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ABSTRACT. This paper analyses the impact of I–502 implementation in the state of Washington,

using the NERA model. The NERA system comprises of 4 classes of users namely, N: nonusers, E:

experimental users, R: recreational users and A: addicts. The persistence of illicit drug use is proved

when the conditions R0 > 1 and µ > 1 are ensured. Data available in [33], from 2011 to 2015, is

opted for estimating the values of the coefficients for the model. Genetic algorithm is performed

and the best coefficients with minimum sum of squared error are obtained. The numerical results

indicate a rise in the peer pressure that recreational users and experimental users exert on nonusers

to try drugs in the post legalisation period. The concept of targeted campaigns of prevention is

explained and a numerical study of the effectiveness of such campaigns of prevention, enacted before

I–502, is conducted. The results show a decline in the proportion of experimental, recreational and

addict users by 1%, 8% and 3% respectively. The latter numerical simulation reveals that targeted

campaigns of prevention prior to legalisation can help to attenuate abusive use of that drug.

AMS (MOS) Subject Classification. 39A10.

1. Introduction

With the changing landscape of marijuana laws in the United States, there is an on-

going debate over whether these laws have increased the consumption of marijuana.

To date, 11 states and the District of Columbia have legalised recreational use of mar-

ijuana and 34 states allow the use of medical marijuana with an appropriate license.

In [1], it is reported that more than 55 million American adults have used marijuana

in any given month. It is noteworthy that the majority of these users are recreational

since there are only about 2 million medical marijuana patients in the United States.
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It is imperative to differentiate between recreational marijuana legalisation and med-

ical marijuana legalisation. States that have legalised medical marijuana have passed

laws that give patients access to marijuana for medical treatment purposes. Most

states that allow the use of medical marijuana have a state registration system that

issues medical marijuana cards to registered patients. The amount of marijuana that

a patient can legally possess varies from state to state [2]. Prior studies have shown

that medical marijuana is effective for its therapeutic effects. Patients with diseases

namely, AIDS, cancer, chronic pain, persistent muscle spasms, severe nausea, among

others use marijuana [2]. In [3], it is stated that medically prescribed marijuana re-

lieves pain in patients with advanced cancer and may also inhibit the growth of tumor

cells. Additionally, it has been proven that marijuana use prevent vomiting in cancer

chemotherapy patients. It is also remarkable that more than 62% of people who use

medical marijuana is for treating chronic pain [4].

It should be stressed that recreational marijuana consumption differs from medical

marijuana use. Recreational use is the consumption intended to alter the user’s state

of consciousness, with the goal of achieving some sense of euphoria or relaxation [1].

Further, a recreational user seeks to achieve an improved state of mind, whereas the

medicinal user seeks to treat a neurotransmitter imbalance that hinders their ability

to function normally. The present study deals with the abusive use of marijuana

consumption for recreational purposes only.

The recreational use of marijuana among youth is a growing concern to the world [5].

The crucial issue to address is how to deal with recreational users because they are

those who then become the advocates of drug consumption and eventually addicts

very often. Current prevention strategies are insufficient to address this social epi-

demic. Therefore, modification of existing drug interventions and the development of

new drug policies to better respond to this complex phenomenon is crucial. In [6], it

is reported that one cannot draw firm conclusions when relying only on national col-

lected data. Moreover, it is also stated that distinct figures representing the frequency

of usage and the amount consumed will eventually provide insights on the evolution

of this social epidemic, thereby giving a more accurate picture of the trends.

In November 2012, the state of Washington passed Initiative 502 (I–502) to legalise

recreational marijuana use for individuals aged 21 years and older. Since then, six

additional states and the district of Columbia have followed suit and all of these

states’ have restricted legal access to recreational marijuana to those 21 years and

older [7]. It should be highlighted that the revenues collected from marijuana taxes,

fees and penalties were used to fund public education campaigns, evidence-based pre-

vention and treatment programs [8]. Therefore, several campaigns were created with

the fundings obtained from I–502 and as a result, campaigns did not begin until two

years after legalisation [6]. This is a paradoxal attempt to curb the propagation of
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illicit drug use because it is typically enhancing the proliferation of a contagious epi-

demic in a population and then start a campaign of vaccination to prevent it from

becoming a pandemic.

Primarily, in 2014, the Department of Health (DOH) of the Washington State has

built up a ‘Youth Marijuana Prevention campaign’ to encourage parents to com-

municate with their children about the disapproval of using marijuana. In 2016,

this prevention and education campaign has directly targeted young people aged 12–

17 [9]. Another media-based education campaign, the ‘Listen2YourSelfie’, targeted

youth aged 17–21. The aim of the campaign was to educate youth about the risks of

marijuana and empower them to make healthy choices with the slogan: “Remember

what’s important, Forget marijuana” [10]. Recently, in April 2018, the DOH of the

Washington State launched a new campaign, ‘You Can’, which is the next step of

the ‘Listen2YourSelfie’ campaign, in the aim of disseminating information about the

consequences and risks of consuming marijuana. Also, school-based health providers

and staff are involved in this campaign. In addition, the latter campaign encourages

young people to pursue their future dreams and helps them to see the fatal face of

marijuana use that may distract them from their goals [11].

In the report of [12], it is revealed that those who initiate marijuana use at a younger

age are four times more likely to become addicted if they use marijuana as a teen.

Thus, delaying or preventing the first use of illicit drugs is crucial. These works men-

tioned above highlight the importance and effectiveness of campaigns of prevention

targeted at experimental users, in thwarting illicit drug consumption. Additionally,

in [13], it is stated that the United States have relied on the school-based program

namely, D.A.R.E, which have been shown to have limited effectiveness. In [14], it is

reported that the trends in marijuana use before and after legalisation in Colorado

and Washington showed that the proportion of youth reporting past 30-day use has

decreased or stayed fairly steady over time. It should be underlined that no significant

differences were observed when compared to states without recreational marijuana le-

galisation. Further, it is argued that prevention should aim to reduce harm and not

prevent all use [15]. These observations shed light on the importance of implement-

ing targeted campaigns of prevention which focus on preventing the experimental and

recreational users from initiating nonusers into marijuana use.

On 17 October 2018, Canada became the second country to legalise the possession,

consumption, and licensed sale of cannabis, after Uruguay. It is not surprising to

mention that Canada is already experiencing cannabis shortages [16]. Here, there is

evidence that legalisation encourages the experimental use of the drug. Later on, our

numerical experiment will confirm a similar situation for the state of Washington.

