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Abstract

This study develops a mathematical model of drug abuse involving susceptible (S), light users (A),
heavy users (H), treatment (T), and recovered (R) compartments, incorporating economic and
educational factors. The analysis includes determining equilibrium points, assessing their stability,
calculating the basic reproduction number, and performing numerical simulations using the Runge—
Kutta Fehlberg method. Results show that the model yields two equilibrium points: drug-free and
endemic. Both are stable when the inflow rate into the light-user compartment—affected by
effective contact rate, anti-drug campaign effectiveness, and economic conditions—exceeds the
outflow rate. Numerical simulations confirm the analytical findings and illustrate that reducing
interactions between vulnerable individuals and drug users, strengthening anti-drug campaigns, and
improving economic conditions can diminish the potential spread of drug abuse.

Keywords:  Mathematical Model, Drug Abuse, Runge-Kutta Fehlberg, Economic Factor,

Educational Factor

1. INTRODUCTION

According to the Republic of Indonesia Law Number 35 of 2009 concerning Narcotics, narcotics
are substances or drugs derived from plants or non-plants which cause decreased consciousness,
reduce or eliminate pain, and cause dependence [24]. Narcotics, commonly called drugs, are
substances that are used legally and are used as medicine in the medical world, but are now often
misused by many people [23]. Regular drug abuse beyond medical necessity can lead to physical,
psychological, and social dysfunction and can lead to addiction and dependency [19]. Currently,
drug abuse in Indonesia continues to increase, not only among the upper economic status but also
among the lower and middle economic status [16]. Even teenagers and children are involved in drug
abuse. The World Drug Report 2023 reports that the number of drug abusers has increased by 12
million people from the previous year to 296 million, equivalent to 5,8% of the global population
aged 15-64 years [25]. Meanwhile, the 2023 National Survey on Drug Abuse reports that the
prevelance of drug abuse is 1,73%, equivalent to 3,3 million Indonesians aged 15-64 years [11].

This increase is inseparable from various factors influencing drug abuse behavior in society, one
of which is economic factors. Based on data on the number of drug abusers by occupation in 2023
[10], drug abusers were predominantly unemployed, with 784 individuals. This was followed by the
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self-employed (296 individuals), private sector workers (265 individuals), and laborers (115
individuals). These four groups reflect a relatively vulnerable economic situation, ranging from
unemployment, high work pressure, irregular income, and low-wage employment. In contrast,
groups with more stable conditions, such as the Indonesian National Armed Forces (59 individuals),
civil servants (28 individuals), and even doctors and doctoral graduates had no abusers. This fact
reinforces that economic factors, such as poverty and homelessness, fatigue and long working hours,
and child labor, influence individuals to use drugs [5]. Besides economic factors, education is
equally important. In this study, education represents external efforts to prevent drug abuse. This
education is realized in the form of an anti-drug campaign and strengthening self-psychology
through counseling. The anti-drug campaign related to the dangers of drugs has significant benefits
in terms of changing the knowledge of campaign participants, which is indicated by a decrease in
the percentage of the less than knowledge category from 33,3% to 6,06%, an increase in the
percentage of the sufficient knowledge category from 57,57% to 73,73%, and good knowledge from
9,09% to 20,20% (Kumalasari, Rahmah, & Hastuti, 2022). Then, the effectiveness of strengthening
self-psychology through counseling is able to change the quality of life of former drug addicts, which
has an impact on physical health, psychological conditions, life satisfaction, social connectedness,
and connectedness with the surrounding environmental conditions, so that former drug addicts can
engage in productive activities and forget about drugs [14].

Drug abuse can spread through social interactions, where individuals involved in drug abuse can
encourage others to use drugs, allowing for mathematical modeling of this problem. Mathematical
models make it easier to solve real-life problems [3]. Various mathematical models have been
developed by previous researchers: the SCLHTR mathematical model with the influence of family
education and public health education [18], the SURS mathematical model by adding educational
factors so that the population is divided into groups that receive education and those that do not
receive education [22], the SAHTR mathematical model by providing optimal control in the form
of the effects of implementing anti-drug campaigns and strengthening self-psychology through
counseling [3], the mathematical model of drug abuse spreading, incorporating a death rate by
addiction [4], the mathematical model of drug abuse reduction strategies includes treatment type and
risks level [1], the mathematical model for the importance of early awareness strategy on the
dynamics of drug addiction [2], the mathematical model for the dynamics of crime and substance
abuse within a population that integrates social interactions, rehabilitation efforts, and relapse
probabilities [20]. Different from previous studies, the novelty of this study is considering economic
factors and educational factors simultaneously to develop a mathematical model of the nhumber of
drug abusers and using the SAHTR model.

