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Concept of Expected Value: § The EV corresponds to the arithmetical mean or first moment of a probability distribution.

• Why is the expected value unsatisfactory as the sole decision criterion?

Game:

A fair coin is flipped until it comes up heads. The number of flips i until it comes up heads for the first time determines the prize, which is equal to € 2 i .

Ø What is the maximum sum you would be willing to pay to play this game?

Ø Expected value:

! infinity.

• Instead of focusing on the expected value, an individual may rather refer to the expected utility (expected level of satisfaction) of the game.

Ø Focus on the (subjective) utility of the (objective) monetary outcomes; that is, focus on: u(2), u(4), u(8),…, u(2 n ),…, instead of: 2, 4, 8,…, 2 n ,…

• Natural assumptions on a utility function:

Ø The higher the outcome, the higher the utility: ("non-satiation")

Ø The higher the outcome, the less an additional outcome unit adds to utility:

. § Examples of increasing, concave (utility) functions: Natural logarithm, Square-root function.

• Expected utility of the game arises, then, as sum of the utilities of the outcomes, weighted by the probabilities of occurrence of the outcomes:

Basic Concepts

Université de Rennes 1 Economie de l'incertain et de l'information 15

Expected Utility Hypothesis and Theorem:

• For a risky prospect Z and a utility function u, the expected utility Eu is for a discrete random variable: , and a continuous random variable: .

• E is the expectation operator.

• For the 'certain conditions' (utility axioms), cf. Chavas, chapter 3.

• Note: The utility function provides a mathematical representation of risk attitudes.

Expected Utility Hypothesis:

Individuals evaluate risky prospects such as to maximize the expected level of their utility.

Expected Utility Theorem (von Neumann-Morgenstern 1944): Under certain conditions, for any two prospects Z 1 , Z 2 with the same support there exists a utility function u representing an individual's risk attitude such that the statement "Z 1 is preferred to Z 2 " is equivalent to Eu(Z 1 ) " Eu(Z 2 ).

) ( 

Coefficient of Absolute Risk Aversion:

where u' > 0 (non-satiation) and u'' < 0 (concavity).

Ø Technically: rate at which marginal utility u' decreases when wealth is increased by € 1 (i.e., the coefficient is not unit-free, but measured in units of 1/€).

Ø Interpretation: measure of strength of absolute risk aversion, thus, of strength with which an individual seeks to avoid a risk.

Ø Comparison: Agent 1 (with utility u 1 ) is more risk averse than Agent 2 (with utility u 2 ) iff for some w. 

Coefficient of Relative Risk Aversion:

where u' > 0 (non-satiation) and u'' < 0 (concavity).

Ø Technically: rate at which marginal utility u' decreases when wealth is increased by 1 percent (unit -free); equal, also, to wealth elasticity of marginal utility.

Ø Interpretation: measure of strength of relative risk aversion, thus, of strength with which an individual seeks to avoid a risk.

Ø Relation of coefficients of relative and absolute risk aversion, R(w) and A(w):

Ø In theoretical and empirical applications both coefficients, A(w) and R(w), are used. Risk Premium and Certainty Equivalent:

Formally: For a zero-mean risk Z (i.e., EZ = 0), the risk premium ! derives from Ø The risk premium ! is positive for a risk averse agent; it is zero for a risk neutral agent; and it is negative for a risk loving agent.

Ø Comparison: Agent 1 (with utility u 1 ) is more risk averse than Agent 2 (with utility u 2 ) iff Definition:

The risk premium $ is the maximum amount of money an agent is ready to pay in order to get rid of a zero-mean risk. Illustration of risk premium:

• For an initial wealth of 8000, consider a 50-50 lottery Z to gain or lose 4000. Risk Premium and Certainty Equivalent:

• When EZ differs from zero, usually the concept of the certainty equivalent is used.

Formally: For an arbitrary risk Z, the certainty equivalent e derives from Ø The certainty equivalent of a risk Z, with Z = EZ + and E = 0, and its risk premium are related as:

(as can be seen by comparing the utility arguments in the equations defining the concepts).

Definition:

The certainty equivalent e of a risk Z is the sure increase in wealth that has the same effect on utility as having to bear risk Z. Criteria for the Shapes of Absolute and Relative Risk Aversion:

• The strength of risk attitudes is likely to depend on the level of wealth.

How does (absolute) risk aversion vary with initial wealth?

• Consider a 50-50 lottery to gain or lose 100.

Ø For Agent 1 with initial wealth w = 101, this lottery is potentially life-threatening;

for Agent 2 with initial wealth w = 1 000 000, the lottery is essentially trivial.

Ø The former should be ready to pay more for the elimination of risk than the latter.

Indeed, suppose the two agents have a square-root utility function. Then, § Risk premium of Agent 1: ! = 43.4

Exercises:

1. Determine the coefficients of absolute and relative risk aversion for the following classical utility functions. Do they have a constant, increasing or decreasing shape? (Suppose w>0.) where u is instantaneous utility in period t = 0, 1 c 0 is consumption in period 0, c 1 is consumption in period 1 is the utility discount factor, ! is the utility discount rate y 0 is the income in period 0, y 1 is the income in period 1 s 0 is saving in period 0 r is the interest rate (from period 0 to period 1) on the efficient credit market Two-Period Consumption-Saving Model under Certainty (cont.):

a
Equivalently, this model can be written as:

where u is instantaneous utility in period t = 0, 1 " is the utility discount factor y 0 is the income in period 0, y 1 is the income in period 1 s 0 is saving in period 0 r is the interest rate (from period 0 to period 1) on the efficient credit market First-Order Condition (FOC): Ø Thus, from FOC : optimal saving .

) r) (1 s y ( ) ( ) ( max 0 1 0 0 0 s 0 + + × + - = u s y u s U b ) r) (1 s y ( ' ) 1 ( ) ( ' 0 ) r) (1 s y ( ' ) 1 ( ) ( ' 0 1 0 0 0 1 0 0 + + × + × = - Û = + + × + × + - - u r

Ø Interpretation of FOC:

• In equilibrium, the marginal utility from foregoing consumption today has to equal the discounted marginal utility from consuming instead in period 1.

• Intrapersonal 'saving market': the left-hand side represents the supply of saving, and the right-hand side the demand for saving.

) r) (1 s y ( ) ( ) ( max 0 1 0 0 0 s 0 + + × + - = u s y u s U b ) r) (1 s y ( ' ) 1 ( ) ( ' 0 1 0 0 + + × + × = - u r s y u b
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Two-Period Consumption-Saving Model under Certainty (cont.):

First-Order Condition (FOC):

Second-Order Condition (SOC):

Ø Thus, from FOC : optimal saving .

Ø From SOC : (from utility concavity).

) r) (1 s y ( ) ( ) ( max 0 1 0 0 0 s 0 + + × + - = u s y u s U b 0 ) r) (1 s y ( ' ' ) 1 ( ) ( ' ' 0 1 2 0 0 < + + × + × + - u r s y u b 0 ) ( ' ' 0 < s U ) r) (1 s y ( ' ) 1 ( ) ( ' 0 1 0 0 + + × + × = - u r s y u b
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Two-Period Consumption-Saving Model under Certainty (cont.):

Interpretation of Utility Concavity in Intertemporal Choice under Certainty:

• Consider the model for a utility discount rate " = 1 and a net interest rate r = 0.

• Assume that the incomes in periods 0 and 1 are the same, y 0 = y 1 = #.

Then, the FOC reads: • The most common measure of consumption-smoothing preference (in macroeconomics and finance) is the Elasticity of Intertemporal Substitution (EIS):

Ø
Ø Measure of the willingness to allow for intertemporal substitution of consumption.

• Under univariate, additive utility, the Relative Resistance to Intertemporal Substitution (RRIS) turns out to be the inverse of the Elasticity of Intertemporal Substitution: .

Ø In this model, the coefficient of RRIS is formally identical to coefficient of relative risk aversion in the case with risk under Expected Utility.

Ø Consumption-smoothing and risk preferences cannot be distinguished in this model ! Precautionary Saving in the Two-Period Consumption-Saving Model:

For example, add risk on period-1 income:

where u is instantaneous utility in period t = 0, 1 E is the expectation operator y 0 is the income in period 0, Y 1 is the risky income in period 1 s 0 is saving in period 0 r is the interest rate (from period 0 to period 1) on the efficient credit market Definition: Precautionary saving is the saving which arises in a consumption-saving model in response to the risk that is added to a context of certainty.

Prudence
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Precautionary Saving in the Two-Period Consumption-Saving Model:

Model with Risk on Period-1 Income:

where u is instantaneous utility in period t = 0, 1 E is the expectation operator y 0 is the income in period 0, Y 1 is the risky income in period 1 s 0 is saving in period 0 r is the interest rate (from period 0 to period 1) on the efficient credit market

First-Order Condition (FOC):

Ø In equilibrium, the marginal utility from foregoing consumption today has to equal the discounted expected marginal utility from consuming instead in period 1.

) r) (1 s ( ) ( ) ( max 0 1 0 0 0 s 0 + + × + - = Y u E s y u s V b ) r) (1 s ( ' ) 1 ( ) ( ' 0 1 0 0 + + × + × = - Y Eu r s y u b
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Precautionary Saving in the Two-Period Consumption-Saving Model (cont.):

Is Saving under Income Risk Different from Saving under Certainty?

Ø Notation: optimal saving under certainty, optimal saving under income risk.

Thus, precautionary saving: .

Ø Note: because and , it holds for the first derivative of the model under certainty evaluated at that:

Ø Consider the model under certainty for :

Ø Strategy: Search for a criterion for which the first derivative of the above problem with , evaluated at , is negative (zero, positive) !

* , 0 * , 0 * , 0 ) , ( 0 ) , ( ) ( ' c risk risk s s s U < = > Û > = < ) r) (1 s ( ) ( ) ( max 0 1 0 0 0 s 0 + + × + - = EY u s y u s U b
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Precautionary Saving in the Two-Period Consumption-Saving Model (cont.):

Is Saving under Income Risk Different from Saving under Certainty?

• Strategy: Search for a criterion for which the first derivative of the model under certainty with , evaluated at , is negative (zero, positive):

Ø Consider the model under certainty for :

Ø Evaluate the first derivative of this problem at optimal saving under income risk:

Ø Substitute using FOC under income risk as:

) r) (1 s ( ) ( ) ( max 0 1 0 0 0 s 0 + + × + - = EY u s y u s U b
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Precautionary Saving in the Two-Period Consumption-Saving Model (cont.):

Is Saving under Income Risk Different from Saving under Certainty? § Remember:

and .

Ø Note:

Substitute v = -u ' :

Ø Recall:

Ø Hence: v = -u' is concave, thus: u' is convex, so that u''' $ 0 .
Ø u''' ! 0 is a necessary and sufficient condition for saving under income risk to exceed saving under certainty, and, thus, for precautionary saving to arise!

) r) (1 s ( )) 1 ( ( ) r) (1 s ( ' )) 1 ( ( ' 0 ) ( ' * , 0 1 * , 0 1 * , 0 1 * , 0 1 * , 0 + + ³ + + Û + + £ + + Û £ risk risk risk risk risk Y Ev r s EY v Y Eu r s EY u s U Proposition:
An agent with utility function u is risk averse, that is, for any lottery Z and any wealth level w, it holds that , if and only if u is concave.

Û ³ * , 0 * , 0 c risk s s )] r) (1 s ( ' )) 1 ( ( ' [ ) 1 ( ) ( ' * , 0 1 * , 0 1 * , 0 + + - + + × + = risk risk risk Y Eu r s EY u r s U b * , 0 * , 0 * , 0 ) , ( 0 ) , ( ) ( ' c risk risk s s s U < = > Û > = < Prudence Université de Rennes 1
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Behavioral Definition and Theory of "Prudence" (Kimball 1990):

• The positive 3 rd derivative, u'''>0, is associated with the notion of "prudence":

Ø In the consumption-saving model, u'''>0 is necessary and sufficient for precautionary saving.

• Coefficient of Absolute Prudence (analogous to coefficient of absolute risk aversion):

Ø Measure of the intensity of the reaction of an optimal choice to risk.

Ø In consumption-saving model: measure of the intensity of the precautionary saving motive.

0 ' ' ' ' ' > - u u Definition:
An agent is prudent if, at any wealth level w, adding an uninsurable zero-mean risk Z (with EZ = 0) to his or her wealth raises the agent's optimal saving, due to: .

Prudence
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Behavioral Definition and Theory of "Prudence" (Kimball 1990) (cont.):

• Precautionary Premium:

Formally: For a zero-mean risk Z (i.e., EZ = 0), the precautionary premium ! derives from Ø The precautionary premium ! is positive for a prudent agent, and is zero or negative for an imprudent agent.

Ø Comparison: Agent 1 (with utility u 1 ) is more prudent than Agent 2 (with utility u 2 ) iff Ø Comparing the precautionary premium ! to the risk premium ", it holds that:

Definition:

The precautionary premium % is the sure reduction in wealth w that has the same effect on the optimal decision variable as the addition of the zero-mean risk Z. Behavioral Definition and Theory of "Prudence" (Kimball 1990) (cont.):

• Precautionary Equivalent:

Formally: For an arbitrary risk Z, the precautionary equivalent e p derives from Ø The precautionary equivalent of a risk Z, with Z = EZ + " and E" = 0, and its precautionary premium are related as:

(as can be seen by comparing the utility arguments in the equations defining the concepts).

Definition:

The precautionary equivalent e p is the sure increase in wealth w that has the same effect on the optimal decision variable as having to bear risk Z. Ø Increases in risk: § "mean-preserving spread" = same mean, increased variance § "increase in downside risk" = same mean and variance, but more skewness Ø Note: for all a ' x ' b implies .

Ø Basic notion of a risk increase in economics.

Illustration:

(Source: MacMinn 1997) Ø Note: for all a ' x ' b implies .

Ø B i i f i k i i i Definition: CDF G is a mean-preserving spread of CDF F if and for all a ' x ' b.

Increases in Risk: Mean-Preserving Spreads -Example

• Be w, k 1 , k 2 positive constants, defined so that all outcomes are strictly positive.

Consider the following 50-50 lotteries, A 2 and B 2 :

A 2 : w -k 1 -k 2 B 2 : w -k 1 w w -k 2 § Means: § Variances: , Ø
and .

Ø Lottery A 2 is a mean-preserving spread of lottery B 2 .

Increases in Risk: Increases in Downside Risk -Example

• For positive constants w and k, a zero-mean random variable , and wk -* > 0 for all realizations of , consider the following 50-50 lotteries, A 3 and B 3 :

A 3 : w -k + B 3 : w -k w w +
• To verify the moment conditions, consider the full compound lotteries, with as a 50-50 lottery with outcomes c orc (for c > 0):

c w -k + c A 3 : w -k à Reduced A 3 : w -k -c -c w w w -k w -k B 3 : c à Reduced B 3 : w + c w w -c -c 1/2 1/4 1/4 1/2 1/4 1/4
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Increases in Risk: Increases in Downside Risk -Example

w -k + c w -k Reduced A 3 : w -k -c Reduced B 3 : w + c w w -c § Means: , § Variances:
, § 3 rd moments:

Ø Lottery A 3 has a more downside risk than lottery B 3 . Prudence as a Higher-Order Risk Attitude: Prudence as a Higher-Order Risk Attitude:

• The above definitions of risk increases as well as the illustrating binary lotteries are related to definitions of risk aversion and prudence as static risk preferences.