That is, it is shown that there is an increase in the population of experimental users
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just after the enactment of I–502. Moreover, the Government of Canada has commit-

ted close to 46 million dollars over the next five years for cannabis public education

and awareness activities. These are to inform Canadians, especially youth, of the

health and safety risks of cannabis consumption [17]. Thus, it is vital for the govern-

ment and policy makers to be aware of how best to implement awareness campaigns

on marijuana use so that the proliferation of recreational and abusive marijuana use,

does not increase after the legalisation.

Due to the recent changes in marijuana policies in many states, there are not many

studies being done on the impact of marijuana use among adolescents prior to and

post the legalisation. Hence, the present study aims to evaluate the effect of targeted

campaigns of prevention on both the experimental and the recreational users in the

state of Washington, using the NERA model.

2. Some Existing Dynamic Models of Illicit Drug Consumption

The new trends in illicit drug consumption is creating new challenges for both re-

searchers and scientists in monitoring and investigating this social epidemic effec-

tively. Extensive research has been going on in modelling the evolution of illicit drug

usage and several drug models have been formulated to explore this social dynamic.

Despite such advances in research along with the implementation of new drug poli-

cies, illicit drug consumption is still skyrocketing around the globe and is causing

drastic consequences to the youth. The challenge comes largely from the fact that

it is difficult to acquire data on illicit drug usage from the individuals as they are

unwilling to give out such information [18]. Consequently, it poses many difficulties

to both scientists and the government to address and control this complex problem

effectively. Extensive, qualitative and quantitative research into this phenomenon is

essential.

As mentioned in [18], dynamic drug models are an interesting approach to gauge

the behaviour of this phenomenon under different circumstances, by varying distinct

parameters of the system and investigating the corresponding outcomes. This semi-

experimental process of modifying certain parameters of the model and evaluating

the resulting outcomes is called ‘what if’ scenario analysis [19]. It is noteworthy that

policy makers and scientists are seeking answers to several questions concerning the

emerging rise of illicit drug use. For instance, the questions are as follows: ‘what

trends are emerging following a legalisation in a certain population?’, ‘which policies

are more effective?’ and ‘what are the associated costs related to the implemented

policies?’ [20]. Hence, mathematical modelling can be an efficient predictive tool and

as such becoming a useful device to aid researchers in designing and choosing appro-

priate intervention drug measures. Also, through dynamic models, researchers can

simulate policy experiments that are not possible in real life due to practical reasons
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since performing experimentation on a human population is often impossible, uneth-

ical and expensive [21]. The work of [22], [23], [18] and [24] are notable examples

where the authors have analysed this social epidemic using the NERA model.

The main objective of the present work is to use the NERA model in order to assess

the impact of I–502 on recreational marijuana consumption, in the state of Washing-

ton. It should be stressed that this work does not address the question of whether

legalisation is the solution or not, it instead focuses on the design of how best to

implement legalisation in a certain population by implementing targeted campaigns

of prevention to the youth.

The paper is organised as follows: Section 3 describes the NERA system while Section

3.2 presents an analysis of the model. The permanence of illicit drug use is proved

in Section 3.3. Section 4 culminates into the verification of the NERA model. Data

available in [33] is opted for the verification of the model and genetic algorithm is

conducted for the periods pre and post I–502, in the state of Washington. The effect

and a quantitative analysis of the enactment of targeted campaigns of prevention be-

fore and after I–502, is examined thoroughly in Sections 5 and 6. Certain limitations

pertaining to the present study are given in Section 7 and the concluding remarks are

eventually provided in Section 8.

3. The NERA Model

Figure 1. Schematic representation of the NERA model.

The NERA system is a four compartmental model, consisting of both drug users and

nonusers (N). Three classes of illicit drug users are considered, namely, experimental
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users (E), recreational users (R) and addicts (A). The proportion of each category at

a particular time, t is represented as N(t), E(t), R(t) and A(t) respectively, such that

N(t) + E(t) +R(t) + A(t) = 1,

where the total population is normalised to 1 unit. Figure 1 depicts a schematic

representation of the model. The transition of an individual from a class to another

is represented by the different arrows, as shown in Figure 1. More details of the

NERA model can be found in [22], [23] and [18].

The following system of ordinary differential equations delineates the dynamics of

N(t), E(t), R(t) and A(t).

dN(t)

dt
= r5R(t) + r3E(t) + r6A(t) + β − βN(t)− r1N(t)R(t)− r1N(t)E(t),

dE(t)

dt
= r1(E(t) +R(t))N(t)− r2R(t)E(t)− (β + r3)E(t),

dR(t)

dt
= r2R(t)E(t)− (β + r4 + r5)R(t),(3.1)

dA(t)

dt
= r4R(t)− (β + r6)A(t).

Table 1 gives the definition of all the parameters involved in the system.

Table 1. Interpretation of the parameters in the NERA model.

Parameter Physical Meaning

r1 Influence rate of E(t) and R(t) on N(t)

r2 Influence rate of R(t) on E(t)

r3 Rate at which experimental users quit drugs

r4 Rate at which recreational users change to addicts

r5 Rate at which recreational users quit drugs

r6 Rate at which addicts quit drugs

β Rate of moving in or out of the population due to ageing

3.1. The versatility of the NERA model. Mathematical modelling of infectious

diseases unearth the complexities underlying the infection and furnish invaluable in-

sights into the evolving mechanisms that drive disease invasion and spread. To obtain

a swift and a first approximation of the proliferation of a disease, it is adequate to

use a version of the classical SIR model [25]. Nonetheless, with major outbreaks

emerging in the world namely, swine influenza, SARS, Ebola and more recently the

Covid-19 pandemic, have fuelled the need for a more precise description of the disease

dynamics that emanates predictive power to be used for implementing measures for

disease extinction, suppression of its spread and control [26].



RECREATIONAL USE OF MARIJUANA IN THE STATE OF WASHINGTON 279

A major assumption often employed in mathematical models that mimic disease dy-

namics is that the recovery state is attained only after the final state of infection.

It is important to note that the progression of an infectious disease is stratified into

five periods namely, the incubation, prodromal, illness, decline, and convalescence

periods. These periods are categorised by the severity of signs and symptoms [27].

Accordingly, since the NERA system is partitioned into subcategories that depend

on the frequency of drug use and which is alike to the severity of signs and symptoms

of an infectious disease, the latter system can be easily adapted to model numerous

infectious diseases.

It should be accentuated that unlike the basic compartmental models where the users

join the recovered class only after the final state of infection, in the NERA system

the drug users can join the nonuser class after being in any of the infected states. In

addition, it should be stressed that in the modelling of infectious diseases, numerous

studies violate the fact that infected individuals with mild symptoms can also recover.

