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ABSTRACT

In this work we consider a deterministic compartmental mathematical model. We adopt and extend the
O.Sharomi and A.B. Gumel mathematical model [13] on the spreading and control of tobacco smoking. We
study by adding smoking cause death rate and one more compartments exposed class. We derived the
smoking generation number R,of the extended model which depends on five parameters. Using real data
collected from Haremaya town, we found that the smoking generation numberR; = 1.04184235. This
shows that the smoking generation number is greater than unity which in principle implies that the smoking
habit of the community in Haremaya town is very high. To control the smoking habit we then identify the
control parameter which gives insight to give up smoking. The basic control parameters that can decrease
the number of smokers are the rate of transmission from nonsmoker class into exposed classf = 0.65.
Other control parameters are also investigated and how they affect the smoking generation humber to be
less than one also discussed in detail in their sub sections. Together with the smoking generation number
we also investigate the smoking free equilibrium point and smoking present equilibrium point. Using Ruth —
Hurwitz stability criterion we have discussed their stability analysis.

Keywords: Dynamical system; Smoking generation number; Equilibrium points; Stability analysis;

Numerical analvsis

INTRODUCTION

Lung cancer is the leading cause of cancer
deaths. Cigarette smoking causes 85% of lung
cancer deaths. Research and statistics show that
the major agent of lung cancer is tobacco smoke
[1]. Tobacco smoking is by far the leading cause
of lung cancer and the risk increases with the
number of cigarettes smoked and the number of
years spent on smoking. The U.S. Surgeon
General estimates that 90% of lung cancer
deaths in men and 80% in women are caused by
smoking. Nonsmokers have a 20% - 30%
greater chance of developing lung cancer if they
are exposed to second hand smoke at home or
work and exposure to secondhand smoke causes
approximately 3400 lung cancer deaths among
nonsmokers each year [15, 16]. Cigarette smoke
is responsible for a great proportion of deaths
within tobacco smoke. Each year in the United
States approximately 400000 people die from
cigarette smoke which accounts for one in every
five deaths in the United States [10, 15].
Smoking is also an important risk factor for
communicable diseases such as tuberculosis and
lower respiratory infections [5, 6]. In a study

done [5,8] shows that for seventh grade students
were studied, with their first smoking
experience and they found out that the most
common factors leading students to smoke is
cigarette advertisements. Moreover, smoking by
parents, siblings/brothers or sisters/ and friends
also encourage students to smoke [14]. Based on
the relationship between lung cancer and
cigarette smoke, we want to show the reduction
of contact between nonsmokers and smokers
and how to decrease the rate at which
nonsmokers and smokers progress towards lung
cancer. The likelihood that a smoker will
develop lung cancer from cigarette smoke
depends on many aspects such as the age at
which smoking began, how long the person has
smoked, the number of cigarettes smoked per
day and how deeply the smoker inhales [1,9,11].
Smoking cessation programs are an important
strategy for preventing the adverse outcomes
and related costs of smoking during pregnancy
[12]. Mathematical modeling plays an important
role in understanding the complexities of an
infectious diseases and their control. It can be
beneficial for studying the mechanism
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underlying observed epidemiological patterns
assessing the effectiveness of control strategies
and predicting epidemiological trends [3].The
work [4] proposed a simple mathematical model
for giving up smoking. The authors considered a
system with a total constant population which is
divided into four compartments. The first
compartment is potential smokers, people who
do not smoke yet but might become smokers in
the future and they denote it by P, the second
compartment is smokers denoted by S, and the
third one is those smokers who have quit
smoking temporarily and denote by Q and the
fourth compartment is those smokers who have
quit smoking permanently and denote it by R.

In this study we consider a nonlinear system of
differential equations is used to model the
dynamics of a population which includes
smokers. A general epidemiological model is
presented to describe the dynamics of drug use
among adolescents specifically tobacco use.
Specific models are derived by considering
other factors that have been identified to have an
effect on the growing trend of tobacco use. The
factors considered are peer pressure, relapse,
counseling and treatment. Compartmental
epidemiological models are used by a wide
community of epidemiologists, public health
officials and scientists to model how diseases
spread and what strategies of control are most
likely to succeed in case an epidemic occurs
within a given population. Compartmental
models segregate a population into distinct
groups namely nonsmokers P (t), smoker’s S(t),
smokers who temporarily quit smoking Q(t)
and smokers who  permanently  quit
smoking R(t).

