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ABSTRACT 

The banditry-induced insecurity in Nigeria has negatively impacted 
the human and socio-economic well-being of the citizenry. 
Consequently, Nigerian governments at different levels have 
deployed both kinetic and non-kinetic approaches to stem the tide 
of banditry. But these efforts have not brought out the desired 
results in terms of total safety. In light of this, this work studies the 
dynamics of anti-banditry controls and its overbearing effect on the 
vulnerable communities using mathematical models and analysis. 
This effort hints of two equilibrium points, namely banditry-free and 
anti-banditry induced equilibrium points. The stability analysis 
suggests the continuous growth of the community in the absence 
of banditry and banditry-induced chaotic dynamics when there is 
bandit groups’ proliferation. To determine the optimal strategy to 
stem the chaotic dynamics obtained at the anti-banditry induced 
equilibrium point, sensitivity analysis is performed on model 
parameters, and this effort revealed the need for blockage of 
banditry access to weapons and checkmating banditry 
collaborators/informants within the ravaging communities as 
effective optimal anti-banditry measures.   

  
Keywords: Banditry: Anti-banditry: Vulnerable Community: 
Mathematical Model: Stability Analysis: Sensitivity Analysis. 
 
INTRODUCTION 
Banditry refers to criminal activities carried out to accumulate 
wealth through armed robbery, kidnapping, cattle rustling, and 
village raids with impunity among other atrocities (Abdullahi, 2022). 
In Nigeria’s case, banditry has reached alarming heights to the 
extent of setting up fortified enclaves in the hinterlands and on the 
frontiers, from where they plot and carry out their operations 
(Bildirici & Gokmenoglu, 2020) see also in (Chukwuma et al., 
2022). Many bandit groups exist in different hide-outs across North-
western and North-central Nigeria (Barnett et al., 2022). Though, 
there is no significant evidence suggesting either collaboration or 
the existence of any central authority, but there exist similarities in 
terms of their operations and recruitment approaches (Ojewale, 
2021). The victims of the banditry attack were initial communities 
with material valuables but recently (Dami, 2021), they have had 
the effrontery to attack military bases, schools, and even a tmoving 
train (Saidu, 2022) also in (Sanchi et al., 2022). The banditry 
activities have led to the loss of lives, goods and services leading 
to astronomical increases in prices of local products (Ghosh, 2019) 
also in (Ladan & Matawalli, 2020). 
 
Since the insurgence of banditry, Nigerian governments both at the 
state and federal levels have adopted both kinetic and non-kinetic 
approaches to tame the activities of banditry groups. The kinetic 

approach involves the use of coordinated military deployment 
under several codes (Lamidi, 2024). Though, this approach has 
recorded success in the destruction of several hideouts, and killed 
or arrested hundreds of bandits, the attacks have continued in the 
affected areas till date (Abubakar et al., 2021). The adoption of Air 
bombardment of bandit hide-outs by the Nigerian Air Force recently 
caused a greater causality on the part of bandit groups as deaths 
were recorded of some prominent bandit leaders and family 
members (Newton & Tucker, 2023). Though, there are evidences 
on successes recorded through air stikes on bandit groups 
hideouts but the accidental attacks on non-bandit communities still 
call for concise analyis before such strikes are activated (Ojewale, 
2023). Also, as the air bombardment takes effect, there is evidence 
of persistent attacks on government infrastructure and kidnapping 
along major roads, urban residences and railways. (Maigari, 2021). 
 
The non-kinetic approach involves dialogues, settlement, and 
peace missions to persuade bandit groups to either sheath their 
weapons or free their captives, or peace accord. These efforts, saw 
some states paying compensation to some bandit leaders or 
offering amnesty to those who have renounced banditry or 
kidnapping. Though, dialogues, settlement, and peace missions 
did not end banditry but they did reveal the underlying behind the 
banditry attacks which in most cases were economical (Okoli & 
Ugwu, 2019). Other non-kinetic approaches includes shutting down 
telecommunication services, labeling banditry groups as terrorists, 
and outlawing ransom. These approaches are beautiful strategies 
but did not hinder the increase in banditry activities like kidnapping 
and village raids (Tahir & Bernard, 2021). 
 