Such practical and reasonable fact is often seen to be neglected when setting up a

mathematical model as a single class of infected individuals is commonly incorporated

in the established model. For instance, in the context of the Covid-19 pandemic, it

is underscored that individuals with mild symptoms can also worsen the spread of

the disease, making it challenging to contain the spread. Moreover, infected individ-

uals of the Covid-19 pandemic have been categorised as mild, severe and critical [28].

Further, it should be highlighted that these 3 cases of infected individuals have seen

to recover [28][29].

In light of the above, these 3 categories are seen to reflect the dynamics of the three

infected classes that are embodied in the NERA system. Therefore, the NERA system

is perceived to be highly flexible to model any infectious disease. With the NERA

framework, various targeted strategies can be devised and enacted in order to better

understand the continuously changing dynamics of an outbreak. Consequently, these

features make the NERA model different from the basic compartmental models as

the system can capture the key features that are responsible for the spread of any

contagious disease in a certain population. In a certain sense, the versatility of the

NERA model is paving the way to a more detailed study of epidemics.

The next subsections deal with the analysis of the NERA system and it is shown that

the model exhibits uniform permanence of illicit drug use, under certain conditions.

3.2. Analysis of the NERA model. This NERA framework has been first analysed

and investigated in [22] to explore the dynamical behaviour of the evolution of illicit

drug use within a given population. The authors analysed the nonlinear dynamical

system as illustrated by system (3.1), using data available in [30].
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The latter work was revisited in [23], where the nature of the solution of the NERA

model was studied. The uniqueness, positivity and boundedness of the solution was

proved. The main focus was the formulation of a stochastic system, called SNERA.

The model was extended by taking into account the unpredictability of person-to-

person contact. That is, the stochastic system takes into account the social inter-

actions that are responsible for the drug use spread within drug users’ community

which caters for the stochastic aspect of drug experimentation.

Recently, the NERA model has been further scrutinised in [18]. System (3.1) is

analysed in the region

(3.2) Ω =
{

(N,E,R,A) ∈ R4
+ : 0 ≤ N + E +R + A ≤ 1

}
,

which is a positively invariant set.

The model has the following 3 equilibria:

1. The Drug Free Equilibrium, (DFE), P0 = (1, 0, 0, 0) which represents a popula-

tion free of drug users.

2. The Recreational Addict Free (RAF) equilibrium, P ∗ = (N∗, E∗, R∗, A∗) where,

N∗ =
β + r3
r1

, E∗ =
r1 − r3 − β

r1
and R∗ = A∗ = 0.(3.3)

As mentioned in [22], P ∗ is known as the RAF equilibrium since the population

consists only of nonusers and experimental users.

3. The Drug Endemic Equilibrium (DEE), P ∗∗ = (N∗∗, E∗∗, R∗∗, A∗∗) which con-

sists of all the four categories of drug users.

In order to analyse the model qualitatively, two threshold terms namely, R0 and µ of

model (3.1) are derived that deduce when consumption of drugs is more probable to

die out or persist in a population. The first reproduction number, R0 for the system

is given as

(3.4) R0 =
r1

β + r3
,

which is defined as the average number of individuals from the nonuser category, who

are influenced by a member of the drug user population to become experimental users

and recreational users.

In addition, the analysis conducted in [18] revealed that when R0 < 1, the DFE

is both locally and globally assymptotically stable. However, as R0 > 1, the DFE

loses its stability and becomes unstable. R0 > 1 gives rise to the appearance of

two possible endemic equilibria namely, the RAF equilibrium and the DEE. The two

endemic equilibria are stable when R0 > 1, under certain conditions.
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Since R0 =
r1

β + r3
,

(3.5) R0 > 1 =⇒ r1 > β + r3.

An epidemiological interpretation of R0 > 1 is that the average number of new drug

users in the experimental category due to the influence of an experimental user or

a recreational user on the nonuser category is more than one. In other words, each

individual of the experimental and recreational categories is influencing more than

one nonuser to initiate drug use in order to join the experimental category. This

can be a feature of societies in which marijuana is legally recreational unless proper

campaigns of prevention are implemented. The DFE will no longer exist when R0 > 1

since the experimental and the recreational users exert a maximum influence on the

nonusers to try drugs. As a result, another endemic equilibrium emerges and persists

in the population.

The second reproduction number, µ is given as

(3.6) µ =
r2(r1 − r3 − β)

r1(β + r4 + r5)
.

In terms of R0, µ can be written as

(3.7) µ =
r2(r1 − r3 − β)

r1(β + r4 + r5)
=

(
R0 − 1

R0

)
r2

(β + r4 + r5)
.

From Table 1, r2 represents the influence rate that recreational users exert on the ex-

perimental category. A recreational user is expected to spend on average,
1

(β + r4 + r5)
time units in the recreational category. Heuristically, µ can therefore be defined as the

influence that a recreational user exert on the experimental users during its lifetime

in the recreational category.

When R0 > 1 and µ < 1, the RAF equilibrium is locally assymptotically stable while

the DEE is unstable. That is, the population is recreational addict free.

Moreover, it should be remarked that

(3.8) µ =

(
R0 − 1

R0

)
r2

(β + r4 + r5)
<

r2
(β + r4 + r5)

.

Therefore,

(3.9) µ > 1 =⇒ r2
(β + r4 + r5)

> 1 =⇒ r2 > (β + r4 + r5).

Epidemiologically speaking, from inequality (3.9), µ > 1 means that the influence

rate of recreational users on the experimental users increases to become larger than

1. In other words, each recreational user is influencing more than one experimental

user during its lifetime in the recreational category. As a result, this renders the RAF



282 YUSRA BIBI RUHOMALLY, MUHAMMAD ZAID DAUHOO, AND LAURENT DUMAS

equilibrium to be unstable and indicates the appearance of the DEE, where all the

four categories coexist in the population.

Additionally, when r2 >> r1, µ increases significantly. That is, the recreational users

exert a stronger influence on the experimental category as compared to the influence

that they exert on the nonusers. Such a situation where drug users may influence

experimental users significantly can occur post the legalisation of certain illicit drugs

in a certain population. Thus, when R0 > 1 and µ > 1, both the DFE and the RAF

equilibrium are unstable while the DEE is stable.

From the definition of R0, µ and the latter inferences, it can be concluded that in order

to eradicate illicit drug consumption in a given population, the basic reproduction

number, R0 < 1. This threshold term becomes less than 1 when the parameter r1 is

reduced and the parameter r3 is increased accordingly.

Next, the permanence of illicit drug use in the NERA model when µ > 1 and R0 > 1,

is shown.

3.3. Persistence of drug consumption. The study of uniform persistence of model

(3.1) requires the introduction of the following sets:

Ω =
{

(N(t), E(t), R(t), A(t)) ∈ R4
+ : N(t) + E(t) +R(t) + A(t) ≤ 1

}
,

Ω0 = {(N(t), E(t), R(t), A(t)) ∈ Ω : E > 0, R > 0, A > 0} ,(3.10)

∂Ω0 = Ω \ Ω0,

We next introduce the following Lemma.