2. MATHEMATICAL MODEL CONSTRUCTION

The SAHTR model divides the population into five compartments: susceptible (S), light users
(A), heavy users (H), treatment (T), and recovered (R). The assumptions used in develoving this
mathematical model begin with new individuals entering the susceptible compartment. Individuals
in the susceptible compartment can move to the light users compartment due to social interactions
with light and heavy users, influenced by economic factors and the low effectiveness of anti-drug
campaigns. Furthermore, individuals in the light users compartment can experience an increase in
dosage or frequency of use, thus moving to the heavy users compartment. Then, abusers can undergo
rehabilitation or enter the treatment compartment. In the rehabilitation process, there are two
possibilities: individuals can recover and move to the recovered compartment or fail to undergo
rehabilitation (dropout) and return to the light users compartment. Individuals in the recovered class
do not fully recover; they can return to the susceptible compartment or experience a relapse and
enter the light users compartment. Each compartment experiences natural death, but individuals in
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the heavy users compartment death due to drug dependence. Based on these assumptions, a flow
diagram of the SAHTR model is illustrated in Figure 2.1.
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Figure 2.1. Flow diagram of drug abusers with economic and educational factors

Through the flow diagram depicted in Figure 2.1, a system of nonlinear differential equations is
obtained and presented below.

= A— (A —uy)eS(A + H) — S + 6uzR
8 = p(1—u)eS(A+ H) +y(1 —u)R + 6T — (U + 7+ w)A

ZIZ—TA—(y+/1+p)H (2.1)
%—wA+pH—(y+r)+6)T
dR

— =T — (y(1 —uy) + u+6uy)R

where S(t) is the number of individuals vulnerable to using drugs at time t, A(t) is the number of

light drug abusers at time t, H(t) is the number of heavy drug abusers at time t, T(t) is the number

of drug abusers undergoing rehabilitation at time t, and R(t) is the number of drug abusers

recovering from drug dependence at time t. For every time t, the number of individuals in each

compartment is non-negative, that is S(t) > 0,A(t) = 0,H(t) = 0, T(t) = 0,and R(t) = 0.

The parameters in Figure 2.1 are explained as follows and all parameters are positive:

the recruitment rate of individuals aged 15-64 years.

the effective contact rate between vulnerable individuals and abusers.

the natural death rate, A is the death rate due to drug dependence.

the rate of movement of individuals from the light users compartment (4) to the

treatment compartment (T).

the rate of movement of individuals from the heavy users (H) to the treatment

compartment (7).

the rate of movement of individuals from the treatment compartment (T') to the

light users compartment (R).

n : the rate of movement of individuals from the treatment compartment (T) to the
recovered compartment (R).
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y . the rate of movement of individuals from the recovered compartment (R) to the
light users compartment (4).

T : the rate of movement of individuals from the light users compartment (4) to the
heavy users (H).

6 : the rate of movement of individuals from the recovered compartment (R) to the
susceptible (S).

u, : the effectiveness of the anti-drug campaign (0 < u; < 1). As u, approaches 1,

indicating a more effective campaign, the number of individuals influenced to
use drugs decrease.

u,  the effectiveness of strengthening self-psychology through counseling (0 <
u, < 1). As the effectiveness of this counseling increases, a greater number of
individuals return to the susceptible compartment (7).

e . aneconomic factor that influences drug abuse.

3. RESULT AND DISCUSSION

3.1. Equilibrium Point

The equilibrium point in the SAHTR model is obtained when all equations in system (2.1) are
zero, namely % = 0,% = 0'%’ = 0,% =0, and Z—f = 0. To simplify the process of determining
the equilibrium point, the equations in system (2.1) are reduced by definingm; =y + 7+ w,m, =

u+1l+pms;=u+n+wandm, =yl —u,)+ u+ Ou,, so that the following is obtained.

