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Dynamics and Stability in a Mathematical Model of Poverty and Alcohol Consumption
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ABSTRACT: This paper develops and analyzes a mathematical model describing the dynamic interaction
between poverty and alcohol consumption within a population. Both deterministic and stochastic formu-
lations are considered to capture variability in individual and collective behavior. The model incorporates
assumptions about how individuals’ economic conditions and alcohol dependency influence each other over
time. Equilibrium points are derived and their stability properties are investigated analytically. Numerical
simulations illustrate the system’s dynamics under varying parameters and intervention strategies. The re-
sults provide insight into the mechanisms linking social behavior and economic status, contributing to the
understanding of poverty persistence and recovery within a mathematical social science framework.
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1. Introduction

The mathematical model illustrates how poverty and alcoholism are directly related.These days, there
are more and more practical approaches to endemic research that are largely focused on social issues. We
have begun to create mathematical models based on the relationships between factors such as alcohol use
and poverty. This latest toolkit provides researchers with support for:

(i) understand the significance of gender, sex, and intersectionality in the research on infectious
diseases and their implementation;

(ii) design, develop, and report studies using an intersectional gender lens in accordance with a step-
by-step guide;
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(iii) comprehend the obstacles to the successful application of health interventions to prevent and
control infectious diseases; and

(iv) investigate ways to improve equality in access to healthcare so that no one is left behind. Other
health research and activities are as significant, even if the toolkit focuses on studies that prioritize the
prevention and management of infectious diseases linked to poverty [1].

African drylands, for example, would be impacted by increased rainfall, put further pressure on already
destitute regions due to vector-borne water-related diseases [2].

Heart disease and respiratory conditions may be significantly exacerbated by tobacco usages. Because
nicotine is highly addictive, there are more than 20 distinct types of cancer and a number of other serious
health issues [6,4].

Tobacco usage may also kill nonsmokers. Every year, 1.2 million people die as a result of secondhand
smoking, which has also been linked to negative health impacts. Approximately 50% of children are
exposed to tobacco-polluted air, and diseases linked to secondhand smoke claim the lives of 65,000 children
annually. If you smoke during pregnancy, you may cause long-term health issues for the unborn child.
Alcohol is a highly addictive, pleasurable, and poisonous drug. Nowadays alcoholic drinks constitutes
a typical component of social interactions in many cultures. This is particularly true for those with a
positive reputation and cultural impact in social settings where alcohol is also used, both domestically
and abroad [5,6].

Dangerous alcohol consumption accounts for 7.1% and 2.2% of the global disease burden for men and
women, respectively. Alcohol is the leading cause of injury and early mortality among those aged 15 to
49, making about 10% of all deaths in this age range. The prevalence of alcohol-related diseases and
mortality is higher among marginalized and poor populations [?].

The analytical formula describing the models’ equilibrium between high and low alcohol levels, as well
as its tipping points. Poverty is directly or indirectly connected to a number of factors, including illiteracy,
an undesirable public atmosphere, an incapacity to handle pain and reality, a lack of psychological and
social support, harm to families and society, family issues and forced relations, and failure to complete
school. Alcohol addiction is common among those who are poor. We utilize a mathematical model to
better understand the dynamic behavior of the system and how poverty and alcohol consumption might
be reduced to the lowest possible levels. For people who are addicted, our approach has a part that
permits a mix of government and private therapy [7].

This work is an extension of [7] by considering standard incidence interaction. Based on the results
also varies phenomenally better than that of [7].

The paper is structured with first assumption of the model and analysis is explained in Section 2,
which includes the subsections on basic reproduction number, equilibria, bifurcation analysis, and their
stability analysis. In Section 3 we have to extend this work to sensitivity analysis. Section 4 presents
the stochastic model, Section 5 shows the numerical findings. The deterministic and stochastic models of
the numerical simulation are calculated in a Python program to display the figures. Section 6’s findings,
discussion, and conclusion have finally been presented.

2. The Model and Analysis

The non-linear model for poverty and alcohol use is proposed and examined, and it divides the
population into four groups. Adults are the age group most affected by alcohol addiction. These allow
us to determine the age range of persons living in poverty. Let N(t), A(t), P(t), and R(t) represent the
proportions of the population that are not poor, those who suffer from alcoholism, and those who are
in poverty and recovery, respectively, at time t. The overall populations are thought to be diverse and
evenly distributed [7].

