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Presidents of the First Republic
Liberté, égalité, fraternité is a great ideal and the famous motto

of the French Republic. At the time of its origination, during the French
revolution, the motto often came with a darker addition, – ou la mort, and
that is precisely the aspect we will examine in this assignment. Revolutionary
days are a time for experimentation, and a number of new systems were
tested out during the First Republic (1792-1804), for example a new calendar
system, several new state religions (among others the Cult of Reason and
the Cult of the Supreme Being) and, naturally, new political systems. One
such system was the National Convention (of 749 elected members), whose
president may be considered France’s legitimate Head of State in this
period. The presidents were elected for 14 day terms, and this gives us an
interesting dataset of n = 73 different French presidents for the full National
Convention period (September 1792 to November 1795)1. Find the dataset
FR1_data on the course website, with 73 rows and several columns with
various information on the 73 presidents (name, various dates and some
other information).

Part 1 – Life-length after presidency

In this first exercise, we will study the variable yi equal to the time (in years)
from the end of presidency to death for each of the i = 1, . . . , 73 presidents.

(a) Find the data and define the variable y as specified above. Display a
histogram of these time points. The histogram should look like the one
displayed in Figure 1.

(b) First, we will attempt to model these post-presidency life-times using
the two-parameter Weibull model, with cumulative distribution function

F (y|a, b) = 1− exp
{
−
(
y

a

)b
}

for y > 0,

and positive parameters a and b. Show that its density can be expressed
as

f(y|a, b) = exp
{
−
(
y

a

)b
}
byb−1

ab
for y > 0.

1Four presidents were elected for two (non-consecutive) terms, but for these presidents
I have only provided the dates for the last term.
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(c) We are Bayesian statisticians today, and we need to specify a prior for
the unknown parameters a and b above. Assume first that we have not
yet managed to get hold of a suitable expert, and that we therefore wish
to use the ‘non-informative’ Jeffreys prior for the Weibull model. Show
that the Jeffreys prior, p0(a, b), is proportional to 1/a.

(d) Assume now (for simplicity) that the parameter b happens to be known
and equal to 0.9. Find the posterior distribution for a using Jeffreys prior
above. Here you may find it useful to use some numerical integration
routine, for instance integrate in R. Display the posterior density for
a and find the posterior mode. Use this point-estimate for a to display
the estimated Weibull density curve along with the histogram of the
data. This should look like Figure 1. Comment briefly on how you think
the model fits the data.
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Figure 1: Estimated Weibull density along with a histogram of 73 post-
presidency life-times.

(e) The histogram of post-presidency life-times is rather unusual-looking,
and somewhat bimodal, therefore we will now attempt a more complex
model, a mixture of two Weibull distributions. The density takes the
following form,

g(y|a1, b1, a2, b2, ρ) = ρf(y|a1, b1) + (1− ρ)f(y|a2, b2) for y > 0.
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Here f(·) is the Weibull density function given in (b), a1, b1, a2 and b2
are positive parameters, and ρ is the mixture parameter, taking values
between 0 and 1. Programme the log-likelihood function

`n(a1, b1, a2, b2, ρ) =
n∑

i=1
log g(yi|a1, b1, a2, b2, ρ),

and find the maximum likelihood estimates for the n = 73 life-times
using a suitable numerical optimiser. Good starting values are important
in this case, you may use (2, 1, 35, 3, 0.5). Add the estimated density
curve to the same figure as in the previous question and comment briefly.

(f) Assume we have consulted with Mrs. Capet, an expert in revolutionary
history, and she has given us the following prior for the full parameter
vector (a1, b1, a2, b2, ρ): let the five parameters be independent and

a1 ∼ Gamma(3, 1), b1 ∼ Unif(0.5, 4),
a2 ∼ Gamma(20, 1), b2 ∼ Gamma(10, 2).

Further, let the prior for ρ be a Beta(α, β), such that E(ρ) = 0.2 and
Var(ρ) = 0.042. Find the corresponding α, β values (if you do not
manage this part, use α = 2 and β = 5 in the following). Using the prior
above, draw 1000 random post-presidency life-times from the associated
prior predictive distribution, and display them in a histogram. Comment
briefly.

(g) Set up an MCMC scheme in order to draw samples from the posterior
for (a1, b1, a2, b2, ρ) using the prior specified above. Display a histogram
of posterior draws for ρ. Give the posterior mean and 95% posterior
interval for the following two quantities: λ, the probability of dying
within 5 years of the end of presidency, and γ, the probability of living
longer than 40 years after the end of presidency. Compare these results
with empirical estimates of λ and γ.

(h) When conducting statistical analyses our goal is often to make statements
about a certain unobserved population. Discuss briefly to what extent
the available dataset offers any possibility for such generalisations.

