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Mathematical Model on the Control/Eradication of the 
Consumption of Cannabis sativa in Afikpo North Local 

Government Area of Ebonyi State, Nigeria. 
 

.  

ABSTRACT 
The present work studied the dynamics of the interaction of the susceptible and victims of 
Cannabis sativa smoking/consumption using a mathematical model SEIR (Susceptible, 
Exposed, Infected, and Recovered/Removed) approach with sensitive control parameters 
introduced accordingly. We strive at developing a set of model equations from a schematic 
diagram designed as to enable us conduct some necessary analyses for the study. We derive a 
deterministic model on the control/eradication of Cannabis sativa smoking/consumption in 
Afikpo North Local Government Area of Ebonyi State via (a). Developing proper and all-
encompassing schematic diagram from where the necessary differential equation will be 
generated for use for the research analyses, (b). Introducing/employing of ideal control 
parameters or measures at the right/vital compartments in the schematic diagram, (c). 
Conducting the three (3) relevant/basic analyses such as (i) Stability, (ii) Endemicity, (iii) 
Sensitivity analyses of the model equations, (d). Simulating the system using a derived 
sensitivity index table with the help of R0, and (e). Interpreting the resulting graphs that will 
provide the effective control measures on the use of Cannabis sativa. The results show that, 
of all the five (5) control parameters, τ (which is the enlightenment control on the dangers 
and health hazards associated with the use of Cannabis sativa) is the most effective. The 
Government is then advised to set up an agency to be saddled with the responsibility of 
conducting enough sensitization on the dangers as well as the health hazards associated with 
the use of Cannabis sativa.   

Keywords:  Dynamics of interaction; victims of Cannabis sativa; consumption; health 
hazards; control parameter. 

1. INTRODUCTION 

Cannabis sativa also known as Indian hemp, is an annual herbaceous flowering 

plant indigenous to Eastern Asia, but now of cosmopolitan distribution due to widespread 

cultivation [1]. Cannabis sativa has been cultivated throughout recorded history, used as a 

source of industrial fiber, seed oil, food, recreation, religious and spiritual 

moods and medicine [2]. Cannabis sativa has also been used in making clothes and in the 

production of lightening soaps. It  has been used to treat many ailments such as pain, 

insomnia, loss of appetite, depression,etc. Presently, Cannabis is most widely used for its 

ability to intoxicate, as well as for medical reasons [3].  
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Cannabis contains at least one hundred and twenty (120) active ingredients or cannabinoids 

[4]. The most abundant  ones are cannabidiol (CBD) and delta-9 tetrahydrocannabinol 

(THC). Some cannabinoids can have euphoric or psychoactive effects. THC produces both 

effects. Cannabidiol is present in various forms including; (i) Oils to apply on the skin,(ii) 

Capsules to be taken as supplement and (iii) Gummy candies. Cannabis can be used in the 

following ways; (i) Smoking or vaping it, (ii) Brewing it as tea, (iii) Consuming it in the form 

of edibles such  as brownies or candies, (iv) Eating it raw, (v) Applying it as a topical 

treatment and (vi) Taking it as capsules or supplements. 

 Nonetheless, Cannabis appear to posess a more demeaning and agonizing effects on victims 

that smoke or consume this substance. Many victims of Cannabis have ended up running 

mad or being completely deranged as a result of its psychoactive effects in the systems of the 

victims. It has rendered many of our youths today useless. The side effects of 

consuming/smoking marijuana/cannabis are too numerous to mention. 

In 2018, Food and Drug Administration (FDA) approved a drug named EPIDIOLEX for the 

treatment of two rare and severe types of epilepsy which is a medication derived from 

Cannabis. It is a purified form of CBD that does not contain THC. However, the bad effects 

of this substance cannot be over emphasized. Quitting the use of this substance after a long 

duration of use is associated with irritability, mood changes, insomnia, cravings, restlessness, 

decreased appetite and general discomfort. These symptoms tend to peak within the first 

week after stopping and last up to two weeks according to research. Research has not found 

exactly how frequent and long-term use of cannabis/marijuana affects persons’ health.  

A british doctor conducted a research study on patients in India to determine the medicinal 

effects of Cannabis on some diseases such as tetanus, rabies, and rheumatism. His research 

led to the popular use of this drug in some notable countries and cities world over [5]. In 

1972, a group of researchers carried out a study on the medical effects of Cannabis 

(marijuana) and found out that it could treat glaucoma by reducing the pressure in the eye [6]. 

Another research study was conducted in 1975 on marijuana as an effective soothing  

medicine to reduce the nausea and side-effects of AIDS-related medications [7]. Menetrey et 

al [8] developed a mathemathical model for the prediction of time of Cannabis exposure 

while Chapwanya et al [9] developed a model for Cannabis epidemic in a South African 

province with a non-linear incidence rate. The present study is based on a mathematical 

model on control/eradication of consumption of Cannabis sativa.  
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2. MODEL FORMULATION. 
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Fig. 1. Schematic diagram of Cannabis sativa consumption. 
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2.1 Emanating equations from the schematic diagram of Cannabis sativa 

ݏ݀
ݐ݀ = ˄ + ஻ܧ଼ߙ + ோܣଽߙ + ଵଶܴߙ − (βτ + µ)ܵ. 

