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Introduction 

Based on research and data from Mathematical Models for Dynamics of Tobacco Use, Recovery and Relapse [2], we are given a model for the time evolution of the number of potential smokers P(t), current smokers S(t), and people who permanentally quit smoking Q(t) within the population of size N(t).  The following is the given model, with t denoting time:

dP = µN – βPS - µP

dt                N

dS = βPS – (µ + ()S

dt
N

dQ = (S - µQ

dt
After studying this model, we gained an interest in studying the dynamics of alcohol consumption on the Kent State University campus.  In order to study those dynamics, we use the same model as the smoking model; however, we modify it slightly by making (=0 and eliminating the category where binge drinkers relapse and quit permanently.  We eliminate this category because, realistically, relapsing and permanently quitting rarely occurs.  Our new model for alcohol consumption this system is as follows:

dP = µN – βPA - µP

[image: image1.png]13100

13000

12900

12800

Drinking at KSU

PR e e e e aaa

A A

A AL
AL

LA A A
LA LA AL A

R R
R R
R R R R
R N Y
R T T R
S N N N N N N N N N N N N N N
e N N N N N N N N N N N N N N
T N N N N N N N N N N N N N N N

R

)
S
SN
N
SN
AN
NN
AN
NN
NN
NN
NN
AN
AR
NN
AN
N
>
S
S

10400 10800 10800 10700



dt
         N

dA = βPA – µA

dt
N

It is important to note the following terms and coefficients, where P are the “susceptibles” who are potential drinkers, A are the “infected” who are people who drink, 1/µ is average time in college, 1/β is the number of people that become drinkers from contact by another drinker in unit time.  If c is the number of contacts per unit time, and q is the probability of becoming a drinker given that P has a contact with a drinker, then ( = qc.  The units of β and µ are 1/time. 
Before we begin any calculations with our drinking model, the following assumptions are made:

· Total population is constant.

· No other influence to drink other than drinkers.

· Legal age to drink (21 years old) is not included in the model.

· No classes other than P and A.

· Students leave campus at the same rate, (
· We are only considering high-risk drinkers (4-5 drinks per 2 weeks)

We begin studying our model by showing that N(t) is a constant.  In order to do that, we set N(t)=P(t)+A(t) to get the following:

dN = dP + dA
dt      dt      dt

=µN – βPA/N - µP + βPA/N - µA

=µ(N – P – A)

=µ((N - (P + A))

=µ(N – N)

=0 

Next, we give the criteria for invasion in terms of a basic reproductive number R0.  The basic reproductive number measures how many people begin to drink, on average, influenced by a  single drinking individual in an idealized population, in which everyone is a non-drinker.  As time increases, the number of people who begin to drink decreases because there are fewer non-drinkers.  The reason this happens is because the susceptible population decreases as more of them become infected.  We received the following expression condition for invasion, i.e. dA/dt>0:

dA/dt
= βPS/N - µA >0
  then
   A[βP/N - µ] >0 
hence      βP(0)/N(0)µ > 1

Assuming that everyone on the university campus is susceptible to drinking (i.e. P(0)=N(0)) we get R0=β/µ; the criteria for invasion R0=β/µ >1. We observe that R0 is a non-dimensional quantity by canceling all units.

R0 = βP(0)
=
(1/time) (people)  =  No Units
        N(0)µ

(people) (1/time)

Therefore, the reproductive number, R0, is a non-dimensional quantity.

There are two equilibria of (1) which are denoted by (A’, P’).  The equation is as follows:

µN – βP’A’/N - µP’=0

βP’A’/N - µA’=0

so either  A’=0 or (P’/N - ( = 0



then P’ = N(/(
Our first equilibria is the situation where A’ = 0.  This was determined by the following equation:

(N-(P’= 0 ( P’ = N

therefore we have  (A’ = 0, P’ = N)

This is the situation where we have disease free equilibria (no drinkers in the population).  

We must now study the stability of two cases.  Our first case is where, (/( < 1.  This means R0 > 1 and as we will see later on, there is another endemic equilibrium in this case.  The second case is where  µ/β > 1 and there is not an endemic equilibria in this situation.  

In Case 1: µ/β < 1

Use equilibria 1, A’=0  P’=N  to estimate

The matrix B = 

[ -(     -(     ]

[  0   (( - () ]

To have a stable state the determinant of B must be greater than zero and the trace must be less than zero. The determinant  is given by:

det B = -((( - () < 0  if  ( - ( > 0  hence when   (/( < 1  

Since the determinant of B is less than zero when A’=0 and P’=N then the equilibria is unstable and we need not study the trace of B.

In Case 2: (/( > 1

Use equilibria 1, A’=0  P’=N  to estimate

The Matrix B=

[ -(     -(     ]

[  0   (( - () ]

det B= -((( - () > 0 

tr B= -( + ( - ( < 0

The determinant is greater than zero and the trace is less than zero.  Therefore we have stable equilibria. 