A—B(A—u)eS(A+H)—uS+60u,R=0
Bl —u)eS(A+H)+y(Q—uy)R+T —mA=0

TA—myH =0 (3.1)
wA+pH—-m3T =0
nT —myR =0

The system equation (3.1) produces two equilibrium point solutions, namely the drug-free
equilibrium point and the endemic equilibrium point. The drug-free equilibrium point is a condition
where no individuals abuse drugs, or in other words, there are no light abusers or heavy abusers
(A =0and H = 0). Consequently, no one is undergoing rehabilitation (T = 0) and recovering from
drug dependence (R = 0). Thus, a drug-free equilibrium point is obtained, as shown in equation
(3.2).
A
To(S,AH,T,R) = (;, 0,0,0,0) (32)

Then, the endemic equilibrium point is a condition where there are still drug abusers in the

population, whether at a mild or severe level. The endemic point is shown in equation (3.3).

T:,(S,AH,T,R) = (S",A",H",T",R") (33)

where
S* = =(mpt(1—uz) +ynmyw(1-up) +8mypr+dmymew—mymymzmy)
Be(1~ug) (mamamy+mzmyr)

x _ MomazmyR”
npT+mznw
x _ MzmuTR*
npT+mznw

__ MuR"

T =
n
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Anpt+Amanw—S*u(npr+mynw)

R =

S*B(1—uq)e(mymamy+mamyt)—0u,npt—O0u,mynw

3.2. Equilibrium Point Stability Analysis

The stability of the obtained equilibrium point will be analyzed using the eigenvalues of the
Jacobian matrix of system (2.1). The following is an analysis of the stability of the drug-free
equmbrlum point of system (2.1). First, the Jacobian matrix of system (2.1) is formed to obtaln

—u _Ba :1)6A _BQ :1)eA 0 Ou,
0 ﬁ(l_ul)eA _ (‘U. +T+ (1)) ﬁ(l_z—l)eA (5 y(l _ uz)
T,) =
J(To) 0 T —(u+1+p) 0 0
0 w p —(u+n+9) 0
L 0 0 0 n -y —uy) +p+0u,)l
Several eigenvalues of the matrix J(T,) are obtained, namely:
Y1 =—u
P, =L (ut 4 0)
Ys=—(u+1+p)

Yp=—(+n+96)
Ys = -1 —up) +u+0uy)

The drug-free equilibrium point Ty(S,A4,H,T,R) = (é 0,0,0,0) will be stable when ¥; <

0, 11)2 < 0,93 < 0,9, <0,and Y5 < 0 are satisfied, thus obtalnmg
—u<0=>u>0

W—(u+r+w)<0=>A[?e(1—u1)<y(/,t+r+w)

—-(u+A+p)<0=2u+1+p>0
—(u+n+6)<0=>u+n+6>0
—-yYA—-—u)+u+0u) <0=>y(1—uy)+u+6u, >0

ISEEN I

The value of ¥, is negative if ABe(1 —u;) < u(u + 7+ w). This indicates that there will be
no endemic if combination of the recruitment rate of individuals (A) and the effective contact rate
between vulnerable individuals and abusers (£) and an economic factor that influences drug abuse
(e) and success of campaign influence (1, — 1) are less than the natural death rate (x) and the rate
of movement of individuals from the light to heavy users compartment (z) and the rate of movement
of individuals from the light users to treatment compartment (w).

Next, analyze the stability of the endemic equilibrium point of system (2.2).

Bl —ue(A"+H)—p —B(1 —uy)es” —B(1 —uy)es” Ou,
B(1—ue(A* + H) Bl —upeS* —(u+7t+w) P —uy)eS* 5 y(1—uy)
J(T) = 0 T —(u+21+p) 0 0
0 1) p —(u+n+9) 0
0 0 0 n —(y(1—uy) +p+06uy)

Several eigenvalues of the matrix J(T;) are obtained, namely:
Y1=—-PBA—ue(A"+H") —pu
Y, =Bl —ueS"—(u+7+w)
Ys=—(u+1+p)
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Yp=—(+n+9)
Ys=—1 —up) +u+0uy)