Mathematical modeling has been a major tool in studying 
underpinning factors in dynamical phenomenon in biomedical 
sciences including cancerous cells dynamics as in (Ibrahim(a) et 
al., 2022) also in (Alblowy, A. H. et al. , (2023)) and  infectious 
diseases as in (Abdo et al., 2022) and recently in the analysis of 
fuel-subsidy dynamics in Nigeria as in (Ibrahim(b) et al., 2023). 
Mathematical Modeling of anti-banditry is one method to provide a 
structured methodology to gain insight into the various 
phenomenological dynamics entailed in activities of banditry, 
banditry groups’ atrocities, and anti-banditry efforts of governments 
at all levels. Many mathematical efforts have been channeled to 
gain understanding on the activities of anti-state forces like 
insurgency and terrorism as seen in (Abidemi & Akanni, 2022) and 
in the citations therein. Akaani et al. in (Akanni & Abidemi, 2023) 
proposed a model to study the potential spread of illicit drug use 
and banditry in Nigeria population. Their findings suggest that 
stringent control measure on the reduction of illicit drugs by the 
people is sacrosanct to the reduction of banditry in the population. 
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In light of the continuous search for optimal anti-banditry measures 
by government at different levels, the use of the mathematical 
model to identify the key parameter for the anti-banditry measures 
in the dynamics of banditry scourge is sacrosanct to cost-effective 
measure against banditry. 
 
In this work, a model depicting the anti-banditry measures based 
on the sociological framework incorporating all players and their 
mechanisms for or against banditry dynamics is proposed.   

 
MATERIALS AND METHODS 
Model formulation and Analysis 
The following assumptions are made for anti-banditry model 
dynamics: 
 

i. That banditry groups’ activities aimed at invading 
vulnerable community(ies) and form forces to 
resist attack from government (Abdulrasheed, A., 
2021). 

ii. That the Government authority develops various 
strategies including direct actions,  negotiation, 
and other incentives to engage banditry groups so 
as to secure the civilian community (Alumona & 
Onwuanabile, 2023). 

iii. That government forces collaborate with the 
community to beef up anti-banditry drive to protect 
vulnerable communities (OGYE & Smah, 2024). 

iv. That banditry groups also infiltrate the vulnerable 
community to aid their activities (Abdulkadir & 
UMAR, 2024). 

v. That the vulnerable community is prone to loss of 
resources and people due to banditry (Ladan & 
Matawalli, 2021). 

Let 𝑥 represent the conglomeration of anti-banditry measures of 

the government, 𝑦 represent the assemblage of a banditry group, 

and 𝑧 represent the colony of banditry threatened community. The 

rate of changes of 𝑥, 𝑦, and 𝑧 are defined by the system below:  
𝑑𝑥

𝑑𝑡
= 𝛼𝑥(𝑡) + 𝛽𝑥(𝑡)𝑦(𝑡) + 𝜐1𝑧(𝑡)𝑥(𝑡) − 𝜃𝑥(𝑡), 

  
𝑑𝑦

𝑑𝑡
= 𝜎𝑦(𝑡) + 𝛾𝑥(𝑡)𝑦(𝑡) + 𝜐2𝑧(𝑡)𝑦(𝑡) − 𝜗𝑦(𝑡), 

  
𝑑𝑧

𝑑𝑡
= 𝜙𝑧(𝑡) + 𝜐3𝑧(𝑡)𝑥(𝑡) − 𝜐4𝑧(𝑡)𝑦(𝑡) − 𝜌𝑧(𝑡). 

                                                                                     
(1) 

 
 with initial conditions:  
 

𝑥(0) > 0,   𝑦(0) > 0,   𝑧(0) > 0,       
𝑓𝑜𝑟  𝑡 ∈ [0, 𝑡]. 

