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Abstract

The concept of basic reproduction number occupiefuadamental place in epidemic
theory, the value of Rdetermine the proportion of the population that dmmes

infected over course of epidemic. Here we obtairled R, using the next generation
matrix method, and this was used as a threshold gmaeter to determined the
threshold between crime extinction and outbreak.

We computed an expression for the threshold and sitvity analysis of the model,
this was used to examined, specifically the impatpoverty and longer prison terms
and incarceration rate on the prevalence of crime.

It was observed that those parameters that showdealine in reproduction number
are those that when put in place, can actually reduthe outbreak of crime in the
population. If government policies can be centered improving these parameters,
the crime rate will reduce in this nation.
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1.0 Introduction

Crime is a serious social and political probleme ™osts it imposes on victims, the public purse,dabonomic and society
cannot be underestimated.

Violent and non-violent crimes from burglars tortgism have affected the citizens. The greatestrggachallenge facing
Nigeria now is the imposing impunity of terroristti@ities of the Boko Haram, the contemporary Nigesociety is engulfed
by this terrible acts and this have seriously cdusaold hardship to the populace. Even thoughstiigects of crime and
crime control have been major issues of public tebad despite their regular appearance as ore afation’'s most severe
problems, significant advances in empirical redeaetated to these issues have been made [1].

Nuno et al. [2] presented a model of a criminalrgreelf-protected society; they assumed that @&iois criminal-prone if
its criminal stationary state is unstable underlsp&turbations of given socio-economic conditions

Bereniji et al. [3] used an evolutionary game thgomaodel to study the hypothetical effect of irm@mation and prisoner re-
entry policy intervention on re-division. They firilat excessively harsh or lenient punishment até kess effective at
reducing crime than a policy that optimally dedésascarce resources to a mix of both punishmemtgast-punishment
intervention program, especially. David et al. pd&sented a series of increasing complex modetsimk in a population
and studied the relationships among the model pateas) although these abstract models do not genemgpirical findings.
Criminology has been seen has a complex mix of @miz) social and psychological factors that aréidlift to ascertain,
insignificant to alert, and highly dependent oniwidlals. Thus, researchers have been studyingiraimactivities by
analyzing criminal psychology, social environmenbtdaeconomic circumstances [5]. Here, we analyzeinecr
mathematically taking a population-based approaahjlar to some of the systems models and gamerdtieomodels
surveyed above, but rooted in models that have degaloped mainly to model the spread of diseasescomputed and
analyzed similar thresholds, considering the spofadime and poverty.

2.0 Model Formulation
The model formulation is a five compartmental modbich describes the different categories of aatempopulation. The

Poverty(Pl) class, the Non-impoverished clﬁﬁg), is the category of individual who have are riochthe society, the
crime class (C), the Jailed clasgpy and the Recovered class (R).
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3.0 Model Assumption
The model assumptions for theP, CJR model are as follows

(a) The population has constant size, N i.e. Birth death occurred in a population at constant

(b) The population is homogeneously mixed, i.e. popatainteracts in such uniformly random and indegerdvay
between time steps

(c) The two interventions considered are the rate oiveding those in poverty to n-impoverished and the rate
incarceration.

(d) It is assumed that people moved from jail to craha constant rat (yz) .

(e) Criminals repent at a constant r(@l)

() There exist natural deal@,l)

(9) The death rate in the model is not only due tural death but also induced death.

(h) All parameters are assumed noegative

r{‘d:; (e + 81 x (e + 8; )

£P, LR
Fig. 1: Flow diagram of the Model.
The model equations

dP,

d—tl=¢+a)2P2 _(rl+/'l+a)l)Pl

dP.

d—tZ:a)lpl _(rz +IU+C‘)2)P2

dC dJ

E:rlpl +1,P, _(y1 +6) +/J+51)C(1-O) E:ylc_(yZ +0, +,U+62)J
%:Blc +6,) - IR

Where

r=8C+p,J

r,=Q-o)r,=8,C+p,J
N =P + P, +C+ J + R is the total size of the populat
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Table 1: Definition of Parameters
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Symbols| Interpretation

@ Human Recruitment

o Movement from impoverished to non-impoverished
@, Movement from non- impoverished to impoverished
51 Crime induced death

52 Induced death at jail

MU Natural mortality/death rate

51 Recovery from crime

52 Recovery from jail

Vi Movement from crime to jail

Y, Movement from jail to crime

r, Rate at which the impoverished commit crime

r, Rate at which the non-impoverished crime

4.0  The Basic Reproduction Number of the Mode
The basic reproduction numbeg B defined as the effective number of secondafgctions (crime) caused by typical
criminal individual. It is obtained by taking th&rtjest (dominant)

BT

Where 1‘i be the rate of appearance of new criminal in tbengartmentsV, be the transfer individuals out of the

compartments by another meang,be the crime free equilibrium.

