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Introduction

Particulate matter, also referred to as PM, is a mixture of solid particles and liquid
droplets found in the air. Some particles, such as dust, dirt, soot or smoke, are large
or dark enough to be seen with the naked eye. Others are so small they can only be
detected using an electron microscope.

Because particulate matter is so small, it can be inhaled and cause serious health
problems. Particles less than 10 micrometers (PM10) in diameter pose the greatest
problems as they can get deep into peoples lungs and some may even get into the
bloodstream.

One way to find out if a new environmental policy has a positive effect is to look
for changes in the probabilistic behavior of the time series after the implementation
of a new policy.

Figure 1: Comparison of Bogota sky with and without pollution

Model

It is assume the existence of changepoints τ = {τ1, . . . , τm}, with τi < τi+1, such that
the number of PM10 days that exceed the threshold between two subsequent points
can be modeled as nonhomogeneous Poisson processes. The question is how to find
the solution to:

Bayesian−MDL =arg min
θ,τ

logPθ,τ − log f (θ|D)

=arg min
θ,τ

logPθ,τ − log f (D|θ)− log f (θ)

where Pθ,τ is the penalty

logPθ,τ =

m+1∑
i=1

log(τi − τi−1)

2
+ log(m) +

m∑
i=2

log(τi),

f (θ|D) is the posterior distribution, f (D|θ) is the likelihood, and f (θ) is the prior
distribution, where D denotes the data. [1].

Data

Here is analyzed the time series of particulate matter exceedances from January 1,
2004 to August 31, 2015 of Bogota, Colombia. In particular, we analyzed the time
series of exceedances of the 100 level.
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Figure 2: Time series of PM10 (green) with smoothed line (red) and the 100 thresh-
old (black)

Nonhomogeneous Poisson Periods

For the i-period we assume the likelihood

fi(D|θ) ∝ e−[Λ(τi|θi)−Λ(τi−1|θi)]
Nτi∏

j=Nτi−1+1

λ(dj|θi), i = 1, . . . ,m + 1,

where di are the exceedances days, λ is the rate function and Λ is the mean function
of the nonhomogeneous Poisson processes, under the assumption that λ is nonneg-
ative with Λ(t) =

∫ t
0 λ(s)ds. In particular, to model the data we use the next mean

functions [2]:

m(t|θ) = β log (1 + t/α) Musa− Okumoto

m(t|θ) = − log

(
1−

[
1− e−(t/σ)α

]β)
Exponentiated−Weibull

m(t|θ) = α
(
1− e−βtσ

)
Generalized Goel− Okumoto

Genetic Algorithm

To find the solution to the minimization problem we apply a genetic algorithm to
search the best number and position of changepoints. For each fixed period (τi−1, τi)
we find the MAP parameters.
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Figure 3: Evolution of genetic algorithm values

Under a loop we apply the steps: selection, crossover, mutation and acceptance. All
these steps depend on the values of BMDL.
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Figure 4: Exceedances data (green) and changepoints (red) of Exponentiated-
Weibull model

Conclusions

•The changepoint detection model presented here correctly detects the environmen-
tal policies implemented on Bogota

• For the Bogota’s data, the Exponential-Weibull model fits better

•The model could be applied to find the impact of environmental policies of other
countries
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