a1 denote the rates of change from Non-impoverished people to the alcohol addicted people, that is
depending on unemployed and underemployed peoples are directly linked into the alcohol. 5 denotes the
value of individuals in Non-impoverished People to move into the poverty/impoverished people. Due to
the natural disaster/the lose of business/health issues. In the 7 value is those who are binge drinking in
the alcohol they have to move in poverty population. Individuals cy and a3 have recovered from alcohol
addiction, and the poor have received counseling and rehabilitation at lower rates of alcohol addiction
thanks to the assistance of some kind of non-governmental organization. The term oy NV % represents the
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transformation value from N class to A class, where the communication value is ;. Similarly, the term
agR% represent the transformation value from R class to A class, where the transmission value is ag. p

is natural death rate.
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Figure 1: Model Flow Diagram
ax A—puN —a N4 — BN,
(2—‘? alN%—’yP—(u+u1)A—a2R%7
2.1
ap BN +~P — azRE — uP, 1)
% agR% + O[3R% — uR.
where T=N+A+P+R
The model (2.1) can be simplified as following;:
T = A—uT — A,
A = (T—A-P—-R)Z —vP— (u+m)A—asR%,
(2.2)
P = B(T—A—P—R)+~P—a3RE — P,
R = ayR%+a3RE — R

2.1. The Basic Reproduction Number R,

The basic reproduction number, or Ry, is the number of secondary alcohol addictions that the
average person in poverty causes in a population that is otherwise disease-free. The reproduction number
(Ro) for our model is determined following the procedure described in [8], and the matrices F and V are
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followed by the same notation as in [8].

z_ (A y_ ((A+P+ R +7P+ (u+m)A+ axR
0 )’ B(A+ P+ R)+asRE + uP — (BT +~P) )"

Now, the matrix F and V evaluates to both alcohol and poverty free equilibrium point is given by

ar 0 ©+ pa Y
F= , V= .
(50 v=("3" suid)
The model 2.2 is given by the basix reproduction number to the largest eigenvalue of F'V ! is called the
Ry and attains the following:

ar(B+p—1)
(B +p1)(B—7) =By

In this case, the Ry indicates the number of secondary alcohol addictions that are caused by the single
impoverished person’s lifetime alcohol use. when the whole population is seen as being impoverished.

Ry =

2.2. Existence of Equilibria

The equilibria of the model is determined by the right hand side of the system (2.2) is equal to zero
[9,10]. The following equilibria are ,

(i) Both alcohol and poverty free equilibrium Ey(7°,0,0,0) = (%, 0,0,0)

s i 1 1 ply _ (A A BT+P(y—p—B)
(ii) Alcohol Free Equilibrium (AFE) E; (T ,0,PY R ) = (E,O, o W) ,

(i) Poverty free Equilibrium (PFE) Eo(T2, A2,0, R?) :(a;"‘, i O o (22 — 1)) and

(iv) Endemic Equilibrium (EE) E5 (T, A*, P*, R*), where

T* — A — /'1‘1147
12
pr - A— /JlA — 042A7
as
o (A~ mA)w)

(nasBA — pasBur A + p2asA — plasu A — p2azasA)

Here, u = a3fB(A — 1A — pA) + pB(—A + A+ agA) + yp(A — 1 A — o A) — 202 A + P A(—p + az)
and
A =1 A3+ 15 A%+ 13A — 1y (2.3)

Where,
L=l +lo, lo=ly +loo, I3=1l31+1l3a, lo=pAy(B+p)

l11 = (b2 + b3 + ba + bs + be + bs), liz2 = —(b1 + b7 + by + b1o + b11).
(c2+c3+cs+cs+ o), loo = —(c1 +ca+cs5 + ¢c7+ i1 + cio + ciz + c13).

Is1 = (di + do + da + ds + ds), lso = —(ds + ds + dr).

b = arpip’ (v + B+ ),

by = anpap® (4’ + ),

bs = aopupn (1 By + ppny + ppa B+ 1),

by = cronasp® (i + ),

bs = uipy(B + 1),

bs = asp’pa (B + p),

Iy =

by = ag,u?’ah

bs = cnasp’pa (pa + p),

by = arovap® i (1 + ),
bio = azpp Baep + cnpn + ppr),
buir = asp’p (p1 + az),
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Table 2: Number of Positive roots in equation (3)

S. No If Iy l3 N Sign No. of +Ve Roots

1 l11 > lig | 121 > oo 131 > 132 — + + + - 1 [Flg?d]

2 l11 > 1o | lo1 > oo | 131 <30 | — + + — = 1 [Fig.?b}

3 li1 > 1o | 1oy <log | I31 > 30 | — + - + = 3 [F1g4]

4 l11 <lig | lo1 > log | 131 > 130 | — - + + — 2 [Fig.3a]

5 11 <lig | lo1 <log | I31 > 130 | — - — + - 2 [(Flg:ﬂb}

6 l11 < lig | la1 > oo 131 < 132 — -+ — = 2 [FlgSC]

7 11 >l | lo1 <log | 131 <30 | — + - — = 1 [Fig.?c]

8 iy <lyg [ logr <l | Iz <lzp | — | — — — — 0

\ 15
(a) A = 100,17 = 0.207, 2 = b)) A = 100,01 = 07,2 = (¢) A = 100,01 = 0.07,2
0.01,a3 = 0.01,p = 0.014, 41 = 0.5,a3 = 02,0 = 0.014,11 = 0.7,a3 = 07,0 = 04,1
0.0167,v = 0.051. 0.0167,y = 0.7. 0.7,y =0.7.

