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SECTION 1: Econometrics Review

1.1. Causal Inference in Social Science

� Much of social science (psychology, anthropology, sociology, political science, epidemiology and large
parts of economics) concerns analyzing correlations among variables, e.g., the correlation between
education and income, the correlation between obesity and heart disease, the correlation between
happiness and longevity.

� Correlation describes the statistical relationship between two observed variables. Correlation has no
necessary relation to cause and e�ect. You can measure the correlation between happiness and longevity
with great precision and yet know nothing about how making someone happier a�ects their longevity.
(Let's say that happier people live longer. Does that mean that happiness causes longevity? Perhaps
people are happy precisely because they feel fortunate to have lived so long.)

� However, science advances primarily through analyzing cause and e�ect relationships, not by docu-
menting correlations (though correlations are not irrelevant). Causal questions are for example:

{ What is the e�ect of education on income?

{ What is the e�ect of obesity on heart disease?

{ What is the e�ect of happiness on longevity?

{ What is the e�ect of the minimum wage on employment?

� Causal questions are much harder to answer than the correlational questions. Correlations are readily
measured from observational data. Causal e�ects can never be measured directly.

1.2. Regressions and Ordinary Least Squares (OLS)

� A regression is a statistical way of estimating a causal relationship between a dependent variable and
one or more explanatory or independent variables:

{ Explanatory variables (xs) are the ones that make things happen

{ Dependent variables (y) are the ones that changes as a result.

� When we use Ordinary Least Squares we assume a linear relationship between a dependent variable
and one or more explanatory variables:

y = �0 + �1x1 + �2x2 + :::+ �KxK| {z }
Linear Regression function

+ u|{z}
Unobserved error term

where �0; �1; �2; ::�K are called regression coe�cients and are unknown parameters that need to be
estimated. For example �1 represents the change in the dependent variable y when the �rst regressor
x1 increases by one unit while the other regressors are kept constant. As you estimate the regression
coe�cients, you are basically "drawing the best possible line through your data", and you get:

by = c�0 +c�1x1 +c�2x2 + :::+ c�KxK
i.e., for each value of x1; x2; :::; xK , you can determine the best linear approximation of y, and call it by:
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� Example: Health Care Expenditures

1. You may believe that a person's annual health care expenditures depend on their age. Annual health
care expenditures are the dependent variable and age is the explanatory variable. The equation you
would like to estimate is a linear relationship between health care expenditures and age:

HCE = �0 + �1AGE + u

Using data from the Medical Expenditure Panel Study (MEPS) data, a dataset looking at people's
health care expenditures, this relationship is estimated as:

dHCE = 38:77 + 92:91AGE
so basically c�0 = 38:77 and c�1 = 92:91: It means that expected health care expenses increase by $92:91
as a person ages by one year, and that, if AGE = 0, then HCE = $38:77:For example, the predicted
health care expenses for a person of age 30 would be:

dHCE = 38:77 + 92:91� 30 = 2826:16
2. If you wanted to include gender, you might generate a male dummy variable (a variable that takes the
value 1 if a person is male and 0 if they are not) and estimate the equation:

HCE = 0 + 1AGE + 2MALE + �

Again from the MEPS data, this is estimated as:

dHCE = �244:96 + 93:56�AGE + 587:17�MALE
i.e. c0 = �244:96;c1 = 93:56;c2 = 587:17:This suggests that expenses rise by about $93.56 per year
of life (di�erent from $92.91 found above!) and that, if they have the same age, men have expenses of
about $587.17 higher than women. For example, The predicted expenses for a 30 year old male would
be: dHCE = �244:96 + 93:56� 30 + 587:17� 1 = 3149:17

� Why are c�1 and c1 di�erent? After all, they measure the e�ect of the same explanatory variable
(AGE) on the dependent variable (HCE). In the second speci�cation we used, we controlled for the
gender of the individual (using the variable MALE), so we are estimating a di�erent model. Hence,c�1 and c1 are usually di�erent:
1. c�1 is the estimated change in health expenditures for an individual as I increase his age by one
year.

2. c1 is the estimated change in health expenditures for an individual as I increase his age by one
year, after controlling for his gender.

In the second speci�cation we used,c2 gives us the estimated (average) di�erence in health expenditures
between men and women of the same age (whatever their age!), and c1 gives us changes in health
expenditures that can be entirely attributed to age, and that have no relation to the gender of the
individual.

Intuition: assume for simplicity that in our sample we have only young women and old men, and that

old men have signi�cantly higher health care expenditures. Then c�1 will be positive (HCE increases

with AGE). It is however likely that c1 is smaller than c�1 (it might even be close to zero) given that,
once we control for the gender of the individual, AGE is not really a signi�cant determinant of health
expenditures. On the contrary, c2 will be large and signi�cant, indicating that men have signi�cantly
higher health expenditures than women.
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1.3. The Fundamental Problem of Causal Inference

� Assume you are interested in measuring the e�ect of the introduction of a new Health Insurance
Program, which has been extended to a selected sample of individuals. What you want to estimate
is the impact of the Health Insurance Program on Health Care Expenditures for individuals who get
selected (the TREATED). Then what you want to estimate is (�0 and �1 are not the same used in
the previous section!):

HCE = �0 + �1TREATED + u

� To illustrate the fundamental problem of casual inference, let's for now call Y = HCE (dependent
variable) and X = TREATED (explanatory variable)

� For each individual you observe: Yi and Xi:Let Yi be the outcome of interest for individual i. We'll
suppress the subscript i where possible.

� We want to consider two possible outcomes for i:

{ Let's de�ne Y0 to be the value of an individual's Y if X = 0 (the individual is not covered by the
new Health Insurance Program) and

{ Let's de�ne Y1 be the value of an individual's Y if X = 1.(the individual is covered by the new
Health Insurance Program).

Thus, for every unit i, we can imagine two potential outcomes fY0; Y1g that we would observe if the
unit were treated (X = 1) or untreated (X = 0).

� We only observe either Y0 or Y1, but we assume that both are well de�ned. That is, there is a precise
alternative state of the world that would have occurred had we chosen X = 1 instead of X = 0 or vice
versa.

� In this framework, the causal e�ect of X on Y is T = Y1� Y0, where T stands for "Treatment E�ect".

� The problem that this immediately reveals is that we never observe Y1�Y0 for a single unit i. Instead,
we observe Yi = Y1iXi + Y0i(1�Xi); that is:

{ if Xi = 1, we observe Yi = Y1i

{ if Xi = 0, we observe Yi = Y01

but not both!

� Fundamental Problem of Causal Inference: it is not possible to observe the value Y1i and Y0i for the
same unit i, so we cannot measure the causal e�ect of X on Y for unit i, i.e. we cannot measure the
treatment e�ect for a speci�c individual!

1.4. Average Treatment E�ect (ATE)

� We might, however, be satis�ed to settle for some kind of population average treatment e�ect instead
(using the regression framework, we could be satis�ed with estimating �1 in the speci�cation above):

T � = E[Y1 � Y0jX = 1]

where E[:] is the expectations operator, denoting the mean of a random variable. This expression
above de�nes the e�ect of "treatment on the treated", that is the causal e�ect of the treatment (the
new Health Insurance Program) on the people who actually received it (people to whom the health
insurance coverage was extended, i.e., for whom X = 1). How do we estimate it?
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� We could compare HCE among those taking the treatment (E[Y jX = 1]) versus those not taking the
treatment (E[Y jX = 0]) to estimate the causal e�ect of the treatment on HCE and use:

eT = E[Y1jX = 1]� E[Y0jX = 0]

to estimate T �.The problem is that people who are not covered by the new Health Insurance Program
are likely to be quite di�erent from those who are (that is E[Y0jX = 0] 6= E[Y0jX = 1]). If so, they
will not provide a good comparison group.

� What would a good comparison look like? It would be one in which the expected counterfactual
outcomes are comparable between the treatment and comparison (control) groups. Speci�cally:

E[Y1jX = 1] = E[Y1jX = 0]

E[Y0jX = 1] = E[Y0jX = 0]:

� If these conditions are satis�ed. then it's straightforward to see that a contrast of the outcomes of
the treatment and control groups will provide a valid estimate of the causal e�ect of treatment for

the treated group (i.e. we are able to estimate �1 "correctly", the estimator
c�1 will be unbiased).

Speci�cally, eT = E[Y1jX = 1]� E[Y0jX = 0] = E[Y1jX = 1]� E[Y0jX = 1] = T �

� Returning to our invalid estimator eT , let's ask how likely is it that the counterfactual outcomes would
be balanced among a set of people selected from the population according to whether or not they are
currently receiving the treatment. It can be for example the case that individuals with lower disposable
income (not controlled for in the regression above)1 are more covered by the new Health Insurance
Program. Formally, this would imply that:

E[Y1jX = 1] < E[Y1jX = 0]

E[Y0jX = 1] < E[Y0jX = 0]

� In words, patients receiving the drug are more likely to have lower HCE whether or not they are
receiving the treatment.

� So, if we calculated the contrast eT = E[Y1jX = 1]� E[Y0jX = 0] , what would we get?

E[Y1jX = 1]� E[Y0jX = 0] =

= fE[Y1jX = 1]� E[Y0jX = 1]g| {z }
T�

What we are interested in

+ fE[Y0jX = 1]� E[Y0jX = 0]g| {z }
Bias

What we are concerned about

� The �rst term on the right-hand side of this equation is the true, causal e�ect of the new Health
Insurance Program on those who get covered (the e�ect of `treatment on the treated'). The second term
is the potential bias that occurs if the counterfactual (non-treated) outcomes of the comparison group
(those not taking treatment) di�er from the counterfactual (non-treated) outcomes of the treatment
group (those taking treatment).

� We've just argued above that E[Y0jX = 1] < E[Y0jX = 0]. Thus, the bias in this case is negative,

which means that it goes in the direction of generating an estimate eT (or c�1) that is smaller than the
true casual e�ect T � (or �1).

� Final remarks:

{ if the sample of individuals treated is randomly assigned, then the average treatment e�ect T � is
"correctly" estimated because the treated and non-treated (control) groups are perfectly compa-
rable.

{ we can include regressors such as AGE andMALE to control for the di�erences in the treatment
and control groups, so that our estimate of �1 is as accurate as possible.

1Analogously, we can for example think about how treated and non-treated individuals di�er by age or by gender.
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1.5. Di�erence in Di�erences (also known as "Di� in Di�")

� Assume you have data on all individuals before and after the introduction of the new Health Insurance
Program (treatment), you can use Di�-in-di� to estimate the impact of the program. One of the
groups (treatment group) is exposed to a treatment in the second period but not in the �rst period.
The second group (control group) is not exposed to the treatment during either period.

