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Abstract. Poisson distribution, which provides the probability of events occurring in a settled time
interval when events occur at a accurate average rate, is one of the most useful statistical distribution
to solve many problems in the world today. In this paper, the definitions and properties of Poisson
distribution are introduced. Besides, Poisson distribution is used to predict the household prices and
infectious diseases. This prediction is supported by collecting the data and setting the Poisson
distribution. Nonetheless, a direct experimental observation of the reviewing literature is lacking. The
prediction of household’s prices in the future and the key periods in the infectious disease prevention
are discussed by observing the characteristics of distribution of probability of infectious disease in
peak period which suit the Poisson distribution. Then Poisson model is set to discuss. Our work can
facilitate the study for the application of Poisson distribution in household prices and infectious
disease.

Keywords: Poisson distribution, Estimating households by household size, Infectious disease
research.

1. Introduction

Poisson distribution is a tool that helps to predict the probability of certain events happening when
the researchers know the frequency of the event has occurred. It gives us the probability of a given
number of events happening in a fixed interval of time. In addition to its use for staffing and
scheduling [1,2], the Poisson distribution also has applications in biology [3], finance [4], disaster
readiness, and any other situation in which events are time independent. For instance, businesses can
use the Poisson distribution to check how to take measures to improve their operational efficiency.
An analysis applied with the Poisson Distribution may reveal how a business can organize personnel
to better manage peak periods for customer service calls.

The Poisson distribution is suitable for describing the frequency of events occurred every unit time.
As long as we have the average number of events every unit time, the other numbers which will occur
are under prediction. Hence, people can make effective decisions to gain maximum profits or predict
some information needed.

In this paper, firstly, a brief introduction of the Poisson distribution is given, including the
definition, some basic properties and a classic example using the Poisson distribution, which is
flipping a coin with an infinite number of times. Secondly, we give two applications of the Poisson
distribution which will be studied, which is estimating households by household size and doing
research on infectious disease. Finally, a conclusion of papers will be given.

2. Mainbody

2.1. Definitions And Properties of Poisson Distribution

2.1.1. Definitions

In statistics, the Poisson distribution is a probability distribution that reflects the frequency that a
serious independent events occur in a fixed time interval. It was named after a French mathematician
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of 18th and 19th centuries [5]. The Poisson distribution is a discrete function, which means the
independent variable can only take countable values in an array. In other word, the variable cannot
take all the values in any continuous ranges. As for the Poisson distribution, Poisson random variable
can only take natural numbers 0, 1, 2, 3, .... The Poisson distribution has only one parameter, which
is commonly described as a lowercase Greek letter 4 >0, and used to express the frequency that a
serious independent events occur in a fixed time interval. The probability mass function (P.M.F.) of
Poisson distribution is

f(x):P{X:x}:e‘*%,x:o,l,Z,--- (1)

As expected, the P.M.F. of the Poisson distribution f(x) is non-negative. Then, it is easily to have
that for all x in domain,

f(x)=0 (2)

The Poisson distribution is normalized so that the sum of probabilities equals 1, since

i f(x)= eli% =g " =1, (3)
x=0 X -

=0
With the definition of expectation, it is easily that
E[X]=X\ E[X?*]=A(A1+1). (4)
Var[X]=E[X?]-E*[X]=A. (5)

Therefore, the expected value and the variance of a Poisson random variable are both equal to the
parameter A.

The Poisson random variable has many applications because it is used as an approximation for a
binomial random variable with parameter (n, p) when n is large and p is small enough. To see this,
suppose that X is a binomial random variable with parameters (n, p), and let A=np.

After the substitution, it follows that

e\

PIX =i}~

(6)

In other word, if there are N independent trials, which have a probability p of success, when N
is large enough and p is small enough, the number of an event occurring successfully is
approximately a Poisson random variable with parameter [6].

