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Abstract: The aim of the current study is to reduce marijuana use among the general population.
Because marijuana is an illegal narcotic with numerous negative health effects, it continues to pose
a severe threat to public health in emerging nations. In this article, a modified mathematical model
of the non-users, experimental users, recreational users, and addict’s (NERA) model for marijuana
consumption is established by incorporating a new compartment that represents the individuals
who are being moved to jail by police intervention. The overall population of humans is divided
into five main components: the non-smoker’s compartment, experimental smoker’s compartment,
recreational smoker’s compartment, addicted smoker’s compartment, and prisoner’s compartment.
The novelty of this work is to modify the NERA model for marijuana consumption and validate
the modified model. Furthermore, with the help of sensitivity analysis, control strategies for
marijuana consumption in the population are addressed. The invariant region and the basic
reproductive number (Ry) are those parts that are needed for the validation of the proposed model.
For the numerical simulation of the given model, the 4th-order Runge Kutta method will be used
with the help of MATLAB to examine how the control strategies will play a role in marijuana
consumption.
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1. Introduction

Modeling is a field that requires both creative thinking and in-depth familiarity with all the
available applied mathematics approaches. The techniques implemented to solve the resulting
mathematical problems must be properly linked to the model’s design by using the model in its
application [1]. Marijuana misuse has emerged as one of the major problems facing the planet in the
early modern era. In both traditional and digital media, marijuana misuse is frequently covered. The
rise in substance abuse can have a detrimental effect on communities, the economy and health. People,
communities, and the nation are all seriously harmed by this disorder, particularly those who are
younger. The state has made several efforts at implementing substance abuse prevention programs,
including the control of trafficking in illicit substances and the protection of drug consumption in the
population. The ability to combat substances and defeat the proliferation of substances is necessary for
the future of an Indonesian nation free from marijuana [2]. The following factors could realistically
make cannabis use more likely to cause severe respiratory problems. Cannabis is known to cause
visceral peritoneum inflammatory cell hypertrophy and the destruction of multicellular epithelial cells
in the airways, alterations that may increase the risk of chronic infections of the respiratory tract [3].
Also, tetrahydrocannabinol may suppress the immune system, which could make chronic respiratory
tract infections more likely [4,5].

Cannabis is usually infected with harmful microorganisms [6,7], and use of the drug can cause
changes in mental state [8], hyperemesis [9] and inhalation events. Studies on the connection between
cannabis use and chronic respiratory illnesses are scarce. Compared to something that is not cannabis,
yet another tiny investigation discovered that marijuana users had a considerably higher regularity of
hard respiratory infection episodes [10] and a considerably higher percentage of outpatient services
for lung diseases illness but not hospitalization rates. Our goal was to assess the relationship between
marijuana use and much more severe, chronic respiratory symptom outcomes, as defined by
hospitalizations for respiratory-related causes, utilizing a connected survey questionnaire and
healthcare public records [11]. Cannabis, sometimes known as marijuana, was long regarded as an
illegal substance. Marijuana has been decriminalized or allowed for therapeutic or recreational use
in many regions of the world. Its use has rapidly increased because of this shift in mentality. 183
million people worldwide are thought to have consumed marijuana in 2014 [12], and 22 million
individuals in 2016 matched the criteria for marijuana addiction [13]. Moreover, the percentage of US
citizens over 12 years old who have used marijuana in the past year climbed steadily from 11% in 2002
to 18% in 2019, according to the National Survey on Drug Use and Health from 2002 to 2019 [14].

Marijuana usage has become more prevalent, especially among teenagers and young people;
approximately 36% of 12th graders and 43% of college students were shown to have used the drug
in the previous year. Marijuana is presently the most prevalent illegal drug in the world and is
cultivated and manufactured in virtually every nation. An estimated 180.6 million individuals used
marijuana worldwide in 2011, representing 3.9% of the entire adult population aged between 15
and 64 years [15]. At the same time, there is data indicating that in the United States, the strength of

AIMS Bioengineering Volume 10, Issue 4, 491-510.



493

cannabis items, as measured by the concentration of the main psychoactive element of marijuana,
Tetrahydrocannabinol (THC), has been gradually rising from around 4% in 1995 to 15% in 2018 [16].