� De�ne for example the average di�erence HCEB = HCETB �HCECB , where B stands for before, T is
the treatment group and C is the control group, and similarly HCEA = HCETA � HCECA , where A
stands for after. Then:

DD = HCETA �HCECA| {z }
Di�erence between the two
groups after the Program

is introduced

� [HCETB �HCECB ]| {z }
Di�erence between the two
groups before the Program

is introduced

DD will be estimated "correctly" (it will be unbiased) if the parallel trend assumption holds: absent
the change, di�erence across T and C would have stayed the same before and after, i.e. DD = 0:
Therefore, di�-in-di� is most convincing when groups are similar (in their characteristics) to start
with.

� Estimating the treatment e�ect using di�-in-di� corresponds to estimating the parameter 3 in the
regression (again, the 0s are not the ones de�ned previously!):

HCE = 0 + 1AFTER+ 2TREATED + 3AFTER� TREATED + �

then: dHCE =c0 +c1AFTER+c2TREATED +c3AFTER� TREATED
� Example: Marginal Tax Rate changes following the Tax Reform Act of 1986, which reduced the top
marginal income tax rate. Summary statistics:
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SECTION 2: Theoretical Tools of Public Finance

2.1. True or False Questions

1. When Mindy is maximizing U(x; y) subject to her budget constraint, then, when consuming the optimal
bundle the marginal utilities of x and y will be equal. (Show algebra)

2. An agent values leisure and bread and has convex indi�erence curves. The agent strictly prefers a = (10
hrs; 4 loaves) to b = (2 hrs; 10 loaves). There is another allocation c = (6 hrs; 7 loaves). Someone
says, \Allocation c is a mixture of a and b. And a is strictly better than b. Therefore, the agent
necessarily prefers a to c".

3. Suppose that, when the price of hot dogs increases, Frank Furter's total expenditure on hot dogs also
increases. Therefore, for Frank, hot dogs must be an inferior good.

4. Two football teams A and B are competing for a championship. Team A has 1,000 fans and Team B
has 100. A team A fan's payo�s when A wins, ties, and loses are 100, 70, and 50 in that order. A
team B fan's payo�s when B wins, ties, and loses are 200, 30, and 10 in that order. Team A should
win according to the utilitarian criterion.

5. There are two agents, A andB. Consider the setX of feasible allocations which contains four allocations
x1; :::; x4. The utilities that the two agents receive in each allocation are given below.

x1 x2 x3 x4
uA 3 5 0 4
uB 9 0 8 4

Suppose agent's A utility from outcome x is not given by uA(x) but by euA(x) = uA(x) + c, where c is
a positive constant. Then, no matter how large c is, x3 can never be the best allocation according to
Rawls' criterion.

2.2. Exercises

� Exercise 13 p.59, Gruber
Consider Bill and Ted, the two citizens in the country of Adventureland described in Problem 9 from
Chapter 1. Suppose that Bill and Ted have the same utility function U(Y ) = Y 1=2. where Y is
consumption (which is equal to net income).

a. Rank the three tax policies discussed in Problem 9 from Chapter 1 for a utilitarian social welfare
function.

b. How would your answer change if your utility function was instead U(Y ) = Y 1=5?

c. Suppose that Bill and Ted instead have di�erent utility functions: Bill's utility is given by
UB(Y ) = 1=4Y 1=2, and Ted's is given by UT (Y ) = Y 1=2. (This might happen, for example,
because Bill has signi�cant disabilities and therefore needs more income to get the same level of
utility.) How would a Rawlsian rank the three tax policies now?

E�ects of Redistributive Policies in Adventureland
0% 25% 40%

Bill's pre-tax income $1000 $800 $400
Bill's taxes 0 $200 $160
Bill's net income $1000 $600 $240
Ted's pre-tax income $120 $120 $120
Ted's transfer payments 0 $200 $160
Ted' net income $120 $320 $280
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� Exercise 14 p.59, Gruber
You have $3,000 dollars to spend on entertainment this year (lucky you!). The price of a day trip
(T) is $40 and the price of a pizza and a movie (M) is $20. Suppose that your utility function is
U(T;M) = T 1=3M2=3:

1. What combination of T and M will you choose?

2. Suppose that the price of price of day trips rises to $50. How will this change your decision?

2



UNIVERSITY OF CALIFORNIA, BERKELEY Tom Beckford and Dorian Carloni
Department of Economics ECON 131, Spring 2012

SECTION 3: Public Goods

3.1. Exercises

� Exercise 12 p.201, Gruber
Andrew, Beth and Cathy live in Lindhville. Andrew's demand for bike paths, a public good, is given
by Q = 12 � 2P: Beth's demand is Q = 18 � P; and Cathy's is Q = 8 � P=3:The marginal cost of
building a bike path is MC = 21: The town government decides to use the following procedure for
deciding how many paths to build. It asks each resident how many paths they want, and it builds the
largest number asked for by any resident. To pay for these paths, it then taxes Andrew, Beth and
Cathy the prices a; b and c per path respectively, where a + b + c = MC. (The residents know these
tax rates before stating how many paths they want).

a. If the taxes are set so that each resident shares the cost evenly (a = b = c), how many paths will
get built?

b. Show that the government can achieve the social optimum by setting the correct tax prices a; b
and c: What prices should it set?

� Exercise 14 p.201, Gruber
The town of Musicville has two residents, Bach and Mozart. The town currently funds its free outdoor
concert series solely from the individual contributions of these residents. Each of the two residents has
a utility function over private goods (X) and total concerts (C), of the form U = 3� log(X) + log(C).
The total number of concerts given, C, is the sum of the number paid for by each of the two persons:
C = CB + CM : Bach and Mozart both have income of 70, and the price of both the private good and
a concert is 1. Thus, they are limited to providing between 0 and 70 concerts.

a. How many concerts are given if the government does not intervene?

b. Suppose the government is not happy with the private equilibrium and decides to provide 10
concerts in addition to what Bach and Mozart may choose to provide on their own. It taxes Bach
and Mozart equally to pay for the new concerts. What is the new total number of concerts? How
does your answer compare to (a)? Have we achieved the social optimum? Why or why not?

c. Suppose that instead an anonymous benefactor pays for 10 concerts. What is the new total
number of concerts? Is this the same level of provision as in (b)? Why or why not?

� Exercise 15 p.201, Gruber
Consider and economy with three types of individuals, di�ering only with respect to their preferences
for monuments. Individuals of the �rst type get a �xed bene�t of 100 from the mere existence of
monuments, whatever their number. Individuals of the second and third type get bene�ts according
to:

BII = 200 + 30M � 1:5M2

BIII = 150 + 90M � 4:5M2

where M denotes the number of monuments in the city. Assume that there are 50 people of each type.
Monuments cost $3,600 each to build. How many monuments should be built?
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ΥΝΙςΕΡΣΙΤΨ ΟΦ ΧΑΛΙΦΟΡΝΙΑ, ΒΕΡΚΕΛΕΨ Τοµ Βεχκφορδ ανδ ∆οριαν Χαρλονι
∆επαρτµεντ οφ Εχονοµιχσ ΕΧΟΝ 131, Σπρινγ 2012

ΣΕΧΤΙΟΝ 4: Εξτερναλιτιεσ

4.1. Εξερχισεσ

� Α ταννερψ ηασ α χοστ λ2 οφ ταννινγ λ τονσ οφ λεατηερ. Ταννεδ λεατηερ χαν βε σολδ ατ ∃100 περ τον.
Τηε ταννερψ µαξιµιζεσ προ�τσ. Τηε ταννινγ προχεσσ γιϖεσ ο� υνπλεασαντ σµελλσ. Εαχη τον οφ λεατηερ
προχεσσεδ βψ τηε ταννερψ ηασ α σοχιαλ χοστ οφ ∃10 (ηοω µυχη τηε νειγηβορηοοδ ισ ωιλλινγ το παψ το
αϖοιδ τηε σµελλ).

1. Ασσυµινγ τηε ταννερψ ιγνορεσ τηε ε�εχτ οφ τηε σµελλ, ηοω µυχη ωιλλ ιτ προδυχε?

2. Χονσιδερ α σοχιαλ πλαννερ ωηο µαξιµιζεσ τηε ταννερψ∋σ προ�τσ πλυσ τηε νειγηβορηοοδ∋σ υτιλιτψ.
Ηοω µυχη ωιλλ τηε σοχιαλ πλαννερ ηαϖε τηε χοµπανψ προδυχε?

3. Ισ ιτ ποσσιβλε το αχηιεϖε τηε σοχιαλ πλαννερ∋σ πρεφερρεδ προδυχτιον λεϖελ βψ ιµποσινγ α ταξ ον ταννεδ
λεατηερ? Ιφ νοτ εξπλαιν ωηψ νοτ, ιφ ψεσ δεσχριβε τηε ταξ ανδ ιτσ λεϖελ.

� Τηε ινϖερσε δεµανδ φυνχτιον φορ α γοοδ ισ γιϖεν βψ Π = 10 � Θ. Τηε µαργιναλ χοστ περ υνιτ οφ τηε
γοοδ το τηε προδυχερ ισ χονσταντ ατ 2. Τηε τοξιχ γασ εµανατεδ δυρινγ τηε προδυχτιον γενερατεσ αιρ
πολλυτιον τηατ αµουντσ το 4 περ υνιτ.

1. Ωηατ ισ τηε σοχιαλλψ οπτιµαλ θυαντιτψ?

2. Συπποσε τηε ινδυστρψ ισ περφεχτλψ χοµπετιτιϖε ανδ �ρµσ ιγνορε πολλυτιον. Ωηατ ισ τηε µαρκετ
εθυιλιβριυµ? Τηατ ισ, ωηατ ισ Π ανδ Θ? Ισ τηισ ουτχοµε σοχιαλλψ οπτιµαλ?

3. Νοω συπποσε τηε �ρµσ τηατ αχτεδ ιν α περφεχτλψ χοµπετιτιϖε φασηιον ιν β) µεργε ιντο ονε �ρµ.
Ωηατ ισ τηε µονοπολψ Π ανδ Θ? Ισ τηισ ουτχοµε σοχιαλλψ οπτιµαλ? Εξπλαιν.

4.2. Ρεαδινγσ

� Μεασυρινγ Ρατεσ οφ Ρετυρν φορ Λοββψινγ Εξπενδιτυρεσ: Αν Εµπιριχαλ Αναλψσισ Υνδερ τηε Αµεριχαν
ϑοβσ Χρεατιον Αχτ, βψ Ραθυελ Αλεξανδερ, Συσαν Σχηολζ ανδ Στεπηεν Μαζζα

1. Ωηατ ισ τηε µαιν ρεσυλτ οφ τηισ στυδψ?

