
14.41 Problem Set #2 solutions 
Fall 2005 
 
1a) each person’s utility maximization problem is of the following form: 
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Rearranging the budget constraint in terms of S, and plugging in, we get: 
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Maximizing this by taking the derivative of utility with respect to R, setting it equal to 0, 

and solving for R, we get  
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So Jack prefers 50 trees be used for the raft and 50 for shelter (because for Jack, a=.5 and 
b=.5).  Michael prefers 75 trees for the raft, and only 25 for the shelter, while Shannon 
favors 25 trees for the raft and 75 for shelter. 
 
1b) see graph 
 
1c) Yes.  From the graph in b, we can see that each person’s utility as a function of R has 
a single peak (the peak for Michael is 75, for Jack is 50, and for Shannon is 25).  We 
know that majority voting yields a consistent outcome (i.e. the majority outcome doesn’t 
cycle and the outcome won’t depend on the order in which options are considered) 
provided preferences are single peaked, and so in this case majority voting will be 
consistent. 
 
1d) The median voter theorem states that if everyone’s preferences over the decision 
being voted on are single peaked, then the decision from majority voting will be the same 
as the choice of the median voter (the person who prefers the median amount of the 
good).  Here, it’s easy to see graphically using your graph from b.  Suppose the three are 
trying to decide whether to use 25 trees, more than 25 trees, or less than 25 trees on the 
raft.  Jack and Michael would vote that more trees should be used, while Shannon wants 
to use exactly 25 trees – so Jack and Michael win the vote, and they’d then carry out the 
same vote over again using a larger number of trees for the raft.  Similarly, if they 
considered 75 trees, Jack and Shannon would vote to use less trees on the raft, while 
Michael would be perfectly happy using 75.  As they consider using different amounts of 
trees on the raft, eventually they would settle on 50.  When voting on using 50 trees, a 
majority will not exist to either increase or decrease the number of trees used – and 
hence, 50 will be the final outcome.  Intuitively, this is how a majority vote settles on the 
preferred choice of the median voter – this is how the median voter theorem would work 
in practice when voting occurs over a continuum of possibilities for the public good. 
 
1e)  By now you should be familiar enough with utility maximization to realize that now, 
three of the survivors prefer more trees be used for the raft than Michael wanted (because 
their a parameter in their utility function is greater than 3/4), and one wants less trees 
than Shannon did.  Hence, majority vote should result in a greater number of trees used 



for the raft than before.  Since three like using more trees on the raft than Michael does, 
and three now like using less trees, Michael is the new median voter – so a majority vote 
will settle on his optimal choice, which is 75 trees used for the raft. 
 
1f) See graph.  These new preferences are not single-peaked (there is a peak at R=0 and 
R=100), so the median voter theorem no longer applies.  More importantly, majority 
voting is no longer consistent.  The way to see this is to first consider a vote on whether 
51 trees should be used on the raft, more than 51, or less than 51.  The two new people 
will vote to use more than 51 trees, as does Michael – while Jack and Shannon want to 
use less.  So next they consider whether to use 52 trees, more or less – and this process 
continues until the vote settles at 75 trees (because at 75 trees, exactly half want to use 
more, and half want to use less).   
 
However, what if the initial vote was whether 49 trees, more than 49, or less than 49 
should be used?  Now, three people vote for less than 49 trees, and the process continues 
until the majority vote settles on 25 trees (again, half want more than 25 and half want 
less than 25).   
 
Hence, with these preferences, two outcomes are possible under a majority vote!  This is 
not consistent, because the actual outcome now depends on how the initial vote is 
structured.  This gives lots of power to the agenda setter of the vote - for instance, if 
everyone agreed that Michael could be the moderator for the voting process, he would 
begin by introducing a vote on using 51 trees for the raft – because by doing so, the 
process would culminate in an outcome of 75 trees rather than 25 trees.  





2a) Other costs could include: the potential for greater car accidents in the tunnel, or the 
loss of a pretty river view for drivers on Memorial Drive.  Possible benefits: value of park 
land to Cambridge residents who use the park, value of park land to Cambridge residents 
who don’t use the park but nevertheless value knowing that there is more green space and 
fewer roads in their city, fewer car-induced pedestrian fatalities on Memorial Drive, less 
air pollution (if car exhaust is relatively contained within the tunnel, or if the tunnel air is 
filtered), and less noise pollution (if the cars’ noise isn’t amplified by the tunnel).  These 
are all long-term benefits which accrue each year, and so their present discounted value 
should be considered by discounting with a social discount rate.   
 
