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Executive Summary- 

 In our project we studied the spread of Smallpox on the inhabitants of the slum 

district of Dharavi, Mumbai, India. We successfully coded our project in the program 

StarLogo. We do not accept our results due to the speed of infection being too fast.  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

I. Introduction- 

 In this project we researched and modeled the potential effects of the disease 

Smallpox if it were to spread in Dharavi, a slum district in Mumbai, India. Dharavi has 

about 1 million people living within 1 square mile making it the largest slum district in 

the world. Overall, India has around 1 billion people and is the second largest populated 

area on Earth. The purpose of this project is to get a better understanding of Smallpox, 

the effects of the disease, how it spreads, and how it would affect the current population 

in Dharavi if there were to be an outbreak. We achieved these goals through modeling 

our project in StarLogo. By doing this we could understand the real world translation. 



Our project shows a possibility of how a densely populated area would react to the 

spontaneous or planned release of an eradicated disease.  

II. Background- 

a. Smallpox- Smallpox appeared in about 10,000 BC. It is thought that smallpox 

was brought to India by Egyptian merchants. It is also believed to be the cause of the 

downfall of many ancient empires (ex. Roman Empire, Aztecs, Mayans, etc.)   

 As history shows, Smallpox is a serious and contagious disease. The infection can 

possibly cause death and is transmitted through direct contact of saliva or nasal mucus 

and contaminated objects (clothes, bedding, etc.) Death occurs from Smallpox because of 

toxemia (blood poisoning).  

There are two types of Smallpox, Variola Major, a more common and severe (30% 

fatality rate) Smallpox. We will be using Variola Major for our project. The second is 

Variola Minor, which is more uncommon with a <1% fatality rate. 

 
Smallpox Pustules 

 b. Vaccination- The first supposed vaccination came from a Buddhist woman 

who would grind up smallpox scabs and put them into patients noses. When Smallpox 

was common in Europe, a form of vaccination that was established in aristocratic 



European society was called variolation. It lowered the case-fatality rate to 10 times 

lower than naturally occurring smallpox. 

A modern vaccination is called Vaccinia. It does not cause smallpox. It can however be 

passed on from touching the vaccination site. The Vaccinia vaccination was discontinued 

in 1971 after the last known case. America still has a vaccine stockpile of 7.5 mil. doses 

only used for confirmed cases. 

 This simple and modern vaccination method is administered through a needle 

containing a small amount of the vaccination solution. This needle is then preferable 

poked in the deltoid area of the upper arm.  

 
Vaccination Method 

 c. Dharavi- About 1 mil. people live within 1 square mile in Dharavi, Mumbai, 

India. It is the densest human populated area on Earth. It is on the other hand one of the 

most productive slums in the world with multiple Bollywood movies being filmed there 

and having multiple booming industries. 

 Regarding family life and sanitation, 60% of the families have lived in Dharavi 

for 60 or more years and the average lifespan is under 60 years due to the health concerns 

and unsanitary conditions. There is an average of 1 toilet per 1450 people which may 

help aid in the spread of the Smallpox disease. The slum is also divided into communities 

by religion. The largest religious community being Hindu community. 



III. Description 

 The original project plan was to create a rough draft of the model in the program 

StarLogo and then recode that program into NetLogo. Both team members did not know 

how to code in NetLogo and due to time restrictions and personal responsibilities, we 

weren't able to achieve this goal so we ended up using the program StarLogo to create 

our model. However, we took inspiration from multiple NetLogo models by Uri 

Wilensky, such as his virus model of how a virus spreads to a changeable population 

number. We based the earlier versions of our program on this model.   

 The earlier versions of the model went by a basic format. The agents and the 

houses would be spawned at random. There would be a hospital at the center of the map 

and the agents would have their heading set towards the hospital. The agents would get 

"sick" if they collided with a red agent or red household. Their walk mechanism was 

random and the agents had no obstacles in the way towards the hospital. We soon 

progressed to the idea that there had to be a map of Dharavi included.  