(I) Prudence as Downside Risk Aversion: § Aversion to mean-preserving spreads is equivalent to all agents being risk averse (u'' < 0) (Rothschild-Stiglitz 1970). § Aversion to increases in downside risk ("downside risk aversion") is equivalent to all agents being prudent (u''' > 0) (Menezes-Geiss-Tressler 1980).

(II) Prudence as 3 rd -Order Risk Apportionment (Eeckhoudt-Schlesinger 2006): § Preference for the disaggregation of harms within binary lotteries § Preference for a particular location of a zero-mean risk between two binary lotteries can be shown to correspond to u''' > 0 under Expected Utility.

Prudence
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Prudence as a Higher-Order Risk Attitude: 3 rd -Order Risk Apportionment

Risk Apportionment Preferences (Eeckhoudt-Schlesinger 2006, 2012): General Remarks

• A combination of sure losses or (independent) zero-mean risks, if added to one branch of a binary 50-50 lottery, can be seen as "mutually aggravating".

Ø Risk apportionment is a preference for disaggregating harms (within binary 50-50 lotteries). § Example: 2 nd -order risk apportionment

• Assume an agent has wealth w > 0 and prefers more to less wealth. Let k 1 > 0 and k 2 > 0 be positive constants. Moreover, all variables be defined so as to maintain strictly positive wealth.

A 2 : w -k 1 -k 2 B 2 : w -k 1 w w -k 2
Ø Where would a risk-averter prefer to locate -k 2 (i.e., which lottery preferred)? Why?

Answer: Lottery B 2 , because the sure losses are distributed between the two branches. Moreover, lottery A 2 is a mean-preserving spread of lottery B 2 .

Prudence
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Prudence as a Higher-Order Risk Attitude: 3 rd -Order Risk Apportionment (cont.)

Risk Apportionment Preferences (Eeckhoudt-Schlesinger 2006, 2012): General Remarks § Example: 3 rd -order risk apportionment

• Assume an agent has wealth w > 0 and prefers more to less wealth. Let k > 0 be positive constants and be a zero-mean random variable. Be wk -* > 0 for all realizations of .

Consider the following two binary lotteries, A 3 , B 3 , with equally probable branches:

A 3 : w -k + B 3 : w -k w w +
Ø Where would a prudent agent prefer to locate (i.e., which lottery preferred)? Why?

Answer: Lottery B 3 , because sure loss and zero-mean risk are distributed between the branches. Moreover, lottery A 3 has more downside risk over lottery B 3 .

Prudence
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Prudence as a Higher-Order Risk Attitude: 3 rd -Order Risk Apportionment (cont.)

How Does Risk Apportionment Relate to Expected Utility?

• Consider the utility premium of a risk (Friedman-Savage 1948):

Ø The utility premium measures the "pain", in terms of utility, involved in adding a risk. § For a risk averter, utility concavity (u'' < 0) and Jensen's inequality imply:

Definition:

The utility premium UP(.) of a zero-mean risk is the difference between the expected utility of initial wealth w plus this risk and the utility of initial wealth w: .

Prudence as a Higher-Order Risk Attitude: 3 rd -Order Risk Apportionment (cont.) 

Risk Apportionment Preferences and Expected Utility

Conclusion:

Prudence, as associated with convex marginal utility (u''' > 0), can be defined § behaviorally, in consumption-saving model: if, at any wealth level w, adding an uninsurable zero-mean risk Z (with EZ = 0) to his or her wealth raises the agents optimal saving.

In static contexts: § as 3 rd -order risk apportionment: between two 50-50 lotteries the one where the sure loss k > 0 and the zero-mean risk are disaggregated between the branches is preferred (B 3 over A 3 ) You should..

A 3 : w -k + B 3 : w -k w w - §
• know the basic definitions,

• be able to explain what the coefficients of risk aversion and prudence measure,

• master the exercises.

Literature

Université Holt-Laury (2002): Methodological Approach

• Each subject has to indicate in each line of a list of 10 pairs of lotteries A and B ("multiple-price list", MPL) which of the two lotteries is preferred.

• The means and variances of both lotteries increase along the list: ! Starting with E(A) > E(B), E(B) increases more strongly than E(A).

! Consistently, Var(B) " Var (A) (so that option A is always the "safe choice").

Ø Risk neutral individuals should choose only according to the expected payoff level, and thus start with A and choose B as soon as E(B) > E(A), here from line 5 on.

Holt-Laury (2002): Methodological Approach (cont.)

• Treatments: § The treatments involve either hypothetical choices, or incentivized choices (with real payoffs).

If incentivized, at the end of the experiment one row is picked at random and paid out in full. § The levels of the lotteries are varied across treatments by multiplying the baseline payoffs by factors of 20, 50, and 90.

• Sample: § The experiment was conducted with 212 undergraduate students, MBA students and business school faculty at three universities in the U.S. states of Georgia and Florida. -In all treatments, the subjects make more 'safe' choices than risk neutrality requires and, thus, exhibit risk aversion.

Holt

-In incentivized treatments, the subjects make significantly more safe choices than in ones with hypothetical payoffs (à incentive effects).

-The number of safe choices increases monotonically with stakes levels, all of these effects are statistically significant (à stakes effects).

-The results are qualitatively independent of whether subjects who switched back from a B choice to an A choice are included or not (they are here).

Holt-Laury (2002), Results: Shapes of Absolute and Relative Risk Aversion (cont.)

Absolute Risk Aversion:

-Consider the hypothesis of Constant Absolute Risk Aversion (CARA):

with , , so that : .

-Under low payoffs, an absolute risk-aversion coefficient of # = 0.2 predicts 5 safe choices.

Ø This prediction is approximately correct for the low real-payoff treatment.

-For payoffs scaled by 20, an absolute risk-aversion coefficient of # = 0.2 predicts 9 safe choices.

Ø This prediction is much higher than the observed average of 6.0 safe choices in this treatment.

à CARA is to be rejected in favor of Decreasing Absolute Risk Aversion (DARA).

Measurement of Risk Preferences
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Holt-Laury (2002), Results: Shapes of Absolute and Relative Risk Aversion (cont.)

Relative Risk Aversion:

-Consider the hypothesis of Constant Relative Risk Aversion (CRRA):

for , where: .

-Moreover, Holt and Laury introduce some 'noise' (e.g., capturing decision-making errors or unmodeled heterogeneity) making the decision line smoother.

Ø For a coefficient of relative risk aversion of , the predicted decision line matches approximately the line of the low real-payoff treatment.

Ø For payoffs scaled by 20 and , relative risk aversion is clearly higher than predicted.

à CRRA is to be rejected in favor of Increasing Relative Risk Aversion (IRRA).

Measurement of Risk Preferences
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Holt-Laury (2002), Results: Shapes of Absolute and Relative Risk Aversion (cont.)

• Having rejected both exponential utility (CARA) and power utility (CRRA) for this sample, which functional form can represent varying shapes of both absolute and relative risk aversion?

Ø Expo-power utility (Saha 1993):

with # > 0, $ " 0, and: , . § Risk aversion coefficients: , § Captures a wide array of shapes of absolute and relative risk aversion: § CARA for $ = 0, DARA for $ > 0; CRRA as , IRRA (DRRA) for $ < (>) 1; risk neutrality for $ = 0 and combined.

• Holt-Laury estimates: $ = 0.269 (std. dev.: 0.017), # = 0.029 (std. dev.: 0.0025). Elicitation of Risk Aversion (in BJKS'97):

Measurement of Risk Preferences

• For risk aversion, the study involves hypothetical 2-stage gambles over lifetime income:

1) Subjects are asked whether they are willing to accept a 50-50 gamble of doubling lifetime income, as opposed to having it fall by 1/3.

2) In case of acceptance, they are confronted with the same gamble only that the probability to have it fall is increased to 1/2; in case of rejection, it is decreased to 1/5.

• Supposing expected-utility maximization, the general consistency condition for acceptance is:

for .

1. Alternative Ways to Preference Elicitation: Studies Using Survey Data (cont.)

• Arrondel-Calvo-Pardo, as BJKS'97 in their framing, suggest that the hypothetical question refers to the current income, instead of the permanent per-period income, thus, consumption.

Ø Answers may be subject to a status-quo bias, according to which the status quo is preferred to any change, leading to an overstatement of risk aversion.

• For data evaluation, BJKS'97 assume expected utility specified using power utility, with bounds on the CRRA parameter as:

(b: the column reports the mean if the true value is between the lower and upper bounds. -Source: BJKS'97, p. 241) I.

II.

III.

IV.

1. Alternative Ways to Preference Elicitation: Studies Using Survey Data (cont.)

Results I: Risk Aversion

Ø The coefficient of risk tolerance is the inverse of the coefficient of absolute risk aversion, thus, the mean CARA parameter is:

Ø The responses display an important heterogeneity across subjects.

• Further results concern regressions on demographic or behavioral variables, major finding:

Ø The measured risk aversion is negatively related to risky behaviors, including smoking, drinking, failing to have insurance, and holding stocks rather than Treasury bills.

1. Alternative Ways to Preference Elicitation: Studies Using Survey Data (cont.)

Elicitation of Time Preferences (in BJKS'97):

• Regarding consumption-smoothing preferences, subjects are asked for their preference among different slopes of consumption paths before and after retirement.

• The interviewer gives, first, the following introduction:

(Source: BJKS'97, p. 576)

1. Alternative Ways to Preference Elicitation: Studies Using Survey Data (cont.)

The interviewer, then, hands over a card with spending plans (cf. next slide) and explains:

(Source: BJKS'97, p. 576) Ø The consumption growth rate is -EIS & %, thus pointing to a negative utility discount rate.

• Estimated risk tolerance and the elasticity of intertemporal substitution are essentially uncorrelated across individuals.

1. Alternative Ways to Preference Elicitation: Studies Using Survey Data (cont.)

• Summary of some strengths and weaknesses of BJKS'97: § Survey refers to a representative population sample, at least for 1 age decade (51-61). § Study analyzes risk and time preferences, and includes various further self-reported data. § The questions are hypothetical (i.e., not incentivized) and may even ask for answers from a counterfactual point of view (à hypothetical bias). § Reference to current job/income may induce status-quo bias. § In general, one data point is collected per subject and, eventually, preference dimension, so that statistical evaluation only at sample or subsample level, not at individual level. § For data evaluation, expected utility and very specific behavioral models are assumed. 2. Experiments on Higher-Order Risk Attitudes (cont.)

Experiments on Higher-Order Risk Attitudes

• Noussair et al. ( 2015) use a lottery-choice experiment to elicit the higher-order risk attitudes of prudence and temperance from a representative population and a student sample.

Ø Temperance corresponds to 4 th -order risk aversion (u'''' < 0) and to 4 th -order risk apportionment, defined as preference to disaggregrate two independent zero-mean risks.

• Instrument:

-Main study uses a representative sample of 3457 subjects of Dutch adult population in LISS panel at Tilburg University in 2010. (LISS members complete an internet survey every month on various variables, including financial, and receive a flat payment four times a year.)

-The experiment was also conducted with 109 undergraduate students from Tilburg University.

-Similar to other studies on higher-order risk attitudes (apart from Tarazona-Gomez 2007), the tasks refer to the risk-apportionment lotteries of Eeckhoudt and Schlesinger (2006): 17 choices among 50-50 lotteries -5 for each of risk aversion, prudence, and temperance, and 2 testing conditions on relative risk aversion and relative prudence, respectively, under expected utility.

The subjects were presented with one choice at a time.

2. Experiments on Higher-Order Risk Attitudes (cont.)

• Graphical representation of 4 th -order risk apportionment (= temperance) lotteries:

• Base lottery: [€90_€90] • Additional lotteries: = [€50_-€50], = [€30_-€30]
2. Experiments on Higher-Order Risk Attitudes (cont.)

-Each subject participated in one treatment of four treatments: § "Real": each individual has a 1 in 10 chance of being randomly selected for payment of one of 17 decisions (randomly chosen), expected payoff about €70, ranging between €10 and €150. § "Real-lowvar": same as Real, only that risk z 1 is reduced to 1/10 th , same background risk z 2 . § "Hypo": same as Real, but not payments (as made clear to participants at beginning). § "Hypo-highpay": same as Hypo, but payoffs scaled up by factor of 150. 2. Experiments on Higher-Order Risk Attitudes (cont.)

• Data evaluation: § 1) summary statistics of choices according to attitudes, 2) a parametric analysis using power utility and expo-power utility (without referring to an explicit optimization model). § The data analysis is complemented by regressions on the importance of various individual demographic and financial correlates for the estimates.

• Results of parametric analysis: 2. Experiments on Higher-Order Risk Attitudes (cont.)

• Some strengths and weaknesses of Noussair et al. ( 2014): § First experimental study on higher-order risk attitudes that refers, in addition to a student sample, to representative population sample. § The tasks only involve static lottery choices, whose external validity is not immediate. § Financial background variables (wealth/income) are taken into account only as correlates, not in quantitative estimates.

Experiments Combining Risk and Time Dimensions: Overview

• Risky behaviors become important in temporal settings (e.g., saving, investment, insurance).

• In temporal contexts, in addition to risk attitudes time preferences come into play.

Ø Time preferences include utility discount rate and consumption-smoothing preference.

• Studies shown thus far do not include time in terms of actual duration.

• Utility discount rates (DR), if elicited on their own, seem to take arbitrary values: § Large survey (Frederick et al., 2002) indicates as 'average over averages' from 9 studies with incentivized choice over money an annual DR of 6276.62%. § Coller-Williams (1999) find a median annual DR of 15%-17.5% for 177 US students, based on a 2-month horizon with stakes in $500-$600 range. § Harrison et al. ( 2002) find an average annual DR of 28.1% for a representative sample of 268 adult Danes, horizons of 6, 12, 24, and 36 months, stakes in $450-$1,840 range.

• The latter two studies assume risk neutrality for their results.

• Additional difficulty: the univariate, additive utility model does not allow to disentangle risk aversion and consumption-smoothing preferences (cf. Lectures 2&5). • The risk tasks correspond to Holt-Laury, the discounting tasks to Harrison et al. (1999) who use a Multiple-Price List design (similar to Holt-Laury).

Experiments Combining

• The separation of risk and discounting tasks is motivated by claim that short-run temptation and long-run optimization are operative, respectively, in the responses to the two tasks.

• Estimations are at sample level (although individual level would be possible).

• Level of (daily) background consumption is taken into account.

• Utility is operationalized using power utility, so that CRRA parameter $ captures risk aversion. à CRRA parameter $ and utility discount rate % are to be estimated.

Experiments Combining Risk and Time Dimensions:

Joint Elicitation of Risk Aversion and Utility Discount Rate (Andersen et al. 2008) (cont.)

• Apects related to dated choices: § Indifference condition for dated choices:

where u(.) is time-t utility, is (daily) background consumption, % is the utility discount rate, is the (certain) monetary outcome at time t, ' is the horizon for the later outcome, are the periods of time over which is integrated with (similarly ). § Payment credibility: future payments are automatic in a form like a dated postcheck. § A "front-end delay" of one month (all payments are retarded by 1 month) in discounting tasks a potential extra risk or transaction costs associated with future outcome. § As verified in a financial questionnaire, subjects have no access to perfect capital markets.

Experiments Combining Risk and Time Dimensions:

Joint Elicitation of Risk Aversion and Utility Discount Rate (Andersen et al. 2008) (cont.)

• Specification of design parameters for baseline estimates: What is To Be Retained?