Lemma 3.1. Each solution (N(t), E(t), R(t), A(t)) of Equations 3.1, with initial con-

ditions ∈ Ω0 remains in Ω0 for all t > 0.
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Proof. Solving the system of Equations 3.1 with initial value (N(0), E(0), R(0), A(0)),

the solutions for N(t), E(t), R(t) and A(t) are given as follows:

(3.11)

N(t) =e−
∫ t
0 β+r1E(s)+r1R(s)ds

×
[
N(0) +

∫ t

0

(β + r3E(s) + r5R(s) + r6A(s))× e
∫ s
0 β+r1E(c)+r1R(c)dcds

]
> 0, ∀t > 0,

E(t) =e−
∫ t
0 β+r3+r2R(s)−r1N(s)ds

×
[
E(0) +

∫ t

0

r1N(s)R(s)× e
∫ s
0 β+r3+r2R(c)−r1N(c)dcds

]
> 0, ∀t > 0,

R(t) =R(0)× e
∫ t
0 r2E(s)−(β+r4+r5)ds > 0, ∀t > 0,

A(t) =e−(β+r6)t
[
A(0) +

∫ t

0

r4R(s)e(β+r6)sds

]
> 0, ∀t > 0,

for any (N(0), E(0), R(0), A(0)) ∈ Ω0, showing that Ω0 is positively invariant.

In view of the above, it is deduced that every trajectory in Ω0 eventually stays in

Ω0 ∀t > 0.

Theorem 3.2. If R0 > 1 and µ > 1, then model (3.1) is uniformly persistent, that

is ∃ δ > 0 such that

lim
t→+∞

inf N(t) > δ, lim
t→+∞

inf E(t) > δ, lim
t→+∞

inf R(t) > δ, lim
t→+∞

inf A(t) > δ

where δ > 0 is independent of the initial data in Ω.

In other words, when R0 > 1 and µ > 1, if the population consists of all the 4

categories, the latter remain non zero as t→∞.

Proof. The persistence theory of dynamical systems in [31] (Section 1.3 in Chapter

1) is employed to show that the 4 categories of drug users coexist when R0 > 1 and

µ > 1.

It is required to prove that system (3.1) is uniformly persistent with respect to (Ω,Ω0).

From Section 3 and from Lemma 3.1, it is seen that both Ω and Ω0 are positively

invariant.

Let (N(t), E(t), R(t), A(t)) be the solution of system (3.1) with initial condition

(N(0), E(0), R(0), A(0)) and we define

X = {(N(0), E(0), R(0), A(0)) ∈ ∂Ω0 : (N(t), E(t), R(t), A(t)) ∈ ∂Ω0, ∀t > 0} .(3.12)

Since the DFE is globally asymptotically stable, starting with the initial condition

(N(0), E(0), R(0), A(0)) = (N0, 0, 0, 0), where N0 > 0, then at any time t the system

remains in the DFE.
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Similarly, starting with a recreational addict free population and since the RAF equi-

librium is locally asymptotically stable and for t sufficiently small, the system stays

in the RAF state.

In other words, starting with the initial condition (N(0), E(0), R(0), A(0)) = (N0, E0, 0, 0),

where N0 > 0 and E0 > 0 and for t sufficiently small, the population remains recre-

ational addict free.

Clearly, the DFE and the RAF equilibrium are found in X. That is,

DFE1 = {(N0(t), 0, 0, 0) : N0(t) > 0} ⊂ X(3.13)

and

RAF1 = {(N0(t), E0(t), 0, 0) : N0(t) > 0, E0(t) > 0} ⊂ X.(3.14)

It is pointed out that DFE1 and RAF1 are 2 disjoint sets that is, DFE1∩RAF1 = φ.

It is next demonstrated that any element of X is either an element of DFE1 or an

element of RAF1. Thus,

X = DFE1 U RAF1.

If P = (N(t), E(t), R(t), A(t)) ∈ X, then at least 1 category of the population does

not exist. Therefore, there exists t0 > 0 such that either

(1) (E(t0) = 0, R(t0) > 0, A(t0) > 0) or

(2) (E(t0) > 0, R(t0) = 0, A(t0) > 0) or

(3) (E(t0) > 0, R(t0) > 0, A(t0) = 0) or

(4) (E(t0) = 0, R(t0) = 0, A(t0) > 0) or

(5) (E(t0) = 0, R(t0) > 0, A(t0) = 0) ∈ X.

It is noted that

P ∈ X =⇒ P ∈ DFE1 or P ∈ RAF1.

Considering the third case for (E(t0) > 0, R(t0) > 0, A(t0) = 0) and from the fourth

equation of model (3.1),

dA

dt
= r4R(t0) > 0.(3.15)

It then follows that ∃ ε0 > 0 such that A(t) > 0 for t0 < t < t0+ε0. By the continuity

of E(t) and R(t), we can restrict ε0 > 0 small enough such that E(t) > 0 and R(t) > 0

for t0 < t < t0 + ε0.

This explains that (N(t), E(t), R(t), A(t)) /∈ ∂Ω0 for t0 < t < t0 + ε0, is contradictory

to the assumption that (N(0), E(0), R(0), A(0)) ∈ X.

It is easy to verify that cases (1), (2), (4) and (5) also contradict the assumption that

(N(0), E(0), R(0), A(0)) ∈ X. Thus, Equations (3.13) and (3.14) hold.
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It is sufficient to show that W {P0, P
∗} ∩ Ω0 = ∅ when R0 > 1 and µ > 1, where

W {P0, P
∗} =

(N(0), E(0), R(0), A(0)) : lim
t→+∞

(N(t), E(t), R(t), A(t)) = P0 or

(N(0), E(0), R(0), A(0)) : lim
t→+∞

(N(t), E(t), R(t), A(t)) = P ∗,

is a stable set of {P0, P
∗}.

It is proved that W {P0, P
∗} ∩ Ω0 6= ∅ when R0 > 1 and µ > 1.

Suppose that there is a point (N(0), E(0), R(0), A(0)) ∈ Ω such that

lim
t→+∞

(N(t), E(t), R(t), A(t)) = P0.

Then, for any given λ ∈ (0, 1), there exists t0 > 0 such that

|N(t)−N0| < λ, E(t) < λ, R(t) < λ and A(t) < λ ∀t > t0.(3.16)

That is, N0 − λ < N(t) < N0 + λ, 0 < E(t) < λ, 0 < R(t) < λ and 0 < A(t) < λ.