The endemic equilibrium point T;(S,A,H,T,R) = (§*,A",H*,T*,R*) will be stable when
Y, <0,¥, <0,¥3 <0,9, <0,and s < 0 are satisfied, thus obtaining

1. BA—-upeS* —(u+t+w)<0

2. —(u+A+p)<O0

3. —(u+n+d6)<o0

4., —(yA—up)+u+6uy)<o0

The value of ¥, is negative if

fe(l—u,)S* = —(ynpt(1-uz)+ynmow(1—uz)+8my pT+dmymew—mymymamy)
1 (mamzmy+mamyt)

<(u+t+w),or—npr(l -

Uy) + ynmuw(1 — uy) + Smypt + Smymuw — mymymamy) < (u + 7+ w)(Mymymy + mym,r). This
indicates that endemic will occurs if (u, — 0) and the rate of movement of individuals to the light
user from the susceptible, treatment, and recoverd compartments are greater than the natural death

rate ().

3.3. Basic Reproduction Number

The basic reproduction number (R,) is the average number of secondary cases that arise as a
result of one primary case in a disease-susceptible population, which is useful for measuring the
potential for disease spread in a population (van den Driessche & Watmough, 2008). The basic
reproduction number can be calculated using a next generation matrix [13]. In system (2.1),
infections are in the light users (A) and heavy users (H) compartments. Thus, the differential

equation under consideration is

Z—':zﬂ(l—ul)eS(A+H)+y(1—u2)R+6T—(,u+r+w)A
Z—IZ=TA—(;1+A+p)H

Then, the Jacobian matrix of IF and V are constructed, where F; is the rate of emergence of new
cases that increase the population of disease compartment i, and V; is the rate of population decline
in the disease compartment due to disease progression, death, or recovery. Thus, we obtain:

Fi=8(1-u)eS(A+H)+y(1—uy)R+d6Tand F, = 1A

Vi=(w+t+w)AandV, = (u+1+p)H
The Jacobian matrix of F is

0F(Ty) 0F(Tp)

_| o4 on | _ [B(1 —uypeS, B —uy)eS, A

dA 9H
The Jacobian matrix of V is
oV (Ty) V1 (To) T4 0 1
_| oa OH |_|HTTTW -1 _ |pttto
V=lonm avnm| ™ [ 0 LA+ p] and V=" = 1
0A 0H u+i+p
Therefore,

BeSo(1—uy) peSe(1—1uy)
Fy-1=| #tTt+w u+1+p

T
0

Uu+t1+w



533

JURNAL MATEMATIKA, STATISTIKA DAN KOMPUTASI
Wahyuni Qaila Rahmah, Kartika Yulianti, Endang Cahya Mulyaning Asih

The basic reproduction number (R,) is obtained from the spectral radius or the largest eigenvalue
of the matrix FV~1, thus obtaining:

BeSy(1 —uy) + J(ﬁeSo(l - ul))2 4 4t(eSo(1 —uy))
pHtt+ow w+t+w)? " (wrtrtto)u+i+p)

ROZ

2
If Ry < 1, then drug abuse will gradually disappear because each abuser only causes less than
one new case. Otherwise, if R, > 1, then drug abuse will continue to spread because one drug abuser
can spread their influence to more than one other individual.

3.4. Numerical Simulation

Based on real problems in Indonesia, numerical simulation for system equation (2.1) is carried
out using initial values obtained from [6], [8], and [12], namely S(0) = 180369250,A4(0) =
4855123,H(0) = 3683848,T(0) = 4232, and R(0) = 2847. And using parameter values
obtained from various literature sources [3], [7], [18], [21] and several assumptions, namely A =
1000,8 = 0.0009,u = 0.02,7 = 0.03,A =0.3,w = 0.3,p = 0.421,5§ = 0.78,n = 0.25,y =
0.3,6 = 0.7,u; = 0.5,u, = 0.5, and e = 0.1. Numerical simulations in this study were conducted
using the Runge-Kutta Fehlberg (RKF45) method.

The initial values and parameters will be used to analyze the stability conditions for the drug-
free equilibrium point and the endemic equilibrium point. This is done to determine whether the
system will move towards the drug-free equilibrium point or the endemic equilibrium point. The
drug-free equilibrium point will be stable if the following five conditions.