You should be able to...

-Decribe the method for elicitation of risk aversion by Holt-Laury ( 2002).

-Explain the incentive and stakes effects as shown by Holt-Laury ( 2002).

-Explain (some) caveats on the Holt-Laury estimates (non-contextualized, etc..).

-Describe typical advantages and disadvantages of survey studies (such as, for the latter, hypothetical bias, status-quo bias), and possible ways to overcome them.

Overview
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Motivation:

• Expected Utility is based on a number of axioms. Some of these axioms have been found restrictive in static and dynamic choice contexts.

• In dynamic models under risk, Expected Utility (EU) does not allow to distinguish between risk preferences and intertemporal preferences (cf. Lecture 2). à Cf. Lecture 5 for a solution.

• Subjects often react when a lottery is added before a given lottery, even if, after reduction of the compound lottery, they are confronted with the same as the initial one ("Allais Paradox").

• Subjects may not only be averse to risk but, independently, also to ambiguity/uncertainty ("Ellsberg Paradox").

• Other utility specifications have been found particularly more accurate than EU for certain subjects in certain choice contexts (Prospect Theory).

Overview
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Lecture 4:

• Expected Utility (EU): Axiomatic basis (Expected Utility theorem, cf. Lecture 1) 

Expected Utility: Hypothesis and Theorem

From Lecture 1:

• For a risky prospect Z and a utility function u, the expected utility Eu is for a discrete random variable: , and a continuous random variable: .

Ø Under 'certain conditions' (utility axioms) -to be studied now!

Expected Utility Hypothesis:

Individuals evaluate risky prospects such as to maximize the expected level of their utility.

Expected Utility Theorem (von Neumann-Morgenstern 1944): Under certain conditions, for any two prospects Z 1 , Z 2 with the same support there exists a utility function u representing an individual's risk attitude such that the statement

"Z 1 is preferred to Z 2 "!!!is!!equivalent!!to!!!!Eu(Z 1 )!"!Eu(Z 2 ). ) ( 1 i n i i p z u × å = ò × dt (t) f u(t) Z EU: Criticisms, Extensions, Alternatives Université de Rennes 1
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Expected Utility: Basic Axioms (Gollier 2001: chapter 1)

Standard Axioms of Theory of Consumer Choice under Certainty:

• The decision maker has a rational preference relation ! over the set of lotteries ", that is: § A1: Completeness. For any pair ( , ) of lotteries in ", either ! ( "is!preferred!to"! )

or ! or both (hence:

). § A2: Transitivity. If ! and ! , then ! .

• Continuity, then, implies functional " to exist, with ! : § A3: Continuity. The preference relation ! over lottery set " is such that for all " such that ! ! , there exists a scalar such that .

Ø The preference functional U assigns a numerical value to each lottery, ranking the lotteries according!to!the!individual's!preferences !. Ø U is ordinal, that is, it is invariant to any increasing transformation: take any increasing function , then the functional represents the same preferences !. # Suppose contemplating to go dining downtown either in Restaurant A or B, preferring A.

# Now you learn that your car, with some probability, it will break down on the way downtown.

Ø Is your preference between the Restaurants A and B affected by the fact that your choice is no longer definite, but is conditional on you not having to spend a few hours repairing your car?

Ø If you believe there is no reason to switch your choice, your preferences satisfy the Independence Axiom.

Ø If h f h l i h h d i f h
Axiom 4: Independence

The preference relation ! on the space of simple lotteries " is such that for all " and for all : ! ! .

Expected Utility: Proof of EU Theorem (Gollier 2001: chapter 1)

Ø The independence axiom implies that the preference functional U must be linear in the probabilities of the possible outcomes.

Proof:

• It is sufficient to show that for any compound lottery with , it holds that: .

Ø Consider the worst and best lottery in ", and , so that for any " : ! !# .

Ø • Consider a game that requires choosing between lotteries and (like Restaurant example). Suppose , so that: .

• Consider a modified game with lotteries and , where , i=1,2, is a compound lottery yielding with probability p and a sure outcome a with probability (1-p). Given your preference , what would you select between and ?

Ø Note: assuming Expected Utility, it must be true that:

(*)

Ø Due to (*), if , it must be true that (Independence Axiom!).

Criticism 1: Allais Paradox and Non-Linearity in Probabilities (EGS'05:!chapter 13) (cont.)

• Allais (1953) challenged the Independence Axiom with an experiment:

Ø An urn contains 100 balls, numbered from 0 to 99. There are four lotteries whose monetary outcomes depend in different ways on the number of the ball taken out.

Ø The decision-maker makes two decisions, between and and between and : § Many participants report they prefer over , but over .

Ø Given the independence axiom, the equal third alternative in each lottery pair (for the balls with numbers 11-99) should not matter for the preference between the two lotteries. , where the index i of outcome describes its rank among the outcomes.

Introducing the rank-dependent EU (RDEU) model in 4 steps:

1) An extremely risk-averse agent maximizes utility by focusing on the worst outcome :

Ø Such preferences are also called maximin utility.

2) A less extreme agent would consider the possibility that with probability the worst outcome will at least be equal to :

where is a probability-weighting function with , , and for , expressing some (but not extreme) pessimism. (For for , 1) $ 2).)

Extension 1: Rank-Dependent Expected Utility (EGS'05:!chapter 13) (cont.)

• Quiggin's (1982) rank-dependent EU model:

3) Relaxing extreme risk aversion still one step further, the agent could take account of the next utility increment which is obtained if states 0 and 1 do not occur:

4) The rank-dependent EU model arises by repeating to the remaining utility increments:

Ø Preferences!are!called!"rank-dependent"!because,!in!general,!any!change!in!the!outcome! ranking affects the functional.

Ø The only case in which there is no effect on the functional is when f is the identity, so that:

, which is the EU case.

Ø Thus, RDEU violates, in general, the Independence Axiom.

EU: Criticisms, Extensions, Alternatives , where .

Ø Contrary to the EU case (where f is the identity), the two final conditions above are, in general, compatible under RDEU (as ).
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Criticism 2: Ellsberg Paradox and Ambiguity Aversion (EGS'05:!chapter 13)

• The linearity of the EU functional in probabilities implies that EU maximizers are neutral regarding uncertainty about the state probabilities.

Ø Let be the set of possible outcomes with probabilities .

• Consider some hidden information that would affect probability vector and, thus, change the agent's!beliefs about the distribution of outcomes.

Ø Formally: Consider M possible signals , where m, when observed, induces the probability distribution .

Ø For the probability of receiving signal m, the situation with some uncertainty about the true distribution of outcomes is described by the probability vector of the compound lottery:

Ø The situation with uncertainty about the true probabilities, where the agent must select the preferred lottery before the signal m is received, is called "ambiguous". § Examples: reducing greenhouse gas emissions, new genetically modified food, new drugs EU: Criticisms, Extensions, Alternatives Université de Rennes 1 Economie de l'incertain et de l'information 18

Criticism 2: Ellsberg Paradox and Ambiguity Aversion (EGS'05:!chapter 13) (cont.)

• An EU!maximizer's!welfare evaluation of the compound lottery with is:

where is the prior probability of state s.

Ø EU agents should be indifferent between compound lotteries with the same prior distribution.

Ø Because of the linearity of the EU functional in probabilities, uncertainty about probabilities (thus, ambiguity) has no effect on welfare.

EU: Criticisms, Extensions, Alternatives # Consider an urn with 90 balls. 30 of them are red, the other 60 are either black or white.

# The proportion of black or white balls is not announced; however, it is known that the number of black balls, , is taken from a uniform distribution: .

# Twice a ball is taken from the same urn. Prizes are awarded according to the ball's!color (cf. table). First, subjects have to decide between and , then between and .

Lottery Red

Black white

$50 $0 $0 $0 $50 $0 $50 $0 $50 $0 $50 $50
Criticism 2: Ellsberg Paradox and Ambiguity Aversion (EGS'05:!chapter 13) (cont.)

Ellberg's (1961) results:

# Choice 1: Subjects often prefer over .

Ø Not compatible with EU, since and have the same prior distribution .

Ø Under EU, could only be explained if in is assumed.

# Choice 2: Many of those with also prefer over .

Ø This choice occurs despite and having the same prior distribution .

Ø is inconsistent with if assumed for . Compute!the!decision!maker's!EU!for!each!possible!posterior!probability!distribution! .

The!decision!maker's!utility!is!measured!by!the!minimum of these various EU valuations:

(MEU)

Ø MEU exhibits a strong pessimism, as the agents believe that nature will always select the worst possible outcome in response to their decision.

Ø Under MEU, agents need not know the distribution of the hidden information .

Consider!Ellsberg's!lottery!comparisons!under!MEU:

Ø It is: , whereas , so that .

Ø Similarly, , because: .

Alternatives: Prospect Theory and Loss Aversion (EGS'05:!chapter 13)

• Prospect Theory (PT) of Kahneman and Tversky (1979) starts from three observations, which are generally not explained by EU:

(1) Expressed risk preferences may vary depending on the reference point referred to in the individual valuation (reference-point dependence).

(2) Small-probability events are subjectively overweighted compared to more average outcomes (subjective probability weighting).

(3) Gains and losses are perceived differently.

• A!key!element!for!this!representation!of!preferences!is!a!utility!function!(called!"value! function"!in!PT)!that!has!a!discontinuity!in!marginal!utility!at!some!wealth!level!W:
Ø If , this function is globally concave in wealth w.

Ø According to Kahneman-Tversky, a is about twice as large as b.

Alternatives: Prospect Theory and Loss Aversion (EGS'05:!chapter 13) (cont.)

• Example of a value function in Prospect Theory:

(source:!EGS'05,!p.!224)
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Alternatives: Prospect Theory and Loss Aversion (EGS'05:!chapter 13) (cont.)

• Implications of the kinked utility function: § Example 1: Suppose you find out you have won €10,000. The money is on its way to you (in cash), but there is a 50% chance it will get lost on the way. How do you perceive this lottery:

# As having €10,000 and a 50% chance of losing it, or as a 50% of gaining €10,000? § Example 2: Imagine you wonder about some insurance to cover a €1,000 loss that may occur with a 1% probability. The insurance premium is €15. To study this decision under PT, first the reference point has to be set, e.g.: current wealth, or the worst case (losing €1,000).

# If current wealth, the premium €15 is to be paid, so that PT-utility is: v(-15) # If the worst case, the lottery with outcomes €0 (99%) and -€1,000 (1%) is to be played so that PT-utility:

Ø The perception of a situation as involving a potential gain or loss influences behavior under PT. Thus, the framing of a problem occurs as a crucial determinant of behavior (framing effects).

Alternatives: Prospect Theory and Loss Aversion (EGS'05:!chapter 13) (cont.)

• Implications of the kinked utility function:

Ø Kahneman-Tversky's result that implies, e.g., that a €1 loss has about the same (absolute) effect on utility as a €2 gain. This different perception expresses loss aversion.

Ø Kahneman and Tversky, moreover, find often risk aversion over gains, but risk love over losses.

• Remark: in later work, Tversky and Kahneman (1992) have adopted in their original 1979 Prospect Theory the probability-weighting function as in Quiggin's (1982) rank-dependent EU Their extended model is called Cumulative Prospect Theory (CPT).

Alternatives: Prospect Theory and Loss Aversion (EGS'05:!chapter 13) (cont.)

• Implications of the kinked utility function: § Illustration: Risk aversion over gains, risk love over losses:

(source: Wikipedia) 

Concluding Considerations

• EU is a corner stone of modern risk economics. It allows to understand and verify the intuition underlying many economic situations.

• The EU model has not been found descriptively accurate on different grounds, so that extensions or alternatives have been developed.

• The extended or alternative models are more complex, so that they have not yet been so widely analyzed and applied as EU. (Note that tractable versions of recursive utility are meanwhile standard in macroeconomics.)

• Mixture models can test the accuracy of different preference structures. Studies show that a significant portion of subjects do follow the EU model in the considered contexts.
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What is To Be Retained?

You should be able to... Ø Thus, from FOC : optimal saving .

Ø Interpretation of FOC:

• In equilibrium, the marginal utility from foregoing consumption today has to equal the discounted expected marginal utility from consuming instead in period 1.

• Intrapersonal 'saving market': the left-hand side represents the supply of saving, and the right-hand side the demand for saving.

• Utility concavity sufficient for interior solution! Recall:

) r) (1 s Y ( ) ( ) ( max 0 1 0 0 0 s 0 + + × + - = Eu s y u s V b ) r) (1 s Y ( ' ) 1 ( ) ( ' 0 1 0 0 + + × + × = - Eu
• Decision to observe: saving choice in the face of income risk

• Two phases, separated by a time delay of, e.g., a month:

Phase 1:

Ø Subjects are presented with a list of scenarios of endowment income and a future lottery over period-1 endowment income .

Ø Subjects choose how much to save ( ) in each scenario.

Ø One scenario is picked at random at the end of the session and is paid.

Phase 2:

Ø Subjects complete a set of surveys lasting about as long as Phase 1.

Ø Subjects resolve risk in their scenario for payment, and are paid .

Prudence ) r) (1 s Y ( ) ( ) ( max 0 1 0 0 0 s 0 + + × + - = Eu s y u s V b
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Related Experimental Design (Bostian and Heinzel 2011) (cont.):

• Decision table for example tasks involving income lotteries:

• The saving choices are complemented by a Consumer Expenditure Survey which asks each participant for background consumption and wealth levels.

Prudence

Université de Rennes 1 Economie de l'incertain et de l'information 10

Related Experimental Design (Bostian and Heinzel 2011) (cont.):

• For the estimation, utility is specified using a function that can disentangle preferences in risk and time dimensions. It is operationalized in both dimensions using expo-power utility.

• The model is extended to include field incentives (especially: income, interest rate, risk).

• The two sets of expo-power parameters , , for the risk and time dimensions, as well as the utility discount rate are to be estimated at the individual level. s 0 is saving in period 0 , is the utility discount factor y 0 is the income in period 0, is the income in period 1 r is the interest rate (from period 0 to period 1) on the efficient credit market ! ! is the certainty-equivalent consumption in period 1

• Disentangling of risk and time preferences:

Ø ! carries the agent's risk preferences.

Ø u carries the agent's intertemporal preferences (consumption smoothing).

Ø captures utility discounting. ( and u together capture "time preferences"")

Prudence
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Disentangling Risk and Time Preferences: Intra-Personal Saving Market

First-Order Condition (FOC):

Ø Interpretation of FOC:

• In equilibrium, the marginal utility from foregoing consumption today has to equal the discounted expected marginal utility from consuming instead in period 1, where is the "risk-preference adjusted return to saving."

• Intrapersonal 'saving market': the left-hand side represents the supply of saving, and the right-hand side the demand for saving.

• The conditions for an interior solution for are stronger than under Expected Utility.

Prudence
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Disentangling Risk and Time Preferences: Prudence Coefficients (Kimball and Weil 2009)

• Under recursive utility, the coefficients of absolute and relative prudence are, respectively:

where coefficient of relative resistance to intertemporal subsitution Ø These coefficients depend on measures of both risk and intertemporal preferences.

Ø Interpretation: Positive coefficients are sufficient for a positive precautionary premium.

Ø A globally necessary and sufficient condition for prudence here is that ! exhibits decreasing absolute risk aversion (DARA). A globally sufficient condition is that !# is convex and v is more concave than !.