  
The first equation in System (1) is the rate of change in 
government’s intensified effort against banditry with the first term 
depicting enlisting rate of anti-banditry forces (𝛼), the second term 

is the rate at which government forces engage banditry groups (𝛽), 
the third term is the collaborative rate between community and anti-
banditry force (𝜐1) and the last term depicts loss suffered by the 

anti-banditry force (𝜃). 
 

The second equation of (1) is the rate of change in the activities of 
banditry groups with the first representing their proliferation rate 
(𝜎), the second term refers to the rate at which banditry group 
resists anti-banditry force attack (𝛾), the third is the rate at which 
banditry groups co-opt vulnerable residents to advance their 
activities (𝜐2) and the last term refers to the loss suffered by bandits 

(𝜗). 
 
The third equation in (1) represents the colony of vulnerable 
communities with the first term describing the community progress 
rate (𝜙), the second is the rate at which anti-banditry forces 

collaborate with the community in securing their colony (𝜐3), the 
third term is the rate of depletion in colony due to banditry group 
attack (𝜐4) and the last term represent non-banditry community 

loss (𝜌). The schematic diagram of System (1) is given in Fig.1.  
      

 
                      

Figure 1: A schematic diagram of anti-banditry dynamics. 
 
Model Analysis 
Existence of Non-negative Solution 
The existence of non-negativity of the solution System (1) is 
necessary to ensure that the result obtained is dynamically 
meaningful and conforms to the model assumptions. Thus, the 
assumption for the existence of non-negativity of solution of 
System (1) is given in Lemma 1 below. 
 
Lemma 1  Suppose 𝑥(0), 𝑦(0) and 𝑧(0) are non-negative initial 
conditions for System (1). Then, there exist positive solutions for 
𝑥(𝑡), 𝑦(𝑡), and 𝑧(𝑡) of System (1) for 𝑡 ∈ [0, 𝑡].  
 
 Proof: Solving for 𝑥(𝑡), 𝑦(𝑡)  &  𝑧(𝑡) in (1), we first consider 

and re-arrange the first equation in System (1) to solve 𝑥(𝑡) as 
follows: 

  
𝑑𝑥

𝑑𝑡
− [𝛼 + 𝛽𝑦(𝑡) + 𝜐1𝑧(𝑡) − 𝜃]𝑥(𝑡)

= 0.                             (2) 
 

 Equation (2) can be solved using the integrating factor defined as  
 

  
𝐼𝑥(𝑡) = exp(−[𝛼 + 𝛽𝑦(𝑡) + 𝜐1𝑧(𝑡)

− 𝜃]𝑡).                                               (3) 
 
Multiplying equation (2) through by 𝐼𝐸(𝑡) yields  
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𝑑𝑥

𝑑𝑡
exp(−[𝛼 + 𝛽𝑦(𝑡) + 𝜐1𝑧(𝑡) − 𝜃]𝑡) − [𝛼 + 𝛽𝑦(𝑡)

+ 𝜐1𝑧(𝑡) − 𝜃]𝑥(𝑡)exp(−[𝛼 + 𝛽𝑦(𝑡)
+ 𝜐1𝑧(𝑡) − 𝜃]𝑡) = 0. 

  

≡
𝑑

𝑑𝑡
[exp(−[𝛼 + 𝛽𝑦(𝑡) + 𝜐1𝑧(𝑡) − 𝜃]𝑡)𝑥(𝑡)] =

0.                         (4)                      
 

 Integrating Equation (4) with respect to “𝑡” in the interval [0, 𝑡] 
yields  
 

𝑥(𝑡) = [𝐶1 + 𝑥(0)]exp − [𝛼 + 𝛽𝑦(𝑡) +
𝜐1𝑧(𝑡) − 𝜃]𝑡,                      (5)                    

 
 where 𝐶1 is an integral constant. Obviously, 𝑥(𝑡) is non-negative 

if 𝑥(0) > 0. The non-negativity of the second and the third 
equations in System (1) is proved using the same process and thus 
given as folows:  

  
𝑦(𝑡) = [𝐶2 + 𝑦(0)]exp − [𝜎 + 𝛾𝑥(𝑡) + 𝜐2𝑧(𝑡) − 𝜗]𝑡, 

  
𝑧(𝑡) = [𝐶3 + 𝑧(0)]exp − [𝜙 + 𝜐3𝑥(𝑡) − 𝜐4𝑦(𝑡) − 𝜌]. 