Figure 2: We have to see the above results are shown

the parameter set.

c1 = 2ppr AB(p1y + asy + paz),
c2 = 2ppaiABas(p + az),
cs = 2u° AN as + araz),

cs = anazp® Ap + p),

Cs

Ce = /L2u1A(7(M1 + 201 + a2) + az(pu1 + a2) + aap),

cr = o’ A(B + ),

di = 2 A*y (B + p),
dy = P pa Ay + pos),
d3 = ,LLQ,MlAQOzg,

dy = M2A2(061063 +az(p+ B +7)),

= A (nas + pay + 207 + asp),

in one positive root results in different values

cs = aap’ Aas(p + B) + a17),
co = pA(piasB + p*Aa),

ci0 = ppios(pos + Bua + ppa),
i1 = pny(Bua + ppn + plas),
Ci2 = ala2H2A(a3 + 1),

c13 = ,u4A(Oél + a2),

ds = p*A* (a1 + as),

de = pA*y(Bas + arp),

dr = pBasA®(p+ p1 + az),
ds = Bupi Ay + pias).

5

of

by using Descart rule to finding the number of positive roots in analytically to see the results in Table 2.
we have to identify more than one positive roots are come to A*values in F3 points getting the numerical
results by using MATLAB.

2.3. Bifurcation analysis

Let T = 1, A = 29, P = w3 and R = x4, Further using the vector notation X = (x1,z2, 23, 24)7 ,
model (2.2) can be written with the following forms

ax

dt

= (f1, f2, f3, fa)"

the
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Figure 3: We have to see the above results are shown in two positive roots results in different values of
the parameter set.
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Figure 4: We have to see the above results are shown in three positive roots in the following values of
the parameters like A = 100, «; = 0.81, a2 = 0.9, 3 = 0.3, . = 0.004, 1 = 0.05,v = 0.5.
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/
vy = A—pxry— e,
! T g
xh = oq(a:l—xg—mg—m)w—f—’yxg—(u—km)xg—agmx—f,
(2.4)
! x
zy = Pl — 22 — w3 —34) + 723 — 3wt — pas,
I T2 z3 _
Ty = Qo4 + a3xy4 o T MT4.

The Jacobian of the above system at Both alcohol and poverty free equilibrium point is given by

—H —H 0 0

g 0 ar—(ptm) - 0
! B -8 y=B—-pn B
0 0 0 —u

Consider the case when Ry = 1. Lets take §; = ] is a bifurcation parameter. Solving from Ry =1
gives

e (p=y)oa ()Y
F=p= (A4 p1 — a1 —7)

Use the following theorem which is reproduced from the reference [11]we will be able to find whether or
not the system (2.4) exhibits backward bifurcation at Ry = 1.

Theorem 2.1 Consider the following system of ordinary differential equations with the parameter ¢,

dx

E = f(I,¢),

f:R" xR = R,

and

f € C*(R" x R)
where 0 s an equilibrium point of the system (i.e. f(0,6) =0 for all $) and

1. A=D,f(0,0) = ((‘;{fJ (0,0)) is the linearization matriz of the system around the equilibrium 0 with
f evaluated at 0;

2. Zero is a simple eigenvalue of A and other eigenvalues of A have negative real parts;

3. Matriz A has a right eigenvector w and a left eigenvector v corresponding to the zero eigenvalue.

Let f, be the k" component of f and

n 82
ap = Z ’UkU)ﬂUj#(0,0)

s
i,4,k=1 v

n 82 ;
by = i 0,0
1 ijzk:ﬂvkw 8xi¢( :

then the local dynamics of the system around the equilibrium point 0 is totally determined by the signs of
al and b1. Particularly, if a1 > 0 and by > 0, then a backward bifurcation occurs at ¢ = 0.
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2.8.1. Figenvalues of Jg-. It can be seen the Jacobian with 5 = §* of the linearized system has to simple
0 eigenvalue and all the remaining eigenvalues are negative real parts. Hence, the manifold theory can
be analyzed the dynamics of the system (4) near § = S*. In this case when Ry = 1, use the technique
in Castillo-Chavez and Song [11], Athithan. S and Mini Ghosh [12], Akhil Kumar Srivastav and Mini
Ghosh [13], it can be displayed the matrix Jg« has a right eigenvector(in the 0 eigenvalue), is given by w
= [wy wo w3z wy]T , where

ywe = wa > 0, w3 = —al_(u+ul)w2,w420.

