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The main goal of this thesis is to study moderate deviations for the distributions of
count data. In the first part of this thesis, we use the distribution of the number of
records to demonstrate that the right tail probabilities of counts of rare events are
generally better approximated by the right tail probabilities of the Poisson distribution
than those of the normal distribution. We then show that the moderate deviation
in Poisson approximation generally requires an adjustment and, with a suitable
adjustment, we establish a better error estimate of the moderate deviation in Poisson
approximation than those in [1].

We then focus on the moderate deviation in negative binomial approximation
for over-dispersed count data. Two theorems are established: one considers the sum
of locally dependent nonnegative integer-valued random variables and the other
compares a coupling of its size-biased and zero-biased distributions.

The next part of the thesis focuses on gamma approximation. We then show
that a nonnegative random variable follows a gamma distribution if and only if its
size biasing equals its zero biasing. We combine this characterisation with Stein’s
method to establish simple bounds for gamma distribution approximation to the sum of
nonnegative independent random variables, a class of compound Poisson distributions
and the negative binomial sum of random variables.

A classical result in renewal theory is the central limit theorem for renewal
processes. Because the number of renewals is integer-valued and is more naturally
approximated by a translated Poisson, an estimate of the distance between the number
of renewals and a suitable translated Poisson is desirable. We finally provide an explicit
bound for the number of renewals under the Wasserstein distance using Stein’s method.
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