The total population represented by N at time t
is given by N(t) = P(t) + S(t)+ Q(t) +
R(t). Where P(t)is a class of nonsmokers is
increased by the recruitment of individuals into
the nonsmoking class at a rate bN. It is assumed
that non smokers inter the smoking class
through effective contacts with smokers at a rate
B =cq where ¢ is the average number of
contacts per unit time and g is the probability of
becoming smoker for a member of the P class.
S(t)is the population of smokers is increased
when nonsmokers begin to smoke and when
smokers who temporarily quit smoking revert to
smoking at rate a. The population decreased
when smokers quit smoking permanently at a
rate yo and natural death rate 1. Q(t)is a class
of Smokers who temporarily quit smoking
which is represented by a fraction of 1 — ¢ of

smokers who temporarily quit smoking at the
rate y. It is decreased by natural death rate 1 and
reversion to smoke at the rateof a. R(t)is a
class of Smokers who permanently quit
smoking. This compartment is represented by
the remaining fraction o of smokers who
permanently quit smoking at the rate of y and
decreased by natural death at the rate of p.

To obtain a realistic representation on the effects
of smoking on a given population we adopted
and extend a deterministic model done by [13]
which is relevant to tobacco smoking in
Haremaya town, Ethiopia. The model we
decided to use in studying tobacco smoking is
similar to the Susceptible — Exposed -
Infectious — Recovered (SEIR) compartmental
model [3]. In this deterministic model we
looked at the dynamics of an ordinary
differential equation model which is derived and
analyzed both analytically and numerically
using Win plot. In our dynamical system we
obtained the equilibrium points and the smoking
generation number R, just like the basic
reproduction number R, in epidemiology
represents the rate that people get infected or
addicted. In this work the role of smoking
generation number R;is to determine if smoking
habit in the population will eradicate out or
increase. Simulations of our model were
conducted using parameters and estimations
from real data. Through simulations the model
is analyzed to obtain different situations that
produce interesting results among the specific
classes.

In this work we derived the smoking generation
number R,of the extended model which depends
on five parameters. Using real data collected
from our research site we found that the
smoking generation numberR, = 1.04184235.
This shows that the smoking generation humber
is greater than unity which in principle implies
that the smoking habit of the community in
Haremaya town is high. To control the smoking
habit we then identify the control parameter
which gives insight to give up or decrease
smoking. The basic control parameters that can
decrease the number of smokers are the rate of
transmission from nonsmoker class into exposed
classg = 0.6234. Other control parameters are
also investigated and how they affect the
smoking generation number to be less than unity
also discussed in detail in their sub sections.
Together with the smoking generation number
we also investigate the smoking free equilibrium
point and smoking present equilibrium point and
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we have discussed their stability analysis using
Routh —Hurwitz stability criterion.

THE MATHEMATICAL MODEL

Our initial model [13] is represented by four
ordinary differential equations. Our extended
model is represented by five ordinary
differential equations by adding one more
compartment E(t) the exposed group of
individuals in between the compartments of

nonsmoker and smoker and the smoking cause
death rate ¢.

The probability rate of conversion from smoker
class into temporarily quit smoking class is
o and the probability rate of conversion from
smoker to permanently quit smoking class is
1 — 0. We assumed here that the natural birth
rate p,is different from natural death rate p.

State Variables, Parameters and their descriptions

State Variables | Parameters

Descriptions

P(t) /N(t) Nonsmoker individuals at time t / fraction of N(t)
S(t) /N(t) Smoker individuals at time t/ fraction of N(t)
Q(t) / N(t) Temporarily quit smoker individuals at time t / fraction of N(t)
R(t) / N(t) Permanently quite smoker individuals at time t / fraction of N(t)
N(t)/N(t) The total population which is constant at time t
k Rate of conversion from temporarily quit smoking to permanent quit smokers
ay The rate of conversion from exposed to smoker class
é Smoking cause death rate
Ug Natural birth rate of the population
B Rate of conversion from nonsmoker to smoker
a Rate of return back from temporarily quit smoking to smoker
y Rate of removal from smoker to temporarily quit and permanent quit smokers
g The probability of conversion from smoker to temporarily quit
1-0 The probability of conversion from smoker to permanent quit smokers
U Natural death rate
& Smoking cause death rate
R, Smoking generation number