Prudence
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Basic Model with Field and Experimental Incentives (Bostian and Heinzel 2014):

such that:

and § The variables in the initial model are superscripted with f for "field" (e.g., ). § Experimental incomes and interest rates are superscripted with e for "experiment" (e.g., ). § The certainty equivalent of future consumption involves now both experimental and field expectations, ! ! . § Experimental saving is restricted to , so that agents cannot lose money by participating. Field saving is only restricted by the budget constraints. § Any risk in the experiment is considered orthogonal to the field risk.

Ø This approach provides a structural model of the impact of field variables on choices in the experiment.

Prudence
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Saving Predictions with Constant Risk (Bostian and Heinzel 2014):

• The comparative statics of the saving decision in the experimental incentives , , and and field incentives can be derived using the Implicit Function Theorem.

Ø Define the set of experimental and field incentives as , , , and function as under scenario .

Ø The change in optimal saving due to the change of a scenario element can then be seen from the Implicit Function Theorem (evaluated at ):

Saving Predictions with Constant Risk (Bostian and Heinzel 2014) (cont.):

The comparative statics of the saving decision in experimental incentives , , and :

Ø The results are as under Expected Utility (Gollier 2001), but now depend on both v and !.

The comparative statics of the saving decision in field incentives :

Proposition 1:

• is positive, negative.

• depends on the strength of an income effect relative to a substitution effect. Corollary 1:

Saving increases in response to an increase in income risk in the sense of

• a mean-preserving spread (MPS), iff .

• a downside-risk increase (IDR), iff .

Preference Effects: Recursive Utility Versus EU (cont.) Ø EU intrapersonal supply-and-demand preference shifts closely resemble shifts in v, not in .

Simulation Analysis
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Preference Effects: Recursive Utility Versus EU (cont.)

Summary:

Comparative statics in preferences parameters under recursive utility:

• Varying the risk-attitude parameters or generates little variation in saving demand.

• Varying the parameters or , carrying consumption-smoothing preferences, generates large variations in saving demand and supply, but little net result.

• In addition: varying the utility discount factor $ generates little variation in saving.

Ø Most of saving variation (in response to changes in exogenous incentives) will be carried by consumption-smoothing preferences.

Comparison with EU:

• EU intrapersonal supply-and-demand preference shifts closely resemble shifts in consumptionsmoothing preference v, not in risk attitude , under recursive utility.

Ø In intertemporal decisions, EU represents mostly consumption smoothing, not risk aversion.

Simulation Analysis
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Conditions for Corner Choices: Discussion

Summary:

• Choices at a boundary (saving rates of 100% or 0%) may prevail for various reasons: § Experimental income is too high relative to field income (upper corner). § Experimental return is too high (upper corner) or zero (lower corner). § The utility discount factor is low (lower corner). § For subjects with high incomes, experimental payments are not salient (upper corner).

Ø The only way to avoid this is to tailor the experimental incentives to given field incentives.

Two-Period Consumption/Saving Model under Risk Revisited
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What is To Be Retained?

You should be able to...

-Explain the theoretically predicted effects of a variation of the experimental incentives on optimal saving (signs & intuition).

-Give the basic conditions for saving increases in response to MPS and IDR of future income.

-Describe the insight from the simulated preference effects for the interpretation of EU in intertemporal decisions of this kind.

-Describe the sizes of the predicted saving responses to MPS or IDR in the simulations.

-Explain different reasons that may lead to corner choices in a related saving experiment according to the simulations.

From Lecture 2:

% Prove that prudence is necessary and sufficient for saving to increase when a zero-mean risk is added to future income.

Discounting a Risky Future Université de Rennes 1 Economie de l'incertain et de l'information 2

Motivation:

• Any project with intertemporal payoffs requires a relative weighting of costs in the present and (expected) net benefits in the future.

Ø Companies need to do such calculations when deciding about the construction of a new production plant, or introducing a new technology or a new product.

Ø Every government needs some measure of the social discount rate, e.g., to determine the (net) present value of public investments in infrastructure or the education system, decide a about public debt, funding of the pension system, environmental policies, or support for energy technologies.

Ø The social discount rate is, in particular, crucial to determine the present value of future social costs associated with anthropogenic climate change, nuclear power, or biodiversity loss.

• The social discount rate reflects society's risk and time preferences and (the evolution of) an economy's production capacities.

Overview
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Lecture 6:

• Definition of Time Preferences (starting from 2-period consumption-saving model)

• Concept of the Discount Rate & its Importance: § in project evaluation § for social discounting (e.g.: present value of future net benefits from climate change)

• Deriving the Standard Formula for Social Discounting (under Certainty): the Ramsey Formula Ø Impatience effect and wealth effect Lecture 7:

• Extended Ramsey Formula (in Case of Risk on Future Consumption Growth): Ø Precautionary effect where u is instantaneous utility in period t = 0, 1 y 0 is the income in period 0, Y 1 is the risky income in period 1 s 0 is saving in period 0, E is the expectation operator ! is the utility discount factor r is the interest rate (from period 0 to period 1) on the efficient credit market Consumption-smoothing preference:

Ø determined by curvature of u (which under Expected Utility also determines risk preference), Ø (commonly) measured at elasticity of intertemporal substitution (alternatively, it is measured at its inverse, the relative resistance to intertemporal substitution).

) r) (1 s ( ) ( ) ( max 0 1 0 0 0 s 0 + + × + - = Y u E s y u s V b
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Definition of Time Preferences:

Ø Utility discount rate " and utility discount factor are related as follows:

Ø An agent's consumption-smoothing preference is determined by the curvature of the agent's utility function. Extension: Objective Function of Multi-Period Consumption-Saving Model

• Case of 3 periods:

• Case of an infinite number of periods, where :

Discrete time:

Continuous time:

where u is the instantaneous utility function, and " is the utility discount rate.

[ ]

) ( ) ( ) ( ) ( ) ( ) ( ) C , C , c ( 2 0 2 1 0 0 2 0 1 0 0 2 1 0 C u E C u E c u C u E C u E c u EU × + × + = × + × + = b b b b å ¥ = × = + + + + + = 0 0 0 2 0 2 1 0 0 ) ( ) ( ) ( ) ( ) ( ) C ( t t t t t C u E C u E C u E C u E c u EU b b b b K K v , )) ( ( )) ( ( ) C ( 0 0 0 0 dt t C u E e dt t C u E EU t t ò ò ¥ × - ¥ × = × = d b
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Conceptual Remarks I: Discounting

• Exemplary application: project valuation

• Future value versus present value: § Let x 0 be some amount in the present, and r the interest rate.

Then, the future value x 1 of x 0 is: § Let x 1 be some amount in the future, and " be the discount rate, ! the discount factor.

Then, the present value x 0 of x 1 is:

• Obviously, interest rate r and discount rate " can, but need not, be the same.

( )

1 0 1 x r x º + × 1 1 0 1 1 x x x × = × + º b d
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Importance of Discounting I: Project Valuation

• A firm wonders about investing some amount x 0 to construct a new production plant. The project has a fixed (net) return r in every period, and an economic lifetime of T periods. Its discount rate is ". -How to make this decision?

• Consider the Net Present Value (NPV) of the project:

Ø NPV ! 0 is a necessary criterion for investment in the project.

• Given NPV # 0, what is necessary and sufficient? § Imagine there is one alternative option: to invest x 0 on financial markets at a fixed return i.

Ø Assume that:

Ø Necessary and sufficient for investment in the real project is that, in addition, r ! i.

• Note: "Utility" discount rate "? -Implicit assumption that firm 'utility function' is the identity! Discounting a Risky Future Université de Rennes 1 Economie de l'incertain et de l'information 10

Importance of Discounting II: Discounting the Net Benefits of Climate Change

• CO 2 , like other Greenhouse Gases (GHG), is a stock pollutant. CO 2 stays in the atmosphere for about 3 decades. The effects of GHG ("climate change") tend to cumulate over time.

• Consider society's welfare W (the "social welfare function") in a 2-period world:

FOC:

Ø Climate change threatens to reduce the future income y 1 and thus consumption c 1 .

Ø Investment "s 0 " in some preventive project (e.g., "climate policy") could reduce future climate change.

Ø How to determine the present value of future net benefits from climate change, viz., the "social costs of carbon" (SCC)? How to discount the net benefits from climate change?

Discounting a Risky Future Université de Rennes 1 Economie de l'incertain et de l'information 11

Importance of Discounting II: Discounting the Net Benefits of Climate Change (cont.)

• To see the impact of the time horizon and the discount rate on the present value PV 0 of future net benefits, consider a project that yields a net benefit NB t = €1000 in t periods from now.

• Assume a constant discount rate d = 4%.

Ø If the net benefit occurs next year (i.e., in t = 1), its present value is:

Ø If the net benefit occurs in 5 years (i.e., in t = 5), its present value is:

Ø Consider, in addition, the present value of the same net benefit of €1000 occurring in 10, 20, 50, 100, 150 and 200 years from now. At what rate should future net benefits be discounted? § This questions applies similarly to the net benefits of future climate change impacts, to public investments, to the future external costs of nuclear power or biodiversity loss, etc.

Importance of

Ø It is a normative question (how "should" future net benefits be discounted?), and not a positive question (e.g., "What is the price of good x today?", "What will be the net benefits of climate change in period t?"). § In relation to a private investment project, the answer seems fairly easy: compare its return to that of alternative investment opportunities (however: is their return socially efficient? …). § For public projects, the question seems much more abstract: how to derive socially efficient rate to discount public investments, or: how to determine social discount rate?

Ø Basic framework to think about this question (linking the utility discount rate, consumptionsmoothing preferences, and alternative investment opportunities): Ramsey model.

Discounting a Risky Future
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Ramsey Model: Preliminary Remarks (Arrow et al., 2013, Gollier 2013) • The social discount rate should reflect the preferences of society as well as the evolution of the production capacities of an economy.

• Two approaches for discounting future social benefits are: § Consumption-based: place a lower value on the consumption of future generations, because they will be wealthier than the present (assumption: utility from an extra dollar of consumption declines as their level of consumption increases).

Ø Under this approach, the discount rate reflects the rate at which society is willing to trade future consumption for consumption today. § Investment-based: as long as the rate of return to investment is positive, investing less than a dollar today is enough to obtain a dollar of benefits in the future.

Ø Under this approach, the discount rate is the rate of return on investment.

• Ramsey approach: If there were no distortions (e.g., taxes) or inefficiencies in markets, the consumption rate of discount would equal the rate of return on investment.
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Ramsey Model: Deriving the Social Discount Rate (under Certainty)

• The Social Welfare Function W represents society's preferences for consumption.

• The economy has one productive sector generating the aggregate consumption-investment good f(k(t)) from the capital stock k(t), which evolves according to the equation of motion:

Ø Dynamic optimization of W given the equation of motion for k has exactly the same structure as a constrained optimization problem using the Lagrange method (cf. Chavas, Appendix B):

The objective function W is to be maximized with respect to consumption c and capital k under the equation of motion for k as constraint.
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Ramsey Model: Deriving the Social Discount Rate (under Certainty) (cont.)

subject to

• The function to be optimized reads, for $(t)) the shadow price of capital:

• First-order conditions (FOC):

• Differentiating the first FOC wrt. time t yields:

• Inserting the first FOC and its time derivative into the second FOC, divided by , yields:

Ramsey Model: Deriving the Social Discount Rate (under Certainty) (cont.)

Again:

Note: Ø In equilibrium, the (social) marginal productivity of capital f' is equal to the social rate of return for investments r :

Ø The consumption growth rate g is defined as:

Inserting in the last equation yields the Ramsey formula for the social discount rate:

Discounting a Risky Future Ramsey formula for the social discount rate:

• Interpretation: § The social rate of return for investments r(t) is the socially efficient rate to discount investments and, thus, the social discount rate. Its level depends on the utility discount rate and the product of relative resistance to intertemporal substitution (RRIS) and growth rate. § The utility discount rate, " # 0, represents the (positive) impatience effect:

Ø For " > 0, there is a preference for experiencing utility now over experiencing utility later. § The second term, , represents the wealth effect, which is positive for g > 0:

Ø Knowing that one will be wealthier in the future, consumption smoothing dictates that one gives more weight to consumption in the present than to future consumption.
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Ramsey Model: Quantification of the Social Discount Rate under Certainty

• Every government needs to have some specification for the social discount rate.

• Recently, economists have debated the social discount rate notably in view of climate change.

• Note: assuming power utility, determining the social discount rate boils down to specifying 3 parameters: the utility discount rate ", the RRIS coefficient %, and the growth rate g.

Numerical examples (cf. Gollier 2013: Introduction, chapter 2; pp. 34ff in preprint):

Ø Nordhaus ( 2008) suggests " = 1%, % = 2, g = 2%, so that: r(t) = 1% + 2 2% = 5%

Ø Stern (2007) suggests " = 0.1%, % = 1, g = 1.3%, so that: r(t) = 0.1% + 1.3% = 1.4% § Nordhaus' and Stern's suggestions are often seen as upper and lower bound in the debate.

Ø For France, the "Rapport Lebègue" (2005) suggests " = 0%, % = 2, g = 2%, and thus: r(t) = 0% + 2 2% = 4% for maturities until 30 years, and a 2% rate beyond 30 years.

Ø For the UK, the Green Book (2003) suggests " = 1.5%, % = 1, g = 2%, and thus: r(t) = 1.5% + 2% = 3.5% for maturities until 30 years, and 3% for 31-75 years, 2.5% for 76-125 years, 2% for 126-200 years, 1.5% for 201-300 years, and 1% beyond 300 years.

Discounting a Risky Future You should be able to...

-Be able to describe the Multiple-Price-List (MPL) design of Holt and Laury (2002).

-Know major results (e.g., regarding ARA, RRA) and understand and be able to explain the incentive and stakes effects in Holt and Laury (2002).

-Be able to explain (some) caveats on the Holt-Laury estimates (non-contextualized, relevance of stakes levels, importance of 'background' consumption/wealth, time-relatedness, etc.).

-Describe typical advantages and disadvantages of survey studies (such as, for the latter, hypothetical bias, status-quo bias), and possible ways to overcome them.

Overview
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Lecture 6:

• Definition of Time Preferences (starting from 2-period consumption-saving model)

• Concept of the Discount Rate & its Importance: § in project evaluation § for social discounting (e.g.: present value of future net benefits from climate change)

• Deriving the Standard Formula for Social Discounting (under Certainty): the Ramsey Formula Ø Impatience effect and wealth effect Lecture 7:

• Extended Ramsey Formula (in Case of Risk on Future Consumption Growth): Ø Precautionary effect Introduction:

• Every government needs some measure of the social discount rate to determine the present value of public investments.

• The social discount rate is also crucial to determine the present value of future social costs associated with anthropogenic climate change, nuclear power, biodiversity loss, etc. § France has adopted a rate r(t) = 4% (from: ! = 0%, " = 2, g = 2%, in the Ramsey formula) for maturities until 30 years, and a 2% rate beyond 30 years ("Rapport Lebègue," 2005). § For the UK, the Green Book (2003) suggests a rate r(t) = 3.5% (from: ! = 1.5%, " = 1, g = 2%, in the Ramsey formula) for maturities until 30 years, 3% for 31-75 years, 2.5% for 76-125 years, 2% for 126-200 years, 1.5% for 201-300 years, and 1% beyond 300 years.

Ø The Green Book motivates the lower rates for longer maturities with reference to higher uncertainty associated with more distant outcomes.