ܧ݀
ݐ݀ = βτܵ − −ଵ(1ߙ] (ଵߦ + ଵߦଶߙ + 	µ +  ܧ[ଵ଴ߙ

ௗாಿಳ
ௗ௧

= 1൫1ߙ − ܧ1൯ߦ −(	µ + ே஻ܧ(଻ߙ  

஻ܧ݀
ݐ݀ = ଵହ(1ߙ + ܣ(	ସߦ − (	µ +  ஻ܧ(଼ߙ

ܣ݀
ݐ݀ = ܧଵ଴ߙ + ே஻ܧ଻ߙ − ସ[1ߙ) − [ଶߦ + ଶߦଷߙ + ଵଵߙ + µ +  ܣ(ଶߜ

஽௉ܣ݀
ݐ݀

= ସ(1ߙ − ܣ(ଶߦ − (µ +  ஽௉ܣ(ଵߜ

ோܣ݀
ݐ݀ = ܣଶߦଷߙ − (	µ + ହߙ +  ோܣ(ଽߙ

ܯ݀
ݐ݀ = ோܣହߙ + ܣଵଵߙ − (	µ + ଷߜ + ଷߦଵହߙ + ଵଷ[1ߙ −  ܯ([ଷߦ

ூ்ܯ݀

ݐ݀ = ܯଷߦଵହߙ − (	µ + ହߜ +  .ூ்ܯ(ଵସߙ

ே்ܯ݀

ݐ݀ = ଵଷ(1ߙ − −ܯ(ଷߦ (	µ +  ே்ܯ(ସߜ

ܴ݀
ݐ݀ = ூ்ܯଵସߙ − (µ +  ܴ(ଵଶߙ

ߚ =
ܧଵߣ + ே஻ܧଶߣ + ஻ܧଷߣ + ܣସߣ + ஽௉ܣହߣ + ோܣ଺ߣ + ܯ଻ߣ + ூ்ܯ଼ߣ + ே்ܯଽߣ

ܰ
 

 

Parameter description 

 is the interactional force between the susceptible and the victims of Cannabis sativa while	ߚ
,ଵߣ ,ଶߣ … … . ,  .ଽ are the contact rates in their respective compartmentsߣ

ܰ = ܵ + ܧ ܤܰܧ+ + ܤܧ + +ܣ ܲܦܣ + ܴܣ ܶܫܯ+ܯ+ ܶܰܯ+ + ܴ. 
E= Exposed to Cannabis sativa 

 ே஻= Exposed and NOT backed outܧ

 ஻= Exposed and backed outܧ

A= Addicted 

 .஽௉=Addicted and deranged permanentlyܣ

 ோ = Addicted and sent to Rehabilitation Centreܣ
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M= Full blown madness 

 ூ் = Mad but isolated and being treatedܯ

µ= Natural death rate. 

 .ସ = disease induced death rateߜ& ,ଷߜ,ଶߜ ,ଵߜ

 .ே்=Mad but not isolated for treatmentܯ

R= Removed  

߬= Information on the dangers of Cannabis sativa 

 ଵ=Abstain from the use of cannabis Sativa (back out)ߦ

  ଶ=Go to Rehabilitation centreߦ

 .ଷ= Isolate and treatߦ

 .ସୀIntensive campaign against the consumption of cannabisߦ

ଶߙ,ଵߙ , … … .   ଵହ= Progression ratesߙ,

Note: ߦଵ ≤ 1. If it is equal to 1, then there is 100% control informing/ asking victims to back 
out. Hence ܧே஻ = 0. 

ଶߦ ≤ 1.	If it is equal to 1, then, there is 100% control insisting that victims should go to 
Rehabilitation centre, thus ܣ஽ = 0. 

ଷߦ ≤ 1. If it is equal to 1, then, there is 100% control insisting that victims should be taken to 
specialists for treatment, thus ܯே் = 0. 

The logical thing following the controls ߦଵ ,  ଷ being equal to 1 each signifies theߦ ଶandߦ
sensitivity/effectiveness of the control.  

The five controls: 

1. ߬= Information on the dangers of Cannabis sativa. 

 .ଵ= Abstain from further use (back out)ߦ		.2

 .ଶ= Go to Rehabilitation centerߦ		.3

4	.  .ଷ=Isolate and go for treatmentߦ

 .ସ= Intensive campaign against the consumption of Cannabisߦ			.5		

In a society free from the consumption of Cannabis sativa (SFC) which is the Equilibrium 
State, the following condition is obtainable  

ܧ = ே஻ܧ = ஻ܧ = ܣ = ஽௉ܣ = ோܣ = ܯ = ூ்ܯ = ே்ܯ = 0 

Thus ˄ − µݏ = 0 

⇒ ܵ = ˄
ஜ
. 

