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1 INTRODUCTION

Mitigating the spread of disease can have a large impact on communities around the world. How-
ever, modeling the effects can pose a very complex problem with deep networks and varied ways of
spreading. One way to combat the problem of complexity is to simulate a population and analyze how
disease spreads within the generated sample. In this analysis, a Monte Carlo simulation is used to cre-
ate a population reflecting Tippecanoe County, Indiana. Specific factors including age, employment,
and other health related statistics are simulated for each node of the population based on county and
city specific data in addition to state and nationwide health data. Given the simulated population, a
network of connections between individual nodes was modeled to simulate the normal interactions of
life. These connections were based on three primary points: employment, education, and households.
A sickness potential for each person was created using the connections that he or she has plus the sus-
ceptibility of that person. Then, strategies were identified using machine learning and assessed on their
applicability and overall impact. A web application (http://web.ics.purdue.edu/~g1081383/index.php)
was developed to examine and compare potential policies given possible scenarios with varying

disease spread and mortality.

2 POPULATION SIMULATION

A Monte Carlo simulation was chosen to simulate a population that is representative of Tippecanoe
County; data was pulled from several censuses for the comprehensive picture of the population. In
some cases, data (public transit, HIV status, etc.) for Tippecanoe county was incomplete so we
extrapolated ratios of a smaller set of the population (e.g. Lafayette) and applied it to the entire
population. So, the assumption is that for a given factor the distribution in the subset of the population
is consistent with the entire population.

A simulated population is powerful for recreating realistic conditions, but the output must be
hesitantly drawn upon because of the likely variance of the real population from the simulated one.
The factors for this population were chosen because they were deemed important to disease spread
and/ or susceptibility of an individual [33]. The following table (Table 1) consists of a list of all the
factors, how they are calculated, their source, and what other factors affect them:
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3 DATABASE

In order to describe the disease spread of the population, a network of Tippecanoe County was
constructed. The model consists of multiple nodes: people, houses, businesses, schools, districts,
and hospitals. The vast majority of possible social interaction facilities in Tippecanoe County are left
out for ease of model analysis.The entities selected for analysis were done so based on research of
what is important to disease spread. The database was restricted to only pertinent and non-calculable
attributes. In total, there are approximately 200,000 residents of Tippecanoe County that all have
distinct attributes, features, and relationships.

Houses, businesses, and schools were all selected as important nodes due to the level of interaction
present between individuals allowing the disease to spread. Households are one of the most important
nodes to consider for disease spread, both in terms of predicting epidemic severity and as a target
for intervention [21]. Schools inherently foster the transmission of infections from person to person
because they are a group setting in which people are in close contact and share supplies and equipment
[40]. Lastly, according to an article published by Chron Business, "Individuals working in close
proximity to one another and utilizing the same office equipment share a likelihood of contracting

communicable diseases from one another." [29]

4 NETWORK ANALYSIS AND DISEASE SPREAD

Between the options of running a stepwise disease spread simulation and a network analysis of
the population, we chose the latter. While the network analysis is static, it allows connections in the
population to be highlighted as main features for model identification. The model of disease spread

through a given population was dependent upon four factors:
1. Connections - the number of individuals a person is in contact with

2. Intensity of Contact - the intensity of each connection

3. Indirect Contact - the number of indirect contacts a person has

4. Susceptibility - the propensity to get ill while coming in contact with a disease

We assumed each student to have ten connections to other students, each employee to have five
connections to other employees, and each household to be connected with everyone else in their
house [43] [18]. Potential for each individual was built using a sum of these four factors; each factor
being given equal weight.

Once the potential of each individual was calculated a classification of sick, dead, or healthy was

applied. Note that since this a static analysis, all of those who fall under the sick category were sick and
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presumed to have recovered during the outbreak. The user of the web application has the ability to
select three different sickness rates and three death rates. Each of these rates are based off of three real
diseases: Cholera, common Influenza, and swine Influenza (H1N1). However, to allow for in depth
analysis by the application-user, the sickness rate of one disease can be paired with the death rate of
another. For example, the application user can select the sickness rate of Swine Influenza (20%) and

the death rate of Cholera (2.2%). Table 2 shows the sickness rate and death rate of the three diseases.

Disease Sickness Rate | Death Rate
Cholera 1% 2.2%
Common Influenza 9% 0.1%
Swine Influenza 20% 0.45%

Table 1: Disease Spreading & Death Rates

5 DISEASE MITIGATION

Decision tree classifiers were used to identify possible population features that were highly im-
pactful to disease spread. Features were deemed to be successful for mitigation if they selected a
significant amount of sick people while disrupting as little healthy people as possible. The sick popula-
tion reduction varied from about 16,000 to 46,000 people. The percentage of disrupted people varied
from 21 - 66%.