1. u>0
=0.02>0 (fulfilled)
2. ABe(1—uy) <pu(u+r7t+ w)
= 0.045 > 0.007 (not fulfilled)
3. u+A+p>0
=0.741> 0 (fulfilled)
4. p+n+46>0
= 1.05>0 (fulfilled)
5. vy —uy)+u+06u, >0
= 0.520 >0 (fulfilled)

Based on the calculations in points 1 through 5, one condition was not fulfilled, making the
drug-free equilibrium unstable. Therefore, numerical calculations were performed to determine the
stability conditions for the endemic equilibrium. The endemic equilibrium will be stable if the
following five conditions are met.

1. -1 —upe(A*+H)—u<o0

= —1.723<0 (fulfilled)
2. A —udeS* —(u+t+w)<0

= —0.3411<0 (fulfilled)
3. —(u+A1+p)<o0

= —-0.741<0 (fulfilled)
4. —(u+n+46)<0

= —-1.050<0 (fulfilled)

5. - (y(1 —uy)+u+06uy,) <0



534

JURNAL MATEMATIKA, STATISTIKA DAN KOMPUTASI
Wahyuni Qaila Rahmah, Kartika Yulianti, Endang Cahya Mulyaning Asih

= —0.520<0 (fulfilled)

Based on the calculations in points 1 to 5, all stability requirements are fulfilled, so the system
is stable at the endemic equilibrium point, and the system will move towards an endemic state. Next,
the endemic equilibrium point is calculated analytically using the previously mentioned parameter
values. Based on the calculation results, the endemic equilibrium point is obtained as

T,(S,A H,T,R) = (1980,22922.5,928,6921.4,3327.6)

Then, the basic reproduction number is also calculated to support the stability of the endemic

equilibrium point as an indicator of population distribution in the population.

(ﬁeSO(l - u1))2
(u+ 1+ w)?

4t(Besy(1 - uy))
(u+t+0)(u+2+p)

BeS,(1 — uy)
u+t+w

Ry =

~ 647 > 1

2
This value indicates that the distribution will persist because one drug abuser can spread their
influence to more than one individual. This causes the number of drug abusers to increase over time,
so that in the long term, drug abusers will not disappear. This result aligns with the analysis of the
stability of the equilibrium point, which indicates that the endemic equilibrium point is stable and
the system will move towards an endemic state.
To support the analytical results, numerical simulations were performed using MATLAB. The
simulation results are shown in Figure 3.1 and Table 3.1.
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Figure 3.1. Numerical simulation for the SAHTR model

Table 3.1. The value of each compartment at the end of the period

Time S A H T R

999.4 1980.0 22922.5 928.0 69214 3327.6
999.6 1980.0 22922.5 928.0 69214 3327.6
999.8 1980.0 22922.5 928.0 69214 3327.6
1000.0 1980.0 22922.5 928.0 69214 3327.6

Based on the numerical simulation results in Figure 3.1, it was found that the number of drug
abusers remains constant at a certain value over the long term. This condition indicates that the
system is approaching an endemic equilibrium point. The values for each compartment in Table 3.1
also indicate that the results align with the analytical results.

Based on these results, further simulations were conducted by varying the values of parameters
deemed significant to examine their influence on the dynamics of the number of drug abusers. The
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parameters varied in value include the effective contact rate (), the effectiveness of the anti-drug
campaign (u,), and economic factors (e).

To observe the effect of the effective contact rate () on changes in the number of drug abusers
in the light users (A) and heavy users (H) compartments, numerical simulations were conducted
using the aforementioned parameter values, but with the 8 value gradually decreased. The S values
used were 0.09, 0.02, 0.0005, and 0.00001. The simulation results for changes in the 8 are shown in
Figure 3.2.
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Figure 3.2. Dynamics of light users (A) and heavy users (H) compartment versus time t with § =
0.009; 0.002;0.0005; 0.00001