Hence ܧ଴ = (˄
ఓ

, 0,0,0,0,0,0,0,0,0,0) ∈ ℝଵଵ 
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3. STABILITY ANALYSIS OF THE EQUILIBRIUM STATE OF SFC. 

The stability of this model can be determined if we can examine the model behaviour near the 
equilibrium solution. Given the possibility for a total eradication of smoking/consuming 
Cannabis sativa in our environment, the condition that will enhance or enable such reality 
shall be determined as elaborately discussed below:  

Ʌ + ଼ܧ଼ߙ + ܴܣଽߙ + ଵଶܴߙ − ߬ߚ) + µ)ܵ = 0 

ܵ߬ߚ − ଵ(1ߙ) − (ଵߦ + ଵߦଶߙ + µ + ܧ(ଵ଴ߙ = 0 

ଵ(1ߙ − ܧ(ଵߦ − (µ + ே஻ܧ(଻ߙ = 0 

ଵହ(1ߙ + (	ସߦ − (µ + ஻ܧ(଼ߙ = 0 

ܧଵ଴ߙ + ே஻ܧ଻ߙ − ସ(1ߙ) − (ଶߦ + ଶߦଷߙ + ଵଵߙ + µ + ܣ(ଶߜ = 0 

−ସ(1ߙ ܣ(ଶߦ − (µ + ஽௉ܣ(ଵߜ = 0 

ܣଶߦଷߙ − (	µ + ହߙ + ோܣ(ଽߙ = 0 

ோܣହߙ + ܣଵଵߙ − ൫µ + ଷߜ + ଷߦଵହߙ + ଵଷ(1ߙ − ܯଷ)൯ߦ = 0 

ܯଷߦଵହߙ − (	µ + ହߜ + ூ்ܯ(ଵସߙ = 0 

ଵଷ(1ߙ − ܯ(ଷߦ − (µ + ே்ܯ(ସߜ = 0 

ூ்ܯଵସߙ − (µ + ܴ(ଵଶߙ = 0 

By Jacobian matrix method to determine the Eigen-values, we shall linearize these systems of 
equations to get the following: 

 

ܬ =

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡
߲ ଵ݂

ݏ߲
߲ ଵ݂

ܧ߲
߲ ଵ݂

ே஻ܧ߲
߲ ଵ݂

஻ܧ߲
߲ ଵ݂

ܣ߲
߲ ଵ݂

஽௉ܣ߲
߲ ଵ݂

ோܣ߲
߲ ଵ݂

ܯ߲
߲ ଵ݂

ூ்ܯ߲

߲ ଵ݂

ே்ܯ߲

߲ ଵ݂

߲ܴ. . . . . . . . . . .
. . . . . . . . . . .
. . . . . . . . . . .
. . . . . . . . . . .
. . . . . . . . . . .
. . . . . . . . . . .
. . . . . . . . . . .
. . . . . . . . . . .
. . . . . . . . . . .

߲ ଵ݂ଵ

ݏ߲
߲ ଵ݂ଵ

ܧ߲
߲ ଵ݂ଵ

ே஻ܧ߲
߲ ଵ݂ଵ

஻ܧ߲
߲ ଵ݂ଵ

ܣ߲
߲ ଵ݂ଵ

஽௉ܣ߲
߲ ଵ݂ଵ

ோܣ߲
߲ ଵ݂ଵ

ܯ߲
߲ ଵ݂ଵ

ூ்ܯ߲

߲ ଵ݂ଵ

ே்ܯ߲

߲ ଵ݂ଵ

߲ܴ ⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

 

 .ݔ݅ݎݐܽ݉	ܾ݊ܽ݅݋ܿܽܬ	ℎ݁ݐ	ݏ݅	ܬ	݁ݎℎ݁ݓ

 

On evaluation we shall have the following: 
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ܬ

=

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡
ଵܯ− 0 0 ଼ߙ 0 0 ଽߙ 0 0 0 ଵଶߙ
߬ߚ ଶܯ− 0 0 0 0 0 0 0 0 0
0 −(1	ଵߙ− (	ଵߦ ଷܯ− 0 0 0 0 0 0 0 0
0 	ଵߦଶߙ 0 ସܯ− ଵହ(1ߙ + (	ସߦ 0 0 0 0 0 0
0 ଵ଴ߙ ଻ߙ 0 ହܯ− 0 0 0 0 0 0
0 0 0 0 −(1	ସߙ 	ଶߦ 	) ଺ܯ− 0 0 0 0 0
0 0 0 0 	ଶߦଷߙ 0 ଻ܯ− 0 0 0 0
0 0 0 0 ଵଵߙ 0 ହߙ ଼ܯ− 0 0 0
0 0 0 0 0 0 0 	ଷߦଵଶߙ ଽܯ− 0 0
0 0 0 0 0 0 0 −(1	ଵଷߙ (	ଷߦ 0 ଵ଴ܯ− 0
0 0 0 0 0 0 0 0 ଵସߙ 0 ⎦ଵଵܯ−