The features for classification were selected from data theoretically available to the Tippecanoe
County government. This is the same set of parameters on the database. 6 policies are introduced as a

part of disease mitigation. These policies are:
* Policy 1 - Randomly vaccinate 27,804 students in Wabash schools
* Policy 2 - Close all businesses that have 150 or more employees

* Policy 3 - Close all schools

* Policy 4 - Randomly assign 27,804 vaccines to individuals of Tippecanoe County

* Policy 5 - Quarantine everyone within their households

* Policy 6 - Close all food service, retail, arts, entertainment, and recreation establishments

The limit of vaccinations— 27,804 —was found from the fraction of the total federal budget put
toward immunization in 2016-17, which was 0.02%. Given the Tippecanoe county’s budget is $171
million, the estimated amount they will be willing to spend on immunization is $34,200. This divided

by an average cost of $1.23 per vaccine gives the vaccination amount [?] [46].
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6 EcoNOMIC IMPACT

The economic impact of the disease spread was estimated based upon people being removed from
work and otherwise displaced from normal economic activity. In addition, in cases where vaccines
were dispersed, the overall cost of vaccination was added to lost man hours. The average daily wage in
Tippecanoe County was $182.50; this was used as a proxy for total economic loss per person per day of
an effective disease spread scenario[44]. While estimating devastation from industry, there is a base
loss for each sick worker in the county and an additional loss for any workers that were displaced by a
potential policy. For example, if there is a policy to shutdown 10 businesses with 1500 total workers
then there is a $182.5*n base loss (where n is the number of workers sick) plus $182.5¥1500 from the
policy. In addition there is a cost to shutting down a school when the children affected are under the
age of 12; this represents a parent taking off work (this an assumption that children under 12 must
have adult supervision). We did not factor in an economic multiplier effect for Tippecanoe County
because it behaves less like an isolated economic community than normal candidates for multipliers,

like countries (i.e. many persons may bank, work, or shop outside of the county).

7 WEBSITE DESIGN

The Carbon Solutions team designed the website (http://web.ics.purdue.edu/~g1081383/index.php)
with the user in mind. It consists of a total of 5 main pages, varying results pages and common naviga-

tion bars and footers. Their names and functionalities are listed below:

» Navigation Bar - The navigation bar consists of buttons leading to the five main pages and a link
to our twitter. Having this at the top of every page allows the user to go back and forth between
pages. (Refer to appendix F)

* Footer - The footer contains the company name along with a contact email.

e Home - The home page includes a description of the problem at hand, allowing a user to

understand how the website is to be used.

* Population - The population page has an about section which explains how the population was
simulated along with a link to a further detailed report. The page includes graphs showing the

population by various distributions.

e Simulation - The simulation page allows a user to select the disease spread rate, death rate,
availability of vaccination, mitigation policy to be used, and also explains the 6 different policies
at hand.

* Results - Once all items have been selected in the Simulation page, the user is redirected to a

results page. This outputs the amount of deaths, sick people, healthy people, and the estimated
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economic cost if the policy was implemented. This allows a user to compare / contrast different

policies rather quickly.

* Contact - The contact page includes a form that allows a user to input their name, email address,
subject of the message, and the message. Once submitted, an email is sent to Carbon Solution’s

gmail account for further usage.

* About - The about page gives a brief description of Carbon Solution’s motto and background

information. This allows users to get to know the company.

8 CONCLUSION

Carbon Solutions has worked hard to provide the public policy officials of the West Lafayette /
Lafayette areas with an interactive tool to examine different pandemic scenarios. We hope that with
information about the effects of different policies on both a societal and economic level, Tippecanoe
County officials will be able to make better decisions about disease spread preparation and mitigation.
In addition, our aim is that this report and website can serve as a stepping stone for others investigating
disease spread and possible mitigation strategies, so communities everywhere can benefit from a

growing understanding.

9 APPENDIX

9.1 Appendix A: Population

ID Factor Rate Source Influential Factors

1 Gender 51.8% - Male Suburb Stats & Purdue None

2 Age varies City Data / DataUSA Gender

3 Ethnicity varies DataUSA Gender

4 Pregnancy 12.09% CDC Age, Gender

5 Smoking 18.6% DataUSA Age

6 Drug Use 3% Samhsa Age

7 Alcoholic 17% DataUSA Age

8 Student varies DataUSA Age

9 HIV 0.0848% City Data / Purdue Data None
10 Obesity 26.4% DataUSA None
11 Diabetes 6.9% DataUSA None
12 | Public Transportation 4.33% DataUSA None
13 Employment varies DataUSA Student, Age
14 Industry varies DataUSA Student, Age, Employment
15 Poverty varies < 17 DataUSA Employment, Industry, Age
16 Group Living varies City-Data Employment, Student, Age
17 Housing varies City-Data Age, Group Living

Table 2: Population Factors & Rates

Some of the factors have multiple rates and are described as "varies" in Table 2. The following are

descriptions of the variability within those factors.
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» Age - We assigned ages 1 through 85 to the population according to the intervals given from
City-Data and DataUSA and assumed uniformity within given intervals (for example, we were

given n amount of 19-22 year olds and assumed that these ages were distributed uniformly).
* Ethnicity - Ethnicities are distributed according to data from DataUSA.