The second Equation of model 3.1 becomes

(3.17)
dE

dt
> r1E (N0 − λ)− r2Eλ− (β + r3)E.

Since R0 =
r1

β + r3
=⇒ (β + r3) =

r1
R0

, Equation 3.17 can be written as

dE

dt
> r1E (N0 − λ)− r2Eλ−

(
r1
R0

)
E

=
[
r1 (N0 − λ)− r1

R0
− r2λ

]
E.(3.18)

Let

(3.19) g1(λ) = r1 (N0 − λ)− r1
R0

− r2λ.

g1(λ) > 0 provided that

(3.20) λ <
r1

r1 + r2

(
N0 −

1

R0

)
.

Since the DFE = (N0, 0, 0, 0) = (1, 0, 0, 0),

(3.21) λ <
r1

r1 + r2

(
1− 1

R0

)
< 1.

Therefore, for 0 < λ < r1
r1+r2

(
1− 1

R0

)
< 1, E(t)→∞ as t→∞.

That is, lim
t→+∞

E(t) =∞, which leads to the contradiction that lim
t→+∞

E(t) = 0.

In other words, there exists a λ ∈
(

0, r1
r1+r2

(
1− 1

R0

))
such that

lim
t→+∞

(N(t), E(t), R(t), A(t)) 6= P0.
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It is next supposed that there is a point (N(0), E(0), R(0), A(0)) ∈ Ω such that

lim
t→+∞

(N(t), E(t), R(t), A(t)) = P ∗.

That is, starting with a population where all the 4 categories are non zero, then,

the population becomes recreational addict free as t → ∞. That is, R(t) → 0 and

A(t)→ 0 as t→∞.

Then, there exists γ ∈ (0, 1) such that

|N(t)−N0| < γ, |E(t)− E0| < γ, R(t) < γ, and A(t) < γ ∀t > t0.(3.22)

That is, N0−γ < N(t) < N0+γ, E0−γ < E(t) < E0+γ, 0 < R(t) < γ, 0 < A(t) < γ

and the third Equation of model 3.1 becomes

dR(t)

dt
> r2 (E0 − γ)R− (β + r4 + r5)R.(3.23)

Since µ =
(R0 − 1)r2

R0(β + r4 + r5)
=⇒ (β + r4 + r5) =

r2(R0 − 1)

µR0

, Equation 3.23 becomes

(3.24)
dR(t)

dt
>

[
r2 (E0 − γ)−

(
R0 − 1

R0

)(
r2
µ

)]
R.

Let

(3.25) g2(γ) = r2 (E0 − γ)−
(
R0 − 1

R0

)(
r2
µ

)
.

g2(γ) > 0 provided that

(3.26) γ < E0 −
(
R0 − 1

R0

)(
1

µ

)
From [18], the RAF = (N0, E0, 0, 0) =

(
1

R0

, 1− 1

R0

, 0, 0

)
and therefore,

(3.27) γ <

(
R0 − 1

R0

)(
1− 1

µ

)
< 1 when µ > 1 and R0 > 1.

Thus, for 0 < γ <
(
R0−1
R0

)(
1− 1

µ

)
< 1, R(t)→∞ as t→∞.

That is, lim
t→+∞

R(t) =∞, which leads to the contradiction that lim
t→+∞

R(t) = 0.

In other words, there exists a γ ∈
(

0,
(
R0−1
R0

)(
1− 1

µ

))
such that

lim
t→+∞

(N(t), E(t), R(t), A(t)) 6= P ∗.

Consequently, this proves that W {P0, P
∗} ∩ Ω0 = ∅ when R0 > 1 and µ > 1.

Hence, by the theorems of uniform persistence for dynamical systems given in [32], it

is concluded that model (3.1) is uniformly persistent with respect to (Ω,Ω0). In an

epidemiological view, uniform persistence of model 3.1 implies that there are always

E,R and A individuals when R0 > 1 and µ > 1.
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From these studies, it can be accentuated that the NERA model described above

has the capacity to incorporate data about prevention efforts and show its impact

on the different transitions to or from illicit drug use over time. Additionally, since

the parameter values of the system can be adjusted and corresponding outcomes

obtained, the model justifies its use as a policy control mechanism in controlling and

tackling illicit drug consumption. It may assist policy and decision makers in setting

potential targets of the type of prevention efforts that will be required to impact the

transition rates at a level that would help to maintain and mitigate marijuana use in

any given population.

It should be pointed out that the primary concern in designing a mathematical model

should be its ability to provide adequate results. This implies that verification of a

dynamical system is one of the most important factors which has to be considered

in the mathematical modelling aspect. Thus, in the present work, the results of the

NERA model is verified using data available in [33], on the prevalence of marijuana

use in the population of 21+ in the state of Washington. The evolution of the four

categories of drug users is simulated within the state of Washington from 2011 and

beyond the implementation of I–502. In addition, since there exists different views

over the impact of the decriminalisation, one crucial issue to address is the influence

of decriminalisation on experimental and recreational use of drugs.

Hence, the objective of this study is to show the versatility of the model and investi-

gate the impact of I–502 in the state of Washington, quantitatively and qualitatively.

Also, the effect of I–502 on the transition rates of the drug users is examined using

the system.

The next section culminates into the verification of the NERA model and an investiga-

tion on the effect of I–502 in the state of Washington, is conducted. Data available in

[33] is opted for the verification of the model, using genetic algorithm for the periods

pre and post I–502, in the state of Washington.

4. Verification of the solution of the NERA model

The Washington State Institute for Public Policy conducted a benefit-cost evaluation

of the implementation of I–502 to analyse and identify the effects on youth and adult

substance use, cannabis abuse treatment admissions, and drug-related criminal con-

victions. It is important to note that the term marijuana is interchangeably referred

to as cannabis in the latter report.

The data set available in the report for marijuana use represents the following vari-

ables: Lifetime marijuana use, 30-day marijuana use and 30-day heavy marijuana
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use. Figure 2 shows the trends in marijuana use for the three different categories of

marijuana users in the 21+ population, in the state of Washington according to the

data gathered in [33]. Within the background of the NERA model, the three vari-

ables for marijuana correspond to the experimental, recreational and addict category,

respectively.
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Figure 2. Trends in Marijuana use in the state of Washington [33].

In the case of the NERA model, the corresponding values for the nonuser category,

N are evaluated as follows:

N(t) = 1− (E(t) +R(t) + A(t)).

Figure 3 illustrates the mean proportion of the 4 categories of users, prior to and post

the legalisation.