 However, there was an issue that arose, finding a map for our program. As our 

location was Dharavi, India, we needed to find a map that would work for this model. We 

tried multiple maps but we had problems with the street names interfering with the walk 

procedure for the turtles due to the coloring. The agents could only recognize 1 color for 

each walking mechanism, and most maps are multicolored. The solution for the problem 

was to find a two-colored map to simplify this whole situation. This map was found on a 

website titled "Pukar" (http://pukar.org.in/) and it was the solution to our problem.   

http://pukar.org.in/


 
1    2    3  

 After finding the map, the image was modified by cropping it to reveal Dharavi 

which is located next to the black area (Mahim Bay). The contrast was increased and 

lines that were missing had been redrawn. Due to a concern that the agents would get into 

the ocean region and Mahim Bay, the bodies of water were outlined with the color red. 

When the agents read that the patch color is red they will do their best to turn around. As 

a final step, the image was zoomed in even more to expose Dharavi. 

 This image is not an exact replication of  Dharavi yet it provided the map that we 

were looking for since the beginning of the project.  

IV. Results- 

 With this project, we monitored the amount of infected individuals and homes. 

One of our major variables was the location of Patient 0 entering Dharavi. There were 

three tested entrances into the slum. The coordinates of those entrances on the map  being 

(48, 2), (49, 25), and (24, -48). The reason these coordinates were chosen were because 

they followed along major points in Dharavi. Patient 0 could have traveled along the 

multiple bus routes (24, -48), made their way across the Mithi River (49, 25), or arrive 

from Chhatrapati Shivaji International Airport (48, 2). Contrasting the Patient 0 spawn, 

the hospital that we believe would have the Smallpox vaccination and treatment center is 

S. L. Raheja Hospital (0, 19) because of its proximity to Mithi River and major highways. 



This may allow more individuals to be treated even with Patient 0 being spawned on one 

of those routes. 

 

Coordinate Points 
 

 When patient 0 traveled across the map, the agent collided with other agents 

making them infected. When agents collide with healthy/normal households, the 

household is turned red to mark the path that the agents took to S. L. Raheji Hospital. 

This maps out the routes that the agents would take to reach the hospital providing a basic 

visual image of the route that is taken the most by the agents. An interesting aspect that 

was added was the "knowledged home procedure" which would turn the houses that had 

contact with at least two immune agents Grey. This house agent would become a 

"knowledged home" and if this project were to be expanded, the homes would make 

healthy and infected agents a certain percentage more likely to go to the hospital to get 

the vaccination. As of this point in time, they act as a marker of how far the immune 

agents spread. 



 

Example of the spread across the map 
 Agents would be spawned at random because the team had some struggle getting 

the agents to spawn on the black areas of the map. When agents are created, the homes 

and healthy individuals would die if they spawned on the white area of the map. The 

white area of the map isn't necessarily a bad area to walk, but the team found out that 

agents would run in a circular motion if they were to be spawned on the white area. Due 

to this, the model caused there to be multiple different original population numbers. The 

average of those numbers was around 350 agents. The reason for the low number being 

that Star Logo cannot handle a large amount of agents without crashing on the main 

coders computer. In order to get a number that is in the supposed Dharavi population 

range (700,000 - 1,000,000) the found number must be multiplied by 2500.  

 As there were some issues when coding the death rate, the team had to manually 

calculate the amount of deaths.  The team used this formula- 

2500y - (2500x * .3) 



 Y is the average starting/immune population. X stands for the infected population. 

Both average sets of data will be multiplied by 2500 to get the supposed rounded 

population number. After that, the found infected number is multiplied by .3 (the 

simplified version of 30% which is the Smallpox death rate) to find the death toll. The 

number is then subtracted from the supposed calculated overall immune population.  

 After running each coordinate spawn five times, collecting the best three results, 

then finding the average of these results and applying the formula, these are the final 

results.  

  

 Something that was surprising was that many individuals received their 

vaccination before they were sick or the moment that they had become sick and therefore 

causing a spike in the immune population. In the (49, 25) coordinate run, the immune 

population was half of the overall population at its peak even with the 35,000 death toll. 