Based on the simulation results in Figure 3.2 (a), if the 8 value decreases, the probability of
individuals transitioning to light users also decreases, resulting in a reduction in the number of
individuals in the light users (A) compartment, which will eventually disappear in the long term.
Consequently, the number of individuals with the potential to transition to heavy users will also
decrease. Thus, the number of individuals in the heavy users (H) compartment will also decrease
when the  value is reduced and will eventually disappear in the long term, as shown in Figure 3.2
(b). This finding aligns with previous research in [15], which indicates that negative peer
environments and the influence of surrounding groups serve as entry points for individuals to try,
learn about, and distribute drugs. This is also supported by the 2023 National Drug Abuse Survey
report, where the majority of respondents stated that the source of drug acquisition came from
friends, accounting for 84,5%, and the primary reason for first trying drugs was due to peer
pressure/suggestion, with an average percentage exceeding 60% [11]. Therefore, a decrease in the
B value can slow the rate of drug abuse spread. As a result, preventive efforts are necessary, such as
enhancing the role of families and schools in character development and monitoring social
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interactions to prevent vulnerable individuals from being influenced by negative environmental
factors.

Next, observing the effect of the anti-drug campaign on changes in the number of drug abusers
in the light users (A) and heavy users (H) compartments, a numerical simulation was performed
using the parameters mentioned above, but the u; value was gradually increased. The values of u,
used were 0.25, 0.5, 0.75, and 0.99. The simulation results for the changes in values are shown in
Figure 3.3.
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Figure 3.3. Dynamics of light users (A) and heavy users (H) compartment versus time t with u; =
0.25; 0.5;0.75;0.99

Based on the simulation results in Figure 3.3 (a), increasing the effectiveness of anti-drug
campaigns can directly reduce the number of individuals vulnerable to becoming light users untul
they eventually disappear. Meanwhile, heavy users will exist if individuals in the light users (A)
compartment continue to use drugs repeatedly until they become dependent and move to the heavy
users (H) compartment. Therefore, if the number of individuals in the light users (A) compartment
is small, the number of individuals entering the heavy users (H) compartment will also be small.
The simulation results in Figure 3.3 (b) show that when the value of u, is increased, the number of
individuals in the heavy users (H) compartment also decrease or can be reduced. Thus, the more
effective the anti-drug campaign as an initial prevention effort, the greater the likelihood of
preventing drug abuse from becoming more severe. However, the 2023 National Drug Abuse Survey
report indicates that among all respondents who are drug abusers, 63,5% have a high level of
knowledge about the effect of drugs, 25% have a moderate level of knowledge, and only 11,5% have
a low level of knowledge [11]. This data shows that a high level of knowledge about the effects of
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drugs does not necessarily prevent someone from using drugs. There may be other contributing
factors, such as peer pressure, social pressure, or economic factors. Thus, although numerical
simulations of mathematical models show that increasing the effectiveness of anti-drug campaigns
needs to be designed not only to convey information but also raise awareness and change the mindset
of the individuals targeted for education.

Lastly, to observe the influence of economic factors (e) on changes in the number of drug
abusers in the light users (A) and heavy users (H) compartments, a numerical simulation was
conducted using the parameter values mentioned above, but with the value of e gradually reduced.
The values of e used were 0.3, 0.1, 0.0009, and 0.00009. The simulation results for changes in the
value of e are shown in Figure 3.4.
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Figure 3.4. Dynamics of light users (A) and heavy users (H) compartment versus time t with e =
0.3; 0.1;0.0009; 0.00009

Based on the simulation results in Figure 3.4 (a), a decrease in economic factors can reduce the
number of individuals who are light users. If the value of e decrease, the likelihood of vulnerable
individuals becoming light users decreases, resulting in a decrease in the number of individuals in
the light users compartment (A). As a result, the movement of individuals into the heavy users
compartment (H) will also be smaller. The simulation results in Figure 3.4 (b) show that when the
value of e is reduced, the number of individuals in the heavy users compartment (H) decreases. This
means that if economic pressure decrease, the chance of individuals engaging in ab[use also
decreases because they are no longer in a socially or psychologically vulnerable condition. In the
2021 National Survey on Drug Abuse, it was stated that 45,2% of drug users are classified as poor
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[9]. This means that even though drugs are considered expensive, those living with economic
constraints still use them, possibly due to life pressures, unemployment, or as a form of escape from
economic problems. Therefore, improving a person’s economic condition can reduce a person’s
desire to try drug use. Thus, efforts to improve community welfare, such as providing employment
opportunities, need to be strengthened to reduce economic pressure as a risk factor to drug abuse.