2. Ωηατ αρε τηε τρεατµεντ ανδ τηε χοντρολ γρουπσ?

3. Ωηατ δο ωε µεαν βψ λοχκ−ουτ ε�εχτ?

4. Ηοω δο ρεπατριατινγ χοµπανιεσ δι�ερ φροµ νον−ρεπατριατινγ χοµπανιεσ?

5. Ωηιχη φαχτορσ αρε ασσοχιατεδ ωιτη ρεπατριατινγ λαργερ αµουντσ?

6. Ωηατ αρε τηε πολιχψ ιµπλιχατιονσ οφ τηε ρεσυλτσ πρεσεντεδ ιν τηισ παπερ?

� Πουνδσ τηατ Κιλλ: Τηε Εξτερναλ Χοστσ οφ ςεηιχλε Ωειγητ, βψ Μιχηαελ Ανδερσον ανδ Μαξιµιλιαν
Αυ�ηαµµερ

1. Ωηατ αρε τηε µοστ ιµπορταντ τηινγσ το χοντρολ φορ ιν δετερµινινγ τηε ε�εχτ οφ ϖεηιχλε ωειγητ ον
τρα�χ φαταλιτιεσ?

2. Ωηατ αρε τηε τωο χουντερφαχτυαλ σχεναριοσ τηε αυτηορσ χονσιδερ?

3. Αρε τηερε ανψ οτηερ εξτερναλιτιεσ το δριϖινγ ηεαϖιερ ϖεηιχλεσ οτηερ τηαν τηε χοστ το τηε στρυχκ
δριϖερ?

4. Ωηατ ισ τηε µοστ διρεχτ ιντερϖεντιον το χορρεχτ το τηε εξτερναλ εξτερναλιτψ οφ ϖεηιχλε ωειγητ?

5. Ωηατ αρε ποτεντιαλ προβλεµσ ωιτη τηισ προποσαλ?

6. Ισ τηερε α µορε πραχτιχαλ χορρεχτιον/ιντερϖεντιον?

7. ∆οεσ τηισ σολϖε τηε προβλεµ ανδ ηοω δοεσ ιτ χοµπαρε το τηε µορε διρεχτ ιντερϖεντιον?
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Pounds that Kill: The External Costs of Vehicle

Weight

Michael Anderson & Maximilian Aufhammer

Working paper: June 2011

Main conclusions

In this paper we estimate the increased probability of fatalities from being hit by a heavier vehicle in a
collision. We show that, controlling for own-vehicle weight, being hit by a vehicle that is 1,000 pounds
heavier results in a 47% increase in the baseline fatality probability. Estimation results further suggest that
the fatality risk is even higher if the striking vehicle is a light truck (SUV, pickup truck, or minivan). We
calculate that the value of the external risk generated by the gain in fleet weight since 1989 is approximately
27 cents per gallon of gasoline. We further calculate that the total fatality externality is roughly equivalent
to a gas tax of $1.08 per gallon. We consider two policy options for internalizing this external cost: a gas
tax and an optimal weight varying mileage tax. Comparing these options, we find that the cost is similar for
most vehicles.

Data

• The data set consists of the population of police-reported accidents for eight states: Florida, Kansas,
Kentucky, Maryland, Missouri, Ohio, Washington and Wyoming. These data come from the State Data
System, maintained by the National Highway Traffic Safety Administration (NHTSA). The SDS data
include information on injuries and fatalities, geographic location, weather conditions, use of safety
equipment, and driver and occupant characteristics.

• We selected these eight states out of the 32 states currently participating in the SDS as they report
the vehicle identification number (VIN) for the majority of vehicles in the data set. We purchased
data tables from DataOne Software to match the first 9 digits of the VIN to curb weight data for each
vehicle.

• For analytic purposes, we decompose the data set into three sub-samples, two-vehicle crashes, three-
vehicle crashes, and single-vehicle crashes. The two-vehicle crash data set is the focus of most of our
analyses. It contains 4.8 million vehicles in collisions in which both vehicles have complete curbside
weight data.

1



Issues

• One important feature of the SDS data is that accidents only appear in the data set if the police take
an accident report. According to NHTSA documentation, various estimates suggest that only half of all
motor vehicle accidents are police reported. While many of the unreported accidents are single vehicle
accidents, some no doubt involve two vehicles as well. This sampling frame could affect our estimates
if vehicle weight affects the probability of a police report, all other factors held constant.

• If vehicle weight positively affects the reporting probability of minor accidents, then our estimates
will represent a lower bound on the effect of weight on external fatalities. If vehicle weight negatively
affects the reporting probability of minor accidents, however, then our estimates of the effect of weight
on external fatalities could be upwardly biased.

Previous literature

Previous work on the “arms race” on American roads has focused on the internal and external risks posed by
the largest vehicles – pickup trucks and sport utility vehicles (SUVs) – relative to the typical passenger car.
White (2004), Gayer (2004), Anderson (2008), and Li (forthcoming) all conclude that light trucks (pickups
and SUVs) impose significant risks relative to passenger cars. This study expands upon that literature by
considering the fundamental role that vehicle weight plays in determining external risk. We recognize that
any vehicle that is heavier than the smallest feasible vehicle poses some external risk to other roadway users.
We quantify that risk and find that the total external costs of vehicle weight substantially exceed the external
costs that accrue only from light trucks. Our comprehensive results span the entire range of the vehicle fleet
and allow us to consider the broader implications of vehicle weight for energy policy.
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Econometric Analysis

Linear probability model and probit model shown in Table 2 with various controls.

Column (7) is the preferred specification (note too many regressors to reliably estimate a probit model and
thus only OLS estimated for 7-9). A 1000 lbs increase in stricking vehicle weight increases the probability of
a fatality by 47%.

The results in Table 2 suggest that selection bias has little impact on the striking vehicle weight
coefficient but may affect the struck vehicle weight coefficient. In particular, the addition of
driver characteristic controls in columns (5) and (6) has a notable impact on the struck vehicle
weight coefficient but almost no impact on the striking vehicle weight coefficient.

The results in Table 2 also suggest that the external risk posed by light trucks is not due solely to their
heavy weight. The coefficient on the indicator for whether the striking vehicle is a light truck is positive and
statistically significant in every column. In our preferred specification, column (7), the coefficient implies
that being struck by a light truck increases the probability of a fatality by 0.09 percentage points (t = 10.3),
even after conditioning on striking vehicle weight.



Policy Implications

We now explore whether the estimated causal effect of vehicle weight on fatalities is economically significant
and compare two possible price based policies to distribute the external costs across drivers. To quantify the
magnitude of the external costs of increased vehicle weight, we design the following counterfactual experiment.
We consider the externality at the individual level, whereby purchasing and driving a heavy vehicle increases
the probability of a fatality in a collision with other vehicles on the road. We conduct a thought experiment
in which an individual chooses a vehicle of a certain weight; we then calculate the external costs from this
individual’s vehicle choice. We carry out this calculation for each driver on the road while holding the
remainder of the fleet constant. We sum across individuals to get the total externality from all individuals’
vehicle choices.

• For the purposes of this calculation, we assume that the individual chooses a vehicle weighing as much
as the average 2005 model year vehicle in our data (3,616 pounds). We calculate total external costs
against two baseline vehicles that the individual could buy – a slightly lighter vehicle and the lightest
possible vehicle. The “slightly lighter” counterfactual vehicle is a proxy for the average 1989 model year
vehicle in our data, which weighs 2,953 pounds. The “lightest possible” counterfactual vehicle is the
smallest drivable car in mass production in 2005, which weighs 1,850 pounds.

All of our scenarios represent partial equilibrium approaches to arriving at total external costs – they assume
that our regression estimates would not change if the vehicle fleet changed in response to the policies con-
sidered (in reality, there could be a modest change in the regression coefficients if the vehicle fleet changes
in response to policy). When summed across all individuals, our counterfactual scenario computes the total
external cost of a 2005 model year vehicle fleet over the representative 1989 model year vehicle. Our ex-
periment is not affected by the specific distribution of vehicle weight within the fleet as the probability of
a fatality is assumed linear in striking vehicle weight – the linearity ensures that mean vehicle weight is a
sufficient statistic for our policy analysis.

• If our simulated individual chooses a vehicle weighing 3,616 lbs instead of one weighing 2,953 lbs, she
causes an additional 0.000027 external fatalities per year in expectation, valued at $154.39. Summing
this figure across all vehicles, the total external cost of vehicle weight gain relative to the 1989
baseline vehicle is $35 billion per year. This figure represents the “weight gain since 1989” scenario
but does not encompass the total external costs of vehicle weight.

• Our second counterfactual scenario assumes the individual purchases the 3,616 lb vehicle (wi) over
a vehicle weighing 1,850 lbs (wcf), which represents the lightest vehicle in mass production that can
transport at least two adult passengers and is classified as an automobile. This is the approximate weight
of Toyota’s iQ, Mercedes Benz’s Smart Car, or the first generation Honda Insight. The intuition behind
calculating the total external cost using this baseline vehicle is that individuals privately choose the size
of the externality by choosing a heavier vehicle than required to provide baseline transportation services.
If our simulated individual chooses a vehicle weighing 3,616 lbs instead of one weighing
1,850 lbs, she causes an additional 0.000071 external fatalities per year in expectation,
valued at $411.34. Summing across all drivers, this translates into a total external cost of
$93 billion per year.

– This scenario, however, ignores the external fatality risks that vehicles pose to pedestrians and
motorcyclists. In 2005, there were 2,659 motorcycle crash fatalities (involving light vehicles) and



5,864 non-motorist fatalities due to fatal crashes (NHTSA 2010). This is equivalent to an external
“baseline” fatality cost of $49.4 billion. The total external cost of “excess” vehicle weight and
baseline fatality risk is therefore $142.4 billion.

While the magnitude of the total external costs is a straightforward calculation, translating it into an optimal

policy is not. Our results demonstrate that the per mile insurance charge should vary sharply by weight – a
heavier car generates greater expected per mile external costs than a lighter car. In order to assess a tax
that varies per pound and per mile, one needs accurate information on vehicle miles travelled
(VMT) for each vehicle, which creates substantial monitoring challenges.

A practical policy alternative is to distribute the total external costs by raising the gasoline tax assessed per
gallon. Taxing gasoline is appealing because it is simple and because gasoline usage is positively
related to both miles driven and vehicle weight.