                        (6) 
 

Therefore, System (1) has non-negative solution for 
𝑥(𝑡), 𝑦(𝑡) and 𝑧(𝑡) for 𝑡 ∈ [0, 𝑡], if the assumptions in Lemma 
(1) hold. 

 
Existence of Equilibrium Points 
Theorem 1  Assume, there exist positive invariant points x∗,    y∗,
z∗ for System (1), then there exists a banditry-free equilibrium point 

(x∗, 0, z∗) when y∗ = 0. And an anti-banditry induced equilibrium 

point (x∗, y∗, z∗) of System (1) when y∗ ≠ 0.  
 
Proof: Suppose the assumptions in Theorem (1) hold, then 
𝑥∗,    𝑦∗ 𝑎𝑛𝑑 𝑧∗ of System (1) satisfy the following:  
 

  
𝛼𝑥∗ + 𝛽𝑥∗𝑦∗ + 𝜐1𝑥∗𝑧∗ − 𝜃𝑥∗ = 0, 

  
𝜎𝑦∗ + 𝛾𝑥∗𝑦∗ + 𝜐2𝑦∗𝑧∗ − 𝜗𝑦∗ = 0, 

  
𝜙𝑧∗ + 𝜐3𝑧∗𝑥∗ − 𝜐4𝑧∗𝑦∗ − 𝜌𝑧∗ = 0. 

 
 Setting 𝑦∗ = 0 in (1) yields a banditry-free equilibrium point as 
given below:  
 

  
(𝑥∗, 0, 𝑧∗)

= (
[𝜌 − 𝜙]

𝜐3
, 0,

[𝛼 − 𝜃]

𝜐1
).                                      (7) 

                         
 

 When 𝑦∗ ≠ 0 in Equation (1), and solve for 𝑥∗, 𝑦∗,
&    𝑧∗ gives 

 

 𝑥∗ =
𝜗−𝜎−𝜐2𝑧∗

𝛾
, 

 𝑦∗ =
𝜃+𝜐1𝑧∗−𝛼

𝛽
, 

  

𝑧∗ =
𝛽𝛾[𝜙 − 𝜌] + 𝛾𝜐4[𝜃 − 𝛼] − 𝛽𝜐3[𝜗 − 𝜎]

𝛽𝜐3𝜐2 − 𝛾𝜐4𝜐1
.                (8) 

  
 
 Therefore, Equation (8) forms the anti-banditry-induced 
equilibrium point. Hence, there exists a positive banditry-free 

equilibrium point (𝑥∗, 0, 𝑧∗) = (
[𝜌−𝜙]

𝜐3
, 0,

[𝛼−𝜃]

𝜐1
) when 𝜌 > 𝜙 

and 𝛼 − 𝜃. Also, there exists a positive anti-banditry-induced 
equilibrium point  
 

 (𝑥∗, 𝑦∗, 𝑧∗) = (
𝜗−𝜎−𝜐2𝑧∗

𝛾
,

𝜃+𝜐1𝑧∗−𝛼

𝛽
,

𝛽𝛾[𝜙−𝜌]+𝛾𝜐4[𝜃−𝛼]−𝛽𝜐3[𝜗−𝜎]

𝛽𝜐3𝜐2−𝛾𝜐4𝜐1
) 

 
 when 𝜙 > 𝜌, 𝜗 > 𝛿  &  𝑧∗ > 0. 
  