Marijuana has been designated as a type I drug under US law since 1970, which means it is one
of a group of substances, medications or compounds with a high potential for abuse and no recognized
medicinal uses [17]. Despite the fact that marijuana is still considered an illicit narcotic by US law,
there seems to be a growing consensus among the general public that using it does not represent a
serious health risk [18], as a result, access to it should not be restricted or outlawed [19].

The expanding frequency with which this plant’s putative therapeutic benefits have been reported
in the press, the numerous states with laws allowing its medical use and the vigorous media campaign
in its support all have the potential to influence public perception. The authorization of manufacturing
and controlled sales for non-medical use, not only in one nation (Uruguay) but also in two US states
(Colorado and Washington) [20], without any proof of the long-term safety of its usage, is what makes
it most startling. Cannabis sativa, the plant from which marijuana is derived, has more than 400
components of the terpenoid and flavonoid types as well as its own chemical compounds, known as
cannabinoids, of which more than 60 are biologically active [21,22].

Due to cannabidiol’s potential to counteract the euphoric effects of THC, the medicinal impacts of
cannabis depend on the ratio of THC to cannabidiol, with a 1:1 ratio offering the best therapeutic
outcomes with the least number of adverse reactions [23]. Moreover, the method of ingestion affects the
pharmacological activity, the process of digestion and the oxidation of the various cannabinoids [24].

Cannabinoids can be taken by mouth, applied in a specific area using lidocaine, or inhaled, and
they can be synthetically produced or naturally derived from the cannabis plant. THC is accumulated
in fat deposits because its easily pass through the lips and is slowly released into the bloodstream until
it is entirely removed from the body, a procedure that may require up to 5 weeks [25,26]. Because of
this, consuming large quantities of weed can cause its effects to last for a long time. Only a few clinical
settings have currently approved the use of marijuana as a medication. This is how the FDA (Food and
Drug Administration, USA) authorized it for use in AIDS and underweight patients to promote hunger
and manage the vomiting and nausea brought on by radiation therapy or chemotherapy. Two synthetic
THC derivatives approved for direct use are dronabinol and lidocaine [27].

What level of proof is now available to back up these uses and show that they are safe? In terms
of the management of nausea in people with cancer, a mutagenic effect [28] revealed that cannabidiol—-
but not nabilone—has superior anti-nausea outcomes to commonly prescribed medications like
neuroleptics. However, the authors need to be careful when thinking about this because only a few
patients were part of the study as the authors can take a limited number of people. Cannabinoids are
not advised as a first-line therapy for treating nausea in cancer sufferers, even though they could play
a role as a supplemental therapy [29] and despite considering the accessibility of effective antiemetic
medicines that have been produced [30]. According to a current systematic study, there is no proof that
cannabis is effective or safe for usage in individuals with AIDS [31].

The studies do not allow for solid conclusions to be drawn regarding the efficacy of synthetic
cannabis for the therapies of muscle tension and cluster headaches in neurological disorders, and any
possible advantage is likely to be modest, while the possible adverse reactions are frequent and long-
term protection has not yet been proven [29].

Small healthcare institutions, substantial distortion risks and minimal outcomes in terms of
advantages over potential negative effects are typical limitations of all these trials. Given the ample
clinical-epidemiological information about the negative impacts created over time by consuming or
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breathing marijuana, particularly in teenagers, the recreational use of marijuana differs significantly
from its potential medical application [32].

This is most likely caused by a variety of factors, including the various forms and dosages used
for each type of use. Research on the therapeutic benefits of marijuana has been conducted using
artificial sublingual versions at controlled and set concentrations of the active ingredient (for the few
proposed studies of the medicinal use of inhaled marijuana, there are no established doses) [21]. On
the other hand, when used recreationally, all the explosive components of a plant’s leaf are consumed
through inhalation or aspiration, with no set or predetermined quantity of any one of them, like how
there is clear guidance for the daily doses required for therapeutic use to produce the anticipated
positive benefits, there is none for recreational use in terms of a possibly healthy daily dosage. In fact,
thanks to more advanced growth techniques, the “effectiveness” of marijuana products has been
constantly rising [33,34]. There is a lot of research showing how using marijuana recreationally has
negative psychological effects. Consuming marijuana is known to significantly increase the risk of
addiction, particularly in teenagers as well as people who consume it frequently [35]. Also, there is
concern that it affects how the brain develops normally. Since these mechanisms are retained on
average until the age of 21 [36], cannabinoid receptors are essential for brain growth and maturation,
particularly during the teenage years [37].