I

Ho—p pP(t)—» S(t) — ¢

0 4 H

R(t) «—— 0Q(t)

2 v re l

Figure 1. Flow chart of the initial model constructed
by [13]

The corresponding dynamical system of the
flow chart given by Figure lis

dP (t P (t)S(t)
2= uN@E) R e ()

ds () _ pP®SE®) _
"0 = 0 4 ag(n) - us® - rS®

§5(0) (2)
% =y(1—0)S(t) — uQ(t) — aQ(t) (3)
dR(t)

= yoS(t) — MR(t) (4)

After rescaling the dynamical system, the
authors [13] found that:

The smoking free equilibrium point is
(»,s,q,7) =(1,0,0,0),

The smoking present equilibrium point is

(r®,s®,q®),r®) = (-

(1eo) u(Rs —1)+u
u _ uwy (1-0) _ Yo _
ER - D, TR (R - D, (R~ 1)
The smoking generation number is

Blu+a)

ST Uy O+ a(u+E +70)

Based on the assumptions we have mentioned above we do have a flow chart of the extended model

below
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Figure 2. The extended model flow chart

The corresponding dynamical system of the extended model is

dp(®) _ _BPOE®) _
— = HoN(®) o MO 6

dE(5) _ BPDS() _

dt N HE®) —aE(0) (6)
% = aE(t) + aQ(t) — uS(t) —yS(t) — &ES(¢t) @
% =—aQ(t) +yoS(t) —kQ(t) — pQ(t (8)
drR(t)

0= k() +y(1 - )S() —uRE)  (9)

The two important concepts in modeling outbreaks of infectious diseases are the basic reproductive
number, universally denoted byR, and the generation time (the average time from symptom onset in
a primary case to symptom onset in a secondary case), which jointly determine the likelihood and
speed of epidemic outbreaks [3, 7, 17].In the dynamical system (5)-(9) the rate of appearance of new
infections F and the transfer rate of individuals V at the disease free steady state (N,E,S,Q,R) =
(N (t),0,0,0,0) where N(t) = P(t) + E(t) + S(t) + Q(t) + R(¢t) is

1
0
_(0 B _<y+a1 0 ) —1_/ U+ aq \
T—(O 0) ,V = —a; E+ u+y andthusV~—" =

aq 1 /
C+ru+y)u+a) E+p+y

The spectral radius or Eigen value of FV~1is ng generation number if Ba; > (E+u+
the required smoking generation number ¥)(u + a;)which makes R, > 1 implies that
obtained by R, = p(Fv~1) = Bai there exists a widespread of the disease and if

Etuty)utar) a < (E+u+ +a;) that is Ry;<1
Thus we can observe from the derived smoki gvhilch ir(rfplieﬁslj th;?t%é disegse dies out. s

All solutions of the differential equations of the dynamical systems (5)-(9) are positive.
Proof
i. The solution of the differential equation (2*) with initial condition P(0) = Py,P(0) > 0is

P(t) = p(0)e FEO+CO)—ut 4 fot et (s=D+B(6()-6®) y N(s)ds > 0 forall t > 0.

17 International Journal of Research Studies in Science, Engineering and Technology V6 e 12 @ 2019



A Mathematical Model Analysis of Smoking Tobacco in the Case of Haremaya Town; Ethiopia

ii. The solution of the system (3*) with initial condition E(0) = E,, E(0) > Ois

E(t) = E@)e 0t 4 [7 brenc-0 RN ds > 0 for all t > 0.

iii. The solution of the system (4*) with initial condition S(0) = Sy, S(0) > Ois
S(t) = S(0)e~wrr+t 4 fot eWH 6= E(s) + aQ(s))ds > 0 forallt > 0.

iv. The solution of the system (5*) with initial condition Q(0) = Q,

Q(0) > 0'is

t
Q(t) = Q(0)e(atk+mit 4 f e@+kt)(=)(y5S(s))ds > 0 for all t > 0
0

v. The solution of the system (6*) with initial condition R(0) = Ry, R(0) > 0is

R(t) =R(0)e* + f et G=O(kQ(s) +y(1 —0)S(s))ds > 0 forallt >0
0

Hence we conclude that all solutions of the differential equations of (5)-(9) are positive.

All solutions of the differential equations of the
dynamical system (5)-(9) are bounded for all
t>0.