From Figure 3, a general increase in the mean proportion of each category after

the implementation of I–502 is observed. This can be explained as just after the

Figure 3. Mean proportion of the 4 categories of users before and

after I–502 implementation according to the data gathered in [33].
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legalisation, the nonusers will experiment the drug to cure their curiosity about the

sensations they produce [22]. Also, a rise in the experimental category which is at

the expense of a drop of 8% in the population of nonusers is noted.

In Washington, funding for the respective education campaigns came from the state

marijuana revenues. As a result, campaigns of prevention did not begin until two

years after legalisation [6]. Thus, this evidence the rise of the number of drug users

after the legalisation in November 2012.

In order to use and verify the NERA model, it is required to evaluate the set of

parameters given in Table 1. These are computed using the data available in [33].

Genetic algorithm is used to obtain the optimum set of parameters that fits the

system. In the next section, the concept of genetic algorithm and the objective

function used for the system are explained.

4.1. Estimation of Parameters using Genetic Algorithm. In the case of the

NERA model, the fitness function, f , is the sum of the squared differences between

the collected data and the model prediction.

(4.1) f(r1, r2, · · · , r6) =
4∑
i=1

(Di − Pi)2,

where

i = 1, 2, 3, 4 correspond to the state variables: N,E,R and A respectively,

Di : the temporal derivative of the best fit line passing through the set of

data for each category i over the corresponding period: pre or post

I–502

and

Pi : the evaluated right hand side function of system 1 using the mean

value for each category i over the corresponding period: pre or post

I–502

such that the following linear constraints and bounds are satisfied:

(4.2) Ω =
{

(N,E,R,A) ∈ R4
+ : 0 ≤ N + E +R + A ≤ 1

}
,

(4.3) ε ≤
6∑
j=1

rj ≤ 1, where ε > 0
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and

(4.4) 0 < rj < 1, ∀j = 1, 2, · · · , 6.

For the estimation of the model parameters, the parameter, β which represents the

rate of moving in or out of the population due to ageing, is kept as
1

15
[34].

Firstly, the best fit line passing through the set of data points for each category for

the period before I–502, is sought. The gradient of each such line, corresponding to

an approximation to the temporal variation of each category for the period Jan 2011

to Sept 2012 is then obtained. Table 2 shows the resulted outcomes.

Variable N E R A

Di 2.577 −1.694 −1.057 0.174

Table 2. Temporal derivatives for the state variables N, E, R and A

prior to I–502 implementation (Jan 2011 - Sept 2012).

The set of data in Table 3 is then used to evaluate the right hand side function of

system 1.

Variable N E R A

Value 42.947 46.643 7.558 2.851

Table 3. Mean values for the state variables N, E, R and A prior to

I–502 implementation (Jan 2011 - Sept 2012).

The fitness function over the period Jan 2011-Sept 2012 is computed as follows:

(4.5)
f(r1, r2, · · · , r6) = (D1 − (β − β N − r1NE − r1NR + r3E + r5R + r6A))2

+ (D2 − (r1NE + r1NR− r2ER− β E − r3E))2

+ (D3 − (r2ER− β R− r4R− r5R))2 + (D4 − (r4R− βA− r6A))2 ,

where β =
1

15
and D1, D2, D3 and D4 represent the value of the temporal derivative

for each category for the pre legalisation period. The resulting error given by Equation

4.5 is then minimised wrt the variables r1, · · · , r6.

Incorporating the set of data from Tables 2 and 3 into Equation (4.5), the fitness

function for the period prior to I–502 is obtained. Matlab Optimtool is employed and

the fitness function, f is inserted in the genetic algorithm, which minimises f wrt

r1, · · · , r6. The following set of parameter values for the period prior the legalisation

as given in Table 4, is thus yielded.
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Parameter r1 r2 r3 r4 r5 r6 β

Value 0.1 0.118 0.3 0.12 0.151 0.124
1

15
Table 4. Parameter values for the consumption of Marijuana in Wash-

ington prior to I–502 implementation (Jan 2011 - Sept 2012).

Variable N E R A

Di −2.584 0.902 1.289 0.392

Table 5. Temporal derivatives for the state variables N, E, R and A

after I–502 implementation (Nov 2012 - Dec 2015).

Variable N E R A

Value 35.139 50.072 10.481 4.307

Table 6. Mean values for the state variables N, E, R and A after

I–502 implementation (Nov 2012 - Dec 2015).

Similarly, the set of data from Tables 5 and 6 is used to evaluate Equation (4.5) in

order to obtain the fitness function for the period after the I–502. The following set

of parameter values for the period after the legalisation is obtained.

Parameter r1 r2 r3 r4 r5 r6 β

Value 0.297 0.122 0.1 0.12 0.111 0.132
1

15
Table 7. Parameter values for the consumption of Marijuana in Wash-

ington after I–502 implementation (Nov 2012 - Dec 2015).

From Tables 4 and 7, it is observed that the parameter values for r1 and r2 have

both increased during the post legalisation period. It is noted that r1 is the influence

rate of E(t) and R(t) on N(t) while r2 represents the influence rate of R(t) on E(t).

Despite the implementation of several public health campaigns funded from I–502, this

observation indicates that I–502 causes a rise in the influence that recreational users

and experimental users exert on nonusers to try drugs in the post legalisation period.

Legalisation inevitably encourages the tendency to try drugs that were otherwise

illicit. This is a situation analogous to the increase of experimental users in Canada

in the period just after the legalisation. Further, this study demonstrates that a
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campaign of prevention targeting both the experimental and recreational users is

mandatory. As a result, this work gives insight on the type of campaign of prevention

to be implemented, following legalisation in a certain population.

A second observation from Tables 4 and 7 is that the parameter value for r4 remains

the same for both periods. However, since the parameter values for r1 and r2 have

increased in the post legalisation period, this account for a rise in the addict category

as compared to the period prior to the I–502. Undoubtedly, this is confirmed by

Figure 3 which depicts the rise in each of the three categories of drug users, post the

legalisation.

Nevertheless, a drop in the parameter value for r3 is accounted. In other words, less

experimental users are quitting their category to join the nonuser class after the I–502

implementation. Consequently, this highlights the fact that campaigns of prevention

focusing on the experimental and recreational categories is crucial in order to curb

the transition of nonusers to the drug users’ category.

Moreover, it is expected that after the legalisation of certain drugs, the nonusers

will be tempted to try the drugs. Hence, this study highlights the importance of

implementing targeted campaigns of prevention on the nonusers in order to thwart

the value of r1. The crucial sociological issue to address overhere is how to set up

such a campaign of prevention. In such a campaign of prevention, the aim is to target

the nonusers, the experimental users and the recreational users to take heed of the

consequences of trying drugs.

For instance, campaigns of prevention with the aim of discouraging the first use of

illicit drugs and disseminating the consequences of drug use are adequate. Recently,

in September 2018, a new drug prevention campaign, ‘Real Facts’ has been set up

with the objective of targeting youngsters aged 15 - 25 years old in Western Australia.