Other research has connected initial and regular marijuana use to a higher hazard of “rising” to
other “harder” illegal substances as well as the emergence of psychological illnesses like depression
and anxiety—but particularly to a higher risk of psychotic episodes—particularly among individuals with
genetic susceptibility [38—40] and mood disorders [19]. Despite the fact that many other components,
both mentally and physically, cohabit in every single one of these recent cases, it is almost impossible
to establish a direct causative link between marijuana use and the outcomes. Moreover, short-term
negative impacts have been discussed, including altered recent history, uncoordinated movement and
poor judgement [23].

The fact that there is a direct correlation between bloodstream levels of cannabis and drunken
driving performance [41,42] and the risk of deadly road crashes has been recently connected to
marijuana usage [43]. Last but not least, early research has linked marijuana usage to peripheral artery
disease, heart attack and brain hemorrhage [44,45]. But how does marijuana use impact the way you
breathe recreationally? It is helpful to contrast marijuana use with the model of tobacco use in respect
of the makeup of the smoke produced during combustion and the method or mode in which this drug
is smoked to better comprehend the adverse impact of inhaling cannabis on the lungs. Except for the
trace amount of caffeine, the smoke produced by burning marijuana leaves is composed of an elaborate
combination of chemical compounds, including sodium hydroxide, nitrosamines, naphthalene,
hydrocyanic acid, benzopyrene, phenols, benzotriazole and others [46]. Cannabis smoke also contains
cannabinoids, which are compounds that are unique to marijuana. When smoking cannabis, the method
of inhaling is distinct from that of tobacco users. In the first instance, smoking takes place in less time,
with greater combustion efficiency and with longer and more profound breaths [47].

The American Academy of Pediatrics (AAP) acknowledges the insufficient information available
to guide recommendations for clinicians regarding marijuana use. In 2018, the AAP recommended a
prohibition on marijuana consumption while nursing due to the lack of data on its effects on infant
behavior. However, the statement did not address whether marijuana use should be considered a drug
interaction for breastfeeding or whether expressed milk from mothers who use recreational marijuana
should be used to feed premature infants [48]. A mathematical model known as the NERA model was
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created by Dauhoo et al. to represent the dynamics of marijuana consumption in a particular community.
The approach makes a distinction between drug smokers and non-smokers, classifying marijuana
smokers as either addicted, recreational or experimental. The NERA model considers both marijuana
use and demographic dynamics [49].

The NERA model was updated by Ginoux et al. to include the predator-prey concept, where drug
users are predators and non-users are prey. The model is stochastic and considers the relationships
between different groups, with individuals potentially switching between groups. The model is a useful
tool for studying the social dynamics of drug use and addiction. Based on the concepts of predator-
prey relationships, the factors that cause fluctuations in the number of participants in a group can be
referred to as one group preying on another. In this scenario, non-users are the prey for three groups:
experimental smokers (£), recreational smokers (R) and addicted smokers (A4). Addicted smokers (A4)
are predators of all recreational smokers (R) and non-users (N), while experimental users (£) prey on
both recreational smokers (R) and non-smokers (N). There are two types of functional responses that
affect the development of prey (non-users) and predators (experimental, recreational, and addicted
users). If there are no predators, the growth of prey (N) should be limited for stabilization and the
saturation of the predator population (as the concentration of predators can impact other predator
groups) should also be considered to prevent destabilization [50]. The set of differential algorithms
that follows is recognized as the Dauhoo model, often referred to as the NERA model, and its
mathematical framework are presented in Equation (1). Additionally, the schematic representation of
the existing model is shown in Figure 1.