• The United States consumed 140 billion gallons of gasoline in 2005 (EIA 2010). If we spread the
total external costs calculated above across 140 billion gallons of gasoline, this translates into 27
cents per gallon in the “weight gain since 1989” scenario ($38 billion/140 billion gallons = 27
cents/gallon). The total externality due to vehicle fatalities when the baseline vehicle is 1,850
pounds translates into a tax of 73 cents per gallon ($101.6 billion/140 billion gallons = 73
cents/gallon). Including pedestrian and motorcycle fatalities translates into a tax of $1.08 per gallon
($151 billion/140 billion gallons = $1.08/gallon).

A natural question is how close the gasoline tax comes to achieving the desired weight varying mileage tax.
We perform a back of the envelope calculation using a large set of vehicles for which we have vehicle weight
and mpg ratings from Knittel (forthcoming). Figure 4 presents a scatterplot of the gas tax versus the weight
tax for all models from 1997–2006 in the cleaned Knittel (forthcoming) database.



The difference between the two taxes is small for most models, but it can be significant at the extremes,
ranging between –3.7 cents to 5.3 cents per mile. A one cent difference per mile equates to $110 dollars on
an annual basis. For 62% of the models in our database, the absolute value of the difference
between the two taxes is less than one cent per mile, and for 95% of the models the absolute
value of the difference is less than 2 cents per mile. The average difference between the two
taxes is 0.69 cents per mile, which represents 12.9% of the average value of the per mile weight
tax.
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SECTION 6: Solutions Problem Set 1 and Tiebout
Model

6.1. Solutions Problem Set 1

� Exercise 5
Assume the cost of commuting to work for an individual with wage w is wln(n) by car and wx + t by
BART, where n is the number of cars on the road (one car per driver), t is the cost of commuting by
BART and x is the time spent commuting by public transport. Let there be N total commuters.

a. Assume everyone makes the same wage. What will the equilibrium number of drivers be? How
does this equilibrium number of drivers change with wage?

b. What is the socially e�cient number of drivers? How does the socially e�cient number of drivers
change with equilbrium wage?

c. What are four ways you could enforce the social optimum? Which of these seems the most
plausible?

6.2. Tiebout Model

� Experiment instructions
Community Structure: This is a classroom exercise in which you will be able to choose where you
prefer to live. There are initially �ve communities with locations marked by manila envelopes. Each
of you will now be assigned to one of these communities. I will now distribute several playing cards to
each of you. The cards have a number and a suit (Hearts , Clubs , Diamonds , and Spades ). The suit
corresponds to a particular type of public good. The number reects the intensity of your preference
for that type of public good. For example, if your cards are 3 , 4 , 9 , and 2 , then your intensity is 3
for , 4 for , 11 (9+2) for . For example, you might think of these as possible types of museums, such
as medical ( ), agricultural ( ), military ( ), and baseball ( ).

Community Choice: Your community must choose to provide one (and only one) of these public
goods. In addition, the community must decide on the level of that good to provide. For example, a
community may decide to provide a level of 6 (which means the levels of the other three goods are zero).
These decisions will be made by a series of votes that follow an initial discussion of preference and
negotiations. All votes will be decided on the basis of majority rule. These votes and discussions will
be coordinated by a mayor, someone who I will now appoint for each community. The mayor will chair
meetings, announce the community's choice of public good, and the individual tax rate (individual
cost). If the mayor moves to another community, he/she should appoint another mayor before leaving.
In the event of a tie, the mayor, who votes individually as well, can cast a second vote to break the tie
.

Preferences: Your voting decision may be guided by the cards that you have. In general, you prefer
the community adopt a high level of the public good for the suit in which you have a high card number
(or sum of numbers). You will be happiest if the community chooses a level that corresponds exactly
to the total number that you have for that suit. The cost of providing the public good is two times
the level. All members of the community must share this cost equally, so a high provision results in
higher taxes. Therefore, you would not want your community to choose a level of the public good that
is higher than the number you have for that suit.

(Example 1) Suppose your cards are: 10 , 2 , 5 , 6 , and that your community has 6 people and
decides on a level of 6 . The cost of this decision is 2x6 = 12, which is to be divided by the number
of people (6), yielding an individual cost of 2. Your payo� is 2 (since you have a 2 of ) minus the
individual cost, 2, which equals 0.
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(Example 2) Now suppose another community member's cards are: 7 , 10 , 3 , 4 . This member's
could potentially receive a bene�t of 10 for Spades, but the person's payo� is capped at 6 (the level
voted upon). The net bene�t is, therefore, 6 minus the individual cost, 2, which equals 4.

(Example 3) Now it is your turn to work an example . A person is in a community of 5 people which
chooses Clubs at a level of 5, i.e. 5 , for a total cost of . A person with the following cards: 9 , 4 ,
6 , 10 would receive a bene�t of , pay a tax of , and hence would have a net bene�t of .

Choosing Communities: The residents of each community will make their decision (suit and level)
by voting, in a meeting conducted by the mayor. After all communities have made decisions, we will
ask the mayors to announce their decisions, thus completing the �rst round. Then, people will be free
to switch to a community with a public good decision more to their liking, with the understanding
that newly con�gured communities will vote again at the start of the round on the type and level of
the good to be provided. Using the provided table, please record your card distribution (suits and
numbers), community/location in each round, the community decision, and your payo�s after each
round. You may move communities to improve your well being, or you may choose to remain in a
community. Communities may dissolve and re-emerge during this process.
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SECTION 7: Tiebout Model and Cost-Bene�t Analysis

7.1. Tiebout Model

� Exercise 10 p. 287, Gruber Chapter 10
Rhode and Strumpf (2003) evaluated a century of historical evidence to investigate the impact of
changes in moving costs within the Tiebout model.

1. What does the Tiebout model predict should happen to the similarity of residents within a
community as the costs of moving fall?

2. Rhode and Strumpf found that while mobility costs have steadily fallen, the di�erences in public
good provision across communities have fallen as well. Does Tiebout sorting explain this homog-
enization of public good provision, or must other factors have played a larger role? Explain.

� Based on Exercise 14 p. 288, Gruber Chapter 10
There are two types of residents in Berkeley and Oakland, economics students and biology students.
Economics students spent T = 12 hours a day studying while biology students only spend T = 4 hours
a day studying (they have much less work!). Both Berkeley and Oakland provide nature conservancies
for their citizens. Biology students value Berkeley more than Oakland because Berkeley has better
preserved nature conservancies. On the other hand, economics students prefer Oakland since they don't
have time to enjoy nature conservancies, but have to pay for them. The value of nature conservancies
to each individual takes the form N2+2TN . The per-resident cost of maintaining nature conservancies
is 32N .

1. What is the marginal value of maintaining nature conservancies for each type of individual? What
is the marginal cost to each type of individual?

2. How much do biology students want to spend on nature conservancies? How much do economics
students want to spend?

3. Assume that residents are distributed as follows:
Berkeley Oakland

Economics Students 60 75
Biology Students 100 45

If the amount spent for the maintenance of nature conservancies in each town is an average of
the amounts preferred by the individuals living in that town, how much will each town spend on
nature conservancies? What about if they use majority voting? In each of the two cases, how
many residents are unsatis�ed with the amount spent on nature conservancies? Who will want to
move, and where?

� Based on Exercise 1 p. 287, Gruber Chapter 10
The (identical) citizens of Boomtown have $2 million to spend either on park maintenance or private
goods. Each unit of park maintenance costs $10,000.

1. Graph Boomtown's budget constraint.

2. Suppose that Boomtown chooses to purchase 100 units of park maintenance.Draw the town's
indi�erence curve for this choice.

3. Now suppose that the state government decides to subsidize Boomtown's purchase of park main-
tenance by providing the town with 1 unit of maintenance for every 2 units the town purchases.
Draw the new budget constraint. Will Boomtown purchase more or fewer units of park mainte-
nance? Will Boomtown purchase more or fewer units of the private good? Illustrate your answer,
and explain.

1



4. Assume that with a 125,000$ block grant from the state government, Boomtown would consume
110 units of park maintenance. Suppose then that, what Boomtown really receive is a conditional
block grant of 125,000$ for park maintenance. How much park maintenance will Boomtown
purchase? Are "Boomtowners" better o� under a block grant or under a conditional block grant?
Under what conditions are they equally happy in the two cases?

7.2. Cost-Bene�t Analysis

� Exercise 14 p. 225, Gruber Chapter 8
Jellystone National Park is located 10 minutes away from city A and 20 minutes away from city B.
Cities A and B have 200,000 inhabitants each, and residents in both cities have the same income and
preferences for national parks. Assume that the cost for an individual to go to a national park is
represented by the cost of the time it takes her to get into the park. Also assume that the cost of time
for individuals in cities A and B is $.50 per minute.

You observe that each inhabitant of city A goes to Jellystone ten times a year while each inhabitant of
city B goes only �ve times a year. Assume the following: the only people who go to the park are the
residents of cities A and B; the cost of running Jellystone is $1,500,000 a year; and the social discount
rate is 10%. Also assume that the park lasts forever.

1. Compute the cost per visit to Jellystone for an inhabitant of each city.

2. Assuming that those two observations (cost per visit and number of visits per inhabitant of city
A, and cost per visit and number of visits per inhabitant of city B) correspond to two points of
the same linear individual demand curve for visits to Jellystone, derive that demand curve. What
is the consumer surplus for inhabitants of each city? What is the total consumer surplus?

3. There is a timber developer who wants to buy Jellystone to run his business. He is o�ering $100
million for the park. Should the park be sold?
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SECTION 8: Tax Incidence

8.1. True/False/Uncertain Questions

1. Under a horizontal equitable tax system economics grad students should pay the same tax as investment
banking analysts.

2. If infra-marginal impacts of a tax break are very large, then provision by the government is preferred
to a tax break.

3. The incidence of a land value tax is borne equally by both land owners and buyers. A land value tax
is a tax on the unimproved value of land, i.e. excluding the value of buildings, personal property and
other improvements.

4. A gasoline tax is likely to be progressive.

5. The government has imposed a new tax on all airline travel. The market has two types of travelers:
business and leisure. Business travelers have a price elasticity of demand of -1.2, leisure travelers have
a price elasticity of demand equal to -3.0. Airlines can price discriminate between these two groups
(i.e. charge di�erent prices to each type).

Then Business travelers will bear the larger burden of the tax.

6. Consumers are always better o�, if a taxed good is provided in a competitive market rather than a
monopoly.

8.2. Exercises

� Exercise 12 p.556, Gruber Chapter 18
Your employer allows you to purchase a parking permit with "pretax dollars" - that is, you don't
have to pay taxes on the money that you used to purchase this permit. Does allowing some people
to purchase certain goods or services using pretax dollars increase or decrease equity in the U.S. tax
system? Explain.