One way to estimate benefits would be simply to poll residents, but this would have the 
problems described below.  Another solution would be to try to infer this contingent 
valuation using the revealed preferences of Cambridge residents for parks.  It’s hard to 
know specifically how this could work, but one possibility is that the city could study 
how property values changed in the past due to other park projects, and infer valuation 
for this project using that information – or similarly, the city could study how property 
values rose in other cities in response to park projects of similar scope.  This is because if 
the project would bring value to people who live along Memorial Drive and the Charles, 
then this should be reflected in higher housing prices.  Although increases in property 
value from housing near the park won’t account for benefits from park visitors who don’t 
live nearby, it does give a lower bound, at least. 
 
b) Pluses: it provides you with a direct answer, and you can target the populations that 
you’re interested in, which you can’t necessarily do with contingent valuation (i.e. you 
can survey both Cambridge and non-Cambridge residents, or anyone else whose benefits 
you care about).  There are (at least) three big problems with this approach.  First, there 
are huge incentives to lie and exaggerate – if you know the purpose of the survey, and 
you really value the park proposal, you could vastly exaggerate your actual valuation, in 
hopes of pushing the aggregate benefits high so that the project is approved.  There’s no 
cost to you of doing this, because it’s only a survey, and you won’t be charged your full 
valuation later on through higher taxes.  Second, we know from other studies that the way 
questions are framed on a survey (for instance, the order in which questions are asked) 
matters a lot – so it’s not clear the responses you get are people’s true valuation.  Third, it 
may be the case that people simply don’t know their own valuation – it’s hard to put an 
individual price on an improvement of this sort, and so a survey response may be a poor 
guide for the value one would actually receive from the project.  
 
c) No, this shouldn’t be counted as an additional benefit.  If the town has correctly 
counted the direct value to people from using the park (and provided that the town cares 
about students, so it takes their benefits into account), then including the extra revenue 
that MIT receives from being able to raise tuition prices is double counting these benefits 
– it’s double counting because the benefits are counted first from the valuation of the 
students, and again from extra revenue to MIT.  The increase in tuition price is simply a 
transfer from students to the university – the students benefit from the improvement, but 
transfer this extra value to MIT through higher tuition.  In the end, MIT may end up 



benefiting from this project, rather than the students – but this is an equity concern, and 
all Cambridge cares about is correctly accounting for the value of the park to students. 
 
d) If, as a result of this project, people will tend to modify their driving habits to drive 
down Broadway instead of using the tunnel, and if these drivers would have tended to 
spend money on businesses along Memorial Drive, then the increase in business on 
Broadway is simply a shift of revenue from Memorial Drive businesses to Broadway 
businesses – this would simply be a transfer from one set of private firms to another, and 
not represent a gain in aggregate business to the town.  So if this is the case, the 
additional revenue earned by Broadway merchants should not be counted.   
 
If, on the other hand, the money spent on Broadway shops is money that would’ve been 
spent in a different town, then this represents new revenue to Cambridge and should be 
counted as benefits to the city (although this revenue is essentially a transfer from other 
businesses, we’re looking at costs and benefits from the perspective of Cambridge – and 
since this is a new transfer to Cambridge from out of the town firms, it represents an 
additional benefit to Cambridge from the project). 
 
e i) initial costs=$200 million.  Annual expenses are $5,000,000; the costs begin next 

year and continue forever, so the PDV of these costs is 000,000,50$
1.

000,000,5$
= .  

Previously, the average driver spent 10 minutes on Memorial Drive.  Now, the average 
driver will spend 12 minutes on Memorial Drive due to the lower speed limit, so the cost 
of the project is an extra 2 minutes of driving time.  200,000 drivers per year and time 
costs of $.30 per minute imply annual costs from the lower speed limit of $120,000 – and 
with a social discount rate of 10%, the PDV is $1,200,000.  Hence, the PDV of total costs 
of the project is $251,200,000. 
 
e ii) Since it now takes longer to drive on Memorial Drive (and since it might be less 
pleasant, since drivers lose the river view), we might expect some drivers to modify their 
driving habits and choose an alternative route.  If drivers choose a different route, then 
their different route must be faster or more pleasant (by revealed preference).  Hence, the 
true time costs are most likely not the costs calculated in (i) – in fact, if drivers switch to 
a different road because the other road is faster, then the total time lost from the project 
must be lower than the estimates from (i).  This implies that the cost estimate in (i) is an 
overestimate of the true costs of the project. 
 

e iii) 000,120,25$000,200,251$
1.
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