Proof

Let us assume that uy <u with initial

condition N(0) = N,. After certain

simplification in the solution of —— dN(t) di;i” +

dE () + 10 + Q) + 210) we do have
de dt dt dt

0 < N(t) < Nge™ ™. Thus this shows that all
solutions of the differential equations of the
dynamical system (5)-(9) are boundedt > 0.

Scaling:Let us represent the proportion of the
compartments P(t), E(t),S(t),Q(t) andR(t)
by:

=F® = E® EIO) =
PO = o) =35 50 = 540 =

U andr(t) = 12

NG where p(t) + E(t) + s(t) +

()

Mo YR, p a Y

q(t) + r(t) = 1. With this representation we do
have a new dynamical system which is
equivalent to the dynamical system (5)-(9)

L — o~ Bp(®e(t) — up(®) (10)
d_“’ = Bp(t)s(t) — pe(t) — ase(t) (11)
jt = aje(t) +aq(®) = (u+y +Os@®)  (12)
dq

L= —(a+k+mwaq®) +yos®) (13)

Z_Z =kq(@®) +y(1 —0)s(t) —pr(®) (14)

The equilibrium points of the dynamical system

(10)- (14) are obtained by making £ =% =

& dt  dt
s dqg _ dr _ .
il = 0. The Smoking free

equilibrium point is determined by the
assumption e=s=q=r =0and ug # u.
With this assumption the smoking free
equilibrium point is (p,e,s,qr) =
(’L—O,O,O,O,O). The Smoking present equilibrium

point is determined by the assumption s # 0 is

(n,e,s,qr) = (1/),8Rs' .
U, YRSy suu+y +§)

where p = yo(u+a+x),n=H+a+k) —

Then the Jacobean matrix at the smoking free equilibrium point (‘;—0

(++f)

yoa, (sz 3

(55
B uwon(ut+y+é) B/ n(ut+y+8)

k —_
and { = (’1‘7‘1+(1 2)0““”.

,0,0,0,0) is
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0

/—y % Bio 0 0 \

u | 0 - i 0 0 I

]<_0,0’0’0,0> =| 0 —M—a1_ _ﬂ ¢ a |

H \ 0 %1 K ;/ —a— k U 0 /

0 14 —u
0 y(d-o0)
The corresponding characteristic equation is (—u — A)Z[x +a M+ ah + az] =0 where a; =
But+a+y+é&+a+k), aa=@w+a)pu+y++@+k+wWQu+a;+y+$¢) —ayo—
ﬁ”‘) aandas = (u+a)w+y+ &) (a+k+u) —ayou — ayoa; — Bu Oal(a +k+p.

The Routh-Hurwitz stability criterion states that if we obtain all the algebraic sign of the first column

have the same sign which implies that all the roots have negative algebraic sign and this shows that
the smoking free equilibrium point is stable (there is no smoking).

Mo YR, m ay (%_u) yoa (IPRS u) (IPRS g) ¥ )

WBR' m B pon(uty+e) B/ 0 (uy+6) B n Bty +9)

The Jacobean matrix at the smoking present equilibrium point is

(p,e,s,q,7) = (

/ YPBR; - 0 \
- 0
| 1 “yR, Ik : 0 |
| Bauy (R o\ TS YR, o 0
J(.e,s,q,7) =| # a 0 |
p.&5,4q, |uon(u+y+f) B/« —u-y-¢
0 0 vo k- p—a0 |
\ 0 0 y(l-o) k _“/
0
_ _YBRs — o — _ Bay YRy
Where F =  H YR’ Hon(u+y+f)( ﬁ)

The corresponding characteristic equation isA®> + a;A* + a;A3 + azA? + a4A + as = 0 where

(U+ a + k)BR;
ar=((k+p+2a+y+$§)— HotH ﬁy(,

(u+a+;c)—m
_ Ny By YR,
az—(2u+a+y+f)(k+a)+(u+y+f)(u+a)+lpR #oU(#"‘V"‘f)( ﬁ)
—(( AR S+u>(k+2/,t+2a+y+€) ulk + p+ ) lp!;o