� Exercise 13 p. 586, Gruber Chapter 19
Massive Products Inc. is a monopolist whose cost of production is given by 10Q+Q2 (so its marginal
cost curve - equivalently its inverse supply curve - is given by 10+2Q ). Demand for Massive Products'
massive products is Q = 200� 2P:

(a) What price will the monopolist charge, and what pro�ts will the monopolist earn? What will the
consumer surplus be?

(b) How will the monopolist's price and pro�ts change if a tax of $15 per unit is imposed on the
buyers of the product?

(c) What is the deadweight burden of the tax?

� Suppose that the demand for a good is described by the inverse demand function p = 10� 3q and the
supply of the good is given by the inverse supply function p = 2 + 2q.

(a) What is the equilibrium price and quantity of the good in this market?

(b) Suppose the government imposes a $1 per unit tax on suppliers. Now what is the equilibrium
price and quantity of the good in this market.

(c) Determine the incidence of the tax, who bears what shares of the tax?

(d) Calculate the elasticities of demand and supply at the equilibrium allocation in the absence of the
tax. Explain how these elasticities work to determine the incidence of the tax.

1
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SECTION 9: E�ciency Cost of Taxation

9.1. Exercises

� Exercise 10 p.617, Gruber Chapter 20
The market demand for stu�ed rabbits is Q = 2600� 20P , and the government intends to place a $4
per bunny tax on stu�ed rabbit purchases. Calculate the deadweight loss of this tax when:

(a) Supply of stu�ed rabbits is Q = 400

(b) Supply of stu�ed rabbits is Q = 12P

(c) Explain why the deadweight loss calculations di�er between (a) and (b)

� Exercise 14 p.618, Gruber Chapter 20
The demand for snorkels in Berhama is given by QS = 500�8PS and the supply of snorkels in Berhama
is given by QS = 200 + 4PS . The demand for kayaks is given by Qk = 650 � 6Pk and the supply of
kayaks is given by Qk = 50+1:5Pk. Both goods are currently untaxed, but the government of Berhama
needs to raise $5,000 (to �nance a new lighthouse) by taxing snorkels and kayaks. What tax should it
levy on each of the two goods?

9.2. Article

� Theoretical exercise
A representative worker is paid $20 per hour and has disutility (0:004)h2 of working h hours in one
year. The worker solves

max
h
(1� t)20h� (0:004)h2

where t denotes the income tax rate.

(a) How much will the worker work if t = 0?

(b) US workers put in the longest hours on the job in industrialized nations, clocking up 1,966 hours
per capita in 1997. In Norway and Sweden hours worked in 1997 were, respectively 1,399 and
1,552 per year. Suppose workers in all three nations solve the problem above, but with country-
speci�c tax rates tUS , tNOR, and tSWE . Solve for the country-speci�c tax rates that would induce
workers to work as much as they are observed to work in each country.

(c) Assume the wage per hour is higher in the US than it is in Sweden and Norway (assume it is
slightly higher than $20 per hour), because productivity is higher. Would the tax rate in the US
be higher or lower than what you found in (b)?

� Questions

1. What is Edward Prescott's explanation of the observed di�erences in labor supply between Amer-
icans and Europeans?

2. What do we mean by "social multiplier" theory?

3. What are the consequences of facing higher tax rates? Discuss the pros and cons.

1
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SECTION 10: Taxes on Labor Supply and Savings

10.1. True/False Questions

1. Making child care costs tax-deductible reduce the \tax wedge" associated with the fact that market
work is taxed but home work is not. Moreover, it increases social e�ciency.

2. 401k plans signi�cantly increase the return to retirement savings by deferring tax payments.

3. Bracket creep decreases taxes for someone with constant real income.

10.2. Earned Income Tax Credit

� Exercise
Consider the case of a single woman, Grace, who is deciding how many hours to work each month.
Suppose she is limited to working a maximum of 200 hours per month. She has no other source of labor
income. If she works, she receives a wage of $10 for each hour worked. However, a payroll tax on labor
income ( � = 0:10 or 10%) is assessed on the worker for all labor income and is present throughout the
problem. Assume Grace's utility function over division of total labor supply endowment per month
between leisure (L) and all other consumption expenditure (C) takes the following form:

U = 6 ln(L) + 4 ln(C)

1. Sketch the budget constraint facing Grace in leisure (L) and other consumption expenditure (C)
space.

2. Solve for Grace's optimal choice of labor supply.

(a) How many hours of work will she provide?

(b) What is the corresponding level of her other consumption expenditure (earned income - payroll
taxes)?

Suppose the state government introduces a work incentives program similar to the EITC to promote
work among low-earning workers. Under this program:

{ Workers receive a 20% government refundable tax credit for wages on the �rst $500 of earned
income. The maximum subsidy, then, is $100.

{ Workers retain the full $100 credit for earnings above $500, provided that total earned income
does not exceed $700.

{ Workers whose earned income exceeds $700 have their credit amount reduced by 20% of earned
income above $700 up to the point that the credit is $0.

{ The credit is fully phased-out at $1200 of earned income, and workers whose earned income
exceeds $1200 receive no credit.

3. Demonstrate graphically the revised budget constraint facing Grace. Label interesting facets of
the budget constraint.

4. Calculate the e�ective marginal tax rate (EMTR) and average tax rate (ATR) at the following
earnings levels both BEFORE and AFTER implementing the labor subsidy program:

(a) Earned Income = $100

(b) Earned Income = $600

(c) Earned Income = $1000

1



(d) Earned Income = $1400

5. Intuitively, how might you expect labor supply throughout the economy to respond to the im-
position of this work subsidy program, assuming heterogeneity (di�erences) in preferences over
L and C across agents? Be explicit about responses for agents with various optimal initial labor
allocations, di�erentiating along intensive/extensive margins. Is the impact on total labor supply
positive, negative, or ambiguous?

6. Solve for Grace's optimal choice of labor supply (a qualitative answer is enough).

(a) How has her labor supply changed from in (b) and how has her level of other consumption
expenditure changed?

(b) How has the work subsidy program impacted Grace's welfare?
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SECTION 11: Taxes on Savings

11.1. True/False Questions

1. According to the precautionary savings model, individuals save more if their uncertainty about future
labor income taxes increases.

2. In a de�ned contribution pension plan, the employer bears all the risk of the pension payments.

3. Capital income taxation distorts the individual's intertemporal choice less than labor income taxation.

11.2. Long Questions

� Exercise 3 page 673, Gruber chapter 22.
Mallovia two tax brackets. The �rst $20,000 in income is taxed at a 10% marginal rate, and income
above $20,000 is taxed at a 30% marginal rate. All income|earned income and nominal interest,
dividend, and capital-gains income|is treated the same. The threshold for the 30% rate is currently
indexed for ination, and the real interest rate is 5%.

1. How does ination a�ect the return to savings in Mallovia? Compare the likely savings rate when
expected ination is 10% with the likely savings rate when expected ination is zero.

2. How would your answer change if the threshold for the 30% rate were not indexed for ination?

� Exercise 7 page 673, Gruber chapter 22
Two countries with comparable levels of income per capita each propose raising the amount of savings
that can be tax-deferred by $2,000. In Wenti, the current maximum amount of savings that can be
tax-deferred is $2,000, while in Schale, the current limit is $5,000. In which country are savings likely
to rise by more? In which country is the inframarginal response likely to be greatest? Which savings
incentive will likely cost its government the most? Explain.

� Exercise 13 page 673, Gruber chapter 22.
Consider a model in which individuals live for two periods and have utility functions of the form
U = ln(C1) + ln(C2): They earn income of $100 in the �rst period and save S to �nance consumption
in the second period. The interest rate, r, is 10%.

1. Set up the individual's lifetime utility maximization problem. Solve for the optimal C1, C2, and
S. (Hint: Rewrite C2 in terms of income, C1, and r.) Draw a graph showing the opportunity set.

2. The government imposes a 20% tax on labor income. Solve for the new optimal levels of C1, C2,
and S. Explain any di�erences between the new level of savings and the level in part a, paying
attention to any income and substitution e�ects.

3. Instead of the labor income tax, the government imposes a 20% tax on interest income. Solve for
the new optimal levels of C1, C2, and S. (Hint: What is the new aftertax interest rate?) Explain
any di�erences between the new level of savings and the level in a, paying attention to any income
and substitution e�ects.
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SECTION 12: Corporate Taxation

12.1. True/False Questions

1. In the U.S. capital gains are taxed on accrual.

2. Assume Andrew buys Apple's stocks for a value of $1,000 and pass the stocks to his son when he dies.
The value of the stocks when Andrew dies is $1,200. John, Andrew's son, decides to keep the stocks
for two years, and eventually sell them for $1,150. He will have to pay positive taxes on capital gains.

3. When a company buys equipment or a new building, it can deduct the full costs of the machine from
its taxable income, in the same way as it can fully deduct the salary of the workers it is employing in
a given year.

4. The share of federal revenue coming from the corporate tax has decreased over time, whereas the share
of the payroll tax has more than doubled between 1960 and 2008.

12.2. Long Questions

� Exercise 8 page 700, Gruber chapter 23.
When Bill died in 2006, he left his children $200,000 in cash (generated from labor earnings), a $1.1-
million-dollar home he had purchased (with labor earnings) for $100,000 in 1980, and $1.2 million in
stock that he had purchased (with labor earnings) for $200,000 in 1985. Evaluate the argument that
the estate tax represents double taxation of Bill's income.

� Exercise 3 page 735, Gruber chapter 24.
Suppose that new machines cost $504, and the marginal bene�t from new machines isMB = 246�6K,
where K is the number of machines purchased. The depreciation rate is 15% and the dividend yield is
10%.

1. What amount of capital will you purchase? Why?

2. What amount of capital would you purchase if there were a 25% tax rate on cash earnings minus
labor costs?

� Exercise 4 page 735, Gruber chapter 24.
Suppose that dividend yield is 6%, depreciation is 12%, and the corporate tax rate is 35%. What
would be the marginal cost of each dollar of machinery investment under the following situations?

1. Firms are allowed to expense the machine.

2. There is an investment tax credit of 8%.

� Exercise 11 page 735, Gruber chapter 24.
Suppose that the corporate income tax rate is 30%, the personal income tax rate on dividend income
and the interest tax rate are both 35%, and the capital gains tax rate is 20%. Compare the after-tax
returns on each dollar of corporate earnings under three investment �nancing strategies:

1. The corporation �nances using debt.

2. The corporation �nances by issuing equity but does not pay dividends.

3. The corporation �nances by equity and pays all its income in dividends.
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SECTION 13: Social Insurance

13.1. Long Questions

� Exercise 14 page 348, Gruber chapter 12.
Billy Joe has utility of U = log(C); while Bobby Sue has utility of U =

p
C:Which person is more risk

averse? Which person would pay the higher insurance premium to smooth consumption?