4. CONCLUSION

This study constructs a mathematical model of the dynamics of the number of drug abusers
with five compartments: susceptible (S), light users (A), heavy users (H), treatment (T), and
recovered (R) to understand how economic and educational factors influence the dynamics of the
number of drug abusers. From the model, two equilibrium points are obtained, namely the drug-free
equilibrium point and the endemic equilibrium point. The drug-free equilibrium point and the
endemic equilibrium point will be stable when the rate of entry of individuals into the light users
compartment (A), which is influenced by the effective contact rate, the effectiveness of the anti-drug
campaign, and economic factors is greater than the rate of exit of individuals from the light users
(A) which is influenced by death, movement of individuals to the heavy users compartment (H), and
entry of individuals to the treatment compartment (T). Then, from the model simulation, several
facts were produced: the high effectiveness of the anti-drug campaign (u,) and the decrease in the
value of the economic factor (e), as well as the reduction in effective contact between vulnerable
individuals and drug abusers () can reduce the potential for further spread and the number of drug
abusers will decrease and eventually disappear in the population or it can be said that the system has
reached a drug-dree condition.

REFERENCES

[1] Alfiniyah, C., Puspitasari, A., & Fatmawati, F., 2023. Mathematical Modelling of Drug Abuse
Reduction Strategies taking into account the Treatment Type and Risks Level. Jambura
Journal of Biomathematics, 4(1), 23-30.

[2] Andrawus, J., Muhammad, A. I., Denue, B. A., Abdul, H., Yusuf, A., & Salahshour, S., 2024.
Unraveling the importance of early awareness strategy on the dynamics of drug addiction using
mathematical modeling approach. Chaos: An Interdisciplinary Journal of Nonlinear Science,
34(8).

[3] Anggriani, N., Toaha, S., & Kasbawati, K., 2021. Optimal Control of Mathematical Models
on The Dynamics Spread of Drug Abuse. Jurnal Matematika, Statistika dan Komputasi, 17(3),
339-348. https://doi.org/10.20956/j.v17i3.12467

[4] Asih, T. S. N., & lzzah, A. N., 2023. Mathematical model for the spread of drug abuse with
the death rate by addiction. In The 8th International Conference on Mathematics, Science And
Education 2021. AIP Publishing LLC. https://doi.org/10.1063/5.0125761

[5] Avati, S., Branch, A., Amirahmadi, R., Branch, A., Esmaeili, A., & Branch, A., 2022. Effective
Social and Economic Factors in Youth Dependence on Drug Abuse in Bojnourd ( Lived
Experience ). Iranian Sociological Review, 12(1), 11-16.

[6] Badan Narkotika Nasional, 2021. War on Drugs Press Release Kinerja Tahun 2021. Jakarta.

[7] Badan Narkotika Nasional, 2022a. Indikator Kepulihan Pecandu pada Rehabilitasi Rawat
Jalan.

[8] Badan Narkotika Nasional, 2022b. Indonesia Drugs Report 2022. Pusat Penilitian, Data, dan
Informasi Badan Narkotika Nasional. Jakarta.

[9] Badan Narkotika Nasional., 2022c. Survei Nasional Penyalahgunaan Narkoba 2021. Jakarta:
Pusat Penelitian, Data, dan Informasi BNN.



539

JURNAL MATEMATIKA, STATISTIKA DAN KOMPUTASI
Wahyuni Qaila Rahmah, Kartika Yulianti, Endang Cahya Mulyaning Asih

[10] Badan Narkotika Nasional., 2024a. Indonesia Drug Report 2024. Pusat Penilitian, Data, dan
Informasi Badan Narkotika Nasional (Vol. 6). Jakarta.

[11] Badan Narkotika Nasional, 2024. Survei Nasional Penyalahgunaan Narkoba 2023. Jakarta:
Pusat Penelitian, Data, dan Informasi BNN.

[12] Badan Pusat Statistik, 2022. Jumlah Penduduk Menurut Kelompok Umur dan Jenis Kelamin.