v

—H1W2
w1 =

Similarly, the matrix Jg- has a left eigenvector (in the 0 eigenvalue), denoted by v = [v1 v vs v4], where

*v — B* — v
11126 3,U2=w,v3zv3>0,v4=

2 Y

—B"v3
i

2.8.2. Computation of a;. To the system (2.4), is associated non-zero partial derivatives are given by

anQ o —2041

or3  xy

32f2 T

(91’2.%3 o I ’
02 fo _ —(o1 + a9)
OT4To 1 ’

Ofs _ oy

(91'4.%3 - I '

It follows from the above expressions that

72011[L) i wg(al — (,u + ul)wg)(—alp)]

a1 = va[wj(

A y A

T T T T
20 + — — 3
15 - 4

< Unstable EP 7
ol ]
0 ‘ ] A A
0 0.2 0.4 06 08 1 1.2
0

Figure 5: Plot of A with Ry showing backward bifurcation by considering 3 as bifurcation parameter and
other parameters are p = 0.0000421, p; = 0.0328, v = 0.02, a3 = 0.6, as = 0.02.
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2.3.3. Computation of b;. To the computation of b is find out the associated non-zero partial derivatives

are
Pfs
8$38ﬁ B

It follows from the above expression
b = vswsf
(041 —(p+ Ml)wz)
Y

>0

= Pus
Thus, the following results are established.

Theorem 2.2 The model expose backward bifurcation at Ry = 1 whenever a1 is positive. This fact is to
showed in Fig. (5).

2.4. Stability Analysis
2.4.1. Stability analysis of alcohol free equilibrium.
Theorem 2.3 The alcohol free equilibrium Ej is locally and asymptotically stable provided Ry < 1 [20]

- [30].

Proof: The study of stability to the alcohol free equilibria of the matrix M; corresponding to the system
FE; is obtained as
b1 b2 0 O

M f—
! b31 bza b3z b3y
byr baa baz b
where,
asR
53327—ﬂ—ﬂ—377
b = —
11 122 Oé3P
bio = —pu, b34:_ﬁ_T’
—a1(P+ R) — (2R —RasP
boz = a1 — (p+ 1) + 1 T) (02 )7 by = T23 ;
bas = =7, by = 0‘2R7
OégPR T
bs1 =B+ —F5— asR
T b43 = T
b3y = —f3 T
’ OZ3P
b= -

The eigenvalues of the variational matrix are given by the roots of the following characteristic equation
in A
M AN 2 Fysh+ys =0

where,

y1 = —(b11 + b1z + b1z + b1y),

Y2 = b11(baz + b33 + bag) + ba2(b3s + baa) + b33bag — bagbzs — bazbsa,

Y3 = —b11b22(b33 4 baa) + (b11 + b22)(bazbss — b3zbas) + bazbzz(b11 + bas) — ba3(bazbzs — b12b31),
Y4 = b11b2o(b33bag — bagbss) + b11023(ba2bss — b32bas) 4 b12bo3(b31bas — b3abar).

by Routh Hurwitz criteria, roots of the bi-quadratic equation will have negative real parts is positive. Now
by > 0,b3 > 0,by > 0 and bybabs > b3 + b3by. Hence the equilibrium point E; is locally asymptotically
stable provided Ry < 1 [20] — [30]. O
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2.4.2. Stability analysis of Poverty free equilibrium.

Theorem 2.4 The Poverty Free Equilibrium Es is locally asymptotically stable provided Ry < 1.

Proof: The study the stability of disease free equilibrium the matrix Ms corresponding to the system
E» is obtained as

C11 Ci12 0 0
M, = €21 Co2 C23 C24

€31 C32 €33 C34

C41 C42 €43 C44

where,
Cl1 = —H, €32 = _ﬁ7 R
C12 = — M1, 633:7_5_/1_@37’
a1A(A+R)  asAR B
C21 = T2 + T2 c3a = —f,
—a1(2A+ R) — (aaR _ —R(a24)
Cag =0 + 1 T) (c2R) = (p+ ), ‘=T o
R
_mA Cy2 = 04277
€23 =~ Y, TR
A _ asft
024:_M, Ca3 =~
T
OéQA
c31 = B, 04427*,u

The eigenvalues of this variational matrix are given by the roots of the following characteristic equation
in A
/\4 + 2’1)\3 + 22/\2 +23A+24 =0

where,

z1 = —(c11 + c12 + 13 + c1a),
23 = c11(Co2 + €33 + Caa) + C22(C33 + Ca4) + €33C44 — C43C34 — C23C32 — Ca2C24 — C12C21,
z3 = —c11022(C33 + €aa) + (—c33C44 + ca3¢34)(c11 + C22) + c23c32(C11 + Ca4)