Our second equilibria is the case where  P’ = N(/(
 and  A’ = (- ((P’ - (N)/(P’) * N.  Then we subsitute P’ into the equation for S’ to get:

(P’ - (N = (((N(/() - N)

= ((N(( - ())/(
A’ = ((N(( - ())/(((+()

( - ( ( 0

( ( (
(/( ( 1

We now have the second equilibria which is  A’= (N(( - ()/((  and  P’=N(/(,  assuming (/(> 1, i.e. R0=β/µ >1 .

Once again we study the determinant and the trace of A using the second equilibria where   A’= (N(( - ()/((
and  P’=N(/(.
The matrix B =

[-(N/P’          -(P’/N ]

[ ((N – P’)/P’     0     ]

thus the determinant and trace is as follows:

det B= (P’/N * ((N-P’) / P’ > 0  because P’ < N

tr B= -(N/P’ < 0

Because the determinant is greater than zero and the trace is less than zero we have a stable state. Thus in this case the endemic equilibrium is stable and drinker free equilibrium is unstable. 
Drinking at Kent State University

In order to attempt to verify the model against the data the parameter ( has to be estimated first from the data.  For example, knowing the endemic equilibrium (A’, P’) we can determine, (=N(/P’.  Based on a study done in April 2002 by the University Advisory Committee on Alcohol Issues [3], the following statistics were derived based on the number of high-risk drinkers in the Kent State University population [4].

N = 23,500

A’ = .52N

P’ = .48N

µ = .25

β = Nµ = .25 N =   1    

       P’      .48N    1.92

A’ = 12,339

P’ = 23,500 – 12,339 = 11,161

β = 23,500 * .25 = .526


11,161

A(0) = 11,985

P(0) = 23,500 – 11,985 = 11,515

Below, a graph of the preceding information is provided.  This graph represents the phase diagram in the plane (P, A).  It shows that the model predicts the decreasing number of potential drinkers over three years from 2000-2002 thus showing that more and more people are becoming drinkers.
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Comparing this results with the data available in [3] we see that this model is not completely accurate (see the figure below where the line represents A(t) from the years 2000-2002 and the points represent the data from [3]).   
We explain the discrepancy between our simulation and [3] as follows: the data is given over a period of three years, which is too short to estimate any results, finding inconsistencies in our data.  Thus this experiment would need to collect more data over a period of 2-3 more years and re-estimate the data.  On the other hand our  model also does not take into account the legal age of drinking.  Many people begin drinking simply because it is now legal for them to enter the bar scene (see the next section for more on this point).  
Other factors that may influence this model are anti-alcohol advertisements and campaigns such as Mothers Against Drunk Driving (MADD) and Students Against Drunk Driving (SADD).  The environment an individual lives in or the city surrounding the university may be factors in someone’s drinking habits. Areas with more bars and partying may have greater influence on poor drinking habits. In many cases the country where you have grown up may have different outlooks on drinking. Some cultures find drinking to be a very negative habit and have strict rules against drinking, whereas other countries use drinking in a very casual and social manner. You may feel more inclined to abstain from drinking in fear of your parents’ disapproval.  
A New Model for the Future    

In order to take into account the factors from the previous section, here we propose another model.  This new model takes into account the age of the potential drinkers/drinkers and time. We hope that introducing  the age as a varibale into the model will  give us more accurate research. 
The proposed system takes form:

dP + dP = µ(a)N(t,a) – β(t) P(t,a) A(t,a) - µ(a) P(t,a)

dt     da



N(t,a)

dA + dA= β(t) P(t,a) A(t,a) - µ(a) S(t,a)

dt      da               N(t,a)

where a is the age and t time and
P= P(t,a) = number of potential drinkers at time  t  and age  a

A= A(t,a)= number of drinking people at time  t  and age  a

1/µ(a) = average time an individual at age a remains in the system.

(this parameter  can be reasonably taken to be

1/µ(a) = { 4
17 ≤ a ≤ 30

∞ otherwise }

µ(a)    = { ¼
17 ≤ a ≤ 30

0 otherwise }
 )
β(a) = transmission rate, average number of non-drinking people encouraged to drink by a drinking individual at time  t  

Letting q be a constant of proportionality that combines various factors (environment, advertising, campaigns, etc.) we have that 
((t)= q ( A(t,a) da

integrate from (0,()

Typically ((t) will be estimated from the data which gives q.
In a more general case when  (=((t,a) we get
((t,a)= ( q(a,a’) Y(t,a’) da’

q(a,a’)= probability that someone at age  a  will be encouraged to drink by someone at age  a’.  Again ( has to be estimated from the data; however, it seems like a much more complicated problem.  A similar problem was considered in [5]. We plan to pursue this issues in the future.
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