Local Stability Analysis 
We linearize System (1) and obtain a characteristic equation in its 
simplest form as: 
                                                                                          

𝐷(𝜆, 𝜏) = (𝜆 − (𝛼 + 𝛽𝑦∗ − 𝜃 − 𝜐1𝑧∗))[(𝜆 − (𝜎 − 𝜗 + 𝛾𝑥∗

+ 𝜐2𝑧∗))(𝜆 − (𝜙 + 𝜐3𝑥∗ − 𝜐4𝑦∗ − 𝜌))
+ 𝜐2𝑦∗𝜐4𝑦∗] − 𝛽𝑥∗[𝛾𝑦∗(𝜆 − (𝜙
+ 𝜐3𝑥∗ − 𝜐4𝑦∗ − 𝜌)) − 𝜐3𝑧∗𝜐2𝑦∗] 

  −𝜐1𝑥∗[−𝛾𝑦∗𝜐4𝑦∗ − 𝜐3𝑧∗(𝜆 − (𝜎 −

𝜗 + 𝛾𝑥∗ + 𝜐4𝑧∗))] = 0.            (9) 

   
 
 Hence, the long-term behaviours of equilibrium points are defined 
by the following theorems: 
  
Theorem 2 The banditry-free equilibrium point for System (1) is 

asymptotically stable if and only if ϑ > δ +
υ4[α−θ]

υ1
, otherwise, it 

is unstable.  
 

Proof: Substituting (𝑥∗, 0, 𝑧∗) = (
[𝜌−𝜙]

𝜐3
, 0,

[𝛼−𝜃]

𝜐1
) into Equation 

(9), the resulting cubic polynomial of  (9) becomes  
 

𝐷(𝜆, 𝜏) = 𝜆3 − [𝜎 − 𝜗 + 𝛾[
[𝜌−𝜙]

𝜐3
] + 𝜐2[

[𝛼−𝜃]

𝜐1
]]𝜆2 +

𝜐1[
[𝜌−𝜙]

𝜐3
]𝜐3[

[𝛼−𝜃]

𝜐1
]𝜆  

  

+𝜐1 [
[𝜌 − 𝜙]

𝜐3
] 𝜐3 [

[𝛼 − 𝜃]

𝜐1
] (𝜎 − 𝜗 + 𝛾 [

[𝜌 − 𝜙]

𝜐3
]

+ 𝜐4 [
[𝛼 − 𝜃]

𝜐1
]) = 0.         (10) 

                   
 

 The simplified version of Equation (10) is  
 

  

𝜆3 − 𝑓1𝜆2 + 𝑓2𝜆 + 𝑓3

= 0,                                                                            (11) 
  

 where  
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𝑓1 = 𝜎 − 𝜗 + 𝛾[
[𝜌 − 𝜙]

𝜐3
] + 𝜐2[

[𝛼 − 𝜃]

𝜐1
], 

    𝑓2 = 𝜐1[
[𝜌−𝜎]

𝜐3
]𝜐3[

[𝛼−𝜃]

𝜐1
], 

  

               𝑓3 = 𝜐1[
[𝜌 − 𝜙]

𝜐3
]𝜐3[

[𝛼 − 𝜃]

𝜐1
](𝜎 − 𝜗 + 𝛾[

[𝜌 − 𝜙]

𝜐3
]

+ 𝜐4[
[𝛼 − 𝜃]

𝜐1
]). 

                                                   (12) 
 

 By the Routh-Hurwitz criterion, Equation (11) has all negative roots 
if and only if  

  
𝑓1 > 0,    𝑓3 > 0,
&  𝑓1𝑓2 − 𝑓3

> 0.                                                                         (13) 
               
The conditions in Equation (13) can only hold if  Equation (11) has 
all positive coefficients. This is only obtainable if and only if 𝜗 >

𝜎 +
𝜐4[𝛼−𝜃]

𝜐1
. However, this is indeed not realistic because the 

banditry-free equilibrium point has 𝑦 = 0, which implies 𝜎 = 𝜗 =
0. Hence, the banditry-free equilibrium point is always unstable. 
Sociologically, this implies that:  
  
 Peace in a banditry-free community can only be sustained if there 
is no basis for the emergence of banditry activity in terms of 
proliferation in such communities.  