:|:|_1F?L+r2l:)2j|:> F :|:ﬂ1F?I.+ﬂ3P2 ﬂ2a+ﬂ4p2j|

0 0 0
v :{ kC _yz‘]}:\/:{lﬂ _yz}
B el Z G N -k
K Yo
v1= k1k2 Vs k1k2 — Vs
Vi K,

klkZ . k1k2 AL
R, = p(FV—l): k2(/81P1 +:83P2)+ yl(ﬂZF)l +IB4P2)

klk2 Wy,
— k2ﬁ1[P1 + (1_ J)Pz] + ylzgz[Pl + (1_ J)Pz]
klk2 Wy,
— (kZﬁl + ylzgz)[Pl + (1_ J)Pz] (1.1)
klk2 ~Wy,

Solving equation{l.O) and letting&, denote the crime-free equilibrium so th&y = (PlF’lCJ)
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Thus,é‘O:{ ('U+w2)¢ , o ,0,0}
plp+ o + ) plu+w +w)
_ _ ﬂ+w2+(1_a)a)1
P+(1 a)Pz-{ i v o) }zﬁ (1.2)

Inserting (1.2) into (1.1)

R = kBB Nu+w, +(L- o) )p

#(klk2 - ylyz)(:u"' W+ 602)

Where (1-0)> 0 becausd< g <1 andk .k, > y,y,.

(1.3)

5.0 Threshold Analysis of Parameter

We considered the impact of some major parametes, ¥, , B;, B, etc on the transmission dynamics of crime model.

This analysis will afford the opportunity of undensding the impact factor of these parameters enbtsic reproduction
number of the model.

Theorem: For the reproduction numbE; in (1.2) for the model equations, the threshold analysisagh parameter has an

R,

oR
increasing effect onR if O_XO >0 and a decreasing effect oR if <0 for each X; (where X, are the

i [
parameters) [6].
Threshold Analysis otBl (Susceptible Crime Contact)

w+%+@—d@w{ (k.8 + vi3,) }
plp+w +aw,) | k(6,+u+3d,)+y,(0+u+d)
0R, _ gk, (u+aw, +(-0)m)

3B, plp+aw +w,)

Fundamentally, positivity of an expression confirmpositive effect in the number of secondary criate. Hence, increase
in ,Blincreases the value of the basic reproduction numbe@ make the equilibrium rate approaches endeatie.

(1.4)

Threshold Analysis oth (Susceptible Jail Contact)

m+%+@—d@w{ (ko3 +1,3,) }
pura+aw) [k(6,+u+3,)+y,(6+u+a)
0R, _#yi(u+w +(-0)w) _

0B,  Hutw+w)

The parameteﬁ2 also has an expression that is greater than herwme its increase in value give a correspondiogease

in the number of secondary crime rate generateuim@tompletely susceptible population.
Threshold Analysis of);, (Movement from Crime to Jail Class)

(+w,+ (1‘0)0&)415{ (k,B, + y.3,) }
ulpu+rw +w) | k(6,+u+3,)+y, (6, +u+d)

R, _  onlp+w +Q1-0)m) [ )

% it ik, f PO ) A6 a0

0
% it 56, + 1+3,)2 B,(6,+ 1 +3)

1

(1.5)
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R 5.
O—ZO'ff B6, +u+3,)< B,(6,+1u+4,) (1.6)
1
If the crime contact rat¢3, andf3, with the susceptible class are known, and othearpeters(@l, 6,,90,,0,, /,1) are kept

constant, then the effect ¢4 on the reproduction number can be determined.

Threshold Analysis otx, (Movement Rate from Impoverished Class to Non-lvepished Class)

R = (+ e, +(1- a)wl)¢{ (.8, + v.13,)
puta +a) k(6 +u+3,)+y,(6+u+d)
oR, _ (k.. + ;)
0w, ,U(,U twt wz)z (klkz - ylyz)
— _¢(k2,81 + V1,82)(/J+ wz) <0
:U(:u"' W+ wz)(klkz - yly2)
The result obtained depicts a sharp decrease modegtion number to any increaséip. This agrees with the effect of

implementing policies that will move peoplefrom iayerished class to non-impoverished class as aglgt shcrement in
thestandard of living of a susceptible populatiecréases the appealing rate of crimerelated offeridgs explains why, it
is very important for government to make policiesl grovide social interaction with the aim to elsaie poverty in the
society, thereby reducing crime rate in the society

Threshold Analysis otv, (Movement Rate from Non-Impoverished Class to Ivgpished Class)

R, _ ¢(k.5. + v.3,)

0w, /J(/J'" W+ wz)(klkz AL

- poakBitnb)
:U(:u"' W+ wz)(klkz - yly2)

