, for each act, 
••compute sum of compute sum of 

expected payoffs = expected payoffs = 
payoff value x probability payoff value x probability 
of event of event ��

••pick the act pick the act 
corresponding to corresponding to 
maximummaximum

��assigning probabilities:assigning probabilities:
•• criticalcritical
•• trickytricky
•• given to manipulationgiven to manipulation
•• suspect in joint decisionssuspect in joint decisions
��

•• test assumptions!test assumptions!
•• work with rangeswork with ranges
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decision analysisdecision analysis

�� way to decompose decisions through processes way to decompose decisions through processes 

that provide that provide 

•• rationality safeguardsrationality safeguards

•• transparency for others to reconsider the problem.  transparency for others to reconsider the problem.  

�� not a magic trick for identifying the best not a magic trick for identifying the best 

decision.decision.

•• no guarantee that it will work, but no guarantee that it will work, but 

•• decreases the likelihood of bias and inadvertent decreases the likelihood of bias and inadvertent 
mistakes stemming from limitations built into our mistakes stemming from limitations built into our 
thinking capability.  thinking capability.  

•• allows us to deal explicitly with issues of value, risk, allows us to deal explicitly with issues of value, risk, 
uncertainty & the set of possible solutions to problems. uncertainty & the set of possible solutions to problems. 
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decision analysisdecision analysis
�� Is DA best suited for some kinds of problems only?Is DA best suited for some kinds of problems only?

•• not ideal for deciding value questions (abortion, religion not ideal for deciding value questions (abortion, religion 
issues, modern art or music, scientific questions).  issues, modern art or music, scientific questions).  

•• helps where helps where 
••preferences, choices and their consequences are identifiable preferences, choices and their consequences are identifiable 

and and 

••probabilities can be attached to the consequences of choices. probabilities can be attached to the consequences of choices. 

�� DA is an individual tool for sorting out decisions; DA is an individual tool for sorting out decisions; 

•• it can be turned fairly easily into a group tool it can be turned fairly easily into a group tool 
(where the group has a common goal and debates the (where the group has a common goal and debates the 
best way to reach it).  best way to reach it).  

•• It is ill suited for devising a settlement in a dispute, It is ill suited for devising a settlement in a dispute, 
although each group or individual involved can use DA to although each group or individual involved can use DA to 
generate choices in the dispute.generate choices in the dispute.
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decisions under risk decisions under risk -- assumptions assumptions 
�� The decision maker has the same attitude The decision maker has the same attitude 

toward risk regardless of the size of the benefits toward risk regardless of the size of the benefits 

involved involved 

•• risk neutrality, as opposed to risk aversion or risk risk neutrality, as opposed to risk aversion or risk 
seeking:  seeking:  The expected value of a decision with .25 The expected value of a decision with .25 
probability of a $10,000 loss is the same as that of a probability of a $10,000 loss is the same as that of a 
decision with a probability of .0025 for a $1 million loss; decision with a probability of .0025 for a $1 million loss; 
this assumption  says we could choose either.   this assumption  says we could choose either.   

�� The expected value covers all the values the The expected value covers all the values the 

decision maker wants to maximize.  decision maker wants to maximize.  

•• One may want to incorporate different values and One may want to incorporate different values and 
political criteria.political criteria.
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decision analysis (DA) usesdecision analysis (DA) uses
�� Situations with numerous nodes and intricate Situations with numerous nodes and intricate 

probability distributions:probability distributions:
•• different measurement scales (not $) different measurement scales (not $) 
•• lack of knowledge about some probabilities lack of knowledge about some probabilities 
•• high stakes high stakes 
•• information is complexinformation is complex

�� then DA is an ideal toolthen DA is an ideal tool
•• usefulness decreases as we get less precise in usefulness decreases as we get less precise in 

••specifying preferencesspecifying preferences

•• giving probabilities, giving probabilities, 

••identifying all the members of our action space.  identifying all the members of our action space.  

�� Other Other techniques techniques ---- brainstorming, Delphi, etc.brainstorming, Delphi, etc.
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decision treesdecision trees

�� Under complex conditions, represent decisions Under complex conditions, represent decisions 

with with decision treesdecision trees..
••Example: deployment of the MX missileExample: deployment of the MX missile

•• decision nodesdecision nodes

•• chance nodeschance nodes

�� Resolution of decision trees: backwards from Resolution of decision trees: backwards from 

branches to trunkbranches to trunk

•• decision rule is the same as for contingency table  decision rule is the same as for contingency table  
(select strategy with highest expected value)(select strategy with highest expected value)

•• for highly complex trees, only computer solutions.for highly complex trees, only computer solutions.
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decision tree componentsdecision tree components
�� Decision alternatives aDecision alternatives ajj, possible actions, possible actions