 The most devastations yet positive coordinate point out of the three tested was 

(49, 25). This point had the highest death toll at 35 thousand agents predictably dieing. 

The amount of sick individuals at the peak of the epidemic is the highest out of all 

coordinate points.  However it was quite far away from the hospital. On the other side, 

the coordinates quite opposite from the previous point had the lowest death rate and the 

lowest infected population at the maximum of the epidemic. Patient 0 coordinate spawn 

(24, -48) had 5 thousand deaths in total and 10 thousand individuals sick at the peak of 



the epidemic. However, the average population was 70 thousand lower then the other 

coordinate points. Unlike coordinate spawn (49, 25) which had around half of the 

population being immune, coordinate spawn (24, -48) had a rounded around 1/3 of their 

population being immune putting them in second place for the amount of immune 

individuals versus their population. The last coordinate point is (48, 2) which had a 20 

thousand death tol1 and around 1/4 of their population being immune. This puts them last 

on the immune VS population scale. In terms of the amount of sick individuals, they were 

in the middle of the data, having 42 thousand predicted individuals at the peak of the 

epidemic. 

 The program was run for 5 minutes or around 2,500 ticks. The initial outbreak 

ends at the 250-500 tick mark. If this program were to theoretically run about 6 months in 

real time, each day would be around the 14 tick mark. The disease would be resolved 17-

35 day marks. This seems accurate in the sense that it allows enough time that the 

symptoms of smallpox would show (the symptoms show after the incubation period 

which is about 1-17 days) and it allows first response to the virus. 

V. Conclusion- 

 In a real world scenario, theoretically, this may happen because of the close 

proximity of many people living in Dharavi. However, this could cause hysteria that 

would make much of the population seek out the vaccine which would allow the 

individual immunity to the disease for 3-5 years after the first dose. According to the 

CDC, individuals who receive the vaccination in the first 3-7 days while having Smallpox 

will experience the symptoms of Smallpox less severely than without the vaccination. 

Yet, in past epidemic cases in Dharavi, many people decided to come to the hospitals or 



clinics in the late stages of their disease causing many cases to be unsavable. This is 

especially due to the large amount of people coming to these clinics and not being able to 

receive treatment due to the overwhelming amount of people. Although, when the 

vaccination was discontinued in 1971, America still held a stockpile of 7.5 million 

vaccinations. This is more than enough if shipped out to India in time to stop further 

release of the disease. 

 Even after this theorizing we do not accept our results as being accurate 

representation of a Smallpox epidemic in Dharavi, India. This is because in our model, as 

soon as the agents received the disease they would seek out help in the hospital. This is 

not accurate in terms of the results due to the fact that Smallpox has an incubation period. 

This major point and other factors such as in past epidemic cases in Dharavi, the 

mortality rate of the disease were increased due to the unsanitary conditions and the close 

proximity of the people living in Dharavi. This would make our 30% mortality rate not a 

solid number. There may also be cultural boundaries which would not allow these 

individuals in the slum to seek out medical help or come into close contact with the sick 

individuals due to sickness rituals. There is a large amount of Religious culture in the 

slum of Dharavi.  

 Although we do not accept our results, we believe that we made an achievement 

when searching  and adding the map to our program. Ever since the beginning of our 

project we believed that we needed some sort of map. This was also brought to our 

attention in the interim judging. We managed to find a map and create a walking 

mechanism based on what patch color the agents see. We worked together as a team on 

this and as a team on the whole entire project.  



VI. Recommendations-  

 As we believe that our results aren't accurate, a major recommendation for our 

project would be to add a better time measurement that we could translate into real time 

so we could see how long the virus takes to spread and add an incubation period for the 

virus. An additional procedure that should have been added that was recommended is the 

mortality rate of the virus instead of having to calculate it manually. In the model, after 

the agents receive the cure, the agents turn Grey/immune immediately. As explained 

before, individuals who have received the virus can have their symptoms lessened if they 

take the vaccination but cannot be completely cured. For this, we believe that we should 

have added a time for the vaccination to make healthy individuals immune and lessen the 

Smallpox infection time for sick individuals to simulate the vaccination helping with the 

disease. 
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