N=p8=(B+nrE+1RN +15E + 1sR + 154,

E=—(8+1;—1r N +1,R)E + r,NR, "
R = _(ﬁ + 7‘4 +T‘5 —rzE)R,
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Figure 1. Schematic representation of the existing model [49].
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2. Model formulation

The process of translating our understanding of a natural system into a mathematical form is
known as model formulation. Construction of a conceptual model and its expression into mathematical
equations are the two processes involved. We start by choosing the key components (state variables)
and the flows that describe the exchange of matter, energy or momentum between them. We
demonstrate that the conceptual model equations simply express the rate of change of the state
variables as the sum of all flows that enter minus all flows that leave the compartment based on the
conservation principle.

In this section, we develop a modified version of the NERA model by incorporating a new
compartment that represents smokers who are being moved to jail due to police intervention; this
compartment is critical in the community’s prevention of marijuana smoking. The total human
population is represented by N (t), this population size is divided into two main categories, marijuana
users and non-users (Sy). Individuals in non-smoking compartments may be attracted by smokers.
Furthermore, marijuana smokers are subdivided into four different compartments, which represent
different stages of smoking approaching to be addicted. These compartments are the “experimental
smoker’s compartment (Sg)”, “recreational smoker’s compartment (Sg)”, “addicted smoker’s
compartment (S;)” and “prisoner’s or arrested smoker’s compartment (Sp)”. Individuals in the
experimental smoker’s compartment are those who interact with recreational individuals, are affected
by them and try to smoke marijuana as an experiment for the first time. Those who engage in social
interactions with addicts and are influenced by them are classified as recreational smokers because
they start using marijuana for pleasure. At some point, both recreational and experimental users of
marijuana will develop addictions because of their consistent, slow-burning use of the drug.

The individuals who are addicted play a crucial part in the model because they interact with non-
users and encourage them to use drugs and engage in other illegal actions. The arrested compartment
is made up of people who were moved from the addicted compartment to jail due to police intervention.
Furthermore, we will discuss in the next part the descriptions of the parameters that will be used in the
proposed model. The parameter $ denotes the population’s birth rate, and a represents the
percentage of the casual class (smokers) who have an impact on non-smokers (susceptible). The
percentage of affected individuals who moves to the category of casual smokers after the interaction
with addicted individuals is represented by the parameter a,. The ratio of affected users who become
non-users again because of advice of elders or religious scholars is represented by the parameter as.
The parameter a, represents the influence rate of addicted smokers on susceptible (non-smokers).
The percentage of addicted people who return to susceptible (non-smokers) because of their restricted
surroundings is denoted by the parameter a,. The ratio of those who are only somewhat hooked going
up to the highly addicted class is known as m;. The parameter m, is the proportion of habitual
smokers who are imprisoned. The percentage of those individuals who were in jail, have completed
their jail sentences and go back to susceptible class is denoted by the parameter m5. After some time,
some of them go back to the addicted compartment with the ratio «,, while others return to the
sensitive compartment. The death ratio encountered by police is denoted by the parameter e, and the
human death rate from natural causes is represented by p.

2.1. The dynamical concept representing the modified model

We define our parameters in Table 1 (all of which are genuine and positive). For clarity of use,
we standardize population to 1. To do this, we establish a collection of dependent variables
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(Sn, SE, Sk, S4 and Sp) such that (Sy) = the percentage of non-smokers in the community, (Sg) = the
percentage of experimental smokers in the community, (Sg) = the percentage of recreational smokers
in the community, (S,) = the percentage of addicts in the community and (Sp) = the percentage of
prisoners in the community, where all the above-discussed classes are presented in Equation (2).
Furthermore, the schematic representation of the modified model is shown in Figure 2.

SN+SE+SR+SA+SP=1' (2)

Figure 2. Schematic representation of the modified model [51].

(S.N =95 — (aSg — a8y + WSy + a3Sg + aySg + m3(1 — a3)Sp,
Sg = aSgSy — (a; + az + WS;,

Sgp = @848y + 415 — (Mg + a, + P)Sg, (3)
l SA = THISR + m3azsp - (mZ +e+ H)SA,
Sp = myS, — (M3 + W Sp.

The parameter descriptions are listed in Table 1.
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Table 1. Meanings of the parameters.