� Exercise 15 page 349, Gruber chapter 12.
Chimnesia has two equal-sized groups of people: smokers and nonsmokers. Both types of people have
utility U = ln(C), where C is the amount of consumption that people have in any period. So long
as they are healthy, individuals will consume their entire income of $15,000. If they need medical
attention (and have no insurance), they will have to spend $10,000 to get healthy again, leaving them
with only $5,000 to consume. Smokers have a 12% chance of requiring major medical attention, while
nonsmokers have a 2% chance.

Insurance companies in Chimnesia can sell two types of policies. The "low deductible" (L-) policy
covers all medical costs above $3,000, while the "high deductible" (H-) policy only covers medical costs
above $8,000.

(a) What is the actuarially fair premium for each type of policy and for each group?

(b) If insurance companies can tell who is a smoker and who is a nonsmoker and charge the actuarially
fair premiums for each policy and group, show that both groups will purchase the L-policy.

Suppose that smoking status represents asymmetric information: each individual knows whether or
not they are a smoker, but the insurance company does not.

(c) Explain why it is impossible, at any price, for both groups to purchaseL-policies in this setting.
Which group, if any, do you expect to buy L-policies, and at what price?

(d) Show that it is possible for both groups to purchase insurance, with one group buying L-policies
and one group buying H-policies.

� Exercise 17 page 387, Gruber chapter 13.
Consider an economy that is composed of identical individuals who live for two periods. These individ-
uals have preferences over consumption in periods 1 and 2 given by U = ln(C1) + ln(C2): They receive
an income of 100 in period 1 and an income of 50 in period 2. They can save as much of their income
as they like in bank accounts, earning an interest of 10% per period. They do not care about their
children, so they spend all their money before the end of period 2.

Each individual's lifetime budget constraint is given by C1 + C2=(1 + r) = Y1 + Y2=(1 + r): Individ-
uals choose consumption in each period by maximizing lifetime utility subject to this lifetime budget
constraint.

1. What is the individual's optimal consumption in each period? How much saving does he or she
do in the �rst period?

2. Now the government decides to set up a social security system. This system will take $10 from
each individual in the �rst period, put it in the bank, and transfer it to him or her with interest in
the second period. Write out the new lifetime budget constraint. How does the system a�ect the
amount of private savings? How does the system a�ect national savings (total savings in society)?
What is the name for this type of social security system?

1



3. Suppose instead that the government uses the $10 contribution from each individual to start
paying out bene�ts to current retirees (who did not pay in to a social security system when they
were working). It still promises to pay current workers their $10 (plus interest back) when they
retire using contributions from future workers. Similarly, it will pay back future workers interest
on their contributions using the contributions of the next generation of workers. An inuential
politician says, "This is free lunch: we help out current retirees, and current and future workers
will still make the same contributions and receive the same bene�ts, so it doesn't harm them,
either." Do you buy this argument? If not, what is wrong with it?
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Practice Exercises

Externalities

1. The picturesque village of Horsehead, Massachssetts, lies on a bay that is inhabited by the detectable
crustacean, homarus americanus, also known as the lobster. The town council of Horsehead issues
permits to trap lobsters and is trying to determine how many permits to issue. The economics of the
situation is this:

� It costs $2,000 dollars a month to operate a lobster boat.
� If there are x boats operating in Horsehead Bay, the total revenue from the lobster catch per
month will be f(x) = $1; 000� (10x� x2)

(a) What is the average revenue of a boat operating in Horsehead Bay? What is its marginal revenue?

(b) If the permits are free of charge, how many boats will trap lobsters in Horsehead, Massachussetts?

(c) What number of boats maximizes total pro�t?

(d) If horsehead, Massachussetts, wants to restrict the number of boats to the number that maximizes
total pro�ts, how much should it charge per month for a lobstering permit? (Hint: with a license
fee of F thousand dollars per month, the marginal cost of operating a boat for a month would be
(2 + F ) thousand dollars per month).

2. In El Carburetor, California, population 1,001, there is not much to do except to drive your car around
town. Everybody in town is just like everybody else. While everybody likes to drive, everybody
complains about the congestion, noise, and pollution caused by tra�c. A typical resident's utility
function is U(m; d; h) = m + 16d � d2 � 6h

1000 , where m is the resident's daily consumption of Big
Macs, d is the number of hours per day that he, himself, drives, and h is the total amount of driving
(measured in person-hours per day) done by all other residents of El Carburetor. The price of Big
Macs is $1 each. Every person in El Carburetor has an income of $40 per day. To keep calculations
simple, suppose it costs nothing to drive a car.

(a) If an individual believes that the amount of driving he does won't a�ect the amount that others
drive, how many hours per day will he choose to drive? (Hint: what value of d maximizes
U(m; d; h))?

(b) If everybody chooses his best d, then what is the total amount h of driving by other persons?

(c) What will be the utility of each resident?

(d) If everybody drives 6 hours a day, what will be the utility level of a typical resident of El Carbu-
retor?

(e) Suppose that the residents decided to pass a law restricting the total number of hours that anyone
is allowed to drive. How much driving should everyone be allowed if the objective is to maximize
the utility of the typical resident? (Hint: rewrite the utility function, substituting 1; 000d for h,
and maximize with respect to d)

(f) The same objective could be achieved with a tax on driving. How much would the tax have to
be per hour of driving? (Hint: the price would have to equal an individual's marginal rate of
substitution between driving and Big Macs when he is driving the "right" amount).

1



Public Goods

1. Muskrat, Ontario, has 1,000 people. Citizens of Muskrat consume only one private good, Labatt's
ale. There is one public good, the town skating rink. Although they might di�er in other respects,
inhabitants have the same utility function. This function is U(Xi; G) = Xi � 100=G, where Xi is
the number of bottles of Labatt's consumed by citizen i and G is the size of the town skating rink,
measured in square meters. The price of Labatt's ale is $1 per bottle and the price of the skating rink
is $10 per square meter. Everyone who lives in Muskrat has an income of $1,000 per year.

(a) Write down an expression for the absolute value of the marginal rate of substitution between
skating rink and Labatt's ale for a typical citizen. What is the marginal cost of an extra square
meter of skating rink (measured in terms of Labatt's ale)?

(b) Since there are 1,000 people in town, all with the same marginal rate of substitution, you should
now be able to write an equation that allows you to get the socially optimal amount of G.

(c) Suppose that everyone in town pays an equal share of the cost of the skating rink. Total expendi-
ture by the town on its skating rink will be $10G. Then the tax bill paid by an individual citizen
to pay for the skating rink is $10G=1000 = $G=100: Every year the citizens of Muskrat vote on
how big the skating rink should be. Citizens realize that they will have to pay their share of the
cost of the skating rink. Knowing this, a citizen realizes that if the size of the skating rink is G;
then the amount of Labatt's ale he will be able to a�ord is....?

(d) Therefore we can write a voter's budget constraint as Xi + G=100 = 1; 000. In order to decide
how big a skating rink to vote for, a voter simply solves for the combination of Xi and G that
maximizes his utility, subject to the budget constraint, and votes for the amount G: How much
G is that in our example?

(e) If the town supplies a skating rink that is the size demanded by the voters, will it be larger than,
smaller than, or the same size as the socially optimal rink?

(f) Suppose that the Ontario cultural commission decides to promote Canadian culture by subsidizing
local skating rinks. The provincial government will pay 50% of the cost of skating rinks in all
towns. The costs of this subsidy will be shared by all citizens of the province of Ontario. There
are hundreds of towns like Muskrat in Ontario. It is true that to pay for this subsidy, taxes paid to
the provincial government will have to be increased. But there are hundreds of towns from which
this tax is collected, so that the e�ect of an increase in expenditures in Muskrat on the taxes its
citizens have to pay to the state can be safely neglected. Now, approximately how large a skating
rink would citizens of Muskrat vote for? (Hint: rewrite the budget constraint for individuals
observing that local taxes will be only half as large as before and the cost of increasing the size
of the rink only half as much as before. Then solve for the utility maximizing combination).

(g) Does this subsidy promote economic e�ciency?

2. Lucy and Melvin share an apartment. They spend some of their income on private goods like food and
clothing that they consume separately and some of their income on public goods like the refrigerator,
the household heating, and the rent, which they share. Lucy's utility function is 2XL+G and Melvin's
utility function is XMG, where XL and XM are the amounts of money spent on private goods for Lucy
and for Melvin and where G is the amount of money that they spend on public goods (so notice that
pX = pG = 1). Lucy and Melvin have a total of $8,000 per year between them to spend on private
goods for each of them and on public goods.

(a) What is the absolute value of Lucy's marginal rate of substitution between public and private
goods? What is the absolute value of Melvin's?

(b) Write an equation that express the condition for provision of the socially optimal quantity of the
public good.

(c) Suppose that Melvin and Lucy each spend $2,000 on private goods for themselves and they spend
the remaining $4,000 on public goods. Is this a socially optimal outcome?

(d) Give an example of a socially optimal allocation in which Melvin gets more than $2,000 and Lucy
gets less than $2,000 worth of private goods.
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(e) Give an example of another social optimum in which Lucy gets more than $2,000

(f) The socially optimal allocations that treat Lucy better and Melvin worse will have (more of, less
of, the same amount of) public good as the social optimum that treats them equally.

3. Cowop, Wisconsin, has 1,000 people. Every year they have a �reworks show on the Fourth of July.
The citizens are interested in only two things- drinking milk and watching �reworks. Fireworks cost 1
gallon of milf per unit. People in Cowop are all pretty much the same. In fact, they have identical
utility functions. The utility function of each citizen i is Ui(xi; g) = xi+

p
g=20, where xi is the number

of gallons of milk per year consumed by citizen i and g is the number of units of �reworks exploded
in the town's Fourth of July extravaganza. (Private use of �reworks is outlawed).

(a) Solve for the absolute value of each citizen's marginal rate of substitution between �reworks and
milk.

(b) Find the socially optimal amount of �reworks for Cowop.
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Practice Exercises, Final

1.1. True/False

1. The deadweight loss created by a tax is proportional to the square root of the tax rate.

2. The introduction of an Earned Income Tax Credit (EITC) raises the labor supply of all individuals,
irrespective of their pre-reform level of income.

3. Indexing the income tax brackets with ination keeps the real value of taxes unchanged if real income
remains the same over time.