�� Outcomes: Outcomes: 
•• the consequences of each actionthe consequences of each action

each with a certain probability of materializingeach with a certain probability of materializing
�� same as same as the sample space for a probability experimentthe sample space for a probability experiment

�� Outcome probabilities, pOutcome probabilities, pii, , 
depending on depending on 
•• our choices or our choices or 
•• states of nature over which we have no control states of nature over which we have no control 

(fire or earthquake compared to investment yields)(fire or earthquake compared to investment yields)
�� Outcome payoff values xOutcome payoff values xii, , 

•• the values to us of outcomes materializing; the values to us of outcomes materializing; 
they have to be ratiothey have to be ratio--scaled for DAscaled for DA

�� Expected value of a choice of action aExpected value of a choice of action ajj is:is:

E(aE(ajj) = ) = ΣΣ(1 to n)(1 to n)ppiixxii
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example:example:
�� Would you pay $2K for a fire insurance policy on a remote and Would you pay $2K for a fire insurance policy on a remote and 

vacant warehouse valued at $100K with a fire prob. =.01?vacant warehouse valued at $100K with a fire prob. =.01?

Pay or not?Pay or not?Pay or not?Pay or not?Pay or not?Pay or not?Pay or not?Pay or not?

InsureInsureInsureInsureInsureInsureInsureInsure Do not  Do not  Do not  Do not  Do not  Do not  Do not  Do not  
insureinsureinsureinsureinsureinsureinsureinsure

FireFireFireFireFireFireFireFire No fireNo fireNo fireNo fireNo fireNo fireNo fireNo fireFireFireFireFireFireFireFireFire No fireNo fireNo fireNo fireNo fireNo fireNo fireNo fire

PayoffPayoffPayoffPayoffPayoffPayoffPayoffPayoff
00000000

PayoffPayoffPayoffPayoffPayoffPayoffPayoffPayoff
--------100K100K100K100K100K100K100K100K

PayoffPayoffPayoffPayoffPayoffPayoffPayoffPayoff
--------2K2K2K2K2K2K2K2K

PayoffPayoffPayoffPayoffPayoffPayoffPayoffPayoff
--------2K2K2K2K2K2K2K2K

.01.01.01.01.01.01.01.01 .01.01.01.01.01.01.01.01.99.99.99.99.99.99.99.99 .99.99.99.99.99.99.99.99

EV=EV=EV=EV=EV=EV=EV=EV=
.01x(.01x(.01x(.01x(.01x(.01x(.01x(.01x(--------2k)2k)2k)2k)2k)2k)2k)2k)

EV=EV=EV=EV=EV=EV=EV=EV=
.99x(.99x(.99x(.99x(.99x(.99x(.99x(.99x(--------2K)2K)2K)2K)2K)2K)2K)2K)

EV=EV=EV=EV=EV=EV=EV=EV=
.01x(.01x(.01x(.01x(.01x(.01x(.01x(.01x(--------100K)100K)100K)100K)100K)100K)100K)100K)

EV=EV=EV=EV=EV=EV=EV=EV=
.99x0.99x0.99x0.99x0.99x0.99x0.99x0.99x0

EVEVEVEVEVEVEVEVpaypaypaypaypaypaypaypay========--------1K1K1K1K1K1K1K1KEVEVEVEVEVEVEVEVpaypaypaypaypaypaypaypay========--------2K2K2K2K2K2K2K2K
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decision making under uncertaintydecision making under uncertainty
�� Probabilities for states of the world are not known.  Probabilities for states of the world are not known.  

What can be done?What can be done?
•• Bayesian approach:Bayesian approach: incorporate subjective judgments incorporate subjective judgments 

(knowledge and intuition)(knowledge and intuition)
•• Insufficient reason approach: Insufficient reason approach: 

assume events are equally probable in the absence of assume events are equally probable in the absence of 
better information (no reason to believe otherwise)better information (no reason to believe otherwise)

•• Maximin principle:Maximin principle: select best of worst casesselect best of worst cases
•• Minimax regret:Minimax regret: minimize opportunity costs of wrong minimize opportunity costs of wrong 

decision decision 
•• Maximax:Maximax: assume the best will happenassume the best will happen

�� Select decision rule based on:Select decision rule based on:
•• how important gains and losses are,how important gains and losses are,
•• what the consequences would be to how many people, etc.what the consequences would be to how many people, etc.
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so what? back to policy makingso what? back to policy making

�� robust decisions are critical because theyrobust decisions are critical because they

•• expend public resourcesexpend public resources

•• may have irreversible consequencesmay have irreversible consequences

�� some current examples some current examples –– what would be the what would be the 

robust approach?robust approach?

•• energy sourcesenergy sources

•• global climate changeglobal climate change

•• land use managementland use management