Symbols  Parameters definitions Values References

S Population’s birth rate 0.0015875 day ! [52]

a The percentage of the casual class (smokers) 0.446 day ! [49]
who have an impact on non-smoker’s
(susceptible)

a; The ratio of affected persons who switchto 0.5 day ! [49]
the category of casual smokers

a, The influence rate of addicted smokers on ~ 0.001201 day ! [51]
susceptible

as The ratio of afflicted individuals who become 0.17 day ! [49]
susceptible again because of advice

a, The percentage of addicted people who return0.002 day ! [49]
to susceptible (non-smokers) because of their
limited surroundings

my The ratio of those who are only somewhat ~ 0.025 day ! [49]
hooked going up to the highly addicted class

m, The proportion of habitual smokers who are 0.22 day! Assumed
in jail

ms The percentage of those individuals who 0.0157871 day! Assumed
finish their jail duration

a, The percentage of convicts who eventually  0.03 day ! Assumed
return to the addicted compartment
The death ratio encountered by police 0.0005 day ! Assumed

il Natural death rate of human population 0.066 day ! [52]

2.2. A review of the suggested model

In this section, we covered the invariant region, the basic reproduction number R, and model
characteristics, including marijuana-free equilibrium (MFE).

2.2.1. Invariant region

The presented mathematical model is related to the live human population. Hence, we assumed
all the state variables and parameters utilized in the suggested model are always non-negative at time
t = 0. This includes the dynamics of the entire human population, where the complete population is
shown by the differential equation below [53,54]:

P:SN+SE+SR+SA+SP'

Equation (4) is solved to obtain.

P=S—uP—eS, [53].

AIMS Bioengineering
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Equation (5) gives us.

P <$S—uP [53]. (6)
By solving Equation (6), we get
P < P(0)e ™™ + %(1 —eH)y p S% when t -» oo [53]. (7)
We assert the following conclusion in consideration of the analysis above.
2.2.2. Proposition
The region of the suggested model, as described by
M = [(Sn, Sz, Sg,SaSp) € RSP < %]. ®)

2.3. Basic reproduction number

Reproductive number, R, refers to the number of secondary addictions that a single primary
addiction can cause in an entirely non-smoking population. The following generation matrix [55-57]

discovers the reproduction number as

R0=

p(FV~1) [58,59],

)

where p determines the spectral radius. Moreover, f possesses the Jacobian J; = F.

f1 aSRSN
f, 0

The column in Equation (10) represents the people who develop addiction.

9(f1)

o(f1)
/5(515)

0(SR)
a(f2)

o(f1)
0(5,4)\

P I

0(Sr)
a(f3)

0 aSy 0
o) |=<0 0 a25N> [58].

9(Sa)
a(fs) 0 0 0

0(Sg)
\5(f3)
d(Sg)

0(Sr)

9(Sa)

For convenience of writing, Equation (11) is written as follows:

0
F:<o
0

J, =V s the Jacobian of v.
Where:

AIMS Bioengineering
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(10)

(1D
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%1 —(a, + a3 + W)Sg
V = <U2) = alsE - (ml + Ay + IJ)SR , (13)

V3 mySg — (M3 + WS,

In Equation (13), the column of matrix V displays the individuals who join or leave the harmed class,
excluding those who are from the non-smokers class.

dw) (v ()
36y 9Gn IGH

awy) awy) aws)

=136 360 3Gy | (14
0(s) A(vy) O(vs)

d(Sg) 9(Sg) 0(Sa)

—(a; +az; +p) 0 0
V= b —(my +a, + 1) 0 [58,60], (15)
0 mq —(my + )

For convenience of writing, Equation (15) is written as follows:
-Q; O 0
V= ( a —Q 0 ) : (16)
0 my =03 (MFE)

Following are the dominating eigenvalues of (FV 1) and Ry:

Ry =+/((a* M *a)/(Q1 * Q3)), (17)
aa;y

= . 18

Ko \/u(a1+a3+u)(m1+a4+u) (18)

