
Problem set 4

University of California, Berkeley
ARE 210

Due: Wednesday, October 21, 2015

In what follows, consider N i.i.d. observations of the given distribution.

1. Consider Yi ∼ Uniform[0, θ].

(a) Find the MLE for θ. Is it unbiased? Is it consistent?

(b) Find the MOM estimator for θ. Is it unbiased? Is it consistent?

(c) Find the exact variance of the MLE estimator.

(d) Find the variance of the MOM estimator.

2. Consider Yi ∼ Uniform[η, θ].

(a) Find the MLEs for η and θ.

(b) Find the MOM estimators for η and θ.

3. Consider Yi with the distribution

f(yi; θ, φ) =
Γ(φ)

Γ(µφ)Γ((1 − µ)φ)
yµφ−1
i (1 − yi)

(1−µ)φ−1,

where Γ(·) is the gamma function (gamma in R) and µ is the mean.1 yi must be between
0 and 1. This is the beta distribution and is often used to model proportions.

(a) Find the MLE estimating equations (you can leave in terms along the lines of
∂log(Γ(x))

∂x
; this is the digamma function in R).

(b) Install the betareg package, giving you access to the FoodExpenditure data set.
Find estimates of µ and φ for the ratio of the food and income variables in the
data set, the proportion of income spent on food by a household.

1You might try proving that µ is the mean.
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4. Consider Y ∗
i ∼ Normal(µ, σ2). You observe

Yi =

{
Y ∗
i if Y ∗

i ≥ 0

0 otherwise.

Note the fact that, for a truncated normal distribution as above,

f(x;µ, σ2, a) =
1
σ
φ
(
x−µ
σ

)
1 − Φ

(
a−µ
σ

) ,
where φ and Φ and the PDF and CDF of the standard normal respectively and a is
the (known) threshold value. This is called the tobit model, after James Tobin.

(a) Find the MLE estimating equations for µ and σ2. How do they compare to “naive”
estimators that do not take the truncation into account?

(b) Install the survival package, giving you access to the tobin data set. Find
estimates of µ and σ for the durable variable in the data set, the amount of
durable goods purchased by a household.

5. Consider the binomial distribution with unknown k and p from lecture. Using the data
from lecture, verify the MLE results.
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