4. In an economy with present-biased individuals, the introduction of a social security system that taxes
individuals when they are young and pays pension bene�ts when they are old increases national savings,
but reduces private savings.

5. A risk-averse individual who is o�ered an actuarially fair premium will never choose full insurance if
the probability of a bad event happening is very low.

1.2. Short Answer

1. Describe the main determinants of a �rm's investment decision and show that an increase in the
depreciation rate reduces the amount of capital chosen by the �rm.

2. Illustrate the trade-o�s a �rm faces while choosing between �nancing its investment decisions with
equity rather than with debt.

1.3 Long Answer

Suppose there is a 5 percent chance that Max gets in a car accident. If there is no accident, he gets to spend
his full income of 9 dollars. If there is an accident, he has to spend 5 dollars on car repairs so he only gets
to spend 4 dollars for his other needs. He has a utility function U(w) =

p
w

1. What is the expected utility with no insurance?

2. Suppose he can buy insurance, at a cost of 5 cents for one dollar of coverage (he pays 5 cents for
insurance, which pays out one dollar if there is an accident). How , much coverage will he buy? How
much will he spend on insurance? How does his utility compare to the case with no insurance?

3. Suppose now that he can buy insurance, but it costs 6 cents for one dollar of coverage. How much
coverage does he buy now? Is this utility higher or lower compared to part 2?

4. Now suppose that he can buy insurance at a cost of 5 cents for one dollar of coverage, but he also
has to pay 0.02 dollars in underwriting fees (�xed cost) in addition to whatever he pays for coverage.
What is the expression for the total cost of insurance? How much coverage does he buy now and how
does it compare to parts 2 and 3? How does his utility compare to part 2? Should he buy insurance?
If the �xed cost became 0.05, should he still buy insurance?

5. Now think about the problem from the point of view of the insurance company. Write an expression
for the pro�ts of the insurance company (from selling one dollar of coverage) as a function of m, the
insurance premium (the cost of one dollar of coverage). What has to be true about m for pro�ts to be
zero?

1



6. Suppose there is only one insurance company monopolizing the auto industry (and only one consumer
of insurance). The company cannot charge a �xed cost, but can set the premium m however it wants.
Write down an expression for the insurance company's pro�ts as a function of m (Hint: �rst �gure out
how much coverage the consumer buys as a function of m, then substitute this into the expression for
the monopolists total pro�ts and maximize pro�ts with respect to m).
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Practice Exercises Solutions, Final

1.1. True/False

1. The deadweight loss created by a tax is proportional to the square root of the tax rate.

False. The deadweight loss created by a tax is:

DWL = � �s�d
2(�s � �d)

� �2 � Q
P

Therefore the deadweight loss rises with the square of the tax rate.

2. The introduction of an Earned Income Tax Credit (EITC) raises the labor supply of all
individuals, irrespective of their pre-reform level of income.

False. The labor supply response of the individual depends on his pre-reform level of income. The
EITC has both income and substitution e�ects on labor supply decisions.

Using the �gure above:

� For people not in the labor force, the EITC will raise their labor supply.
� For people already in the labor force who earn less than $8,000 dollars, who are on the upward-
sloping "phase-in" portion of the EITC schedule, the e�ect on labor supply is ambiguous since
income and substitution e�ects go in opposite directions.

� For people already in the labor force who earn between $8,000 dollars and $11,000 dollars, the
income e�ect lowers labor supply (there is no substitution e�ect in this case).

� For people already in the labor force who earn between $11,000 and $31,000, both income and
substitution e�ects go in the same direction by reducing labor supply.

� People who earn more than $31,000 before the introduction of the EITC are not a�ected by the
program, therefore do not change their labor supply decision.

3. Indexing the income tax brackets with ination keeps the real value of taxes unchanged
if real income remains the same over time.

True. To see this, assume that at time t0 the price level is normalized to one and that the individual
pays a 10 percent tax on earnings below $10,000 dollars and 20 percent for earnings above $10,000
dollars. Assume he is earning $12,000, then his tax liability at t0 will be:

Tax0 = 10; 000� 0:10 + 2; 000� 0:20 = 1; 400
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Assume that at time t1 prices go up by 10 percent. Then the threshold for the �rst tax bracket will
move from $10,000 to $11,000 dollars. Moreover, if the individual has the same real income as before,
his nominal income will be $13,200 dollars (so that $13,200/1.1=$12,000). The real value of taxes he
is paying is then:

Tax1 =
11; 000� 0:10 + 2; 200� 0:20

1 + 0:10
=
1; 100 + 440

1:1
= 1; 400

4. In an economy with present-biased individuals, the introduction of a social security system
that taxes individuals when they are young and pays pension bene�ts when they are old
increases national savings, but reduces private savings.

False. Before the introduction of the system, national savings equal private savings and they are both
zero because the individual is present biased and does not value his future consumption. After the
introduction of the system, the government forces the individual to save by taxing him when he is
young, therefore increasing national savings. However, private savings are still zero, given that the
individual doesn't value savings and will not save anything besides what he is force to do.

5. A risk-averse individual who is o�ered an actuarially fair premium will never choose full
insurance if the probability of a bad event happening is very low.

False. As long as the premium is actuarially fair, a risk averse individual will always choose full
insurance when that is an available option. The probability p of a bad event is irrelevant to the
decision.

1.2. Short Answer

1. Describe the main determinants of a �rm's investment decision and show that an increase
in the depreciation rate reduces the amount of capital chosen by the �rm.

The �rm sets its optimal investment by solving:

MC = MB

(� + �)(1� �z) = MPk

Therefore its investment decision depends on the depreciation rate �, on the dividend yield �, on the
corporate tax rate � , on the PDV of depreciation allowances z, and on the marginal product of capital
MPk.

Given that the MPk curve slopes downward (because of decreasing marginal productivity of capital),
and that an increase in the depreciation rate shifts the MC curve upwards, the optimal K decreases
when � increases.

2. Illustrate the trade-o�s a �rm faces while choosing between �nancing its investment
decisions with equity rather than with debt.

At �rst sight, it might seem optimal for the �rm to �nance all their investment using debt, given
that the interest it pays to �nance the debt is exempt from corporate taxation. However, there are a
number of reasons why the �rm might be choosing equity instead of debt. The main reason relates to
the idea that debt requires �xed payments, but equity does not. For a more detailed analysis, Gruber
p.723-727.

1.3 Long Answer

Suppose there is a 5 percent chance that Max gets in a car accident. If there is no accident,
he gets to spend his full income of 9 dollars. If there is an accident, he has to spend 5 dollars
on car repairs so he only gets to spend 4 dollars for his other needs. He has a utility function
U(w) =

p
w
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1. What is the expected utility with no insurance?

With no insurance:

EUNI = (1� 0:05)�
p
9 + 0:05�

p
4

= 0:95� 3 + 0:05� 2 = 2:95

2. Suppose he can buy insurance, at a cost of 5 cents for one dollar of coverage (he pays 5
cents for insurance, which pays out one dollar if there is an accident). How much coverage
will he buy? How much will he spend on insurance? How does his utility compare to the
case with no insurance?

With insurance, his expected utility is:

EUI = 0:95�
p
9� 0:05b+ 0:05�

p
4� 0:05b+ b

Taking the derivative wrt b and setting it equal to zero:

@EUI
@b

= �0:95� 1

2
p
9� 0:05b

� 0:05 + 0:05� 1

2
p
4� 0:05b+ b

� 0:95 = 0

)
p
9� 0:05b =

p
4 + 0:95b

) 9� 0:05b = 4 + 0:95b
) b� = 5

Therefore his expected utility will be:

EU�I = 0:95�
p
8:75 + 0:05�

p
8:75

=
p
8:75

The premium is actuarially fair, therefore the individual buys full insurance, and equalizes his con-
sumption across states of the world. He will spend 0:25 dollars on insurance and, given that

p
8:75 �

2:958 > 2:95, he will be better o� with insurance than with no insurance.

3. Suppose now that he can buy insurance, but it costs 6 cents for one dollar of coverage.
How much coverage does he buy now? Is this utility higher or lower compared to part
2?

The individual is now maximizing:

EUI = 0:95�
p
9� 0:06b+ 0:05�

p
4� 0:06b+ b

Taking the derivative wrt b and setting it equal to zero:

@EUI
@b

= �0:95� 1

2
p
9� 0:06b

� 0:06 + 0:05� 1

2
p
4� 0:06b+ b

� 0:94 = 0

) 0:057

2
p
9� 0:06b

=
0:047

2
p
4� 0:06b+ b

) b� � 2:16

The individual will be higher coverage than before, and his expected utility will be:

EUI = 0:95�
p
9� 0:06� 2:16 + 0:05�

p
4 + 0:94� 2:16 � 2:952

The premium is less than actuarially fair in this case, and the individual will not fully insure. His
utility will be lower compared to part 2, but still higher than the no insurance case.
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4. Now suppose that he can buy insurance at a cost of 5 cents for one dollar of coverage, but
he also has to pay 0.02 dollars in underwriting fees (�xed cost) in addition to whatever
he pays for coverage. What is the expression for the total cost of insurance? How much
coverage does he buy now and how does it compare to parts 2 and 3? How does his utility
compare to part 2? Should he buy insurance? If the �xed cost became 0.05, should he
still buy insurance?

In this case the total cost of insurance will be:

TC = 0:02 + 0:05b

The individual will choose b to maximize:

EUI = 0:95�
p
9� 0:05b� 0:02 + 0:05�

p
4� 0:05b+ b� 0:02

The FOC wrt b gives:

@EUI
@b

= �0:95� 1

2
p
9� 0:05b� 0:02

� 0:05 + 0:05� 1

2
p
4� 0:05b+ b� 0:02

� 0:95 = 0

)
p
9� 0:05b� 0:02 =

p
4 + 0:95b� 0:02

) b� = 5

Therefore, the introduction of underwriting fees doesn't a�ect the decision of the individual compared
to part 2. The idea is that the individual cares about minimizing di�erences in consumption across
states of the world: lowering consumption by 0.02 in both states of the world doesn't a�ect his decision
on the optimal b.

His expected utility will be lower than that found in part 2 (
p
8:73 <

p
8:75). However he should still

buy insurance given that
p
8:73 � 2:954 > 2:95.

If the underwriting fees were 0:05, his expected utility by choosing b� = 5 (the optimal choice) would
be
p
8:70 � 2:949 < 2:95. In that case he shouldn't buy insurance.

5. Now think about the problem from the point of view of the insurance company. Write an
expression for the pro�ts of the insurance company (from selling one dollar of coverage)
as a function of m, the insurance premium (the cost of one dollar of coverage). What has
to be true about m for pro�ts to be zero?