+ c12c21(c33 + caq) + caacan(ci1 + c33) — cas(cazcas + c12¢31) — Cas(c3acas + craca1),
24 = C11C22 (033044 - C43034) + C11023(C42634 - 032644) + C11024(032043 - 042033)

+ c12¢21(C34C43 — C33€44) + C12C31(Ca3Caa — CoaCa3) + C12C41(C24C33 — C23C34).

by Routh Hurwitz criteria, roots of the bi-uadratic equation will have negative real parts is positive.
Now ¢; > 0,¢3 > 0,¢c4 > 0 and cicoc3 > c?)) +C%C4 Hence the equilibrium point F; is locally asymptotically
stable provided Ry < 1. O

2.4.8. Stability analysis of endemic equilibrium.

Theorem 2.5 The Endemic Equilibrium Es is locally asymptotically stable when Ry > 1 [14].

Proof: F5 corresponding to the variational matrix M3 is given by

dii diz2 O 0

da1 daz daz dog
d31 ds3z d33 dsg
dgyr daz dyz dyy

Ms =
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where,
din = —p, ds2 = =P,
dig = —p, d33:7*5*#*%7
- (11A(A+P+R) OéQAR P
da1 = T2 t o dzg = -3 — a?r ;
—a1(2A4+ P+ R) — (aaR
d22 = o1 + 051( T ) (052 ) — (M =+ /,Ll), d41 _ _R(OZZA + OZSP)
T2 ’
OzlA
o3 = === =, dip = L;R,
dz”‘sz’ 4y O3B
3 — T
T
azPR
ds1 = B+ ;2 , d44:a214%3]3_

The eigenvalues of the M3 is given by the roots of the following equation in .

MAdN+doN+dsh+dy=0
Where,

di = —(di1 + di2 + diz + dia),
dy = dy1(dog + ds3 + das) + dao(dsz + daa) + dszdas — dagdss — dozdsy — dyzdas — dyada,
d3 = —di1daa(d33 + dya) + (—ds3das + dazdss)(diy + da2) + dazdza(din + daa)

+ di2day (d33 + daa) + doadya(diy + ds3) — daz(daadss + di2dsy) — doa(dsadys + diada),
dy = dy1daz(dszday — dazdas) + di1das(dazdss — dadas) + di1daa(dsadss — daodss)

+ di2da1 (d3adss — dzzdas) + diadsi (dasdas — dosdys) + diadar (daadss — dasdsy).

by Routh Hurwitz criteria, roots of the bi-quadratic equation have negative real part is positive. Now,
dy > 0, d3 > O,d4 > 0 and d1d2d3 > d% + d%d4
Hence, the equilibrium point Ej3 is locally asymptotically stable when Ry > 1. |

3. Sensitivity analysis

We do sensitivity analysis on the reproduction number (Ry) parameter. Sensitivity indices may be
used to evaluate the relative change in a variable when a parameter is changed. It is used to identify
factors that have a significant impact on Ry and should be addressed via intervention strategies. We do
this by examining the forward sensitivity index of a variable with respect to a certain parameter, which is
described by the magnitude relationship between the relative amendment in the variable and the relative
amendment in the parameter. The sensitivity index is described using partial derivatives if the variable
is differentiable with respect to the parameter [15] - [30]. Ry defines the forward sensitivity index of,
which is differentiable depending on a specified parameter .

6R0 a7
02 1
8041 Ro >0
ORy B Bluly —p—p1) — %)

>0

98 Ry (B+p—7)Bu+p—7) —v(p+m))

ORy v _ y(y(p+p) = Bp+pm =)+ B+p =)+ m+6))

oy Ry (B+pu—=7)B(+p1 =) = (g + p1)) <0
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Figure 6: In 2019, the 10 most popular nations with the highest alcohol consumption are as follows: (in
litres of pure alcohol per capita)

Lowest Alcohol Consumption in 2019

0.35

0.30

=« I N

Kuwait Afghanistan Libya Yemen Egypt SAR Bhutan Indonesia Pakistan Djibouti
Countries

[ od
[
w

(=]
[
[=

Liters of pure alcohol
(=]
=
(%]

[=]
=
[=]

Figure 7: In 2019, the 10 most popular Nations with the Minimum Alcohol Consumption (in litres of
pure alcohol per capita)
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Using the method above, one can easily get an analytical equation for the sensitivity of Ry to each
of its parameters. The Ry in Fig. 8 also shows the influence of the factors. We may infer from the
figures that 3, v, u, p1, and a; have the same response on the Ry. This indicates that if we have to
increase the value of these parameters, the population’s rate of poverty and alcohol use will increase. The
prevalence of poverty must be reduced because of the binge drinking habits of both the impoverished
and the non-poor. Additionally, it is noted that the parameters «; and 3 are quite sensitive, and that
adjusting them may significantly lower the value of Ry.