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

 

Where, ܯଵ = ఛߚ)− + µ), ܯଶ = ଵ(1ߙ]− − (ଵߦ + ଵߦଶߙ + 	µ + ଷܯ,[ଵ଴ߙ = −(	µ + ସܯ,(଻ߙ =
−(	µ + ,(଼ߙ ହܯ = −ቀߙସ[1 − [ଶߦ + ߦଷߙ ଶ

+ ଵଵߙ + µ + ଶቁߜ ଺ܯ, = −(µ + ଻ܯ,(ଵߜ =
−(	µ + ହߙ +  ,(ଽߙ

଼ܯ = −(	µ + ଷߜ + ଷߦଵହߙ + ଵଷ[1ߙ − ଽܯ,([ଷߦ = −(	µ + ହߜ + ଵ଴ܯ,(ଵସߙ = −(	µ + ,(ସߜ
ଵଵܯ = −(	µ +  (ଵଶߙ

 

 

 

 

 

 

 

3.1 Stability analysis of the equilibrium of a society free from the consumption of Cannabis 
sativa (SFC) state. 

൫ܬ ଵ݂, ଶ݂, ଷ݂, ସ݂, ହ݂, ଺݂, ଻݂, ଼݂ , ଽ݂, ଵ݂଴, ଵ݂, ଵ݂ଵ൯

=

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡ ߲݂1
ݏ߲

߲݂1
ܧ߲

߲݂1
ܤܰܧ߲

߲݂1
ܤܧ߲

߲݂1
ܣ߲

߲݂1
ܲܦܣ߲

߲݂1
ܴܣ߲

߲݂1
ܯ߲

߲݂1
ܶܫܯ߲

߲݂1
ܶܰܯ߲

߲݂1
߲ܴ. . . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . . .
߲݂11
ݏ߲

߲݂11
ܧ߲

߲݂11
ܤܰܧ߲

߲݂11
ܤܧ߲

߲݂11
ܣ߲

߲݂11
ܲܦܣ߲

߲݂11
ܴܣ߲

߲݂11
ܯ߲

߲݂11
ܶܫܯ߲

߲݂11
ܶܰܯ߲

߲݂11
߲ܴ ⎦

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

, 

where	 ଵ݂to ଵ݂ଵ  represent  equations 1 to 11 respectively.  

 

This produces an 11 x 11 Jacobian matrix as shown above. 
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Evaluating the Jacobian Matrix at the free Cannabis smoking Equilibrium (SFC) point, we shall 
obtain the following: In fact, at the SFC  ܧ = ே஻ܧ = ஻ܧ = ܣ = ஽௉ܣ = ோܣ = ܯ = ூ்ܯ = ே்ܯ =
ܴ = 0. 

It will be pertinent to note that at the SFC, there is no interaction between the consumers of Cannabis 

sativa and the susceptible class, hence the nullity of the interactional force β which is defined to be 

ߚ = ఒభாାఒమாಿಳାఒయாಳାఒర஺ାఒఱ஺ವುାఒల஺ೃାఒళெାఒఴெ಺೅ାఒవெಿ೅
ே

 

At this point, and with the deductions above, we need to source for the characteristic equation of the 

Jacobian matrix evaluated at the SFC point. 

Hence  
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ܬ| − |ܫߣ =  

ተ

ተ

ተ

ተ

ଵܯ− − ଵߣ 0 0 ଼ߙ 0 0 ଽߙ 0 0 0 ଵଶߙ
0 ଶܯ− − ଶߣ 0 0 0 0 0 0 0 0 0
0 ଵ(1ߙ− − (ଵߦ ଷܯ− − ଷߣ 0 0 0 0 0 0 0 0
0 ଵߦଶߙ 0 ସܯ− − ସߣ ଵହ(1ߙ− + (ସߦ 00 0 0 0 0 0
0 ଵ଴ߙ ଻ߙ 0 ହܯ− − ହߣ 0 0 0 0 0 0
0 0 0 0 ସ(1ߙ − (ଶߦ ଺ܯ− − ଺ߣ 0 0 0 0 0
0 0 0 0 ଶߦଷߙ 0 ଻ܯ− − ଻ߣ 0 0 0 0
0 0 0 0 ଵଵߙ 0 ହߙ ଼ܯ− − ଼ߣ 0 0 0
0 0 0 0 0 0 0 ଷߦଵଶߙ ଽܯ− − ଽߣ 0 0
0 0 0 0 0 0 0 −ଵଷ(1ߙ (ଷߦ 0 ଵ଴ܯ− − ଵ଴ߣ 0
0 0 0 0 0 0 0 0 ଵସߙ 0 ଵଵܯ− − ଵଵߣ

ተ

ተ

ተ

ተ

 

 

 

 

The characteristic equation of J* is given by  

(݅ߣ)݂ = ଵߣ] + ଶߣ][ଵܯ + ଷߣ][ଶܯ + ସߣ][ଷܯ + ହߣ][ସܯ + ଺ߣ][ହܯ + ଻ߣ][଺ܯ + ଼ߣ][଻ܯ + ଽߣ][଼ܯ
+ ଵ଴ߣ][ଽܯ + ଵଵߣ][ଵ଴ܯ +  [ଵଵܯ

Where ߣଵ = µ since βτ =0 at SFC. 

