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Abstract

This goal of this project is to model the transmission dynamics of
viruses and their affect on populations based on user input. The near
complete version of this project will eventually be able to model the
effect of virus transmissions on population dynamics of real situations,
such as the 1918 Spanish Flu. Since there is ample data about major
infections such as the 1918 Spanish Flu, the variables can be modeled
using this program [1].
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1 Introduction - Elaboration on the problem
statement, purpose, and project scope

1.1 Scope of Study

The approach taken in creating
this model is: The more, the better.
The model will represent, as close to
real life as possible, normal parame-
ters that can significantly affect pop-
ulations. The end result will likely
have different classes of people, differ-
ent infection rates, and different pop-
ulation densities in addition to ran-
dom mutations and immunity.

The different types of modeling
used in this paper are Systems Dy-
namics modeling and Agent based
Modeling. Systems Dynamics model-
ing is the general flow of one variable
into another variable. Systems Dy-
namics deals almost exclusively with
modeling a general flow, rather than
individual agents behaving under a
given set of instructions. If the flow
from one stock(a mutable variable)
to another is given by f(¢), then the
stock can be represented as

/0 )t

where t is time. Agent Based model-
ing on the other hand does have indi-
vidual agents following a piece of code
to perform a certain task.

1.2 Expected results

This model will give the population
data for different types of people for
a virus in a certain amount of spec-
ified time. This data can either be
accessed by a plot in the modeling
software NetLogo or as a .csv file in
Mircosoft Excel.

This project is for both virus
transmission modeling and the in-
tegration of systems dyanmics and
agent based modeling [2]. A re-
search paper written about the inte-
gration of these two types of modeling
sparked the question of whether they
can be effectively combined to create
a better model. Thus, the model ac-
tually has a dual purpose and the re-
sults will help both parts of the re-
search.

1.3 Type of research

My project is a mix of two areas.
The use-inspired research and the
pure applied research both apply, as
the goal of the project is to create
a usuable model, applied research,
and try to integrate systems dynam-
ics with agent based modeling, use-
inspired research. The use-inspired
aspect is the creation of a model to



better help combat global outbreaks
of major diseases, such as the Bird
Flu(H5N1) virus. The pure applied
research aspect is the use of two very

different types of modeling to try
to optimize the model from different
points of view.

2 Background and review of current litera-

ture and research

Researchers are currently doing
research in this area, trying to cre-
ate a model to represent a historical
virus outbreak, so future outbreaks
can be avoided. Ome such research
paper involves creating a model with
detailed parameters for infection, sus-
ceptibility and transmission in differ-
ent people in different age categories
[1]. This paper just modeled one spe-

cific outbreak, but my model will be
able to model a general outbreak.

Another paper discusses the pros
and cons of the two types of mod-
eling. The ultimate conclusion was
that the integration of the two types
of models according to the situation
was the best idea[2]. My model also
strives to do this.

3 Procedures and Methodology

My breakdown of the project is
as such. In the 1st Quarter, cre-
ate the basic framework for the pro-
gram including people who are in-
fected, uninfected and the transmis-
sion probabilities, birth rates, and
death rates(See Fig-1). In the 2nd
Quarter, add age factors and create
different classes of people so children
and seniors are more susceptible to
catching the infections. Model the
birth and death rates of the different
age classes, so people can age. Cre-
ate the carrying capacity to model
the limitations of infrastructure. In

the 3rd Quarter, modify the general
infection rate to specific susceptibil-
ity rates so each individual has a dif-
ferent chance of getting the virus de-
pending on immunization, immunity
rate and age. Create a population
density stock to make people who
are in higher density more suscepti-
ble. Finally, in the 4th Quarter, trou-
bleshoot and test the final model.

The program is created using Net-
Logo, which has a GUI interface(See
Fig-2). It displays the graphs the user
defines and can show visually the pat-
terns in the data.
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Testing of the program is done
as soon as a new part is completed.
Since the model is dynamically af-
fected by every new parameter, the
testing is an ongoing phase. The final
test of the model will include actually
modeling a real situation, so the re-
sults of the model will be compared
against the real situation and see how
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Fig—1

close the model actually was to pre-
dicting a real outbreak. NetLogo in-
cludes a built in method called Be-
haviorSpace, which tracks the values
of every variable and outputs it into
a csv file in excel. That can be used
to plot and test whether the model
works.
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The Systems Dynamics flowchart
above represents the flow of the
model. The methods that have been
implemented in the model are: birth
rate for adults and children, death
rate for adults and children, immu-
nity rate for adults, and carrying ca-
pacity for the total population. The
next methods to be implemented are
the methods stated above for se-
niors, the susceptibility rate, popula-

4 Expected Results

Fig—2

tion density, and aging of the popula-
tion to adults and seniors, and virus
spread timing.

The Maryland Virtual High
School for Science and Math has a
model on their website dealing with
epidemics. The model creates a basic
starting point for an epidemic study
[4]. T am looking to integrate some of
the functions used in the model with
my study.




Models are used frequently to pre-
dict various situations in life and are
used by individuals, companies, orga-
nizations and the government. Even
though agent based and system dy-
namics models are used, they are not
used often together, so integrating
them will offer a different outlook to
the model. My primary purpose is
to model a realistic situation, so this
model will not be specific to any sit-
uation, but rather just have the basic
necessities for the virus transmission
model and the user will choose the
others values.
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