Ø Question today: (how) can this decline be systematically justified?
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Importance of Discounting III: Comparing Discounting Schemes Extended Ramsey Model: Social Discount Rate under Risky Future Consumption

• Caveat: in general, future consumption growth is not certain.

• An intuitive way to introduce the riskiness of future consumption in the Ramsey formula is to consider a risky growth rate G(t) and the implied precautionary equivalent growth rate G pe (t).

Ø Formally, the precautionary equivalent growth rate G pe (t) derives from:

Ø Following Kimball (1990), G pe (t) can be approximated as:

Ø Inserting in Ramsey formula, , yields extended Ramsey formula:
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Extended Ramsey Model: Social Discount Rate under Risky Future Consumption (cont.)

Ø The extended Ramsey formula: § Note: is the coefficient of relative prudence. § In addition to the impatience and wealth effects, a (negative) precautionary effect occurs. § This precautionary effect depends (taken absolutely: positively) on the growth-rate variance, the relative resistance to intertemporal substitution, and the coefficient of relative prudence.

• Numerical example (cf. Gollier (2013), p. 48ff.): § Note: assuming power utility, also the coefficient of relative prudence is determined as " + 1, so that, in addition to the case under certainty, only also the variance Var(G(t)) is to be specified.

Ø Kocherlakota (1996) estimates the standard deviation of per-capita consumption growth to be 3.6% per year (referring to U.S. annual data from 1889-1978).

Ø Combined with French data: r(t) = 0% + 2 2% -0.5 (3.6%) 2 2 3 $ 3.6% (< 4% under certainty)
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Term Structure of the Social Discount Rate: Definition § If the term structure is flat, the same discount rate is to be used independent of the horizon. § Under certain circumstances, the discount rate may vary with the time horizon.

In particular, for any given time horizon:

Ø A declining term structure implies a lower discount rate, and thus a higher discount factor, than a flat term structure (with the same starting level);

Ø An increasing term structure implies a higher discount rate, and thus a lower discount factor, than a flat term structure (with the same starting level).

• The shape of the term structure of the Social Discount Rate (e.g., in the extended Ramsey model) depends on society's preferences and the statistical properties of consumption growth.

Definition:

The term structure of a discount rate (or an interest rate) is the plot of its level against the time horizon.
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Term Structure of the Social Discount Rate: Illustration II Term Structure of the Social Discount Rate: Basic Model

• In order to study the impact of different statistical properties of consumption growth on the term structure of the social discount rate, consider an alternative formula for it deriving from the following indifference condition:

Ø At the optimum, the marginal utility of present consumption c 0 must equal the discounted expected marginal utility of future consumption C t expanded at the interest rate r.

Formally:

Ø This indifference condition can be solved for the equilibrium discount rate r(t):
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Term Structure of the Social Discount Rate: Basic Model (cont.)

• Consider this alternative (exact) formula for the social discount rate associated with horizon t:

Ø Note:

Ø For positive expected future growth, the expected marginal utility of C t , , will be smaller than the marginal utility of present consumption , so that: . Ø Hence, for expected positive future growth, the 2 nd term of r(t) will be positive.

Ø The 2 nd term of captures the wealth effect and the precautionary effect.

ï î ï í ì > > = = < < < 1 for 0 1 for 0 1 x 0 for 0 ) ln( x x x
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Term Structure of the Social Discount Rate: Benchmark and Questions

• According to the extended Ramsey model, the shape of the term structure of the social discount rate depends on society's risk and time preferences and the statistical properties of consumption growth.

Ø For preferences, the traditional standard assumption in macroeconomics and finance is power utility, i.e., CRRA (under Expected Utility).

Ø For the consumption growth, the traditional standard assumption is that it is independent and identically distributed (i.i.d.) over time, specified often using a log-normal distribution.

% What are the implications of these assumptions for the shape of the term structure of the social discount rate?

% What are the implications for the shape of the term structure of the social discount rate, if the assumptions of (i) CRRA and (ii) i.i.d. consumption growth are relaxed?
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Term Structure of the Social Discount Rate: Overview

• We will consider the term structure of the social discount rate under:

(i) Independent and identically distributed (i.i.d.) consumption growth, and

(a) CRRA preferences (traditional standard assumptions in macroeconomics and finance), (b) DRRA/IRRA preferences;

(ii) Predictability in consumption growth (i.e., the case when stochastic future growth rates are positively correlated, or "concordant").

• Note: in (i), the assumption that i.i.d. log consumption growth is normally distributed is justified by the Central Limit Theorem: the mean of a sufficiently large number of independent random variables, each with finite mean and variance, is approximately normally distributed.
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Term Structure of the Social Discount Rate: (i) I.i.d. Consumption Growth (a) Normally Distributed Log Consumption Growth and CRRA Preferences:

• Premisses: 1) Log consumption growth, , is normally distributed, with mean and variance . Thus, it has the density: .

2) CRRA is equivalent to power utility, , with marginal utility: .

• Consider now the argument of ln(.) in the formula :

Ø Inserting yields: . • Gollier (2002) proves, moreover, the following statement: § Thus, under normally distributed log consumption growth, DRRA [IRRA] preferences are sufficient for the social discount rate to have a declining [increasing] shape. § Empirically, macroeconomic studies rather tend to find DRRA.

Ø Caveat (cont.): Still, the assumption of i.i.d. consumption growth is hard to defend! Proposition: Suppose log consumption growth is normally distributed and there will, almost surely, be no recession. Then, the term structure of the social discount rate is decreasing [increasing] if society exhibits decreasing [increasing] relative risk aversion.
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Term Structure of the Social Discount Rate: (ii) Predictable Growth

• Stochastic future consumption growth involves typically some serial correlation, and, thus, (statistical) predictability.

Ø Due to an increase in positive serial correlation, or "concordance," in future consumption growth, a negative or positive effect on next period's consumption propagates more strongly on subsequent consumption. This implies a mean-preserving spread of future consumption.

Ø A mean-preserving spread on future consumption yields an increase in precautionary saving if and only if the agent is prudent (cf. conditions for precautionary-savings increases, Lecture 3).

Ø Thus, a prudent individual will reinforce precautionary behavior, giving future consumption a higher weight for the present, which is equivalent to using a lower discount rate.

Ø This effect propagates with the time horizon, yielding a declining shape of the discount rate.
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Term Structure of the Social Discount Rate: (ii) Predictable Growth (cont.)

• Necessary and sufficient condition for a declining term structure under predictability in consumption growth (cf. Gollier 2013, Heinzel 2013 for exact statements): § Under an appropriate specification of consumption growth, positive serial correlation in consumption growth makes the social discount rate decline with the time horizon, due to the accumulating risk over time, if and only if society exhibits prudence. § Positive serial correlation in consumption growth is a typical finding. Prudence, also at social level, is a wide-spread assumption but is still to be confirmed empirically.

Ø The normative implication suggested by this research is that the social discount rate should decline with the time horizon.

Proposition:

An increase in positive serial correlation in future consumption has a negative effect on the social discount rate if and only if society exhibits prudence.
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What is To Be Retained?

You should...

know the Ramsey formula and the extended Ramsey formula for the social discount rate and be able to interpret their elements, in particular for the case of power utility;

know the conditions for a flat shape and decreasing or increasing shapes under i.i.d.

consumption growth;

know the formula for the present value;

be able to explain the impact of the level (higher/lower) and shape (constant/declining) of the social discount rate for advice, e.g., on the strength of climate policy.

Exercises to Lectures 6&7 2) A government has to decide how to allocate its budget for infrastructure investments. By investing 13,000 today, a net benefit of 50,000 can be gained 40 years from now.

a) Would this project be implemented if the government discounts at a fixed annual rate of 4% over the first 30 years of the project horizon and beyond that at a rate of 2% (like in France),

given the government's sole criterion for implementation is that the project is profitable? b) Will the decision be the same if the country adopts a scheme using a discount rate of 3.5% for the first 30 years and a 3% rate beyond that (similar to the U.K.)? c) What does discounting at a declining rate imply for the present value of net benefits occurring at some future time compared to discounting at a constant rate the with same initial level? d) Will the discount factor used under b) decrease or increase if the discount rate for maturities beyond 30 years is reduced to 2.5%?

Overview
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Theory of Insurance

Lecture 8:

• Insurance Decisions under Symmetric Information:

-Some terminology Motivation:

• Insurance is fundamentally about risk-sharing and the diversification of risks by an insurer so that each insured bears less risk than otherwise.

Ø An insurance allows a risk-bearer to take individually more risk than without insurance.

Ø Insurances have been of tremendous importance for economic growth over the last centuries.

• Insurance occurs if one party agrees to pay an indemnity to another party in case a prespecified random event occurs generating a loss for the initial risk bearer.

• The policyholder pays the insurer upfront a fixed premium for the insurance.

• An insurer's main task is to collect few correlated risks and to diversify them. Ø Because of their diversification abilities, insurers are often taken to be risk-neutral. Then, only the expected profit level matters to the insurer.

à An insurance is an example of a contract.

Theory of Insurance
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Contracts: Some General Terminology

• Most general definition of a contract: § Relevant examples include insurance contracts and labor contracts.

• Contracts are often made between a Principal (who offers the contract) and an Agent (who takes the contract). Typical aspects optimal contract design has to deal with: § The two contract parties may have different information regarding the preconditions and fulfillment of the contract, i.e., there may be asymmetric information between the parties. § Limited monitoring possibilities or efforts may give the other party (partial) discretion to give arbitrary signals about contract preconditions or fulfillment, and thus imply moral hazard.

Ø In this lecture, we will still 'assume away' the issues of asymmetric information and moral hazard and, rather, concentrate on a setting with symmetric information among the parties. § Relevant examples include insurance contracts and labor contracts Definition: A contract is a bilateral oral or written agreement that states the terms of some economic transaction.

Theory of Insurance
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Insurance Decisions: Some Terminology and Basic Results

• Consider an individual facing a random loss X to the individual's initial wealth, with X ! 0. § The two parties of an insurance contract are insurer (Principal) and policyholder (Agent).

Ø Under a fair premium, the expected net payoff of the insurance contract is zero: P -EI(X) = 0.

Ø Under full insurance, the indemnity schedule is the identity function: I(x) = x .

Ø Full insurance with an actuarially fair premium replaces for the policyholder the random loss X by its expectation: P = EX " P 0 .

Definition:

An insurance contract stipulates a premium P, to be paid by the policyholder, and an indemnity schedule I(x), which indicates the amount to be paid by the insurer for a loss of size x.

Definition:

• The actuarial value of the contract is its expected indemnity: EI(X).

• The premium is actuarially fair if it is equal to the actuarial value of the contract, P = EI(X).

• Under full insurance the insurer reimburses the policyholder for the full value of any loss.

Theory of Insurance
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Insurance Decisions: Some Terminology and Basic Results (cont.)

• The private value of a full-insurance contract with actuarially fair premium is the value of the risk premium the policyholder associates with the risk X covered by the contract.

Ø Indeed, the maximum amount this individual would be willing to pay for full coverage is:

Ø This maximum premium increases with the policyholder's expected loss and risk aversion.

Theory of Insurance

Université de Rennes 1 Economie de l'incertain et de l'information 8

Example: Sempronius' Insurance Decision

• Sempronius faces the following 50-50 lottery:

+ 8000 4000 + 0

• The insurer, who is risk neutral, evaluates the probability in the same way as Sempronius, and offers a menu of insurance contracts (I, P).

• Assume competitive insurance markets. The premium can, then, be derived from the equilibrium condition that the insurer's expected profits must be zero: . Example: Sempronius' Insurance Decision (cont.)

• To choose the optimal indemnity, Sempronius maximizes his expected utility wrt. I, i = a,b:

Ø FOC:
. Ø Note: for 0.5 it holds: 0.5, 0 (similarly for ).

Ø SOC:
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Example: Sempronius' Insurance Decision (cont.)

• To choose the optimal indemnity, Sempronius maximizes his expected utility wrt. I for i = b:

Ø FOC:
. Note: for 0.55 it holds: 0.55, 0.

Ø SOC:

• Assume, in the following, Sempronius has square-root utility

Theory of Insurance
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Optimal Coinsurance: Mossin Theorem

• Consider a risk averse agent with initial wealth w 0 , bearing a risk of loss X.

• Consider, more systematically, that a loading factor # add to the insurance costs (representing the 'loading' for profits and expenses from transaction costs including implicit costs).

• In a competitive insurance market, the premium P for indemnity schedule I(.) arises, then, as:

• The full-insurance premium is:

• The insurer, now, offers to reimburse the agent for a fixed fraction of the loss:

for all x,
where $ is the coinsurance rate; (1 -$) would be the (policyholder's) retention rate.

Ø Thus: $ = 1 is equivalent to full insurance, any $ < 1 to incomplete insurance.

• Given a risk neutral insurer, the policyholder chooses a contract given the pricing rule:

Theory of Insurance Université de Rennes 1 Economie de l'incertain et de l'information 14

Optimal Coinsurance: Mossin Theorem (cont.)

• Given the coinsurance rate $, the retention rate (1 -$), and the pricing rule: the policyholder's final wealth Y arises as: § Note: For $ = 1, Y = y, thus deterministic. For any $ < 1 (incomplete insurance), Y is stochastic.

• The policyholder's problem is, thus, to choose the contract with the coinsurance rate $ that maximizes the expected utility (EU) of final wealth:

Optimal Coinsurance: Mossin Theorem (cont.)

• The policyholder maximizes EU of final wealth by choosing the optimal coinsurance rate $ * :

Ø FOC:
Ø SOC: .

• For a general result, consider the FOC for full insurance, $ * = 1 (recall: ; Y = y):

Ø For # = 0 : . Ø For # > 0 : . Proposition (Mossin Theorem):

• Full insurance ($ * = 1) is optimal at an actuarially fair price (thus, if # = 0).

• Partial insurance ($ * < 1) is optimal if the premium includes a positive loading (thus, if # > 0).

Theory of Insurance
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Optimal Coinsurance: Comparative Statics

• Comparative statics: change of optimal choices in response to change of some parameter.

• Here: How does the optimal insurance demand $ * change due to a) an increase in risk aversion?

b) an increase in initial wealth w 0 ? c) an increase in the loading factor #?

• Approach to derive these effects:

Ø Consider the sign of at the optimum (for ), knowing that: .

Theory of Insurance
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Proposition (a): Consider two increasing, concave utility functions, v and u, v more risk averse than u in the sense of Arrow-Pratt. Then, the optimal coinsurance rate $ * is higher for v than for u: .

Optimal Coinsurance: Comparative Statics (cont.)

a) Impact of an Increase in Risk Aversion on the Optimal Insurance Demand $ * :

• Let v and u be two increasing, concave utility functions, v being 'more risk averse' than u.

• For # = 0 : full insurance is optimal (by Mossin Theorem), thus: .

• For # > 0 : let be optimal for v, and define: , so that it holds for that: .

Ø Suppose: without loss of generality. As for all y: § For all y < (>) w -P 0 ( i.e., x > (<) P 0 ) : . § As a consequence: for all x. § Thus:

since H is concave (H'' < 0): .

Optimal Coinsurance: Comparative Statics (cont.)

b) Impact of an Increase in Initial Wealth w 0 on the Optimal Insurance Demand $ * :

• Let $ * denote the optimal choice for w = w 0 .

• To be determined is the sign of at $ * .

Ø If , then $ * is too high (too low, the same) for any w > w 0 (due to SOC).