ଶߣ = −ଵ(1ߙ]− (ଵߦ + ଵߦଶߙ + 	µ +  [ଵ଴ߙ

ଷߣ = −(	µ +   (଻ߙ

ସߣ = −(	µ +  (଼ߙ

ହߣ = ସ[1ߙ)− − [ଶߦ + ଶܧଷߙ + ଵଵߙ + µ +  (ଶߜ

଺ߣ = −(µ + ଵߜ +  (ହߙ

଻ߣ = −(	µ +  ,(ଽߙ

଼ߣ = −(	µ + ଷߜ + ଷߦଵଶߙ + ଵଷ[1ߙ −  ([ଷߦ

ଽߣ = −(	µ + ହߜ +  (ଵଶߙ

ଵ଴ߣ = −(	µ + ସߜ +  (ଵସߙ

ଵଵߣ = −(µ +  .(ଵଶߙ

It is asymptotically stable, which implies/ensures the convergence of the solution to this 
deterministic model. 

 

4. SENSITIVITY ANALYSIS 

4.1 Basic reproduction number of Cannabis sativa consumption: 

We study the sensitivity analysis of the parameters of the model by considering the basic 
reproduction number, ܴ଴ =  The spectral radius is represented by ρ which is the most	.(ଵିܸܨ)ߩ
dominant eigen-value of ିܸܨଵ.ܴ଴ can be thought of as the number of cases one case of cannabis 
consumer generates on average over the course of his consumption period in a given area that is not 
used to it before. This metric is useful because it helps to determine whether or not a victim of 
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cannabis (a consumer) can spread the use of cannabis through a population. 

In general, if the individual who become addicted early may be more likely to introduce the idea of 
cannabis consumption randomly in a given population, then our computation of ܴ଴ must account for 
this tendency. We will judge this by considering the fact that, when	ܴ଴ < 1, the contact rate will be 
very low. But if ܴ଴ > 1,	the contact rate will be very high leading to fast spread of cannabis 
consumption in the population. The higher the value of ܴ଴ the harder it will be to control the 
escalation of consumers in the population. It is established that when ܴ଴ < 1, then the SFC is locally 
asymptotically stable and consumers cannot invade the population but if ܴ଴ > 1, the SFC is unstable 
and invasion is always possible. 

With the basic Reproduction Number (ܴ଴) of cannabis consumer at the SFC equilibrium state of this 
model, it is found that ܧ଴(ܵ଴,ܧ଴ ே஻଴ܧ, ,஻଴ܧ, … … . ) = (˄

ஜ
, 0,0,0,0,0,0,0,0,0,0)߳ℝଵଵ. 

Hence, for us to calculate the reproduction number ܴ଴, the method of next generation matrix G 
which consists of F and ܸିଵ shall apply. 

In fact, ܨ = [డ௙೔
డ௫೔

] and ܸ = ൤డ௩ೕ
డ௫ೕ
൨,	where ܨ௜ are the new consumers into compartments and ௜ܸ are the 

transfer of consumers from one compartment to another while ܴ଴ is simply the SFC (society free 
from the consumption of cannabis). 

And the following computations follow: at the SFC, the susceptible and the Recovered/ Removed 
compartments are excluded: Thus, we obtain the following for ( ௜݂)’s Exposed class (E) = βτS. 

ே஻ܧ = 0 

஻ܧ = 0 

ܣ = 0 

஽௉ܣ = 0 

ோܣ = 0 

ܯ = 0 

ூ்ܯ = 0 

ே்ܯ = 0 

ᇱ௦ are deduced as follow: Exposed class (E)(௝ݒ)  = ଵ(1ߙ]+ − (ଵߞ + ଵߞଶߙ + µ +  ܧ[ଵ଴ߙ

ே஻ܧ = (µ + ே஻ܧ(଻ߙ − ଵ(1ߙ −  ܧ(ଵߦ

஻ܧ = (µ + ஻ܧ(଼ߙ − ܧଵߦଶߙ) + ଵହ(1ߙ +  ܣ(ସߦ

ܣ = ସ[1ߙ) − [ଶߦ + ଶߦଷߙ + ଵଵߙ + ଵହ(1ߙ + (ସߦ + µ + ܣ(ଶߜ − ܧଵ଴ߙ) +  (ே஻ܧ଻ߙ

஽௉ܣ = (µ + ஽௉ܣ(ଵߜ − ସ(1ߙ −  ܣ(ଶߦ

ோܣ = (µ + ହߙ + ோܣ(ଽߙ −  ܣଶߦଷߙ

ܯ = (µ + ଷߜ + ଷߦଵଶߙ + ଵଷ[1ߙ − −ܯ[ଷߦ ோܣହߙ) +  ܣଵଵߙ
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ூ்ܯ = (µ + ூ்ܯ(ଵସߙହߜ −  ܯଷߦଵଶߙ