R
a3=<—lp[j7 S+u)(uk+u +au—(2u+a+y+f)(k+a)—(u+a)(u+y+€)+aya+a1mlo

i)
—(k+u+uu+a+y+H+U+)U+y+ Ok +a) + a’yo
4 ((W‘))al(k ta)—p Ba, <¢Rs _%) Nio

YR pon(u +vy +¢) YR
oy <¢R )77/10
Cunuty +9) B/ PR
— | — 2 2 Nilo
e = ( WR,

R
+a)) (—%w)—(u+a)(u+y+f)(k+u+a)u—ayau(u+a)

Ny Bay YR, u
- Gr. IR ra Ty ) Curr ek a)

Niko Bay YR, u
¢Rsuon(u+y+€)< 1 _E)(“+y+€)(k tHYa)
Niko Bay (ll)Rs u))

TR ponu +v + &) B

—(

B
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R
ay = (—%w) (1 + DG+ + O + 1+ @) + ayoulu+ @) + pay (k + 1+ @) o)

e __bab (VR _k
Mll)Rsuon(u+y+€) n B
+ payo Ba, (IIJRS_E

ponu+y+\n B

YR,

)@+t a

For n =5 ifa;azas > az? + a;?as(aias — as) , (a;aza5 — az? — aj%ay)

> as(aja; — az)* + a;(as)?.

The Routh-Hurwitz stability criteria ensures
that if all of the all five Eigen values found from
the above characteristic polynomial have
negative real parts then the smoking present

Equilibrium point is stable. We note that a;
depend on the value of all the individual and
parameter are nonnegative fort > 0.

REAL PARAMETER ESTIMATION AND
NUMERICAL SIMULATION

The considered mathematical models can be
used to represent the dynamics of tobacco use in
real life if we have reasonable parametric
values. To determine real parametric values we
have to consider some facts. When a person first
becomes a smoker it is not likely that she/he
quits for several years since tobacco contains
nicotine, which is shown to be an addictive drug

[2].
Our real data collected from our research site

Haremaya town, Ethiopia is presented as
follows:

This table shows the total population of Haremaya town

No. | List of division Population in each division
1. Total population in Haremaya town 15317

2. Number of men in Haremaya town 7796

3. Number of women in Haremaya town 7521

4, Total people in sample taking area 5070

5. Number of men in sample taking area 2558

6. Number of women in sample taking area 2512

and permanently quit smokers.

This table shows number of individuals in the Nonsmoker, Exposed, Smoker, Temporarily quit smokers

No. | Compartments Symbol Total number
1. Nonsmoker P 30

2. Exposed E 20

3. Smoker S 48

4, Temporarily quit smokers Q 16

5. Permanently quit smokers R 6

6. Total people asked N 120

This table shows parameter estimation based on the data obtained by Table 3

No | Parameter | values Description

1. B 0.6234 Rate of transmission nonsmoker into exposed class(contact rate)
2. y 0.1833 Removal rate(rate of quitting smoking )

3. a 0.3984 Rate of conversion exposed into smoker class

4, a 0.533 Rate of return from temporarily quit smoking to smoker class
5. K 0.05 Rate of removal from Q to R

6. 6 0.7272 The probability of conversion into Q and R

7. Uo 0.03370 | Birth rate

8. u 0.162 Natural death rate

9. & 0.1805 Smoking cause death rate

10. 129 0.1333 The rate probability convert into temporarily quit smoking
11. | y(1—-46) | 0.050 The rate probability convert into permanently quit smoking
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In this study we consider the quantity R; which
is known as the smoking generation number.
This quantity measures the average number of
new smokers generated by a single smoker in a
population of potential smokers.

If R, < 1then the total number of smokers in
the population can be reduced to zero.

That is a small inflow of smokers into the

smokers but if R, >1  the total number of
smokers in the population increases that is a
small inflow of smokers into the community
will generate large number of smokers. In this
model based on the real data parametric

estimation we do have R, = S L E—
E+u+y)utar)
1.04184235. That is we do have R, > 1 which

implies that large number of smokers exists in

community will not generate large number of  the community of Haremaya town.