Ø Consider some utility function v with , and note that substituting • Consider:

Ø The two terms on the right-hand side stand for two different effects: § for a (negative) substitution effect.

Ø Intuition: when insurance becomes more expensive, one will seek to substitute away from insurance and towards other goods. § captures a wealth effect.

Ø Note: while and , we have: from b) above.

-For u DARA, , thus, the wealth effect will be positive: a higher # makes the consumer 'poorer,' the agent behaves in a risk averse way and demand more insurance.

-For u IARA or CARA, or , respectively. Hence, the wealth effect is negative or zero, respectively, making the total effect clearly negative.

Theory of Insurance
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Optimal Coinsurance: Comparative Statics (cont.) c) Impact of an Increase in the Loading Factor ! on the Optimal Insurance Demand $ * :

• The following proposition summarizes the above reasoning:

Proposition (c): An increase in the premium loading factor # ! 0 will cause the optimal coinsurance rate $ * to (1) decrease if u exhibits constant or increasing absolute risk aversion, (2) possibly increase and possibly decrease if u exhibits decreasing absolute risk aversion.

Overview
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Lecture 8:

• Insurance Decisions under Symmetric Information:

-Some terminology 

Economics of Information -Principal-Agent Paradigm

• To introduce the Principal-Agent Paradigm, consider a setting with two economic agents: § an informed party, whose information is relevant for common welfare, and an uninformed party.

Ø This is a bilateral monopoly with asymmetric information.

• A priori, it is not specified how the two parties bargain over terms of exchange: § Attribute all bargaining power to one of the parties ("Principal"): this party can propose a "take it or leave it" contract (requesting a "yes or no" answer from the other party); the other party ("Agent") is not free to propose another contract.

Ø In terms of a Stackelberg game, there is a leader (who proposes the contract) and a follower (who has to accept or reject the contract).

Ø The model considers only one 'round' of negotiations: the bargaining stops if the Agent accepts or rejects the contract.

Definition:

Asymmetric information prevails if some agents have private knowledge they can exploit to influence market or contract outcomes in their favor.

Theory of Insurance
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Economics of Information -Principal-Agent Paradigm (cont.)

• The model can be solved by maximizing the utility of one agent (the Principal), while the utility of the other agent (the Agent) is held at a given level.

Ø 'Solving' means finding the set of constrained Pareto optima, i.e., the agents' choices such that none can be made better off without reducing the other's utility under the given constraints. § Recall: A Pareto optimum is a state of allocation of resources in which no individual can be made better off without making at least one individual worse off.

• Examples of Principal-Agent relationships:

! A firm trying to win a construction contract from a city hires a consulting company to present its proposal to the city council.

! A firm hires a contractual worker.

! An insurance company provides property insurance to house owners.

! Someone who is sued hires a lawyer to win the case.

! A car owner asks a mechanic to repair her car.

Theory of Insurance
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Principal-Agent Paradigm: Model Types

• Principal-Agent models can be classified along two criteria (Salanié 2005, chapter 1):

1) Whether the private information of the informed party bears on:

! what the Agent does, the decision the Agent takes ("hidden action"), or who the Agent is, what the Agent's characteristics are ("hidden information")

2) Whether the initiative for the contract belongs to the uninformed or the informed party.

• The criteria allow for the following classification of types of Principal-Agent models:

Ø Adverse selection models: the uninformed party is imperfectly informed about the characteristics of the informed party ("hidden information"), the uninformed party moves first.

Ø Signaling models: the informational situation is the same, but the informed party moves first.

Ø Moral hazard models: the uninformed party is imperfectly informed of the actions of the informed party ("hidden action"), and the uninformed party moves first. Ø Because the action is unobservable, the Principal cannot force the Agent to choose a Paretooptimal action. Ø The Principal can influence the Agent's actions only by conditioning the Agent's utility to the outcome (e.g., by paying a transfer that depends on the outcome).

Theory of Insurance

Definition:

A situation is characterized by moral hazard when the Agent takes a decision ("action") that affects the Agent's and the Principal's utility, the Principal only observes the "outcome," and the action the Agent would choose spontaneously is not Pareto-optimal.
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Moral Hazard Models: 1) Risk-Neutral Principal and Binary Effort

• Consider an individual or a firm (Principal) with two possible final wealth levels and , with , who hires a person (Agent) to increase the probability of outcome .

• The Agent has two choices: effort (reducing utility by k) or no effort ("shirking"). The Principal cannot observe the Agent's effort level.

• Assume the Principal is risk-neutral, and the Agent is risk-averse.

Ø The Principal does not want to pay, when the Agent shirks. At the same time, the Agent needs to find it worthwhile to work for the Principal. § Since effort is unobservable, a fixed remuneration will not induce the agent to work. § The Principal could offer to the Agent a menu of incentives, i.e., a contract, , with

, specific to the states of nature, that adheres to two conditions: ! , so as to induce the Agent to work to make state 1 more likely.

!

, so that the Principal retains the interest to hire the Agent.

Theory of Insurance
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Moral Hazard Models: 1) Risk-Neutral Principal and Binary Effort (cont.)

• Assume the contract yields the same level of utility, k, as the Agent's next best alternative.

• Denote the effort level and the corresponding state probabilities , s = 1,2, with and . The cost of effort is c.

• To define the optimal contract , the Principal maximizes his/her expected utility: à Incentive Compatibility constraint for the Agent

• Note: equilibrium will only be "second-best" (constrained Pareto-optimal), as derived for given k.

Theory of Insurance
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Moral Hazard Models: 2) Risk-Averse Principal and Continuous Effort

• Let with , be the Principal's utility. Effort can be any and has diminishing marginal returns, , , while for all e. The effort cost is c.

• To define the optimal contract , the Principal now maximizes his/her expected utility:

subject to (IR2) (IC2)
Ø The Agent's Individual Rationality constraint (IR2) is formally identical to (IR1).

Ø The Agent's Incentive-Compatibility constraint (IC2) corresponds now to the Agent's firstorder condition to maximize effort given some contract .

• To analyze the solution of this problem, treat the Participation constraint as an equality, (IR2)'.

Theory of Insurance
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Moral Hazard Models: 2) Risk-Averse Principal and Continuous Effort (cont.)

• The Lagrangian, then, reads, using the multipliers for (IR2)' and for (IC2) :

The associated first-order conditions on and are, in addition to (IR2)' and (IC2) :

(2.1)

(2.2)

(2.3)

• To characterize the solution, consider first Condition (2.3):

Ø The 1 st term is positive; the 2 nd term is zero ((IC2)!); in the 3 rd term and , so that . ! The market for used cars may include 'lemons' -low-quality cars about whose state their initial owners know but do not inform potential buyers.

Theory of Insurance

• Relation to market outcomes: Ø If there were just one market price for used cars but 'lemons' in the market, this price would be more attractive to the lemons owners and less attractive for owners of high-quality cars.

Ø A high-quality car owner would need to signal that the car is, indeed, of high quality.

Ø A disproportionately high share of low-quality cars would be offered for sale! Ø This is the classic example of adverse selection:

Definition:

Adverse selection occurs when "bad" products or services are more likely to be selected to be on a market due to buyers or sellers having asymmetric information.

Theory of Insurance
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Adverse Selection Models: Insurance Markets and Asymmetric Information

• Under asymmetric information, agents may use their private knowledge strategically.

Ø Such agents will thus act like players in a strategic game.

Ø Market outcomes are to be studied with reference to Nash equilibria.

• To analyze insurance markets, consider insurance contracts made up of two elements: premium P and coinsurance rate ", so that the indemnity arises as: " .

• The long-run competitive equilibrium in an insurance market is defined with respect to an equilibrium set of contracts as follows (Rothschild-Stiglitz 1976): § A Rothschild-Stiglitz equilibrium arises as a Nash equilibrium among insurers.

Ø Benchmark concept to study the existence of equilibria for pooling and separating contracts.

Definition:

A set of contracts is a Rothschild-Stiglitz equilibrium if and only if

(1) all contracts (P, ") that are offered earn an expected profit of zero, (2) no other contract can be added to the equilibrium set of contracts that earns a positive expected profit.

Theory of Insurance
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Adverse Selection on Insurance Markets: Example of Car Insurance § Car insurance is a typical market with asymmetric information (similar to 'lemons' problem).

• Assumptions:

! Insurers are allowed to base their price menus on several observable characteristics of the insured, e.g., past driving history and the type of the driven car.

! All drivers fall in the same insurance classification so that each of them faces the same menu of prices from the insurer.

! A loss, if it occurs, has always the same, fixed size of x > 0.

! Individuals are identical, except for their probabilities of loss -there are two types of drivers within this risk classification: "good" drivers with loss probability p G , and "bad" drivers with loss probability p B , so that: 0 < p G < p B < 1 .

! Asymmetric information: each driver knows his or her own type, but the insurer cannot observe a driver's type ex ante and only knows the distribution of types in the population.

Theory of Insurance
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Adverse Selection on Insurance Markets: Benchmark of Symmetric Information ! Probabilities p G and p B are public information.

! Insurers are risk neutral (because they can diversify the independent individual risks) and maximize their expected profits.

! The market is in a long-run competitive equilibrium. Ø Expected profits are zero for each insurer and for each insurance contract supplied.

! Insurers are allowed to offer a different menu of contracts to each driver type.

Ø Assuming there is no loading (# = 0), good drivers pay a premium , and bad drivers a premium . For p G < p B , thus: for all I.

Ø Pricing is actuarially fair, so full insurance is optimal (Mossin theorem).

Theory of Insurance

Université de Rennes 1 Economie de l'incertain et de l'information 17

Adverse Selection on Insurance Markets: Asymmetric Information

• Asymmetric information: suppose the driver type is private information to each driver. Ø Each driver knows his or her type, but it is not observable or verifiable by insurers.

• Consider 4 strategies of insurance offers by insurers and the related market outcomes: Adverse Selection on Insurance Markets: (i) Full Insurance, (ii) Bad-Driver Premia Only (i) Insurers (continue to) offer full insurance at the two premium rates P G and P B , with P G < P B , drivers are free to choose, there is asymmetric information.

Ø All drivers will like to claim to be 'good'. Insurers will lose money, market prices won't persist.

(ii) Insurers offer only premia P B to all drivers.

Ø Good drivers can buy (full) insurance either at the premium rate of P B , or no insurance.

Ø If none of the good drivers buys insurance, then only bad drivers are left in the market.

Ø Adverse selection occurs (like in the market for used cars with lemons!).

Theory of Insurance

Université de Rennes 1 Economie de l'incertain et de l'information 19

Adverse Selection on Insurance Markets: (iii) Pooling Contracts

• May contracts offering the same partial insurance to all drivers solve adverse-selection issue?

• Assume the proportion $ of bad drivers among all drivers is public information, 0 < $ < 1.

• Consider the concept of a pooling contract: § The premium of a pooling contract is here:

Ø Can a pooling equilibrium be stable when there are different driver types?

Definition:

A pooling contract is an insurance contract whose premium refers to the weighted expected losses of the different types in the population.

Definition:

If the equilibrium contract is a pooling contract, the equilibrium is called a pooling equilibrium.

Theory of Insurance
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Adverse Selection on Insurance Markets: (iii) Pooling Contracts (cont.)

• Recall: The premium of a pooling contract here is:

• Is a pooling equilibrium stable when there are the two driver types?

Ø Bad drivers will be happy to buy the pooling contract, since its price is lower than the fair price.

Ø The contract will, however, lose money if only bad drivers buy it.

Ø If good drivers prefer the contract to no insurance, it will earn a positive profit on them.

Ø If, indeed, both types of drivers purchase the contract (keeping to proportion $), it will earn an expected profit of zero. § But: a competitor to the insurers who offer the pooling contract can always offer a slightly lower coverage and smaller premium, attractive for good drivers but not good enough for bad drivers.

Ø A pooling equilibrium is not stable if agents with different risk types are in an insurance market.

Proposition (Rothschild-Stiglitz 1976): Under asymmetric information, pooling contracts do not lead to a Rothschild-Stiglitz equilibrium.

Theory of Insurance
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Adverse Selection on Insurance Markets: (iv) Separating Contracts

• Can a set of contracts be designed in a way that each type prefers a different contract in equilibrium?

• How can such a set of contracts be implemented?

Ø Introduce a so-called "Incentive Compatibility constraint" (IC i ) for each type i of agents: § For each agent type, it must hold that it prefers its contract to that of the other agent type:

IC B : IC G :
where is the preference relation of agent type .

Definition:

In an insurance market with agents with different risk types, a separating equilibrium is the equilibrium, in which each type of agents buys a different contract.

Theory of Insurance
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Adverse Selection on Insurance Markets: (iv) Separating Contracts (cont.)

• Incentive Compatibility contraints for agents of types B and G: IC B : IC G : .

! For stability, each contract type offered must earn a zero expected profit.

! Good drivers must be offered a contract that does not attract bad drivers (coherent with IC B ), bad drivers must at least be between indifferent designed for them and .

Ø Assume bad drivers are offered full insurance at a fair price, i.e.: and , so that .

! Good drivers may prefer partial insurance. Competition will force insurers to offer as much insurance as possible to good drivers at a fair price for the good drivers. Ø The equilibrium contract for the good drivers is the incomplete-coverage contract ( ) with fair price leaving the bad drivers indifferent between their full-insurance contract and . (We assume bad drivers take the full-insurance contract in that case.) Ø There need to be sufficiently many bad drivers for to exist.

Theory of Insurance
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Adverse Selection on Insurance Markets: (iv) Separating Contracts (cont.) § There are 'sufficiently many' bad drivers if no fair-price pooling contract attracts good drivers.

• A separating equilibrium is the best equilibrium that can be achieved for all agents under adverse selection. (It is not (unconstrained) Pareto-optimal.)

• Adverse selection in this equilibrium does not affect the bad drivers' welfare as compared to the full-information equilibrium. But good drivers are forced to accept less-than-full coverage, bearing a cost of signaling that they are not bad drivers (similar to the owners of high-quality cars in a used-car market with 'lemons').

Ø The set of contracts that implements a separating equilibrium provides a self-selection, or revelation, mechanism: by selecting a contract an agent reveals his or her type to the insurer (who cannot directly observe or verify the agent type).

Proposition (Rothschild-Stiglitz 1976):

Given sufficiently many bad drivers in the population, a Rothschild-Stiglitz equilibrium exists as a separating equilibrium, in which the bad drivers receive at a fair price full insurance, and the good drivers at a fair price partial insurance.

Notes on Final Exam:
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Date: 26/02 (1:30-3:30 pm), no alternative or second date.

Relevant: Lectures 1-9

What you need to know:

• Lectures 1-2, 5:

-The basic definitions (risk aversion, prudence, etc.) and propositions.

-Generally not the proofs, apart from: why u''' > 0 is necessary and sufficient for positive precautionary saving in the consumption-saving model.

-To interpret the coefficients of risk aversion and prudence behaviorally.

-To determine the risk and precautionary premia and certainty and precautionary equivalents for simple examples.

-To study the comparative statics of the intrapersonal saving market (e.g., period-0 income, period-1 income, interest rate, risk) for a given example (e.g., quadratic utility) and explain the intuition related to the arising effects.

Notes on Final Exam:
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General remark (on propositional logic):

• The following indications for the relation of two statements mean the same:

"if and only if" (iff) "is equivalent to" "is necessary and sufficient for".