2.3.1. Biological interpretation of R,.

According to Equation (18), here, a represents the percentage of the casual class (smokers) who
have an impact on non-smokers (susceptible), while a, is the ratio of affected (experimental) persons
who switch to the category of casual smokers. Due to the high influence rate of marijuana smokers on
susceptible persons, the term aa,S of R, suggests that some members of the vulnerable (non-
smokers) class will start smoking marijuana and thereby join the marijuana smoking group. As a result,
aa,S implies that marijuana is being transferred from smoker individuals to susceptible (non-smoker)
individuals. The other components (parameters) included in R, only specify the intensity of R,. R
naught has the threshold property, which means that if R, > 1, the disease may cause a high number
of new infections, whereas if R, < 1, each infected individual creates, on average, less than one
secondary case over its lifespan as infectious. Therefore, the epidemic will progressively vanish. In an
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epidemic situation, determining the accurate R, is essential because it guides subsequent control
measures and may be compared to the efficient reproductive number after interventions [61]. In other
words, the system dynamics indicates that, if R, < 1 the number of infectious individuals
monotonically converges to zero. Conversely, if R, exceeds 1, the individual initially rises before
eventually diminishing, underscoring that R, is equal to 1 serves as a distinct threshold, determining
whether the disease will be dying out or lead to an epidemic [62].

2.4. Sensitivity analysis of R

The ratio of the relative change in the variable to the corresponding difference in the parameter is
known as the normalized advance sensitive indices of a variable in relation to a parameter. The
sensitive indices can also be constructed via partial derivatives when the variable is a differentiable
function of the parameter [63].

2.4.1. Definition

The generalized forward-sensitive indices of R,, which differ from one another with respect to
the parameter b, are defined as

R OR b
o =20 x o [58] (19)

Using the Definition (2.4.1), the sensitivity indices for each parameter are shown in Table 2.

Table 2. Indices for parameter sensitivity.

Parameters Values Sensitivity indexes
a, 0.002 —0.0032
as 0.17 —-0.1164
my 0.025 —0.4006
m 0.066 —0.6372
a, 0.5 +0.1575
a 0.446 +0.5000
S 0.0015875 +0.5000

3. Control strategies

In this section, we discussed the sensitive behaviors of the parameters that are used in the
model. The present value of a parameter is exactly proportional to the initial speed of transmission
R, if it has a positive sensitivity index, such as the sensitivity index of the human birth rate §,
which is +0.5000. The value of the parameter is inversely proportional to the rate of initial transmission
of marijuana, R, when the parameter has a negative sensitivity index, such as the sensitivity index of
the human death ratio, which is —0.6372.

A high value for a parameter will contribute more significantly to the transmission of marijuana
than if its sensitivity index is low. Despite having high sensitivity indices, certain parameters, such as
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the natural death rate and the birth rate of the human, cannot be changed.

Here we construct five major parameters that are most sensitive: a is the percentage of the
recreational class (Sg) who have an impact on non-smokers (susceptible), a; is the ratio of
experimental (Sg) persons who switch to the category of recreational smokers (Sg), as is the ratio
of afflicted individuals who become susceptible (non-smokers) again because of advice, a, is the
percentage of addicted people who return to susceptible because of their limited surroundings and m,
is the ratio of those who are only somewhat hooked going up to the highly addicted class. The control
techniques shown in Table 3 indicate the highest possible values for these initiatives.

Table 3. The values of the parameters for various strategies.

Strategies my a a; as a,
Strategy-1 0.045 0.00345 0.03 0.027 0.0042
Strategy-2 0.215 0.000511 0.002 0.367 0.0621
Strategy-3 0.025 0.446 0.5 0.17 0.002

4. Results and discussion

The following generated figures represent the results of the indicated strategies. As this study is
connected to the human population, the human population cannot be negative. Hence, we have
assumed certain positive initial values for each compartment, such as Sy(0) = 1000, S;(0) = 20,
Sg(0) =20, S,(0) =20 and Sp(0) = 10. With the help of MATLAB, we use the fourth order
Runge Kutta (RK4) method for the numerical simulation of the developed strategies, as the RK4
method has several advantages, making it a widely used numerical technique for solving ordinary
differential equations (ODEs). The numerical technique most frequently used to calculate an estimate
at each step of the sequences is RK4. Three approaches are used to solve the ten ODEs of the first-
order equation with boundary conditions. The RK4 approach is superior in every scenario across every
field, according to comparison data in [64]. Meanwhile, [65] showed RKS5 and RKS are less efficient
than RK4 since RK4 involves less computational time to compute truncation global error in the
numerical solution.