ே்ܯ = (µ + ே்ܯ(ସߜ − ଵଷ(1ߙ −  ܯ(ଷߦ

At the SFC , τ is 1 implying the information on the dangers of cannabis consumption is 100% 
effective which implies that 	ܵ߬ߚ = ܵߚ = ߚ ˄

ஜ
= ˄ఒభ

ஜே
+ ˄ఒమ

ஜே
+ ⋯+ ˄ఒవ

ஜே
 

Note that at SFC, τ is 100%, that is, τ=1; thus βτs =	βs, but 
s = ˄

ஜ
⟹βs = (ఒభாାఒమாಿಳାఒయாಳାఒర஺ାఒఱ஺ವುାఒల஺ೃఒళெାఒఴெ಺೅ାఒవெಿ೅)ௌ

ே
 

This implies that βs = β ˄
ஜ

=
(ఒభாାఒమாಿಳାఒయாಳାఒర஺ାఒఱ஺ವುାఒల஺ೃାఒళெାఒఴெ಺೅ାఒవெಿ೅)	˄ಔ

ே
 

βs = ଵܭଵߣ + ଶܭଶߣ + ଷܭଷߣ + ସܭସߣ + ହܭହߣ + ଺ܭ଺ߣ + ଻ܭ଻ߣ + ଼ܭ଼ߣ + ଵܭ	݁ݎℎ݁ݓ	ଽܭଽߣ =
˄ଵߣ
µܰ ଶܭ,

=
˄ଶߣ
µܰ … . . ଽܭ, =

˄ଽߣ
µܰ . 

 

௜ܨ =

⎝

⎜
⎜
⎜
⎜
⎜
⎛

ܵߚ
0
0
0
0
0
0
0
0 ⎠

⎟
⎟
⎟
⎟
⎟
⎞

 

∴ ܨ =

⎝

⎜
⎜
⎜
⎜
⎜
⎛

ଵܭଵߣ ଶܭଶߣ ଷܭଷߣ ସܭସߣ ହܭହߣ ଺ܭ଺ߣ ଻ܭ଻ߣ ଼ܭ଼ߣ ଽܭଽߣ
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 ⎠

⎟
⎟
⎟
⎟
⎟
⎞

 

 

௝ܸ =

⎝

⎜
⎜
⎜
⎜
⎜
⎜
⎛

ܧଶܯ
ே஻ܧଷܯ − ଵ(1ߙ − ܧ(ଵߦ

஻ܧସܯ − ܧଵ଴ߙ) + ଵହ(1ߙ + ܣ(ସߦ
ܣହܯ − ܧଵ଴ߙ) + (ே஻ܧ଻ߙ
஽௉ܣ଺ܯ − ସ(1ߙ − ܣ(ଶߦ

ோܣ଻ܯ − ܣଶߦଷߙ
ܯ଼ܯ − ோܣହߙ) + (ܣଵଵߙ
ூ்ܯଽܯ − ܯଷߦଵଶߙ

ே்ܯଵ଴ܯ − ଵଷ(1ߙ − ܯ(ଷߦ ⎠

⎟
⎟
⎟
⎟
⎟
⎟
⎞
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∴ ܸ =

⎝

⎜
⎜
⎜
⎜
⎜
⎛

ଶܯ 0 		0																				0																		0									0																		0																		0									0
ଵ(1ߙ− − (ଵߦ ଷܯ 			0																				0																		0									0					 									0					 								0									0	

ଵߦଶߙ−
ଵ଴ߙ−

0
0
0
0
0

0
଻ߙ
0
0
0
0
0

ସܯ			
0
0
0
0
0
0

		

ଵହ(1ߙ− + (ସߦ
ହܯ

−ସ(1ߙ− (ଶߦ
ଶߦଷߙ−
ଵଵߙ−

0
0

0
0
଺ܯ
0
0
0
0

0
0
0
଻ܯ
ହߙ−

0
0

0
0
0
0
଼ܯ

ଷߦଵଶߙ−
ଵଷ(1ߙ− − (ଷߦ

0
0
0
0
0
ଽܯ
0

0
0
0
0
0
0
⎠ଵ଴ܯ

⎟
⎟
⎟
⎟
⎟
⎞

 

 

5. RESULTS AND DISCUSSION 

We discuss the findings alongside the graphs such that each obtained graph is discussed immediately 
just below the graph. We use combinations of the five controls, four controls, three controls and two 
controls at a time. The control measures used include information/ enlightenment on the dangers 
associated with the use of Cannabis sativa, represented by τ, abstain from the use of Cannabis sativa 
if already started (back out) represented by  ߦଵ, take the victim to Rehabilitation center as a result of 
severe case represented by ߦଶ, isolate the victim and take to a consultant in the case of mental 
imbalance caused by consumption of the substance represented by ߦଷ and intensive campaign against 
the consumption of cannabis sativa as a result of addiction represented by ߦସ. 