• Counterexample (i.e., ex. for "sufficient (but not necessary)" / "necessary (but not sufficient)"):

Let A be the set of all cars, and let B be the set of all blue cars. Then, it holds that:

For all a B, it is: a B a A [ a B "is sufficient for" a A; a A "is necessary for" a B ] sufficient necessary

Clearly, the counterimplication does not hold for all a A, hence, it is: a A a B .

Notes on Final Exam:
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You'll need to… (cont.):

• Lecture 3: Measurement of Risk and Time Preferences -Be able to describe the Multiple-Price-List (MPL) design of Holt and Laury (2002).

-Know major results (e.g., regarding ARA, RRA) and understand and be able to explain the incentive and stakes effects in Holt and Laury (2002).

-Be able to explain (some) caveats on the Holt-Laury estimates (non-contextualized, relevance of stakes levels, importance of 'background' consumption/wealth, time-relatedness, etc.).

-Describe typical advantages and disadvantages of survey studies (such as, for the latter, hypothetical bias, status-quo bias), and possible ways to overcome them.

• Lecture 4: Expected Utility: Criticisms, Extensions, and Alternatives % Know and understand the basic axioms and criticisms of Expected Utility as well as the discussed models that have been proposed to overcome the criticisms of EU.

Notes on Final Exam:
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You'll need to… (cont.):

• Lectures 6-7: Discounting a Risky Future -Be able to calculate the present value of some future net benefit and to distinguish discount factor and discount rate.

-Explain the elements of the Ramsey formula and the extended Ramsey formula and the effects these elements represent for the case of power utility, and be able to determine the social discount rate (SDR) according to extended Ramsey formula given values of the 3 parameters.

-Know the general conditions for a flat and a declining SDR shape under i.i.d. growth, and be able to describe the implications for present values of flat and declining term structures.

Notes on Final Exam:
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You'll need to… (cont.):

• Lectures 8-9: Theory of Insurance -Be able to determine an agent's optimal coinsurance rate, the insurance premium for a given coinsurance rate, and the expected utility of final wealth under symmetric information.

-Understand and know the Mossin theorem and the propositions on comparative statics in the optimal coinsurance problem and be able to interpret comparative-statics results in their light.

-Know and understand the definitions and propositions on asymmetric information among agents and be able to explain its implications for insurance markets.

  Economie de l'incertain et de l'information 14 Concept of Expected Value (cont.): Resolution of St. Petersburg "Paradox" (Bernoulli 1738):

  Economie de l'incertain et de l'information 20 Strength & Comparison of Risk Attitudes I (Pratt 1964) (cont.):

  Economie de l'incertain et de l'information 21 Strength & Comparison of Risk Attitudes II (Pratt 1964):

  Economie de l'incertain et de l'information 22 Strength & Comparison of Risk Attitudes II (Pratt 1964) (cont.):

  Economie de l'incertain et de l'information 23 Strength & Comparison of Risk Attitudes II (Pratt 1964) (cont.):

  Economie de l'incertain et de l'information 7

  Economie de l'incertain et de l'information 8 Two-Period Consumption-Saving Model under Certainty (cont.): First-Order Condition (FOC):

  Utility concavity induces consumption smoothing ! Ø In the standard model of intertemporal choice, the coefficient measures the strength of the consumption-smoothing preference, or, put differently, the strength of the Resistance to Intertemporal Substitution (RIS). Economie de l'incertain et de l'information 11 Two-Period Consumption-Saving Model under Certainty (cont.): Interpretation of Utility Concavity in Intertemporal Choice under Certainty:

  Elasticity of intertemporal substitution is the elasticity of the ratio of future over current consumption with respect to their marginal rate of substitution.Prudence Université de Rennes 1Economie de l'incertain et de l'information 12

ØØ

  The two-period consumption-saving model (under certainty) Ø Precautionary saving in the two-period consumption-saving model Ø Behavioral definition and theory of "prudence"(Kimball 1990) • Comparison of Risks: Moments of a distribution (e.g., mean, variance, skewness, kurtosis)

Ø

  Risks can be compared by comparing characteristics of the associated distribution functions, for example, their moments or their stochastic dominance relationship. • Moments of a distribution: Ø Specific moments are: § Mean (1 st raw moment): m 1 § Variance (2 nd central moment): Var , where & standard deviation § Skewness (3 rd standardized moment): Skew § (Excess) kurtosis (4 th standardized moment minus 3): Kurt Ø Specific moments are: § Mean (1 st raw moment): m 1 § Variance (2 nd central moment): Var , where & standard d § Skewness (3 rd standardized moment): for example, their moments or their stochastic dominance relationship. • Moments of a distribution: Skew Definition: The k th (raw) moment m k of a (continuous) distribution F with density f is defined as: Economie de l'incertain et de l'information 23 Increases in Risk: Mean-Preserving Spreads -Definition • Consider two cumulative distribution functions (CDF), F and G, with common bounded support in the open interval (a,b), thus: F(a) = G(a) = 0, F(b) = G(b) = 1.• Mean-preserving spread (Rothschild-Stiglitz 1970):

  Incentive and Stakes Effects(cont.) 

1.

  Alternative Ways to Preference Elicitation: Studies Using Survey Data (cont.) (source: Arrondel and Calvo-Pardo 2008)1. Alternative Ways to Preference Elicitation: Studies Using Survey Data(cont.) 

  Evaluation based on a transformation of Ramsey formula (for social discounting, cf. Lecture 6): where r is the (deterministic) interest rate % is the utility discount rate is the growth of consumption in logarithmic terms EIS is the (constant) elasticity of intertemporal substitution 1. Alternative Ways to Preference Elicitation: Studies Using Survey Data (cont.)

1.

  Alternative Ways to Preference Elicitation: Studies Using Survey Data (cont.) Results II: Consumption Smoothing Ø The corresponding values of the coefficient of Relative Resistance to Intertemporal Substitution (= 1/EIS) are, approximately: 143 ("Lower bound"), 2.78 ("Upper bound"), 5.56 ("Midpoint")

(

  Source: Noussair et al. 2011, p. 11) Measurement of Risk and Time Preferences Université de Rennes 1 Economie de l'incertain et de l'information 36

(

  Source: Noussair et al. 2011, p. 23) Measurement of Risk and Time Preferences Université de Rennes 1Economie de l'incertain et de l'information 37

  Risk and Time Dimensions: References • References: § Coller, Maribeth and Melonie B. Williams: Eliciting Individual Discount Rates. Experimental Economics, 2(2): 107-127, 1999. § Frederick, Shane, Loewenstein, George, and Ted O'Donoghue: Time Discounting and Time Preference: A Critical Review. Journal of Economic Literature, 40(2): 351-401, 2002. § Harrison, Glenn W., Lau, Morten I. and Melonie B. Williams: Estimating Individual Discount Rates for Denmark: A Field Experiment. American Economic Review, 92(5Economie de l'incertain et de l'information 40 3. Experiments Combining Risk and Time Dimensions: Joint Elicitation of Risk Aversion and Utility Discount Rate (Andersen et al. 2008) • Andersen et al. elicit risk aversion and the utility discount rate from the same subjects in separate tasks in an experiment with a representative sample of 253 adult Danes in 2003.

Ø•

  Daily background consumption = 118 DKK (corresponding to the per-capita consumption of non-durable goods on an average day in Denmark in 2003) Ø Immediate and delayed experimental incomes are consumed in one day: 1 Baseline estimates: Measurement of Risk and Time Preferences Université de Rennes 1 Economie de l'incertain et de l'information 44 3. Experiments Combining Risk and Time Dimensions: Joint Elicitation of Risk Aversion and Utility Discount Rate (Andersen et al. 2008) (cont.) • Robustness of results 1: Sensitivities for periods of integration of delayed experimental income (for = 118 DKK, 1): (Source: Andersen et al. 2008, p. 603)3. Experiments Combining Risk and Time Dimensions: Joint Elicitation of Risk Aversion and Utility Discount Rate (Andersen et al. 2008) (cont.) • Robustness of results 2: Ø Sensitivities for varied background consumption , 1: Measurement of Risk and Time Preferences Université de Rennes 1 Economie de l'incertain et de l'information 46 3. Experiments Combining Risk and Time Dimensions: Joint Elicitation of Risk Aversion and Utility Discount Rate (Andersen et al. 2008) (cont.) • Some strengths and weaknesses: § Experiment with representative population sample § Risk and time dimensions are taken into account, risk aversion estimates are used to refine discount-rate estimates. § Background consumption is accounted for in estimates. § Parametric forms of utility function(s) are tested.. § Separation between risk tasks and discounting tasks (motivated by separate operation of a temptation-drive 'short-run self' for risk aversion and a rational 'long-run self' for discounting) seems artificial. § No consumption smoothing (viz. savings choice) is implemented. Measurement of Risk and Time Preferences Université de Rennes 1 Economie de l'incertain et de l'information 47

  Expected Utility: Basic Axioms (Gollier 2001: chapter 1) (cont.) Additional Axiom Required to State Expected Utility Theorem: Ø If each of the two lotteries is mixed with a third lottery , then the ordering of the two resulting mixtures is independent of any third lottery used. § Example (EGS'05:!216):

-

  name and explain (in words) the axioms at the basis of Expected Utility, explain!the!Allais!paradox!using!expected!utility!starting!from!Allais'!example, describe the element of the RDEU model that makes it violate the independence axiom, characterize!the!prior!distributions!in!Ellsberg's!experiment!and!how!participants!violate!EU, describe basic observations the EU model usually fails to capture, which motivated Kahneman and Tversky to develop Prospect Theory. REMINDER: Two-Period Consumption-Saving Model with Risk on Period-1 Income First-Order Condition (FOC):

Ø

  Intrapersonal 'saving market': the left-hand side represents the supply of saving, and the right-hand side the demand for saving. (Utility concave: ) (source: Bostian and Heinzel 2014) Economie de l'incertain et de l'information 8 Related Experimental Design (Bostian and Heinzel 2011):

Ø

  First Economie de l'incertain et de l'information 11 Disentangling Risk and Time Preferences: Model under Recursive Utility ! ! where u is instantaneous ordinal utility in period t = 0, 1 ! is a von Neumann-Morgenstern utility function (like under Expected Utility)

  Economie de l'incertain et de l'information 17 Saving Predictions under Risk Increases (Bostian and Heinzel 2014): Conditions for precautionary saving increases in response to increases in income risk: Ø The higher-order preference is called temperance. Ø The conditions are as under Expected Utility (Eeckhoudt and Schlesinger 2008), but now depend on both u and !.

(

  source: Bostian and Heinzel 2014a) Ø Varying the risk-attitude parameters or generates little variation in saving demand. Simulation Analysis Université de Rennes 1 Economie de l'incertain et de l'information 22 Preference Effects: Recursive Utility Versus EU (cont.) (source: Bostian and Heinzel 2014a) Ø Varying or generates large variations in saving demand and supply, but little net result. Simulation Analysis Université de Rennes 1 Economie de l'incertain et de l'information 23 Preference Effects: Recursive Utility Versus EU (cont.) (source: Bostian and Heinzel 2014a)

  Definition:In the time-additive utility of consumption model, an agent's time preferences are captured by the utility discount rate and the agent's consumption-smoothing preference. Economie de l'incertain et de l'information 7

  Economie de l'incertain et de l'information 17 Term Structure of the Social Discount Rate: (i) I.i.d. Consumption Growth (a) Normally Distributed Log Consumption Growth and CRRA Preferences (cont.): • The above considerations prove the following statement (cf. Gollier 2007): § Under the two assumptions of normally distributed log consumption growth and CRRA preferences, the social discount rate has the same level independent of the time horizon. § In this special case, the wealth effect and the precautionary effect remain the same independent of the time horizon involved. Ø Caveat: None of the two traditional standard assumptions (i.i.d. consumption growth, CRRA preferences) is particularly realistic! Proposition: Suppose that relative risk aversion is a constant " and that log consumption growth is normally distributed with mean and variance . Then, the term structure of the social discount rate is flat, with: . Discounting a Risky Future Université de Rennes 1 Economie de l'incertain et de l'information 18 Term Structure of the Social Discount Rate: (i) I.i.d. Consumption Growth (b) Normally Distributed Log Consumption Growth and DRRA/IRRA Preferences:

  (a) The actuarially fair premium is then: 0.5 (b) If insurers bear a cost of 10% of actuarial value: • To choose the optimal indemnity, Sempronius maximizes his expected utility wrt. I, i = a,b:Theory of Insurance Université de Rennes 1 Economie de l'incertain et de l'information 9

  v = -u' yields: . Ø Recall Proposition (a): if v 'more risk averse' than u, then, . Ø Note: for v = -u' is equivalent to DARA of u ! Ø Recall: DARA (IARA; CARA) of u "absolute risk aversion of -u' " > (<; =) . Proposition (b): An increase in initial wealth w 0 will decrease (increase; not change) the optimal coinsurance rate $ * if and only if u exhibits decreasing (increasing; constant) absolute risk aversion. Theory of Insurance Université de Rennes 1 Economie de l'incertain et de l'information 19 Optimal Coinsurance: Comparative Statics (cont.) c) Impact of an Increase in the Loading Factor ! on the Optimal Insurance Demand $ * :

  ): The Agent needs to be at least as well of as in the next-best alternative à Individual Rationality constraint for the Agent (Participation constraint) Ø (IC1): Agents is to like working at least as much as shirking.

( i )

 i Full insurance at the two premium rates P G and P B (ii) Premia P B to all drivers (iii) Pooling contracts (the same partial insurance for all drivers) (iv) Separating contracts (different contracts per driver type) Theory of Insurance Université de Rennes 1 Economie de l'incertain et de l'information 18

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Prudence as a Higher-Order Risk Attitude: 3 rd -Order Risk Apportionment (

  cont.)

			Prudence Prudence
	(Eeckhoudt-Schlesinger 2006, 2012) Risk Apportionment Preferences and Expected Utility (Eeckhoudt-Schlesinger 2006, 2012)
	Comparison with risk premium.. (cf also following figure) § Compare the two lotteries A 3 and B 3 based on the involved utility premia:
	A 3 :	w -k +	B 3 :	w -k
		w		w +
	Ø The utility premium compares expected utility and utility at a certain wealth level for a zero-
	mean risk added:			,
	Ø Intuitively, the utility premium should decrease absolutely with initial wealth w
	Ø With a similar reasoning as for	under risk aversion, it follows that, if marginal
	utility is convex, u''' > 0 :			.
	Ø Thus, for a (absolutely) decreasing utility premium (	), it holds for all k > 0:
	Ø Rearranging the above inequality and multiplying by 0.5 allows to compare Eu(A 3 ) and Eu(B 3 ):
	Université de Rennes 1 Université de Rennes 1	Economie de l'incertain et de l'information Economie de l'incertain et de l'information	34 35

  as downside risk aversion: CDF G has more downside risk than CDF F if and only if all prudent

		Notes on Test 1	
	agents prefer F to G.		
	Ø Similar relationships hold for risk aversion, as associated with utility concavity (u'' < 0), 2 nd -	
	order risk apportionment (B 2 preferred over A 2 ), and aversion to mean-preserving spreads.	
	Université de Rennes 1	Economie de l'incertain et de l'information	36

Overview: • Risk-Preference Elicitation à la Holt-Laury (2002):

  

	Measurement of Risk and Time Preferences	
	Measurement of Risk Attitudes:		
	Main:		
	§ Holt, Charles A. and Susan K. Laury: Risk Aversion and Incentive Effects. American Ø Methodological approach	
	Economic Review, 92(5): 1644-1655, 2002 Ø Results: incentive and stakes effects, shapes of absolute and relative risk aversion,	
	predictions under expo-power utility	
	Ø Caveats on experimental risk-preference estimates à la Holt-Laury	
	•		
	de Rennes 1 Université de Rennes 1	Economie de l'incertain et de l'information Economie de l'incertain et de l'information	2 3

Eliciting Risk and Time Preferences:

  

	Ø Approaches using survey data (Barsky et al. 1997)
	Ø Experiments on higher-order risk preferences (Noussair et al. 2015)
	Ø Experiments combining the risk and time dimensions I:
	§ Joint elicitation of risk aversion and utility discount rate (Andersen et al. 2008)

What is to be retained.

