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Statement of Problem 

 The problem that our team is tried to solve is the widespread epidemic of pollution based 
illness.  Taking the correlation between pollution and certain diseases as given, using other 
studies as proof, we are modeling both the spread of pollution in relation to disease in New York 
city, as well as creating a blank template that civil engineers be able to use to predict the spread 
of pollution and the subsequent diseases and death that it will cause.  We took a two pronged 
approach to deal with this problem, with the first segment being the modeling of New York city, 
and the second being modeling and comparing the pollution to New York.  This model primarily 
serves only as proof that our algorithm actually works, and that it can be applied to the second 
section of our project, the real focus of our efforts. 

Executive Summary 
 We have determined that the best way to stop or at least decrease the amount of 
pollution related diseases is to spread awareness about it through computational analysis.  We 
believe that the model of New York would be valuable because it would show the real-world risk 
in polluting New York.  Because you can model the city you would be able to figure out what 
sections of the city are at greater risk of succumbing to certain illnesses, and with that 
knowledge you would be able to take precautionary measures that could save lives.  The model 
that we used to determine this is the Monte Carlo method, which is a much better fit for what we 
did than a plume or an atmospheric dispersion model. This is because what we were really 
interested in was where the particles land rather than where they were while airborne.  The 
Monte Carlo Method is especially effective with this as it uses repeated random trials to 
estimate probability patterns.  The usage of vectors in this method allows for the weather 
variable that we needed to be modeled.  
 

Monte Carlo Method 
The basic steps of the algorithm started with a vector loaded with wind speed and direction for 
each day of the last year.  Also generate a large vector as many rows as the number of particles 
we want to track, and a column for the x and  y coordinate of each particle 

1. Main for loop to cycle several thousand times. 
a. In the next available position of the particle vector, set the particle’s location to 

(0,0). 
b. Secondary loop to cycle once for each day the particle will remain aloft.  Heavier 

particles will fall in fewer days, while light particles will stay aloft more 
days.  Adjust the number of cycles to simulate different weight particles. 

i. Generate a random number between 1 and 365. 
ii. Use that random number to select a day from the last year. 
iii. Use the wind data from that day to calculate how far the particle will move 

and save the new position of the particle. 
iv. Close the secondary loop 

c. Close the primary loop 
2. Print the locations of all of rows of the particle vector to show the probabilistic dispersion 

of the pollution. 



In the final execution of the code the Monte Carlo method generated the height and 
speed of the particles through a system of pseudo-random number generation. 

 
Discussion of Verification and Validation 

The fact that we used cold hard data to manufacture the model, proves that it should be 
mostly accurate, with minimal error, due to the random nature of the Monte Carlo 

method, but for our purposes the slightly random model will be good enough. 
 

Results 
This is only a small output, scaled down 700 from the full model, as the full model 

requires the memory and storage capacity of a supercomputer. The numbers in the 
model represent 3 pollutants : CO2, CH4, and N2O, which correlate to 1,2,and 3 

respectively in the model. Respiratory, Asthma, Cardiovascular disease, and Mortality 
are modeled again by 1,2,3,4 in the disease correlation model. 

Pollution before the model: 
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Number of correlations between the Disease and pollution 
41 
 
 

Conclusions 
Based on our results, it is clear to see that our hypothesis of pollution relating to disease 

was correct. The model of New York is a visible representation of our claims, and 
something visible to see that there are real world consequences of pollution. This model 
could show people that what they do to the environment actually affects the lives of the 

people around them. 
 

Most Significant Achievement 
Our greatest breakthrough came when we saw that we were simulating the movement 

of the particles, an essential part of our operation, which would be the flesh and blood of 
our model. This powered our code through the finish, and was probably the most 

significant achievement of the project. 
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Sinusoidal Wave Equation for Wind Direction: 6.5sin(2πx/5) + 8.5 

Sinusoidal Wave Equation for Wind Speed: sin(xπ/120) + [0.5sin(xπ/2) + 1] 
 

Table 1: Average composition of the 
atmosphere up to an altitude of 25 km. 

Gas Name Chemical Formula Percent Volume 

Nitrogen N2 78.08% 

Oxygen  O2 20.95% 

*Water H2O 0 to 4% 

Argon Ar 0.93% 

*Carbon dioxide CO2 0.0360% 

Neon Ne 0.0018% 

Helium He 0.0005% 

http://www.eoearth.org/article/Nitrogen
http://www.eoearth.org/article/Oxygen
http://www.eoearth.org/article/Physical_properties_of_water
http://www.eoearth.org/article/Argon
http://www.eoearth.org/article/Helium


*Methane CH4 0.00017% 

Hydrogen  H2 0.00005% 

*Nitrous oxide N2O 0.00003% 

*Ozone O3 0.000004% 

* variable gases 
http://www.eoearth.org/view/article/150296/ 

http://www.nyc.gov/html/doh/downloads/pdf/eode/eode-air-quality-impact.pdf 
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