2.1.2. Example and Properties

In Bernoulli trials of binomial distribution, if the number of trials N is large, the probability P of

binomial distribution is small, and A = Npis moderate, then the probability of the number of events

can be approximated by Poisson distribution. In fact, the binomial distribution can be regarded as the
counterpart of the Poisson distribution in discrete time.
Now we consider flipping a coin with an infinite number of times. The probability of getting the

head of the coins in a coin flip is infinitely close to zero <p=%>. More specifically, it's very hard to
flip heads of the coins. But the expectation of times that the coin comes up in n trials (4 ) is invariable.
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An event is called the coin heads arrival in the Poisson process. The number of arrivals within the
unit time is referred to as the arrival rate.

The properties that Poisson process satisfies are as follows:

In any intervals of unit time, the arrival rate is stable. For infinite number of coin flips, we
essentially divide one unit of time into an infinite number of coin flips, with the same probability of

A e : : .
heads o After an infinite number of flips, we expect to flip A heads of a coin.

The results of future experiments have nothing to do with the results of past experiments. In the
case of the infinite number of flips, no matter how many heads and tails you flip before, it doesn't
affect how the coin turns up later.

With a very short period of time, the probability of 1 arrival is low, while the probability of no

arrival is very high. For infinite number of coin flips, it is figured out that the probability p :% that
the coin comes up approaches to 0.

2.2. Application in Estimating Households By Household Size

The United States created the American Community Survey (ACS) to provide data on the
distribution of household size across census tracts in five-year data products. At small geographic
scales, single-year data is not available. Furthermore, although the ACS provides useful historical
data, infrastructure planners also require information on projected households by size.

The Poisson distribution describes the potential number of objects that may be found in a certain
volume, or the number of events that will be observed in a given time period.

The Poisson distribution has a wide variety of applications in biology and engineering. There are
four criteria for using Poisson distribution in a specific case. Firstly, natural numbers can describe
events, and the number of occurring is unlimited. Households are described in natural numbers. In
theory, the maximum size of a household is unlimited. While extremely large families are unlikely,
the number of persons that lives together is unlimited in a household. Secondly, occurrences are
independent and random. The size of a particular household is independent and randomly determined.
If two households are neighboring, the number of persons within their family is completely
independent. Thirdly, each event is counted only once and is not relevant to the number of cases that
don’t take place. Households satisfy the rules that each household is calculated only once, and the
number of cases that are not counted is not relevant. Lastly, the average frequency (or population
mean) is known. Average household size = household population households. When the four key
criteria are met, the Poisson distribution is a good candidate to estimate the size distribution of
households. Therefore, it is proved that Poisson distribution can be used under household and
household size situations: The Poisson function can be written as:

MTe—M
!

fu; M) = (7

n

In this function, n is the number of occurrences (where n= 0 —o0), M is the population mean, and
f (n; M) is the probability of case n, when average=M.

To test the model, this research compares 10-year census data with the model and survey estimates
of the ACS.

For mean error bias, ACS estimates reveal fewer biases within each size class. For counties and
tracts, size one households are typically underestimated since the average error is negative by using
the Poisson model, while size no.3 are in general over-estimated because of the positive average error.

For mean absolute error, both models are reasonably accurate, and neither the models nor the
survey estimates perform substantially better than the other.

The Poisson model and ACS estimates are both suitable for larger households. Although the model
is well suited for large families, there should be more treatment to improve the model to decrease the
error for size one and three.
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2.3. Application in Infectious Disease Research

Numerous scholars have conducted extensive research in describing the characteristics of public
health emergencies of infectious diseases by using relevant indicators of dynamic series [7], [8]. This
section concerned with Poisson distribution model of the occurrence frequency of infectious disease
public health emergencies in Shanxi province, and obtained the corresponding probability distribution
characteristics of the event frequency, so as to provide reference for guiding the prediction and
emergency preparedness of infectious disease public health events in Shanxi province [9].