  

	Measurement of Risk and Time Preferences	
	Motivation:		
	Gollier (2001, p. 424f) states in the Epilogue to his textbook:	
	Agrocampus Ouest	Economie du risque et de l'information	4

Holt-Laury (2002): Methodological Approach (cont

  .)• The following table gives the list of the baseline lotteries in Holt-Laury.

	Measurement of Risk and Time Preferences	
	Université de Rennes 1	Economie de l'incertain et de l'information	6

Caveats on Experimental Risk-Aversion Estimates à la Holt-Laury

  

	1		
	• How useful are these quantitative estimates?	
	Ø The lottery choices do not refer to any particular choice context. à External validity?	
	Ø Are experimental stakes really the reference for evaluating lotteries? (Note: risk-aversion	
	coefficients are 'local' measures of risk attitudes.) -How do they relate to background	
	consumption/wealth? (à External validity?)	
	Ø The lottery choices are static, whereas most decisions and risks are time-related.	
	Ø Holt-Laury often refer to the sample level, not to the individual level.	
	Ø Is Expected Utility the accurate model to represent risk preferences?	
	Ø What about alternative methods to Holt-Laury?	
	Ø What about higher-order risk attitudes?	
	Université de Rennes 1	Economie de l'incertain et de l'information	16

. Alternative Ways to Preference Elicitation: Studies Using Survey Data

  

	• Studies based on Survey Data, for example:
	Ø [

BJKS'97] Barsky, Robert B., Juster, F. Thomas, Kimball, Miles S. and Matthew D. Shapiro: Preference Parameters and Behavioral Heterogeneity: An Experimental Approach in the Health and Retirement Study. Quarterly Journal of Economics, 112(2): 537-579, 1997 §

  

	1
	Arrondel, Luc and Hector Calvo-Pardo: Les Français sont-ils prudents? Patrimoine et
	risque sur le marché du travail. Economie et Statistique, 2008
	§ Kimball, Miles S., Sahm, Claudia R. and Matthew D. Shapiro: Imputing Risk Tolerance
	from Survey Responses. Journal of the American Statistical Association, 2008
	§ Kimball, Miles S., Sahm, Claudia R. and Matthew D. Shapiro. Risk Preferences in the PSID:
	Individual Imputations and Family Covariation. NBER Working Paper, 2009

. Alternative Ways to Preference Elicitation: Studies Using Survey Data (

  

	cont.)
	• Barsky et al. (1997) (similarly Arrondel-Calvo-Pardo 2008) use a hypothetical and static approach
	to elicit risk aversion and consumption-smoothing preferences from the U.S. Health and
	Retirement Survey (HRS).
	• Survey instrument:
	-Representative sample of U.S. households in 1992 of (target) age group 51-61, including
	spouses
	-Flat payment for participation
	-Wide range of questions regarding health status, retirement decisions, income, assets, and
	behavioral questions, such as whether the individual smokes or drinks
	-11,707 responses to risk tasks, 198 to time-preference tasks
	• Their estimations of risk aversion and consumption-smoothing preference refer each to a
	separate reduced-form equation, which is based on permanent (per-period) consumption, c.

  Allais, Maurice: Le Comportement de l'Homme Rationnel devant le Risque: Critique des Postulats et Axiomes de l'Ecole Americaine. Econometrica, 21(4): 1953 

	Expected Utility: Proof of EU Theorem (Gollier 2001: chapter 1) (cont.) Expected Utility: Proof of EU Theorem (Gollier 2001: chapter 1) (cont.)
	Ø Observe: Ø Recall: it remains to prove that !	.
	Ø Suppose:		and	with	. Then,
	Ø Note that		, such that	, fits with	! .
	For	,	, it remains to prove:

By the continuity axiom, two scalars exist such that and Expected Utility Theorem

(von Neumann-Morgenstern 1944)

: Suppose the rational preference relation ! over the compact space of simple lotteries " satisfies the continuity and independence axioms. Then, there exists a scalar u for each outcome , , so that for any two lotteries " : ! .

! § The two equivalences are applications of the axiom of reduction of lotteries. § Line 2 is due to the independence axiom and ! by definition of .

Ø This can be verified using twice the Independence Axiom:

. QED.
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  These results indicate that, for realism, not just heterogeneity between risk attitudes of agents, but also heterogeneity regarding different preference structures should be taken into account in applied studies (making a representative-agent approach seem quite restrictive).

Literature Université de Rennes 1 Economie de l'incertain et de l'information 27 Alternatives: Prospect Theory and Loss Aversion (EGS'05:!chapter 13) (cont.) Experimental Evidence on Preference Structures: • Background: § Bruhin, Adrian and Fehr-Duda, Helga and Thomas Epper: Risk and Rationality: Uncovering Heterogeneity in Probability Distortion. Econometrica, 78(4): 1375-1412, 2010 § Harrison, Glenn W. and E. Elisabeth Rutström: Expected utility theory and prospect theory: one wedding and a decent funeral. Experimental Economics, 12: 133-158, 2009 Alternatives: Prospect Theory and Loss Aversion (EGS'05:!chapter 13) (cont.) Experimental Evidence on Preference Structures: • To compare which preference structure better represents!an!agent's!behavior!'mixture! models'!have!been!used!to!evaluate!experimental!choice!data.!!(Mixture!models!allow!to! statistically distinguish which preference structurenotably, PT or EUhas the better fit.) Ø Bruhin et al. (2010) conducted three experiments (2x Zurich, 1x Beijing), finding that, overall, about 20% of their subjects adhere to linear probability weighting (as under EU), 50% show modest departures from it, and 30% strong departures. Ø In case of departures from linear probability weighting, the s shape arises, as predicted by Kahneman and Tversky. Ø EU: Criticisms, Extensions, Alternatives Université de Rennes 1 Economie de l'incertain et de l'information 31

Discounting II: Discounting the Net Benefits of Climate Change

  (cont.) • Present value PV 0 of net benefits of €1000 occurring in t periods from now, discounted at a constant discount rate d = 4%. A decisive question regarding the determination of the present value of future social costs is:

	Discounting a Risky Future
	Importance of Discounting II: Discounting the Net Benefits of Climate Change (cont.)
	• Present value PV 0 of net benefits of €1000 occurring in t periods from now, discounted at
	constant discount rates of d = 2%, 4%, 10%.		
	Years from present (t) Discount factor 1+d Years from Present value PV 0 Present value PV 0 Present value PV 0 Present value PV 0 0 1 present (t) d=0.02 d=0.04 d=0.10 €1000.00 0 €1000.00 €1000.00 €1000.00
	1	1	€980.39	0.96154 €961.54	€961.54 €909.09
	5	5	€905.73	0.82193 €821.93	€821.93 €620.92
	10	10	€820.35	0.67556 €675.56	€675.56 €385.54
	20	20	€672.97	0.45639 €456.39	€456.39 €148.64
	50	50	€371.53	0.14071 €140.71	€140.71 €8.52
	100	100	€138.03	0.01980 €19.80	€19.80 €0.07
	150	150	€51.28	0.00279	€2.79	€2.79 €0.00
	200	200	€19.05	0.00039	€0.39	€0.39 €0.00

Université de Rennes 1
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Conceptual Remarks II: Discount Rate •

•

  Present value PV 0 of €1000 in period t, discounted at a constant rate d = 4%, according to Recommended discounting schemes discussed in: Arrow et al. (2013): Determining Benefits and Costs for Future Generations. Science, 341(6144): 349-350, 2013

			Discounting a Risky Future
	Importance of Discounting III: Comparing Discounting Schemes (cont.)
	• Present value PV 0 of €1000 in period t, discounted at a constant rate d = 4%, according to
	French Scheme (4% first 30 years; 2% beyond) and UK scheme (3.5% first 30 years; 3% year 31-
	French Scheme (4% first 30 years; 2% beyond) and UK scheme (3.5% first 30 years; 3% year 31-75; 2.5% year 76-125; 2% year 126-200; 1.5% year 201-300; 1% > 300 years)
	75; 2.5% year 76-125; 2% year 126-200; 1.5% year 201-300; 1% > 300 years) Years from Present Value PV 0 , Present Value PV 0 , Present Value PV 0 ,
	Note:	Present (t)	d=0.04	French Scheme	UK Scheme
	Ø For France, discount factors DF F (t) beyond 30 years are: 1 €961.54 €961.54	€966.18
	Ø For the UK, discount factors DF UK (t) derive as follows: 10 €675.56 €675.56	€708.92
	for 31 # t # 75: 20	€456.39	€456.39	€502.57
			50	€140.71	€207.49	€197.26
	for 76 # t # 125: 100	€19.80	€77.09	€50.82
	for 126 # t # 200: 150	€2.79	€28.64	€16.71
	for 201 # t # 300: 200	€0.39	€10.64	€6.21
			300	€0.01	€1.47	€1.40
	for t > 300:	400	€0.00	€0.20	€0.32

Importance of Discounting III: Comparing Discounting Schemes (cont.)

• Université de Rennes 1
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•

  Illustration: Term structure of US zero-coupon bonds(for 8/1978, 10/1980, 5/1981, 11/1987) 

(Source: Campbell, Journal of Economic Perspectives, 1995, p. 134) Discounting a Risky Future Université de Rennes 1 Economie de l'incertain et de l'information 12

  Rothschild, Michael and Joseph Stiglitz: Equilibrium in Competitive Insurance Markets: An

	Theory of Insurance
	-Example of Sempronius
	-Optimal Coinsurance: Mossin Theorem
	-Comparative Statics in the Coinsurance Problem
	• Exercise
	Lecture 9:
	• Insurance Decisions under Asymmetric Information:
	-Principal-Agent paradigm: asymmetric information, model types
	-Moral hazard models
	-Adverse selection models: lemons problem, Rothschild-Stiglitz equilibrium
	-Adverse selection and insurance markets:
	Essay on the Economics of Imperfect Information. Quarterly Journal of Economics, 90(4): § Example of car insurance § Conditions for equilibria: pooling contract, separating equilibrium 629-649, 1976
	Notes on Final Exam § Salanié, Bernard: The Economics of Contracts. 2 nd ed., MIT Press, 2005, chapters 1, 2, 5

Literature Université de Rennes 1 Economie de l'incertain et de l'information 3 • Main: § Eeckhoudt, Louis, Gollier, Christian and Harris Schlesinger: Economic and Financial Decisions under Risk. Princeton University Press, 2005, chapter 12 § Chavas, chapter 12 • Background: § Akerlof, George A.: The Market for "Lemons": Quality Uncertainty and the Market Mechanism. Quarterly Journal of Economics, 84 (3): 488-500, 1970 § Holmstrom, Bengt and Paul Milgrom: Aggregation and Linearity in the Provision of Intertemporal Incentives. Econometrica, 55(2): 303-328, 1987 § Université de Rennes 1 Economie de l'incertain et de l'information 4

Well, then, says I, what's the use you learning to do right when it's troublesome to do right and ain't no trouble to do wrong, and the wages is just the same? I was stuck. I couldn't answer that. So I reckoned I wouldn't bother no more about it, but after this always do whichever come handiest at the time.

  Adventures of Huckleberry Finn (as quoted in Holmstrom-Milgrom 1987):

Université de Rennes 1
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Moral Hazard Models: What is Moral Hazard?

From Mark Twain,

Holt-Laury (2002), Results: Shapes of Absolute and Relative Risk Aversion

Holt-Laury (2002), Results: Shapes of Absolute and Relative Risk Aversion(cont.) 

Economie de l'incertain et de l'information

Holt-Laury (2002), Results: Predictions under Expo-Power Utility

Alternative Ways to Preference Elicitation: Studies Using Survey Data (cont.) (Source: BJKS'97, p. 549)

Alternative Ways to Preference Elicitation: Studies Using Survey Data (cont.) (Source: BJKS'97, p. 553)

Alternative Ways to Preference Elicitation: Studies Using Survey Data (cont.) (Source: BJKS'97, p. 577) $0 à $2,000 à $4,000 à $1,000 à $3,000 à

Experiments on Higher-Order Risk Attitudes (cont.) (Source: Noussair et al. 2011 p. 10)

(Source: Noussair et al. 2011 p. 10)

Experiments Combining Risk and Time Dimensions: Joint Elicitation of Risk Aversion and Utility Discount Rate (Andersen et al. 2008) (cont.)• Subjects receive 6 discount-rate tasks, with horizons of 1, 4, 6, 12, 18, and 24 months.(Source:Andersen et al. 2008, p. 587) 

Ø Increases in risk: § "mean-preserving spread" = same mean, increased variance § "increase in downside risk" = same mean and variance, but more skewness

• Prudence as a Higher-Order Risk Attitude:

Ø Prudence as third-order risk apportionment

Ø Prudence as aversion to increases in downside risk

Université de Rennes 1
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Today:

Questions:

• Under what conditions does optimal saving increase in response to an increase in income risk in the sense of (i) a mean-preserving spread, and (ii) an increase in downside risk?

Noted issue:

• No separation of risk preferences and intertemporal preferences under Expected Utility.

Questions:

• How do risk and intertemporal preferences influence the saving decision under risk differently?

• How strong will be the reaction of saving in response to an income risk increase in the sense of (i) a mean-preserving spread or (ii) an increase in downside risk?

• Under what conditions might such reactions be observable in economic experiments?

Université de Rennes 1
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Today: Operationalizing the Preference Model:

• Select functional forms for ! and u.

Ø Recall: Expo-power utility (Saha 1993), with :

, § Risk aversion coefficients: , § Captures a wide array of shapes of absolute and relative risk aversion:

Ø CARA for , DARA for ; CRRA as , IRRA (DRRA) for ; risk neutrality for and combined.

Ø Expo-power utility is used to operationalize both ! and u.

Simulation Analysis

Université de Rennes 1 Economie de l'incertain et de l'information 19

Parameter Specification:

• Baseline preference parameters:

, , , , Ø and equal approximately the estimates of Holt-Laury (2002) (who find IRRA).

Ø is close to empirical macroeconomic estimates, while the slightly positive adds some additional curvature to the resistance to intertemporal substitution.

Ø $ is set to 1 to accentuate the effects of risk aversion and intertemporal substitution.

• Field incentives: , Ø is on the order of the monthly income for the first two quintiles of the US population.

• Experimental incentives: , , a 50-50 chance of deviation in Ø An experimental income of corresponds to 5% of field income. A 20% interest rate outperforms market rates and concentrates saving (if any) in the experiment. Ø We typically consider scalings between the baseline (1x) and four times the baseline (4x).

Simulation Analysis
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Preference Effects: Recursive Utility Versus EU

In the following:

• Graphs with the comparative statics of the 'intra-personal saving market' under income risk under recursive utility for: § Risk-attitude parameters: , § Consumption-smoothing preference parameters: , Then, under Expected Utility for: § Preference parameters: ,