If this parameter increases, its effect on thedmaiasion dynamics of crime related activities ipasitive one. That is,

increment of this parameter value causes the Wapimduction number to increase and tends to tkderait equilibrium

state as the value increase.
Threshold Analysis of7 (Effect of financial satisfaction on transmissimirdynamics of crime)

6R0 - _¢w1(k2181 +y1:82) <0
0o ,U(,U"'wl +a)2)(k1k2 _Vlyz)

Increase in this parameter reduces the basic raptiod number and hence serve as an immunity agé#iesrate of
contacting crime. This parameter can be likenethéoeffect of prophylactic vaccine on the transmisslynamics of any
infectious disease. Since the efficacy of any vaeds in reduction of contacting the diseas€ iincreases, lesser people
will tend to think of crime as a means of livelittbo

Threshold Analysis 091 (Recovery Rate from Crime)
Ry — — K, (kZﬁl + ylﬁz)(/'[-l- w, + a).L(l_ 0)) <0
06, Hlu+ ay + a0, )kk, = y10s)

Increase in parameteﬂl causes reduction on the basic reproduction nuntbemce, effective rehabilitation of the people

into crime can reduce the impact of crime on theesptible population.
Threshold Analysis 092 (Recovery Rate from Jail)

Ry - ¢y1(k2181 + Vlﬂz)(/'“' w, + a).l.(l_ 0)) <0
2

06, :U(:u"'wl"'wz) (klk2 _Vlyz)

The effect of capital punishment for every crimiaativities serve as a means of rehabilitationnfany, hence the basic

reproduction number reduces with increase@n If policy can be implemented such that justicdl e done to every
criminal activity, then there will be a reductianthe criminal rate.

[(1_ 0')(/,1+ W+ wz)_ (fu"' W, + (1_ U)wl)]

(1.7)

)[(u+a&+w2)—(ﬂ+w2+(1-0)wl)]

(1.8)

(1.9)

(2.0)

(2.1)
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6.0 Sensitivity Analysis
The reproduction numbergivas used to perform sensitivity analysis usingp@i@meter values given in table 1. This allows
us to measure the relative in a state variable vah@wdel parameter changes.

The sensitivity indiceQxR,0 =
]

Table 2 Parameter values used in the simulation for tbdehequations (1.0)

X

Ry
X

j

i

Parameterl Nominal Value (per yearpource

,81 0.01 Hypothetical
,82 0.004 Hypothetical
oy 0.01 Hypothetical
o) 0.06 Hypothetical
[ 29 Hypothetical
N 0.003 Hypothetical
Y2 0.05 Hypothetical
51 0.47 Hypothetical
52 0.03 Hypothetical
H 0.02 Hypothetical
51 0.1 Hypothetical
52 0.7 Hypothetical
Table 3 Result of the Simulation

Parameten sensitivity of R,

B, 0.993

B, 0.0007

@, -0.0056

, 0.003

Vs 0.0012

¥, 0.00003

g -0.0056

6, -0.0636

o, -0.0003

The normalized forward sensitivity index of a vaiea U is given Q;

ou
=—x— [7].
U [7]

of the reproduction numbe; to theParametens; .

P

Table 3 shows that the normalized sensitive indidegproduction number Rwith respect to parameters. We observed that
B..B,V, @, will have positive impact on Rand therefore increase crime, whilg @, ,0,6, 8, will have negative

impact on R, thus reducing crime burden. For example, 10%em®se ir)Bl, resulting in 9.99% increase iny.Rrinally,

parameters(3, , w , 01’ and J are most sensitive to,Rhence we observed significant change jibjRsmall changes in these

parameters.
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7.0 Discussion of Results

A model on crime and poverty was presented andyaedl We looked intently into the qualitative afsid of the threshold
quantity R related to the threshold parameters involved. pheameters that affected the basic reproductionbeum
positively are the parameters that could incredse achance of outbreak of crime in the populatiomwelver, those
parameters that showed decline in reproduction eurake those that when put in place, would redoeetitbreak of crime

in the society. Such parameters incILﬂp, ,82 and &, (movement from impoverished class to non-impovestiass). If
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government policies can be centered on improviegdtparameters, the crime rate would reduce imétien.

8.0  Conclusion

The study underlined the effect of poverty on criimeéhe society. The model examined and treateddésire to commit
crime as an infectious disease motivated by povére basic reproduction number of the model wasioed, used as
threshold condition and used to examine how snetiupbation on a parameter affects the threshofdliition. Sensitivity

analysis also done in order to determine the paenfnéo which our system is most sensitive, whighthe contact rate of
criminals, rate of movement from the impoverishid€ to non-impoverished and the rate at whiclctiminals are released
from Jail.
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