Part 2 – Cause of death

While working with Part 1 you might have guessed that there are in fact
two groups of presidents in the dataset (or equivalently, that there are
two different processes governing the life lengths of the presidents): some
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presidents were executed during the revolution, while the rest survived the
revolutionary period and died of natural causes. Now we will look more
carefully at the cause of death, by studying the variable ‘executed’ which
indicates whether the president was executed (1), or not (0)2.

(a) Consider the variable z, the number of executed presidents among the
n = 73. Assume first a simple binomial model, z ∼ Bin(n, θ), where
θ is the probability of being executed. Before looking at the value of
z in the dataset, use your knowledge (or lack of thereof) about the
French revolution to specify a prior for θ. You can choose a prior from
any parametric family you find suitable. Give a couple of sentences
explaining your reasoning.

(b) Find the posterior distribution p(θ|z) using the prior you chose in (a).
Give the posterior mean and 95% posterior interval for the probability
of execution.

(c) Now, we want to investigate some covariates and their potential influence
on the probability of being executed. Logistic regression offers a natural
extension of the binomial model above to incorporate covariates. Let
wi be the vector of 1 and 0 indicating whether a certain president was
executed or not (this is the column named ‘executed’ in the dataset).
Assume

wi ∼ Bin(1, θi) for i = 1, . . . , 73
with

θi = Pr(executed|x1,i, x2,i) = H(α + β1x1,i + β2x2,i)

= exp(α + β1x1,i + β2x2,i)
1 + exp(α + β1x1,i + β2x2,i)

,

where H(·) is the logistic transform. Here x1,i is the covariate ‘girondin’
and x2,i is the covariate ‘number.languages’. The first covariate is a
vector of 1 and 0, where 1 indicates that president i belonged to a
certain political faction of the First Republic, la Gironde (the other
main factions were Montagne and Marais). The second covariate is a
number between 1 and 87 which indicates the number of languages in
which there are Wikipedia articles about president i. This covariate
could be interpreted as a proxy for the importance of president i (in

2Some of the presidents in the ‘executed’ group actually committed suicide prior to
execution, or were deported to equatorial regions were they died quickly of decease.
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2018, which of course may be rather different from his importance in
1792). Show that the log-likelihood function is

`n(α, β1, β2) =
n∑

i=1
[wi log θi + (1− wi) log(1− θi)],

where θi is a function of α, β1, β2 (as defined above). Programme this
log-likelihood function and find its maximisers. Display two curves of
estimated probability as a function of x2,

θ̂G(x2) = H(α̂ + β̂1 + β̂2x2), θ̂O(x2) = H(α̂ + β̂2x2).

The curve θ̂G(x2) represents presidents from la Gironde, while θ̂O(x2)
represents presidents from the other factions (your curve should look
like the curves in Figure 2, but not necessarily exactly identical).
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Figure 2: Two estimated curves θ̂G(x2) and θ̂O(x2) as a function of the
number of languages (x2). The dashed lines give 90% posterior intervals
around the estimated curves. The points represent the observations: blue
circles are presidents from la Gironde, red dots are presidents from other
factions.

(d) Again we have visited Mrs. Capet in order to obtain some informative
prior distributions. This time she gave us the following information;

• the ‘baseline’ probability of execution follows a certain Beta
distribution: θ0 = exp(a)

1+exp(a) ∼ Beta(2, 5);
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• the odds-ratio of execution for a member of la Gironde compared to
a non-member follows a certain Gamma distribution, this translates
to exp(β1) ∼ Gamma(9, 2);

• the odds-ratio of execution for a president with Wikipedia article in
one more language follows another Gamma distribution: exp(β2) ∼
Gamma(1, 0.5).

Set up an MCMC to draw from the posterior distribution of (α, β1, β2)
using the specified prior. Record posterior means and 95% intervals for
the three model parameters, and compare with values obtained by the
‘Lazy Bayesian’ strategy, that of normal approximations from maximum
likelihood theory.

(e) Use your MCMC simulations to display 90% pointwise posterior bands
around the estimated curves θ̂G(x2) and θ̂O(x2) (see Figure 2). Comment
briefly on the effect of the two covariates on the probability of execution.

(f) Looking at Figure 2 it is apparent that our model does not perfectly
predict the fate of each president. Compute θ̂i for each of the 73
presidents. Use these probabilities to predict the fate of each president
by the following classification rule: set ŵi = 1 (execution) if θ̂i ≥ 0.3 and
0 otherwise. Compute the sensitivity and specificity of this classification,
and comment briefly.
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Figure 3: In Figure 2, one of the presidents is particularly conspicuous by
having Wikipedia articles in a very large number of languages, but escaping
execution. He survived to paint the next rulers of France. Napoleon Crossing
the Alps by Jacques-Louis David.
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