Table 1. Data collection of Poisson distribution model and ACS for the census area in California

[10]
Mean error
Size 1 Size 2 Size 3 Size 4 Size 5 Size 6
Model -0.049 -0.015 0.076 0.007 0.000 -0.002
ACS 0.011 0.01 0.001 0.003 -0.004 -0.005
Mean absolute error
Size 1 Size 2 Size 3 Size 4 Size 5 Size 6
Model 0.055 0.035 0.076 0.027 0.012 0.009
ACS 0.037 0.042 0.036 0.034 0.026 0.019
Table 2. Data collection of Poisson distribution model and ACS for counties [10]
Mean error
Size 1 Size 2 Size 3 Size 4 Size 5 Size 6
Model -0.044 -0.012 0.088 -0.004 -0.011 -0.007
ACS 0.006 0.008 -0.004 -0.003 -0.003 -0.002
Mean absolute error
Size 1 Size 2 Size 3 Size 4 Size 5 Size 6
Model 0.044 0.022 0.088 0.011 0.011 0.007
ACS 0.016 0.015 0.013 0.011 0.008 0.005

We will use the Excel to establish a database and conduct data mining analysis to describe the
characteristics of public health emergencies of infectious diseases by using relevant indicators of
dynamic series. We will use R to carry out relevant statistical analysis (test level a = 0.05).

Poisson distribution model will be used to analyze the distribution of the incidence rate or the
number of sick people with very low incidence of non-communicable diseases in the population. The
establishment of Poisson distribution model is conducting by statistical analysis on the average
number of public cattle incidents with bovine infectious diseases in each month from 2013 to 2020.
Then we obtain the parameters by calculating the probability of K public health emergencies of
infectious diseases in a specific month through formula of the probability of various rare times x,
P{X=k}. Taking P{X=k} as the prediction coefficient, it can be calculated that the theoretical
frequency of K public health emergencies of infectious diseases per month is 8P{X=K}, and K is
0,1,2,3.... Finally, the Poisson distribution model of the frequency of infectious disease public health
emergencies in Shanxi province can be established by putting the parameters of 12 months into the
separate substitution formula.

The Table 3 shows the Poisson distribution probability of infectious disease public health
emergencies in Shanxi province (Probability of number of emergencies%) in 12 months. The model
prediction shows that the frequency of infectious disease public health emergencies in Shanxi
province is mainly 1~2 times, with the highest probability in May and the lowest in March, August
and September. The top five probabilities are may (6753%), November (58.32%), June and December
(52.76%) and January (46.47%). The above results are basically consistent with the monitoring
information. Therefore, May, November, June, December and January should be the key periods of
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infectious disease prevention and control in Shanxi province, and make full preparations for the
corresponding emergency work.

This section further confirms the frequency distribution characteristics of infectious disease public
health emergencies in Shanxi province through the practice of model imitation and identification. In
conclusion, Poisson distribution model can predict and analyze the probability characteristics of
infectious disease public health emergencies.

3. Conclusion

In this article, the definition and properties of Poisson distribution are reviewed. Then two
applications of Poisson distribution are listed based on their definition and properties. At first, this
study presents the definition by describing the P.M.F formula and how it can be substituted. Next, the
three properties of Poisson distribution are introduced by an example of flipping coins. The first
application is about how Poisson distribution is used to estimate the household. By analyzing the data
and developing the model, the result is acquired that besides ACS, Poisson distribution can also
become a usable method to predict households. The second application is about how Poisson
distribution is applied in infectious disease research. Throughout a data table that shows the Poisson
distribution probability of infectious disease public health, the result is concluded that the Poisson
distribution model can predict and analyze the probability characteristics of infectious disease public
health emergencies. According to the results of two applications, this research finds out the
practicability and universality of Poisson distribution and the researchers believe it will become more
significant in the future.

Table 3. Probability of infectious disease public health emergencies in Shanxi province

0 1 2 3 4 =
Jan. 53.52 33.45 10.45 2.28 0.34 4647
Feb. 77.88 19.47 2.43 0.20 0.01 22.12
Mar. 88.24 11.03 0.68 0.03 0.00 11.75
Apr. 60.65 30.33 7.58 1.26 0.16 39.35
May 32.47 36.52 20.54 7.70 217 67.53
June 47.24 35.43 13.28 332 0.62 52.76
aul. 77.88 10.47 2.43 0.20 0.01 22.12
Aug. 88.24 11.03 0.68 0.03 0.00 11.75
Sept. 88.24 11.03 0.68 0.03 0.00 11.75
Oct. 60.65 30.33 7.58 1.26 0.16 30.35
Nov. 41.69 36.48 15.96 4.65 1.02 58.32
Dec. 47.24 35.43 13.28 3.32 0.62 52.76
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