The chief focus of the campaign are to raise awareness on the health effects of illicit

drug use and prevent the use of such drugs [35]. In a certain sense, such a campaign

of prevention is delaying the first use of drugs since they are directed to youngsters,

in particular nonusers who are at their peak to try drugs. These results are provided

with a view to support and give insights to decision makers in targeting prevention

for maximum effectiveness in a given society.

Further, a campaign of prevention showing that there are much health awareness of

relaxation than taking drugs. In [36], it is reported that sports represent an effective

and optimal way to teach youngsters the healthy choices than illicit drug use. It is also

stressed that there are individuals who practice sports to avoid the use of illicit drugs.

Therefore, such a campaign of prevention that promotes recreational activities reduces
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the use of illicit drugs among the youth of the society. For example, the ‘SPORT

Prevention Plus Wellness’ is a health promotion program for high school adolescents

that lay emphasis on their physical activities, nutritional benefits and sleeping habits.

Besides, this health program raises awareness on the health consequences of illicit drug

use which diverge them from attaining their goals [37]. In fact, the enaction of such

campaigns of prevention targeting the recreational and experimental users are crucial.

Figure 4 illustrates the different types of campaigns of prevention and the category

that they effectively target. In an era of legalisation of drugs which were previously

illicit, such targeted campaigns of prevention are important so as to effectively reduce

R0 and µ accordingly.

Figure 4. The NERA model with campaigns of prevention targeting

the nonusers, experimental users and recreational users respectively.

It is next proved that the set of parameter values given in Tables 4 and 7 which

minimises function (4.1) and subjected to the constraints (4.3) and (4.4), gives the

global minimum of function (4.1).

4.2. Global minimum of the solution.
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Lemma 4.1. Let f be a function of two or more variables with continuous first order

and second order derivatives and the hessian of f denoted by H, then f is convex if

and only if H is positive semi definite.

Proposition 4.2. [38] Let f : K ⊂ Rn → R be continuous and K be convex, we

consider the problem min
x∈K

f(x). If f is convex, then every local minimum is a global

minimum.

Proposition 4.3. [38] Let f : Rn → R be a continuous and coercive function and let

S ⊆ Rn be a nonempty closed set. Then, f has at least one global minimum point

over S.

Theorem 4.4. The optimisation problem

(4.6) minimise
rj∈F

f(r1, r2, · · · , r6),

where j = 1, 2, · · · , 6, has a global minimum with the following parameter set, rj =

{r1, r2, · · · , r6} on F , where f(r1, r2, · · · , r6) represents the objective function as de-

fined in Equation (4.1) and given by

(4.7) f(r1, r2, · · · , r6) =
4∑
i=1

(Di − Pi)2

with the constraint set

(4.8) F =

{
(r1, r2, · · · , r6) ∈ R6 | ε ≤

6∑
j=1

rj ≤ 1, where ε > 0 and 0 < rj < 1

}
,

for j = 1, 2, · · · , 6.

Proof. It is observed that the objective function (4.7) is continuous and continuously

differentiable. Firstly, it is shown that the objective function is convex. The Hessian

of (4.7) is calculated and is given as

∇2f(r1, r2, · · · , r6) =

(4.9)

4N2 (R+ E)
2 −2ERN (R+ E) −4EN (R+ E) 0 −2RN (R+ E) −2AN (R+ E)

−2ERN (R+ E) 4E2R2 2E2R −2R2E −2R2E 0

−4EN (R+ E) 2E2R 4E2 0 2ER 2AE

0 −2R2E 0 4R2 2R2 −2AR

−2RN (R+ E) −2R2E 2ER 2R2 4R2 2AR

−2AN (R+ E) 0 2AE −2AR 2AR 4A2


.
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In reduced Row-Echelon form, the Hessian becomes

(4.10)

4N2 (R+ E)
2 −2ERN (R+ E) −4EN (R+ E) 0 −2RN (R+ E) −2AN (R+ E)

0 3E2R2 0 −2R2E −3R2E −ERA

0 0 0
8

3
R2 0 −8

3
AR

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0


,

clearly the pivots are ≥ 0. Hence, ∇2f(r1, r2, · · · , r6) is positive semi definite and

equivalently, using Lemma 4.1, the function f is convex.

It is next demonstrated that there exists a global minimum on F .

From Section 3, it is seen that the set Ω is closed and bounded, thus it is compact.

Moreover, the constraint set F is also convex. Since f is a convex function, by

Proposition 4.2, every local minimum of f is a global minimum on F .

It is then sufficient to prove that the function, f , is coercive. Let V = (r1, r2, · · · , r6)T

and set t = ||V ||∞.

The objective function is given as

(4.11)

f(t) = (D1 − β + β N + tNR + tNE − tE − tR− tA)2

+ (D2 − tNE − tNR + tER + β E + tE)2

+ (D3 − tER + β R + 2 tR)2 + (D4 − tR + β A+ tA)2 ,

and is bounded below as follows:

(4.12) f(t) ≥ (−β − tE − tR− tA)2 + (−tNE − tNR)2 + (−tER)2 + (−tR)2 ,

where β =
1

15
, so that

lim
t→∞

f(t) =∞.

Therefore, f is coercive. Further, since f is in addition continuous, using Proposition

4.3, f has at least one global minimum point. It is thus deduced that f has a global

minimum on F .

In the section that tails, some numerical experiments are conducted to show the

efficiency of the NERA model and demonstrate the effect of enacting campaigns of

prevention, prior to I–502.
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5. Numerical simulations

In order to verify the model, data from Tables 4 and 7 are used to perform the

numerical experiments. Figure 5 shows the results of the NERA model (solid lines)

superimposed on the exact mean proportion of each category from [33] (dotted) for

the period 2011-2015.
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Figure 5. Superimposition of the evolution of N, E, R and A on the

data collected from [33].

A comparison of the mean proportion of each category of users between the data

gathered in [33] and the simulation of the model, for the periods before and after

I–502 can be observed in Figures 6 and 7. Moreover, it should be pointed out that

the NERA simulation agrees quite accurately with the data in [33]. This is illustrated

in Table 8 which shows the % difference between the exact mean proportion of each

category and that from the simulation of the NERA model, for the periods preceding

and following I–502.
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(a) Before I–502 (Jan 2011-Sept 2012). (b) After I–502 (Oct 2012-Dec 2015).

Figure 6. Mean proportion of each category for both periods accord-

ing to data in [33].

(a) Before I–502 (Jan 2011-Sept 2012). (b) After I–502 (Oct 2012-Dec 2015).