The Jacobian matrix at the smoking free equilibrium point is

—0.15 0.146033 0 0 0 \
0 —0.7166 0.146033 0 0
J(0.2247,0,000)=| o0 0.5666  —0.3333 0.533 0 |
0 0 0.1333 —-0.733 0 /
0 0 0.05 0.05 —0.15

The corresponding characteristic polynomial is 2> + 2.08291* + 1.4120434+0.36001% + 0.03831 +
0.0014 = 0. Applying the Routh-Hurwitz stability criterion we do have the array

A5 1 1.4120 0.0383 0
A4 2.0829 1.3239 0.0047 0
A3 1.1862 0.0867 0 0
A? 1.1600 0.0047 0 0
Al 0.0950 0 0 0
A° 0.0047 0 0 0

This shows that all the elements in the first
column have the same sign thus the roots of the
characteristic degree polynomial are all
negative. This implies that the smoking free

equilibrium point (0.2247,0,0,0,0)is stable. Then the Jacobean malrix at the smoking

present equilibrium point is

/—0.042033 —0.521134 0 0 0 \
—0.154313 —-0.7166 0.521134 0 0

0 0.566 —0.4933 0533 0 |
0 0 0.1333 —0.733 0
0 0 0.05 0.05 —0.15

The corresponding characteristic equation is

A% +2.13492* + 1.173343 + 0.06142% — 0.03421 — 0.0036 = 0
Applying the Routh-Hurwitz stability criterion we do have the array

A5 1 1.1733 —0.0342 0
At 2.1349 0.0614 —0.0036 0
A3 1.1445 —0.0358 0 0
A? 0.1469 0.0036 0 0
Al —0.2203 0 0 0
A° 0.0036 0 0 0

This shows that all the element of the first
column has not the same sign therefore the
smoking present equilibrium point is unstable.

NUMERICAL ANALYSIS

The numerical analysis is obtained from the
graphs of the smoking generation number with
respect to the real parameters obtained and
given in Table 4.
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In this part we can determine which parameter
is sensitive in the smoking dynamics.

Let us consider the control parameter to be the
rate of transmission of nonsmoker into exposed
class (contact rate) fand the remaining
parameters are constant.

The graphical representation of the smoking
generation number versus the contact rate S is
obtained by.

R R.(B) = 1.60428

1 o

T
1
A

0.6234 B

Figure 3. From this graph we can observe that when
the transmission rate B > 0.6234 then the
reproduction number R, > 1. This means that the
smoking habit spreads in the society when the
contact rate 8 exceeds 0.6234.

1.3765a,
Relw) =5 5 a)

J—
—

1 -

i
y
!
/

/

by
|
|
1
|
I
|
|
1
|
|

[
|

0.3984 oy

Figure 4. From this graph we can observe that when
the conversion rate a; > 0.3984 then the
reproduction number R, > 1. This means that the
smoking habit spreads in the society when the
conversion rate a; exceeds 0.3984.

Let us consider the control parameter to be a;
which is the rate of conversion is from exposed
into smoker class and the remaining parameters
are constant. The graphical representation of the
smoking generation number versus the
conversion rate a4 is obtained by.

Let us consider the control parameter to be ¢
which the Smoking cause death rate and the
remaining parameters are constant. The
graphical representation of the smoking
generation number versus the smoking cause
death rate ¢ is obtained by.

4
Rs \ 0.5138

VRO =T33y £)

0.1805 i3

Figure 5. From this graph we can observe that when
smoking death rate £ >0.1805 then the
reproduction number R, > 1. This means that the
smoking habit spreads in the society when the
smoking death rate Eexceeds 0.1805.

rameter to be u
rate and the

Let us consider the contr -
which is the Natural 1
remaining parameters are constant. The
graphical representation of the smoking
generation number versus the natural death rate
u is obtained by.

RS I\
| 0.3679
Vo R = .
(i + 0.566)(0.3433 + p)
1
0.1621 p

Figure 6. From this graph we can observe that when
the natural death rate W > 0.1621 then the
reproduction number R, > 1. This means that the
smoking habit spreads in the society when the
natural death rate p exceeds 0.1621.

Let us consider the control parameter to be y
which is the Rate of removal from smoker to
temporarily quit and permanent quit smokers
and the remaining parameters are constant. The
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graphical representation of the smoking
generation number versus the Rate of removal
from smoker to temporarily quit and permanent
quit smokers y is obtained by.

R,
0.3679
R;(y) =
(y + 0.566)(y + 0.31)
1 :
0.182 y

Figure 7. From this graph we can observe that when
the rate of removal from smoker to temporarily quit
and permanent quit smokers is y > 0.182 then the
reproduction number R, > 1. This means that the
smoking habit spreads in the society when the Rate of
removal from smoker to temporarily quit and
permanent quit smokers y exceeds 0.182.