The amount of alcohol consumed in each nation varies greatly and is impacted by its laws, customs,
and other elements. The WHO recorded the amount of alcohol consumed in each nation in liters of pure
alcohol for all types of beer, wine, spirits, and other alcoholic beverages.

According to the WHO, Czech citizens consumed the most alcohol in 2019—14.26 liters of pure alcohol
per person—as seen in Fig. (6). Second and third place go to Latvia and Moldova, with 13.19 and 12.85
points, respectively. People in 38 countries drink more than 10 liters of pure alcohol annually. Europe is
home to the great bulk of these countries.

https : [/ /worldpopulationreview.com/country — rankings/alcohol — consumption — by — country

The Middle East’s primary faiths forbid drinking alcohol, as shown by the region’s very low consump-
tion rates, as seen in Fig. (7).

0.8

0.6

= =
M =

FPRCC values for RD
=

0.2

Parameters

Figure 8: PRCC findings with Ry displaying model parameter sensitivity indices

4. Stochastic Model

Here we are extending our ODE model to stochastic model, due to the fact stochastic fashions
are extra able to detecting natural changes withinside the hassle of decreasing the poverty in the
global population. Derivation of an SDE model is based on these approaches [16]—[19]. Let X(¢) =
(X1(t), Xa2(t), X3(t), X4(t))T be a continuous random variable for (T'(t), A(t), P(t), R(t))T and T denotes
the transpose of a matrix.
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Let A X = X(t+At) — X(t) = (AX1,AXo, AX3, AX,)T denotes the random vector for the change
in random variables during time interval At. Here, we are create a transition map that defines all
the changes that may occur between the states of the SDE model. Based on our ODE model sys-
tem (2.2), here we see that there exist 18 possible changes between states in a small time interval
At. State changes and their probabilities are discussed in Table 3. Let us consider the case the
recruitment of Non-imphoverised people becomes Alcohol addiction / poverty people. In this case,
the state change AX is denoted by AX = (1, 0, 0, 0) its probability of the change is given by
P’I’Ob(AXl, AX27 AX37 AX4) = (1, 0, 0,0)|(X1,X2, X3)7X4 = P1 = AAtL+ O(At)

One will quickly work out the expectation change E(AX) and its covariance matrix V(AX) associ-
ated with AX by neglecting the terms higher than o(At). The expectation of AX is given by

E(AX) =) P(AX);At
i=1

A—pXy —mXo
ale% - Oéle% - 041X3% - 041X4% =Xz — (p+ p1) X2 — 042X4%
BX1 — Xy — X3 — BXy + 7 X3 — asXaFE — pX3
s Xy 52 + a3 Xy 3 — pXy

At

= f(Xla X27X37X4)At

Here, it can be noted that the expectation vector and the function f are in the same form as those
in ODE system (2.2).Since, V(AX) = E((AX)(AX)T) — E(AX)(E(AX)T) and E(AX)(AX)T) =
FX)(f(X)T)A t, it can be approximately diffusion matrix V times A t by neglecting the term of (At)2
such that V(AX) ~ E((AX)(AX)T) . Hence ,

Vii Viz 0 0

U Vor Vas Vas 0
E(AX(AX)T) =Y P((AX);(AX) AL = 21 22 v23 At = Q.At
(AX)(AX)") ; (AX):(AX);) 0 Vi Vas Vi

0 0 V43 V44

where the above diffusion matrix is symmetric, positive-definite and each component of this 4 x 4
diffusion matrix can be obtained as follows:

Viin=P+ P+ Ps, Vig = Vo1 = —Ps,
Voo =P3+Py+ Ps+ P+ Pr+ Ps+ P+ Pro,  Vag = Vi = —F,
Vag = Pg + P11 + Pia + P13 + Py + Pis + P, Vaq = Vi3 = P15.
Via = Pro + P15 + Pi7,

We are going to following the approach discussed [16] and constructed with a matrix M such that
V = MM7T, where M is a 3 x 8 matrix.

mir mi2 0 0 0 0 0 0
M= 0  moy mo3z moy mas 0 0 0
1 o 0 0 maa 0 mz mgr O

0

0 0 0  mus 0 myr mMmus
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Table 3: The Probability of Possible states and changes.