This is done under the following scenarios: 

1. Strategy A: τ≠ ଵߦ,0 ≠ 0, ଶߦ = ଷߦ = ସߦ = 0. 
2. Strategy B: τ≠ 0, ଵߦ ≠ 0, ଶߦ ≠ 0, ଷߦ = ସߦ = 0. 
3. Strategy C: τ≠ 0, ଵߦ ≠ 0, ଶߦ ≠ 0, ଷߦ ≠ 0, ସߦ = 0. 
4. Strategy D: τ≠ ଵߦ,0 ≠ 0, ଶߦ ≠ 0, ଷߦ ≠ 0, ସߦ ≠ 0. 
5. Strategy E:  τ= 0, ଵߦ ≠ 0, ଶߦ ≠ 0, ଷߦ ≠ 0, ସߦ ≠ 0. 
6. Strategy F:  τ= 0, ଵߦ = 0, ଶߦ ≠ 0, ଷߦ ≠ 0, ସߦ ≠ 0. 
7. Strategy G:  τ= 0, ଵߦ = 0, ଶߦ = 0, ଷߦ ≠ 0, ସߦ ≠ 0. 
8. Strategy I:  τ≠ 0, ସߦ ≠ 0, ଵߦ = ଶߦ = 	 ଷߦ = 0. 
9. Strategy J:  τ≠ 0, ଷߦ ≠ 0, ଵߦ = ଶߦ = 	 ସߦ = 0. 
10. Strategy K:  τ≠ 0, ଶߦ ≠ 0, ଵߦ = ଷߦ = ସߦ = 0. 

The simulation/ analysis is done within a period of 3 months study plan which ought to reflect in 
the graphical work and discussions. 

 

5.1 Parameter values used in the simulation of Cannabis sativa consumption.  

S/NO Parameter Value Source 

1 ˄ 4% of the 
population. 

Primary and Secondary data. 

2 µ 1
53.6 [10] 

 

3 Β 0.20 Primary and Secondary data. 
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4 Τ ∈ [0,1] [10] 

ଵߙ 5 ,ଶߙ, …  .ଵହ ∈ [0,1] Primary and Secondary dataߙ,

ଵߦ 6 , ଶߦ , … ,  .ସ 0.5, i.e ∈ [0,1] Primary and Secondary dataߦ

 .ଵ 0.06 Primary and Secondary dataߜ 7

 .ଶ 0.04 Primary and Secondary dataߜ 8

 .ଷ 0.08 Primary and Secondary dataߜ 9

 .ସ 0.08 Primary and Secondary dataߜ 10

 .ହ 0.02 Primary and Secondary dataߜ 11

 .ଵ -0.12 Calculatedܯ 12

 .ଶ -1.22 Calculatedܯ 13

 .ଷ -0.62 Calculatedܯ 14

 .ସ -0.62 Calculatedܯ 15

 .ହ -2.16 Calculatedܯ 16

 .଺ -0.08 Calculatedܯ 17

 .଻ -1.22 Calculatedܯ 18

 .Calculated 0.65- ଼ܯ 19

 .ଽ -0.64 Calculatedܯ 20

 .ଵ଴ -0.10 Calculatedܯ 21

 .ଵଵ -0.62 Calculatedܯ 22

,ଵߣ 23 ,ଶߣ … ,  .ଽ 0.02 Primary and Secondary dataߣ

,ଶܭ,ଵܭ 24  .ଽ 0.32 Calculatedܭ…
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5.2 Graphs resulting from the simulation 
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Fig. 2. Graphical plot of simulated data on intake of Cannabis from different compartment 

Key: A= Addicted; E= Exposed; M= Full blown madness; R= Removed/Recovered; ADP= Addicted 
permanently; EB= Exposed and backed out; MIT= Mad but isolated for treatment; AR1= Addicted 
and taken to rehabilitation centre; ENB= Exposed but not backed out; MNT= Mad but not isolated 
for treatment 

From Fig. 2, it can be seen that the Addicted class (A) remained constant throughout the whole period 
while the Exposed but backed out class (EB) attained the highest level but gradually came down as a 
result of the control measure. 

The other various compartments behaved the way they deem fit with the exception of the mad but not 
isolated class (MNT) as well as the Addicted but sent to Rehabilitation class (AR). The Exposed class 
(E) decreased uniformly because of the enlightenment control about the damage and health hazards 
associated with the consumption Cannabis sativa. 
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Fig. 3. Graphical plot of simulated data on the addicted, addicted permanently and addicted 
and taken to rehabilitation centre. 