DISCUSSIONS AND RESULTS

We considered systems of nonlinear differential
equations which are used to study the dynamics
of tobacco smoking in the case of Haremaya
town Ethiopia. By adopting and extending an
appropriate  mathematical model on the
dynamics of tobacco smoking we found that the
number of cases one case generates on average
over the course of its infectious period which is
known as a smoking generation number R,
which determines how to spread and control
tobacco smoking activities in the community.

In the O. Sharomi and A.B.Gumel mathematical
model the authors divided the community into
four compartments namely, the nonsmoker class
P(t), the smoker class S(t), the temporarily quit
smoking class ¢(¢) and the permanent quit
smoking class Z(z ). To study the dynamics of
tobacco smoking in our case we extend the
O.Sharomi and A.B.Gumel mathematical model
by adding one more compartment which we call
it the exposed class £(#) in between the non
smoker class 2(z) and the smoker class.S'(#)
and by adding one parameter smoking cause
death rate in the smoking class. In the
O.Sharomi and A.B.Gumel mathematical model
the authors assumed that the natural birth rate
and natural death rate are the same but in our
extended model we assumed that the natural
birth rate and natural death rate are different.

Using second generation matrix we derived the
formula for the smoking generation number of

the extended model £, = f:)f,,m swhich
1

depends on our parameters. Using real data
collected from Haremaya town we set whether
the smoking generation number is greater than
or less than unity. If the smoking generation
number is greater than unity then smoking habit
in the community spreads very high but if the
smoking generation number is less than unity
then the smoking habit in the community is low.
Thus from this formula we can observe that the
smoking generation number depends on five
parameters namely: the rate of transmission
from nonsmoker into exposed class #, the rate
of conversion from exposed class into the
smoker classa 4, the smoking cause death rate
&, the natural death rate # and rate of quit
smoking temporarily or permanently .

The numerical analysis based on the real data
obtained in figure 3 — 7 we found that: when the
transmission rate £ > 0.6234 then the
reproduction number £, > 1. This means that
the smoking habit spreads in the society when
the contact rate 4 exceeds 0.6234, when the
conversion rate a1 >03984 then the
reproduction number £, > 1. This means that
the smoking habit spreads in the society when
the conversion rate @, exceeds 0.3984, when
smoking death rate ¢ > 0.1805 then the
reproduction number Z, > 1. This means that
the smoking habit spreads in the society when
the smoking death rate exceeds 0.1805, when
the natural death rate | > 0.1621 then the
reproduction number £, > 1. This means that
the smoking habit spreads in the society when
the natural death rate  exceeds 0.1621 and
when the Rate of removal from smoker to
temporarily quit and permanent quit smokers is
y >0.182 then the reproduction number
£, > 1. This means that the smoking habit
spreads in the society when the Rate of removal
from smoker to temporarily quit and permanent
quit smokers y exceeds 0.182.

CONCLUSIONS AND RECOMMENDATIONS

Based on our real data collected from our
research site we have the reproduction number
is A, =1.04184235. This shows that the
smoking generation number is greater than unity
and thus the smoking habit in Haremaya town is
very high and then this shows that the number of
smokers in the community increases. As this
smoking habit is very dangerous to the
youngsters who are productive in the economic
activity of the nation, therefore we recommend
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the following suggestions to reduce the number
of smokers in the community.

To decrease the number of smokers we must
control the smoking generation number which is
the number of cases one case generates on
average over the course of its infectious period
should be less than unity. For this we must
control two parameters namely the contact
rates 4 not to exceed 0.6234, the conversion
rate  a.not to exceed 0.3984, smoking death
rate ¢ not to less than 0.1805, the natural death
rate i not to less than 0.1621and the rate of
removal from smoker to temporarily quit and
permanent quit smokers » not to be less than
0.182.

From our observation the main factors of the
existence of the above five parameters are peer
pressure, smoking by parents around home and
smoking around public service area. Therefore
to reduce the number of smokers in Haremaya
town we recommend the following. Complete
bans or enforce bans on tobacco advertising,
promotion and sponsorship, offer help to quit
tobacco use, warn people about the dangers of
tobacco, making tobacco smoking control policy
that smoking is prohibited in public area. In this
work we did not considered factors like sex
structure, age structure and ethnicity therefore
the coming researchers better to add such
factors.
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