RK4 often provides more accurate solutions, especially for ODEs with complex behaviors. This
method is generally more stable than some other numerical methods for solving ODEs. It can handle
a wide range of ODEs without encountering stability issues, making it suitable for various applications.
RK4 is versatile and applicable to a broad class of ODEs. It can be used for both stiff and non-stiff
systems. In some applications, RK4 has been observed to better conserve energy compared to simpler
methods. This is an important consideration in simulations of physical systems where energy
conservation is a crucial property.

A few limitations of the RK4 method are as follows: This method can accumulate numerical errors
over time. For problems with rapidly changing behavior, higher-order methods or adaptive step-size
control may be more suitable to maintain accuracy because the Rk4 method may require small step
sizes. Extending RK4 to higher-order ODEs can be complex, often requiring the transformation of
higher-order equations into equivalent first-order systems. This complexity may make other methods
more straightforward for higher-order problems [66].
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Figure 3. Graphical representation of Strategy 1.
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Figure 5. Graphical representation of Strategy 3.
4.1. Result of strategy 1

As a result of Strategy 1, marijuana smoking can be controlled in 23 months. Figure 3A
shows that the experimental compartment of individuals converges to zero in 150 days with the
recovery of 480 individuals. The compartment of recreational smokers moves to zero in 165 days
with the recovery of 120 individuals, as shown in Figure 3B. The addicted class converges to zero
in 196 days with the recovery of 46 persons, as shown in Figure 3C. The prisoners class moves to
zero in 197 days, along with the recovery of 10 individuals, as shown in Figure 3D.

4.2. Result of Strategy 2

Using this strategy, marijuana use can be reduced over a period of around 19 months. In 83
days, the density of experimental smokers (Figure 4A) decreases to zero. Figure 4B illustrates how
the density of recreational smokers decreases to zero in 120 days. According to Figure 4C, the
density of smokers who are hooked decreases to zero in 187 days. Additionally, Figure 4D
represents the convict’s class, which is reduced to zero in 190 days. Moreover, with the recovery
of 95, 133, 198 and 35 individuals respectively, these categories are coming to an end.

4.3. Result of Strategy 3

With the use of this effective strategy, marijuana use can be decreased in around 22 months.
Figure 5A illustrates how the density of experimental smokers can be controlled in 146 days. The
outcome of the recreational class, which can be managed in 175 days, is shown in Figure 5B.
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Figure 5C shows the results for the addicted class using this approach, which can be controlled in 169
days, and Figure 5D shows the results for the prisoner’s class, which can be controlled in 199 days.
Furthermore, with the recovery of 1000, 641, 102 and 157 individuals respectively, these
compartments can be controlled.

4.4. Comparison between strategies of the modified model

In this section, the author compares the proposed strategies for controlling marijuana smoking.
Strategy 1 can recover 4.20 individuals per day, Strategy 2 can recover 3.49 individuals per day and
Strategy 3 can recover 11.9 individuals per day. The numerical result of these strategies for its
comparison is constructed in Figure 6.
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Figure 6. The stacked bar chart illustrates the comparison of the proposed strategies.
5. Conclusions

In this study, the author modified the NERA model by incorporating a new compartment called
prisoner’s class. The mentioned class is a realistic one, and due to missing this class, it is very difficult
to reduce and recover the number of marijuana smokers in the population. For this mathematical
framework, the author used a system of first-order non-linear ordinary differential equations.
Furthermore, the invariant region, basic reproduction number and sensitivity analysis were addressed
for different purposes. The invariant region is the part of the methodology that was solved for the
validation of the modified model. For the initial rate of transmission of marijuana smoking, the basic
reproduction number was carried out and sensitivity analysis helps us find out the most sensitive
parameters that are involved in marijuana transmission. Finally, the authors have constructed three
strategies for reducing marijuana smoking using the most sensitive (targeted) parameters. After
numerical simulation, the author achieves the result that Strategy 3 is more effective than the other two
strategies, as shown in Figure 6. Comparatively, the effective strategy of the modified model is also
more rapidly convergent than the existing model. Due to this achievement, the proposed study
concludes that the modified model is more significant than the earlier model. In the upcoming study,
the author can employ novel techniques called optimal control problem and threshold conditions so
that marijuana smoking can be expected to control at minimum cost and time.
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