The expected pro�ts of the insurance company when it sells one dollar of coverage (b = 1) are:

� = m� p

For pro�ts to be zero, we need m = p, i.e. that the premium is actuarially fair.

6. Suppose there is only one insurance company monopolizing the auto industry (and only
one consumer of insurance). The company cannot charge a �xed cost, but can set the
premium m however it wants. Write down an expression for the insurance company's
pro�ts as a function of m (Hint: �rst �gure out how much coverage the consumer buys as
a function of m, then substitute this into the expression for the monopolists total pro�ts
and maximize pro�ts with respect to m).

The company will set m to maximize its expected pro�ts. Given that the consumer maximizes:

EUI = (1� p)�
p
9�mb+ p�

p
4�mb+ b

the FOC for the consumer will give:

@EUI
@b

= � (1� p)m
2
p
9�mb

+
p(1�m)

2
p
4�mb+ b

= 0

) mp
9�mb

=
pp

4�mb+ b
) m2(4 + b(1�m)) = p2(9�mb)

) b� =
9p2 � 4m2

m2(1�m) +mp2
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Therefore the �rm maximizes:

� = mb� pb

= (m� p)� 9p2 � 4m2

m2(1�m) +mp2

The optimal m is found by solving @�
@m = 0. Computations are quite lengthy here, so here it would be

enough to show how the pro�t function depends on m, as shown above.
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Practice Exercises Solutions, Long Answer

1.3 Long Answer

Suppose there is a 5 percent chance that Max gets in a car accident. If there is no accident,
he gets to spend his full income of 9 dollars. If there is an accident, he has to spend 5 dollars
on car repairs so he only gets to spend 4 dollars for his other needs. He has a utility function
U(w) =

p
w

1. What is the expected utility with no insurance?

With no insurance:

EUNI = (1� 0:05)�
p
9 + 0:05�

p
4

= 0:95� 3 + 0:05� 2 = 2:95

2. Suppose he can buy insurance, at a cost of 5 cents for one dollar of coverage (he pays 5
cents for insurance, which pays out one dollar if there is an accident). How much coverage
will he buy? How much will he spend on insurance? How does his utility compare to the
case with no insurance?

With insurance, his expected utility is:

EUI = 0:95�
p
9� 0:05b+ 0:05�

p
4� 0:05b+ b

Taking the derivative wrt b and setting it equal to zero:

@EUI
@b

= �0:95� 1

2
p
9� 0:05b

� 0:05 + 0:05� 1

2
p
4� 0:05b+ b

� 0:95 = 0

)
p
9� 0:05b =

p
4 + 0:95b

) 9� 0:05b = 4 + 0:95b
) b� = 5

Therefore his expected utility will be:

EU�I = 0:95�
p
8:75 + 0:05�

p
8:75

=
p
8:75

The premium is actuarially fair, therefore the individual buys full insurance, and equalizes his con-
sumption across states of the world. He will spend 0:25 dollars on insurance and, given that

p
8:75 �

2:958 > 2:95, he will be better o� with insurance than with no insurance.

3. Suppose now that he can buy insurance, but it costs 6 cents for one dollar of coverage.
How much coverage does he buy now? Is this utility higher or lower compared to part
2?

The individual is now maximizing:

EUI = 0:95�
p
9� 0:06b+ 0:05�

p
4� 0:06b+ b
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Taking the derivative wrt b and setting it equal to zero:

@EUI
@b

= �0:95� 1

2
p
9� 0:06b

� 0:06 + 0:05� 1

2
p
4� 0:06b+ b

� 0:94 = 0

) 0:057

2
p
9� 0:06b

=
0:047

2
p
4� 0:06b+ b

) b� � 2:16

The individual will be higher coverage than before, and his expected utility will be:

EUI = 0:95�
p
9� 0:06� 2:16 + 0:05�

p
4 + 0:94� 2:16 � 2:952

The premium is less than actuarially fair in this case, and the individual will not fully insure. His
utility will be lower compared to part 2, but still higher than the no insurance case.

4. Now suppose that he can buy insurance at a cost of 5 cents for one dollar of coverage, but
he also has to pay 0.02 dollars in underwriting fees (�xed cost) in addition to whatever
he pays for coverage. What is the expression for the total cost of insurance? How much
coverage does he buy now and how does it compare to parts 2 and 3? How does his utility
compare to part 2? Should he buy insurance? If the �xed cost became 0.05, should he
still buy insurance?

In this case the total cost of insurance will be:

TC = 0:02 + 0:05b

The individual will choose b to maximize:

EUI = 0:95�
p
9� 0:05b� 0:02 + 0:05�

p
4� 0:05b+ b� 0:02

The FOC wrt b gives:

@EUI
@b

= �0:95� 1

2
p
9� 0:05b� 0:02

� 0:05 + 0:05� 1

2
p
4� 0:05b+ b� 0:02

� 0:95 = 0

)
p
9� 0:05b� 0:02 =

p
4 + 0:95b� 0:02

) b� = 5

Therefore, the introduction of underwriting fees doesn't a�ect the decision of the individual compared
to part 2. The idea is that the individual cares about minimizing di�erences in consumption across
states of the world: lowering consumption by 0.02 in both states of the world doesn't a�ect his decision
on the optimal b.

His expected utility will be lower than that found in part 2 (
p
8:73 <

p
8:75). However he should still

buy insurance given that
p
8:73 � 2:954 > 2:95.

If the underwriting fees were 0:05, his expected utility by choosing b� = 5 (the optimal choice) would
be
p
8:70 � 2:949 < 2:95. In that case he shouldn't buy insurance.

5. Now think about the problem from the point of view of the insurance company. Write an
expression for the pro�ts of the insurance company (from selling one dollar of coverage)
as a function of m, the insurance premium (the cost of one dollar of coverage). What has
to be true about m for pro�ts to be zero?

The expected pro�ts of the insurance company when it sells one dollar of coverage (b = 1) are:

� = m� p

For pro�ts to be zero, we need m = p, i.e. that the premium is actuarially fair.
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6. Suppose there is only one insurance company monopolizing the auto industry (and only
one consumer of insurance). The company cannot charge a �xed cost, but can set the
premium m however it wants. Write down an expression for the insurance company's
pro�ts as a function of m (Hint: �rst �gure out how much coverage the consumer buys as
a function of m, then substitute this into the expression for the monopolists total pro�ts
and maximize pro�ts with respect to m).

The company will set m to maximize its expected pro�ts. Given that the consumer maximizes:

EUI = (1� p)�
p
9�mb+ p�

p
4�mb+ b

the FOC for the consumer will give:

@EUI
@b

= � (1� p)m
2
p
9�mb

+
p(1�m)

2
p
4�mb+ b

= 0

) mp
9�mb

=
pp

4�mb+ b
) m2(4 + b(1�m)) = p2(9�mb)

) b� =
9p2 � 4m2

m2(1�m) +mp2

Therefore the �rm maximizes:

� = mb� pb

= (m� p)� 9p2 � 4m2

m2(1�m) +mp2

The optimal m is found by solving @�
@m = 0. Computations are quite lengthy here, so here it would be

enough to show how the pro�t function depends on m, as shown above.
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UNIVERSITY OF CALIFORNIA, BERKELEY Dorian Carloni
Department of Economics ECON 131, Spring 2012

Solution Practice Exam

Public Goods

1. Lucy and Melvin share an apartment. They spend some of their income on private goods
like food and clothing that they consume separately and some of their income on public
goods like the refrigerator, the household heating, and the rent, which they share. Lucy's
utility function is 2XL + G and Melvin's utility function is XMG, where XL and XM are
the amounts of money spent on private goods for Lucy and for Melvin and where G is
the amount of money that they spend on public goods (so notice that pX = pG = 1). Lucy
and Melvin have a total of $8,000 per year between them to spend on private goods for
each of them and on public goods.

(a) What is the absolute value of Lucy's marginal rate of substitution between public
and private goods? What is the absolute value of Melvin's?

For Lucy, the absolute value of marginal rate of substitution between public and private goods is:

MRSLG;X =
MULG
MULX

=
1

2

In words, Lucy likes private consumption twice as much as public good consumption at all levels
of consumption. If she could, she would consume only the private good.

For Melvin, it is:

MRSMG;X =
MULG
MULX

=
XM
G

In words, Melvin preferences for the public good relative to the private good depend on his levels
of public and private goods consumption.

(b) Write an equation that express the condition for provision of the socially optimal
quantity of the public good.

The socially optimal quantity of the public good is obtained by setting the social marginal bene�t
of public good to the social marginal cost of providing the public good. Social e�ciency is
maximized when the marginal cost is set equal to the sum of the MRSs:

MRSLG;X +MRS
M
G;X = MC =

pG
pX

1

2
+
XM
G

= 1

(c) Suppose that Melvin and Lucy each spend $2,000 on private goods for themselves
and they spend the remaining $4,000 on public goods. Is this a socially optimal
outcome?

Given that XM = XL = 2000 and G = 4000 in this case, the condition above is satis�ed:

1

2
+
2000

4000
= 1

Therefore this is a socially optimal outcome that satis�es the budget constraint of the individuals

(d) Give an example of a socially optimal allocation in which Melvin gets more than
$2,000 and Lucy gets less than $2,000 worth of private goods.

An example could be XM = 2500, XL = 500 and G = 5000: In this case, the condition above is
still satis�ed and the allocation is consistent with Melvin getting more than $2,000, Lucy getting
less than $2,000 worth of private goods, and the budget constraint being satis�ed.

1



(e) Give an example of another social optimum in which Lucy gets more than $2,000

An example could be XM = 1000, XL = 5000 and G = 2000:

(f) The socially optimal allocations that treat Lucy better and Melvin worse will have
(more of, less of, the same amount of) public good as the social optimum that treats
them equally.

It will have less of public good as the social optimum that treats them equally. While Lucy's
consumption of the private good increases, the amount of public good has to decrease, so that
MRSMG;X =

XM

G is maintained constant at 12 :

Assume �rst that to increase Lucy's consumption of the private good, one is reducing XM , so
that XM + XL + G = 8000 is still satis�ed and XM

G # (since the numerator decreases). Then,
assuming that we started at XM

G = 1
2 , one need to decrease G as well to bring the ratio back to

1
2 . Therefore, both G and XM will decrease.

Assume instead that to increase Lucy's consumption of the private good, one is reducing G, so
that XM +XL + G = 8000 is still satis�ed and

XM

G " (since the denominator decreases). Then,
assuming that we started at XM

G = 1
2 , one need to decrease G as well to bring the ratio back to

1
2 : Therefore, once again both G and XM will decrease.
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