[13] Brauer, F., & Castillo-Chavez, C., 2012. Mathematical Models in Population Biology and
Epidemiology. The American Mathematical Monthly (Second, Vol. 110). Springer.
https://doi.org/10.1007/978-1-4614-1686-9

[14] Gumiyarna, H., 2021. Gambaran Kualitas Hidup Pasien Penyalahguna Narkoba dengan
Metode WHOQOOI Setelah Menjalankan Program Konseling di Klinik Pratama BNN Kota
Cimahi. Jurnal Kesehatan Kartika, 16(3), 95-98. https://doi.org/10.26874/jkkes.v16i3.189

[15] Hisyam, C. J., Lutfi, M., Bobsaid, Y., Putra, A. R., Noorhalisa, S., Richter, A. S. B., & Saputra,
K., 2025. Pengaruh Relasi Dalam Lingkungan Sosial Terhadap Pelaku Penyalahgunaan
Narkoba, 2(1), 1-9. https://doi.org/https://doi.org/10.61722/jirs.v2i1.3543

[16] Izma, H., Intannia, D., Lingga, H. N., Zainah, A., Wiratama, B., Rahmi, F., ... Nahdiya, N.,
2023. Edukasi Narkoba Kepada Kader dan Karang Taruna di Kelurahan Landasan Ulin
Tengah. Jurnal Pengabdian Masyarakat Panacea, 1(3), 70-75.
https://doi.org/10.20527/jpmp.v1i3.10191

[17] Kumalasari, K., Rahmah, L., & Hastuti, Y. D., 2022. Edukasi Bahaya Narkoba pada Remaja.
Jurnal Inovasi, Pemberdayaan Dan Pengabdian Masyarakat, 2(1), 18-22.
https://doi.org/https://doi.org/10.36990/jippm.v2il.484

[18] Li, J., & Ma, M., 2018. The Analysis of a Drug Transmission Model with Family Education
and Public Health Education. Infectious Disease Modelling, 3, 74-84.
https://doi.org/10.1016/j.idm.2018.03.007

[19] Lukman, G. A., Alifah, A. P., Divarianti, A., & Humaedi, S., 2021. Kasus Narkoba Di
Indonesia Dan Upaya Pencegahannya di Kalangan Remaja. Jurnal Penelitian dan Pengabdian
Kepada Masyarakat (JPPM), 2(3), 405-417.

[20] Mamo, D. K., Kinyanjui, M. N., Teklu, S. W., & Hailu, G. K., 2024. Mathematical modeling
and analysis of the co-dynamics of crime and drug abuse. Scientific Reports, 14(1), 1-15.
https://doi.org/10.1038/s41598-024-75034-8

[21] Raharni, Idaiani, S., & Prihatini, N., 2020. Kekambuhan pada Pasien Penyalahguna Narkotika,
Psikotropika, Zat Adiktif (Napza) Pasca Rehabilitasi: Kebijakan dan Program
Penanggulangan. Media Penelitian dan Pengembangan Kesehatan, 30(2), 183-198.
https://doi.org/10.22435/mpk.v30i2.2699

[22] Resmawan, R., Wijayanti, A. D., Yahya, L., & Nuha, A. R., 2020. Analisis Sensitivitas pada
Model Matematika Transmisi Pengguna Narkoba dengan Faktor Edukasi. Jurnal Matematika
Integratif, 16(2), 95-103. https://doi.org/10.24198/jmi.v16.n2.28804.95-103

[23] Siregar, R. A., 2021. Hukum Kesehatan Jilid I1. (A. Wijayati, Ed.). Jakarta: UKI Press.

[24] Undang-Undang (UU) Nomor 35 Tahun 2009 tentang Narkotika, Pub. L. No. 143, 58, 2009.
Indonesia: Lembaran Negara Republik Indonesia Tahun 2009 No. 143, Tambahan No. 5062.

[25] United Nations Office on Drugs and Crime., 2023. World Drug Report 2023. Vienna.

[26] van den Driessche, P., & Watmough, J., 2008. Further Notes on the Basic Reproduction
Number. In Lecture Notes in Mathematics (Vol. 1945, pp. 159-178). Springer.
https://doi.org/10.1007/978-3-540-78911-6_6