Key: A= Addicted; ADP= Addicted permanently; AR1= Addicted and taken to rehabilitation centre 

The Fig. 3, shows that the Addicted class gradually reduced resulting from the control that advised 
victims to be sent to Rehabilitation centre whereas the permanently Addicted class remained constant. 
The Rehabilitation centre class brought down the number of victims tremendously.  
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Fig. 4. Graphical plot of simulated data on the exposed, exposed and backed out and exposed 
but not backed out. 

Key; E= Exposed; EB= Exposed and backed out; ENB= Exposed but not backed out 

In Fig. 4, the Exposed class gradually reduced in number as a result of Enlightenment control. The 
Exposed but backed out class equally reduced in number gradually while exposed but not backed out 
class reduced drastically in number as a result of the control parameters. 
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Fig. 5. Graphical plot of simulated data on the mad, mad but isolated for treatment and mad 
but not isolated for treatment 

Key; M= Mad; MIT= Mad but isolated for treatment; MNT= Mad but not isolated for treatment 

The control measures to isolate the mad ones as a result of Cannabis sativa consumption and send for 
treatment received the same fate as those not isolated for treatment (Fig. 5). This shows that when one 
becomes mad as a result of Cannabis sativa, it becomes difficult or almost impossible to be restored 
back to normalcy hence the high risk and danger in consuming this substance. 
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Fig. 6: Behaviour of the population in the presence of Cannabis for β = 0.1.                                       

 When β = 0.1, the susceptible class quickly shot up to 7000 and within about two days came 

down to about 400 persons who got interacted with the use of Cannabis sativa (Fig. 6). 

The Exposed, Exposed and backed out, Exposed and not back out as well as the addicted have no 
effects at this level of interaction. 
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Fig. 7. Behaviour of the population in the presence of Cannabis for β = 0.5.                                       

 When β = 0.5, the susceptible class of about 400 individuals, about 100 persons become Exposed 
while the Exposed not backed out, addicted and Exposed and backed out had no effects and remain 
constant from about the second day to the end of research period (Fig. 7). 

 

 

Figure 8: Behaviour of the population in the presence of Cannabis for β = 0.0.                                       
When there is no interactional force in the society under discussion, the users of about 400 out of 
about 2,500 persons remained constant while other compartments are of no effect (Fig. 8). 
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Fig. 9. The population dynamics of the cannabis society in the absence of isolated treatment and 
intensive campaign against Cannabis consumption. 

Figures 8 and 9 maintained the same level of Exposure under the rehabilitation and isolation of 
victims as well as intensive campaign against Cannabis consumption. 

 

 

Fig. 10. The effect of interaction force on the exposed class. 

Fig. 10, shows that at the varying values of interactional force (β), β = 0.5 becomes more manifest. 
Efforts greeter that β = 0.5 may be considered futile. This shows that no matter the level of 
desperation by users in any given society, not more than about 300 persons out of about 5,200 persons 
have the possibility of being exposed. 
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Fig. 11. The dynamics of the exposed class under varying strength of Information on the 
dangers of Cannabis sativa. 

In the presence of varying values of Enlightenment Control, it is clear to see that about 800 persons 
observed the control at τ = 0.7 which supersedes that of τ = 0.9 and the other values. This means that 
after τ = 0.7, more efforts are not required as it will not contribute meaningfully (Fig. 11). 

This means that about 70% effort is required to put into place to save some people from encountering 
or interacting with the users.  

 

6. CONCLUSION: 

It is discovered that there are users of Cannabis sativa in our society for all time. Cannabis 
sativa is used for some of our medical problems either as drug or as enhancer among others. 
The interactional force defined as  

ߚ          = ఒభாାఒమாಿಳାఒయாಳାఒర஺ାఒఱ஺ವುାఒల஺ೃାఒళெାఒఴெ಺೅ାఒవெಿ೅

ே
 

 is the interactional force between the susceptible and the victims of Cannabis sativa while  ߚ
,ଵߣ ,ଶߣ … … . ,  .ଽ are the contact rates in their respective compartmentsߣ

ܰ = ܵ + ܧ ே஻ܧ + + ஻ܧ + ܣ + ஽௉ܣ + ோܣ + ܯ + ூ்ܯ + ே்ܯ + ܴ,	has limits of impartation 
on the society and cannot be greater than 0.7 for it to achieve maximum effects on the 
society. 

The enlightenment control defined as τ need to receive a boost as to be able to sensitize the 
citizens well enough of the health hazards of Cannabis sativa if abused. 
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Government need to set up an agency that will be able to conduct enough sensitization on the 
dangers of Cannabis sativa either through community town criers or through Autonomous 
community Chiefs vis-à-vis other palatable means of communication. 

This is because our research showed a handsome number of people especially among our 
youths that get interacted with users as a result of naivety or ignorance. Of all the control 
parameters in use in this research, Enlightenment control (τ) is most effective.   
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