Possible Change of States

Probability of Change of state

(AX); = (1,0,0,0)T

(AX)y = (~1,0,0,0)T
(AX)3 = (-1,-1,0,0)T

(AX), = (0,1,0,0)T

(AX)5 = (0,-1,0,0)T
(AX)g = (0,—1,0,0)T
(AX)7 = (0,-1,0,0)T
(AX)g = (0,-1,1,0)T

(AX)g = (0,-1,0,0)T
(AX)10 = (0,—1,0,1)T
(AX)11 = (0,0,1,0)

(AX)12 = (0,0,—1,0)T
(AX)3 = (0,0,—1,0)T
(AX)14 = (0,0,—1,0)T
(AX)5 = (0,0,—1,1)T

(AX)16 = (0,0,—1,0)T
(AX)7 = (0,0,0,—1)T

(AX)158 = (0,0,0,0)T

Change when the recruitment
growth

Change when the natural death
Change when the alcohol addiction
death rate

Change when the Alcohol popula-
tion growth

Change when the alcohol consumed
populations are interaction to total
population

Change when the alcohol and
poverty are interaction to total pop-
ulation

Change when the alcohol and Re-
covered population are interaction
to total population

Change when the Alcohol consumed
population goes to poverty popula-
tion

Change when the alcohol consumed
death

Changed into Alcohol Consumed to
recovery growth

Change into the Poverty growth
Change into the poverty death rate
Change into the poverty reduction
rate due to alcohol control

Change when the alcohol addiction
into poverty

Change due to the Poverty Reduced
then Recovered

Change due to death of Poverty
Change into natural death after re-
cover

No Change

PL=AAt+o(AY)

PQ = /,LXlAt + O(At)
P3 = M1X2At + O(At)

Py = CK1X1X2/X1 At + O(At)

Ps = a1 X3/ X1At + o(At)

Ps = (a1 X3X2)/ X1At + o(At)
Pr = (a1 X4 X2)/ X1 At + o(At)
Py = vX3 At + o(At)

Py = pXoAt + o(At)

Pio = (a2 X4X2)/ X1 At + o(At)
Py = BX1At + o(At)

Piy = BXpAt + o(At)

Py3 = BX3At + o(At)

Piy = BX4At + o(At)

Pi5 = a3 X3 X4/ X1 At + o(At)

P16 = /LXSAt + O(At)
P = ‘LLX4AZL + O(At)

Pis=1-3T Pi+o(At)
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where,
= X
mi = \/m, e m’
= X1 — Xo — X3 —Xy) — uX
mis = —/1 Xa, mas = \/B(X1 — Xo — X3 — X4) — X,
X
Moz = —/ 11 X2, mgy = — 0¢3X4f3,
1
Xs
= Xy X2 X
mag3 \/al(Xl Xo — X3 X4)X1 X, s = 4/ a3 22,
X4
mag = —1/ VX3, X5
X ma7 =y [azXa——,
2 X1
Mas = — O‘QX“f’
1 myg = — /.LX4.

Then, the Ito-Stochastic differential model has the following form:

d(X(t)) = f(Xy1, X2, X3, X4)dt + M.dW(t)

with initial condition X (0) = (X1(0), X2(0), X3(0), X4(0))T and a Wiener process,

W (t)= (Wy(t), Wa(t), Wa(t), Wa(t), Ws(t), We(t), W (t), Ws(t))T. we are looking the facts , we will get
the SDE model as followings:

T = (A — [J,Xl — ,ung)dt + v A — qudW1 — ,uXQdWQ

X X
dA = (al(Xl - Xo— X3 — X4)f — X3 — (1 + p) Xo — a2X4Xj> dt — / p1 X2dWo

X / X
+ <\/041(X1 - X2 — X3 - X4)X7j — 1\ ,U,Xg) de - \/’YngW4 - CJé2X4fde5

X
dP = (B(Xl — X2 — X3 — X4) +’YX3 — a3X4X73 — /JX3) dt + vV ’YX3dW4
1

X;
+VB(X1 — Xy — X3 — X4) — pX3dWs — 1/043)(4 dW
X, / /
dR = (OéQX4 + ()63X4 — ,uX4> a2X4—dW5 + a3X4idW7 — 1\ /LX4dW8

5. Numerical simulation

We need to apply numerical simulation in this part to verify our analytical conclusions. We used nu-
merical simulation to confirm the analytical findings. Results that have been verified via experimentation
are given and justified. In this part, the numerical simulations will assist us in discussing and evaluating
the efficacy of our analytical method.

The system (2.2) is simulated for a set of parameters that are locally asymptotically stable and satisfy
numerous values (see Fig. 12) the EE condition E5. We considered the parameters set S; = {A =5, u =
0.014, u; = 0.02,5 = 0.05,7 = 0.001,; = 0.21, 2 = 0.05, w3 = 0.02}, and some of the parameters are
assum with feasible values.