* Student - All individuals from ages 5-17 are considered students, and 61.7% of individuals
aged 18-24 are considered students. This rate was calculated by adding up the number of college
students aged 18-24 within Tippecanoe County (Purdue, Harrison College-Lafayette, and Ivy
Tech Community College-Lafayette), and dividing it by the total population of people aged 18-24

within Tippecanoe County.

* Employment - For employment, we determined whether a person was employed or not
using West Lafayette and Lafayette’s combined unemployment rate of 4.3% . Ages of the individ-
uals were also factored into employment to create a more realistic data set. We then placed each

employed individual into an industry using employment by industry data.
* Industry - The rate of employment by industry is distributed according to City-Data.

» Poverty - The rate of poverty is taken from City-Data which was broken up by age groups.

* Group Living - This is broken up by different types including group homes, jails, and correc-

tional facilities. These are distributed according to City-Data.

* Housing - This is broken up by the amount of people living in a household and is distributed

according to City-Data.

* Pregnancy - The rate was calculated using the CDC standard for estimating the number
of women pregnant at any given time The equation used was pulled from the CDC and is as
follows: WRA/1000 * ((B*Pb) + (A*Pa) + (D*Pd)) where WRA is the women of reproductive age
(15-44); B, A, and D are fertility rate, abortion rate, and fetal loss rate respectively; and Pb, Pa, Pd

are the ratio of the year that the respective pregnancy outcome happens. This gave the 12.09%.

* An assumption was made that the poverty status of an individual will affect the individual’s

chances of catching the disease rather than the individual’s level of income.

* Another assumption made is that anyone in the population who smokes must be above the

age of 18 and to be considered an alcoholic you must be at least 21 years old.

* A final assumption made for public transit was that the only way to get around was by bus.
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9.2 Appendix B: K Set of Nodes

In order to mitigate disease spread we used a couple optimization heuristics to rate machine
learning output. The first heuristic was maximization of removal of nodes labeled sick. However,
we wanted to optimize this maximization with the constraint of minimizing the number of healthy
nodes removed from the population. Healthy nodes taken out of the population were considered
unnecessary economic damage. We followed these heuristics to rate decision trees predicting sickness
given features about the population. This way a branch of the decision tree represents a potential

policy that can be evaluated using the above heuristics.

9.3 Appendix C: Machine Learning

Decision tree classification was used to find which publicly available parameters can be used to
muster or close off certain parts of the population for disease mitigation. The highest impact classifier
of sick people was students (this is presumably because of the high number of connections). Following
from this the highest impact publicly available parameter are the following business types: food
services, retail, arts, entertainment, and recreation. This is presumably because of the high proportion

of students that work there.
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9.4 Appendix D: Entity Relationship Diagram

The entity relationship diagram was created in a way that centered around people. The relationship

between people and homes is one or many to one or many. However, the relationship between people

to businesses, schools, and hospitals is one or many to one or none. Going off of this, every home,

business, school, and hospital is located in one district so a person must go to their respective hospital
/ school / etc.. in their district. The final object in the ERD is called SickData, which is what stores data

about each individual’s sickness. The relationship between people to SickData is one to one. This can
be either healthy, sick, or dead.

House
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Business
Lives in

PK ) INTEGER

# of Employees

Person

FLoaT
sy | vaRcHAR N
| sa )

3 Number
Gender
DOB

Ethnicity
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VARCHAR

INTEGER
VARGHAR

Woris at )

Attends

Schools

Sickdata (WEAK)

PK SID INTEGER

Capacity FLOAT

Hospitals.

Name. VARCHAR
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PR pID

Lowiighs
LowiHight

INTEGER
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INTEGER
INTEGER
INTEGER
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Figure 4: Entity Relationship Diagram
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Loighs | mrecer Highl ow3 INTEGER
MedumLon0 | INTEGER HighLows INTEGER
MediumLowl INTEGER HighLows INTEGER
Medumion2 | INTEGER
Medumion3 | INTEGER HighLow INTEGER
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MedivmLowé INTEGER Highhdediuml INTEGER
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MediumHigh3 INTEGER .
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Figure 5: Entity Relationship Diagram Cont.