Figure 7. Mean proportion of each category for both periods accord-

ing to the NERA model.

Variable N E R A

Pre 1% 3% 1% 1%

(Jan 2011 - Sept 2012)

Post 3% 1% 2% 0%

(Oct 2012 - Dec 2015)

Table 8. % difference of the mean proportion of each category for

both periods between the data in [33] and the simulation of the NERA

model.

From Table 8, it is deduced that the simulation results of the NERA system show

good agreement with the observed data confirming that the model can be a precious

tool in forecasting illicit drug usage in a certain population.
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From the two sets of parameters as given in Tables 4 and 7, the model reveals that

during the post legalisation period, the parameter value r1 and r2 have increased.

Consequently, this study gives a clear insight of the type of campaign of preven-

tion to be implemented in a given population following legalisation. Hence, in the

next section, the enactment of campaigns of prevention targeting experimental and

recreational users, before and after I–502 is discussed.

6. The effect of implementing campaigns of prevention 1 year before

I–502

One question that needs to be pointed out can be put as follows: what would have

happened to the dynamics of marijuana consumption in Washington if campaigns of

prevention were implemented prior to I–502?

Since the threshold number,

R0 =
r1

β + r3
,

is defined as the average number of secondary experimental users generated by a

typical drug user in the population, a decrease in r1 leads to a decline in the number

of individuals in the experimental class and an increase in the population of the

nonuser class. However, an increase in r3 causes a drop in the experimental category

which in turn leads to a rise in the nonuser category.

In the NERA framework, an effective campaign of prevention amounts to one that

targets both the experimental and recreational users in order to curb the initiation

of marijuana usage. Thus, it is investigated how a reduction in both r1 and r2 and

an increase in r3 influence the dynamics of the model. The data given in Table 9 is

used, it is the same information as in Table 4, except that r1 and r2 are decreased

from 0.1 to 0.08 and 0.118 to 0.11 respectively and r3 is increased from 0.3 to 0.33.

Parameter r1 r2 r3 r4 r5 r6 β

Value 0.08 0.11 0.33 0.12 0.151 0.124
1

15
Table 9. Parameter values for a campaign of prevention on consump-

tion of Marijuana in Washington.

Figure 8 pictures the evolution of the drug consumers when campaigns of prevention

are implemented 1 year before the I-502 implementation. It is clear that the number

of drug users is less than the mean exact trend (dotted lines).
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Figure 8. Evolution of N, E, R and A with campaigns of prevention

initiated 1 year before I-502 Implementation.

(a) Mean proportion of N, E, R and A

according to data gathered in [33].

(b) Mean proportion of N, E, R and

A when campaigns of prevention are

initiated 1 year prior to I–502.

Figure 9. A comparison of the mean proportion of each category of

users between the data gathered in [33] and the simulation of the NERA

model, for the period post legalisation.

From Figure 9, it is seen that the number of nonusers is higher by 12% as compared to

the proportion in Figure 9(a). A decrease of 1% among the experimental users is noted
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in the system. Moreover, it is illustrated that the population of recreational users

has dropped drastically as compared to the proportion in Figure 9(a). A decrease of

8% is observed for the proportion of recreational users and a decrease of 3% among

the addicts. The population of the addicts reduces due to the drop in the number

of recreational individuals. This demonstrates the effectiveness of a campaign of

prevention when targeting the experimental and recreational users 1 year before I-

502 implementation.

Since the recreational users are the advocates of drug consumption and they are those

who stand the highest risk of becoming eventual addicts, it is crucial to limit this

category from growing. Thus, suggested improvements include targeted campaigns

of prevention, directed to both the experimental and recreational users in order to

discourage the use of drugs. The NERA model supports this view firmly and shows

the effect of implementing campaigns of prevention prior to I–502.

The system of differential equations given by system 3.1 is next used to forecast

marijuana consumption in the State of Washington up to the year 2023 since the next

report on the benefit-cost evaluation of I–502 will be produced in 2022 [33]. Figure

10 depicts the evolution of the three categories of marijuana users and the category

of nonusers. It is seen that the proportion of experimental users is always higher than

that of nonusers. Also, a remarkable increase is observed for the proportion of addicts.

This simulation indicates that the legalisation of marijuana in the state of Washington

encourages recreational consumption and may eventually leads to addiction.
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Figure 10. Evolution of N, E, R and A for the period 2011–2023.
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7. Limitations of the NERA model and the present work

The movement out of the population due to natural death is not taken into account

in the NERA model. A number of researchers have investigated on the lethal rates

of marijuana use and found that it has the lowest risk of mortality [39]. Besides, it

is assumed that the influence rate of the experimental and recreational users on the

nonusers are equal to r1. This can be addressed in a future study by having two

different influence rates on the nonuser category.

We point out that in the present work, only one targeted campaign of prevention

is conducted. The latter scenario analysis highlights the insight that NERA can

give in deciding about the type of campaign of prevention and the corresponding

impact on the proportion of marijuana users. In a future work, more ‘what if’ sce-

nario campaigns of prevention on the nonuser category and different other possible

combinations of categories such as nonuser and recreational users can be effectuated.

Further, the NERA system has been verified over the period 2011 to end of 2015.

With the availability of new data for the state of Washington, till 2023, the model

can be validated in a future work.

In the present work, it has been forecasted that by 2023 there will be more exper-

imental users than nonusers among the population of 21+ and that the number of

addicts may exceed the population of recreational users. Although it is difficult to

quantify exact proportion of nonusers, experimental and regular marijuana users,

still the model is very useful because it gives an indication of the trend of marijuana

consumption by 2023.

8. Conclusion

In this work, the NERA model was used to assess the effect of I–502 implementation

in the state of Washington. The permanence of the system was shown when R0 > 1

and µ > 1. Data gathered in [33] was considered for the verification of the model

using genetic algorithm for the periods pre and post I–502. The simulation results

had shown good agreement with the available data. The numerical results indicated a

rise in the influence that recreational users and experimental users exert on nonusers

to try drugs in the post legalisation period. The present work is a clear evidence

that legalisation enhances the recreational use and eventually lead to an abuse of

marijuana amongst the 21+ population of the state of Washington. The numerical

experiments demonstrated clearly that the aftermath of legalisation without proper

campaigns of prevention, is an abusive consumption of marijuana. The NERA model

pointed out that targeted campaigns of prevention enacted 1 year before I–502, would

have decreased the experimental, recreational and addict categories by 1 %, 8 % and

3% respectively. This study sheds light on the type of campaign of prevention to be



302 YUSRA BIBI RUHOMALLY, MUHAMMAD ZAID DAUHOO, AND LAURENT DUMAS

implemented in order to help policy and decision makers to curtail abusive marijuana

use.
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