The set of parameters are Fy the system (2.2) has only the PFE is locally asymptotically stable [7]
(see Fig. 11). The parameter values as follows Sy = {A = 5,4 = 0.014,; = 0.02,5 = 0.002,y =
0.03,a1 = 0.4, a2 = 0.06, 3 = 0.64}

The set parameters are E; the system (2.2) has only the AFE is locally asymptotically stable (see Fig.
10). The parameters values are S3 = {A = 5,4 = 0.01, 3 = 0.02,8 = 0.01,7 = 0.001,; = 0.01, 0 =
0.31,a3 = 0.05}

There are three feasible equilibrium states in the system (2.2). EE, AFE, and PFE are locally
asymptotically stable [9] (refer to Fig. 12, 10, and 11, respectively).

The system’s parameters (2.2) (a1, g, as, 8,7) must be adjusted to ensure the stability of the equi-
librium point at various positions in the parameter. This is demonstrated by the variation of pointwise
effects, as illustrated in Figures 13, 14, 15, 16, and 17.
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Now we change the values of a; increasing the alcohol consumed people level step by step it is
incresing . The parameter as increasing the alcohol consumed people are interact the recovered people
that automatically they have to reduce the alcohol usages in his/her life. So they are move to recovered
class .

In this way parametr effect of ag value is increasing the poverty people go to recover class. In
scenarios where individuals interact, social workers can contribute to the advancement of society by
addressing issues such as human behavior, development, the economy, society, and cultural institutions
and relationships.

Now the 8 values is increased its shown the Non-imphoverished people how go to the poverty people
like Binge Drinking (alcohol) Chronic maladies and other significant issues, including high blood pressure,
heart disease, stroke, liver disease, and digestive issues, can result from use over time. Breast, mouth,
pharynx, trachea, vocal box, liver, colon, and rectum malignancies are common.

There was a lot of drinking going on at the time, as well as unprotected sex or intercourse with several
people. Unintended pregnancy or sexually transmitted illnesses, such as HIV, can occur as a result of
these practises.

The parameter v value is increse on that time the poverty population level also rise. Because they
maintain the poverty environment on same level and didnot try develop his/her social improvement in
economically or personally in these aspect. Alcohol use does not appear to have a beneficial impact
on earnings and wages [20].For prime-age guys, the connection between alcohol intake and wages. A
polychotomous choice model, which accounts for the endogenous link between drinking and wages, is used
to estimate income inequalities for nondrinkers, moderate drinkers, and heavy drinkers. In comparison
to abstinence, the authors find that moderate alcohol intake leads to higher profits. Heavy drinking, on
the other hand, results in lower earnings than moderate drinking. Binge drinkers have poorer returns on
higher education and have flatter age-earnings profiles than teetotallers and moderate drinkers [?].

RO value in terms of 8 and
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Figure 9: In terms of the parameters 8 and « are showing the effect of Ry
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Alcohol Free Equilibrium
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Figure 10: Variation of T, A, P and R with time showing the stability of alcohol free equilibrium F;
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Figure 11: Variation of T, A, P and R with time showing the stability of poverty free equilibrium Fs
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Endemic Equilibrium
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Figure 12: Time evolution depicting the dynamical behavior of the systems stable at which point in E3
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Figure 13: Variation of A with time for different values of the parameter effects at each point a;.
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Effect of a>
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Figure 14: Variation of R with time for different values of the parameter effects at each point as
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Figure 15: Variation of R with time for different values of the parameter effects at each point ag
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Effect of B
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Figure 16: Variation of P with time for different values of the parameter effects at each point of g3
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Figure 17: Variation of P with time for different values of the parameter effects at each point of
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6. Result Discussion and Conclusion

In this section, we examine how the compartments and parameters of our model contribute to reducing
poverty and addressing alcohol intervention. It is widely acknowledged that tackling poverty reduction
is a challenging issue both socially and economically. We explore various strategies aimed at curbing
poverty growth and alcoholism, highlighting both generalized and specific approaches. Additionally, we
discuss the widespread effects of poverty and its impact on the population.

Consequently, identification/detection is necessary to reduce destitution and its underlying causes.
All of these are likely to occur if we mobilize ourselves to eliminate distress in order to create a pros-
perous world. The social responsibility of each of us is to reduce the persistence of poverty reduction
in society. Through the implementation of mathematical models, we are now taking steps to predict
poverty reduction utilizing various strategies. In order to mitigate destitution, this paradigm is proposed
and assessed. We determined the potential for the population to recover from addiction to destitution
through numerical - simulation using this model.

As [ raises the poverty level is the rate of progression, to the as and ag raise would decrease the
poverty and alcohol population.

The population’s variation at various points during a specific period is illustrated through simulations
of the systems. The objective is to determine the maximal intervention rates that will reduce poverty
and alcohol addiction. The utmost number of members in both poverty and alcohol consumption will be
reduced as a result of the findings of this paper.
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