9.5 Appendix F: Website Images

© webiics.purdue.edu/~g1081383/aaa.php B -9

Home  Population  Simulation  Contact  About W Folow @e332team03

Carbon
Solutions

The Carbon Solutions team was recently contracted to
work with Tippecanoe County to help officials devise
public policy strategies to mitigate the spread of
pandemic diseases. The tools on this web page allow
for comparisons of policies by outputting disease
spread statistics including: number sick, number dead,
and economic impact as well as graphs describing the
impacted population.

This simulation tool was computed using a Monte Carlo
simulated population and a network analysis. The
disease spreading was modelled after real-world
diseases including: Cholera, common influenza, and
swine influenza or H1N1. There are multiple possible
policies to select including: vaccinations, quarantines,
shutting down businesses, and more.

Check out the population tab to see the demographics
and more details about of the simulated population
used for this analysis.

Figure 6: Home Page
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@ webiics.purdue.edu/~g1081383/population2.php

Home  Population  Simulation  Contact  About

Carbon
Solutions

About

In order to do analyze disease spread a population of Tippecanoe county was created using a Monte Carlo simulation based on the following
drug use, public . physical

factors: age, student status, employment, income, HIV, gender, ethnicity, smoking habits, alcohol

health, pregnancy, and housing
The simulation data was pulled from several censuses to provide a holistic and accurate representation of the Tippecanoe population. In some cases
(public transit data, HIV data, etc.) data for Tippecanoe county was incomplete so we extrapolated ratios of a smaller set of the population (e.g. Lafayette)

and applied it to the entire population. So, the assumption here is that for a given factor the distribution in the subset of the population is consistent with the

entire population

Additionall, for more detailed information, check out a formal report regarding the simulated population

Employment by District

35,000

o
4]
o
>

k)

30,000

Carbon Solutions 2018

Figure 7: Population Page
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© vebicspordueadu/-g1081353 popuation

O | © webicpurdiesdy/-g1081383popistionzony

Simulation

Home  Population  Simulation  Confact  About

oo @

Employment by District

15,000
10000
£ 350
g
EIO,UUU
Fnom Hospital . Age Range
% o o
.nléﬁ,nnu
2 1000 Employment by Industry Population by District
S0 30,000 70,000
Fatied | dem | luame  bemy e Sefed Seny e Unen  wash  wewomn 3;254’““ 60,000
District é 20000 50,000
& <
2 som § om
B .. . o . § 10,000 3
Hospital Capacity Age Distribution 2 2 3000
g
0 s0.000 § s g
180- = 20,000
©
“ i I .
Zm oMl W
g 100 i District
S

Figure 8: Population Cont.

@ w

1383/SimulationForm1php

8 9%

Home  Population  Simulation ~ Contact  About W Folow @e332teano3

Carbon

Solutions

Disease Spread Rate Policy 1
Low Randomly vaccinate 27,804 students in Wabash schools.
© Medium
© High Policy 2
Close all businesses that have 150 or more employees.
Death Rate
) Policy 3
Low
© Medium Close all schools.
High
Policy 4

Vaccine Available? Randomly assign 27,804 vaccines to individuals of Tippecanoe County.
© Yes

No Policy 5

Quarantine everyone within their households
Mitigation Policy Policy 6

No Policy

© Policy 1 (Vaccination Required) Close all food service, retail, arts, and recreation
Policy 2

Policy 3

Policy 4 (Vaccination Required)

© Policy 5

© Policy 6

Figure 9: Simulation Page
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Figure 11: Simulation Output Cont.
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@ webics.purdue.edu/~g1081383/Contactaa.php 9w

Home Population Simulation Contact  About W Folow @ke332team03.

Carbon
Solutions

Carbon Solutions 2018

Figure 12: Contact Page
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Figure 13: Contact Form Input / Output
@ webics.purdue.edu/~g1081383/Aboutaa.php ]

Home  Population  Simulation  Contact  About

Carbon
Solutions

"Need is the mother of invention". Carbon w @ (0
Solutions is based on this motto. Located out of Mop | ool @ Too)
Purdue University in West Lafayette, Indiana, we KoniGkee st &
are a consulting firm specializing in disease ]
spread, prevention, and control. We simulate -
populations based on your information, establish | d
social connections and come up with the best
policies to counter disease spread. Our aim is to Marion
understand your need and "invent" a solution best & Kokomo
suited for you. We can assure you, the solution we _
will present cannot be matched by any other. =) o
aign Rarie Anderson
@  Ccomel o5
Lo NgEHEEY e
. ol T Indianapolis =
org @ | snelbyil
’W“J*”%’*’“‘* & @ -
Ggpgle =} Mop dea 2018 Gl Tamacf U Reprta mans

Figure 14: About Page
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