  
Theorem 3  If there exists a positive anti-banditry-induced 
equilibrium point for the System (1), then the anti-banditry-induced 
equilibrium point is always unstable for a positive.  
 

Proof: Substituting into Equation (11), (𝑥∗, 𝑦∗, 𝑧∗) = (
𝜗−𝜎−𝜐2𝑧∗

𝛾
,

𝜃+𝜐1𝑧∗−𝛼

𝛽
,

𝛽𝛾[𝜙−𝜌]+𝛾𝜐4[𝜃−𝛼]−𝛽𝜐3[𝜗−𝜎]

𝛽𝜐3𝜐2−𝛾𝜐4𝜐1
) 

and the resulting cubic polynomial becomes 
 

 𝐷(𝜆, 𝜏) = 𝜆3 − (𝜙 + 𝜐3[
𝜗−𝜎−𝜐2𝑧∗

𝛾
] − 𝜐4[

𝜃+𝜐1𝑧∗−𝛼

𝛽
] − 𝜌)𝜆2 

+[𝜐2[
𝜃+𝜐1𝑧∗−𝛼

𝛽
]𝜐4[

𝜃+𝜐1𝑧∗−𝛼

𝛽
] + 𝜐1[

𝜗−𝜎−𝜐2𝑧∗

𝛾
]𝜐3𝑧∗ 

−𝛽[
𝜗−𝜎−𝜐2𝑧∗

𝛾
][𝛾[

𝜃+𝜐1𝑧∗−𝛼

𝛽
]]]𝜆 +

𝛽[
𝜗−𝜎−𝜐2𝑧∗

𝛾
][𝛾 [

𝜃+𝜐1𝑧∗−𝛼

𝛽
] (𝜙 + 𝜐3 [

𝜗−𝜎−𝜐2𝑧∗

𝛾
] −

𝜐4 [
𝜃+𝜐1𝑧∗−𝛼

𝛽
] − 𝜌) + 𝜐3𝑧∗𝜐2[

𝜃+𝜐1𝑧∗−𝛼

𝛽
]] +

𝜐1[
𝜗−𝜎−𝜐2𝑧∗

𝛾
]𝛾[

𝜃+𝜐1𝑧∗−𝛼

𝛽
]𝜐4[

𝜃+𝜐1𝑧∗−𝛼

𝛽
]                                (14) 

 
The simplified version of Equation (14) is  
 
    

𝜆3 − ℎ1𝜆2 + ℎ2𝜆 + ℎ3

= 0                                                        (15)     
,                      

 
 where  

ℎ1 = 𝜙 + 𝜐3[
𝜗 − 𝜎 − 𝜐2𝑧∗

𝛾
] − 𝜐4[

𝜃 + 𝜐1𝑧∗ − 𝛼

𝛽
] − 𝜌, 

ℎ2 = 𝜐2[
𝜃 + 𝜐1𝑧∗ − 𝛼

𝛽
]𝜐4[

𝜃 + 𝜐1𝑧∗ − 𝛼

𝛽
]

+ 𝜐1[
𝜗 − 𝜎 − 𝜐2𝑧∗

𝛾
]𝜐3𝑧∗ 

  −𝛽[
𝜗−𝜎−𝜐2𝑧∗

𝛾
][𝛾[

𝜃+𝜐1𝑧∗−𝛼

𝛽
], 

ℎ3 = 𝛽[
𝜗 − 𝜎 − 𝜐2𝑧∗

𝛾
][𝛾[

𝜃 + 𝜐1𝑧∗ − 𝛼

𝛽
](𝜙

+ 𝜐3[
𝜗 − 𝜎 − 𝜐2𝑧∗

𝛾
]

− 𝜐4[
𝜃 + 𝜐1𝑧∗ − 𝛼

𝛽
] − 𝜌) 

          +𝜐3𝑧∗𝜐2[
𝜃+𝜐1𝑧∗−𝛼

𝛽
]] +

𝜐1[
𝜗−𝜎−𝜐2𝑧∗

𝛾
]𝛾[

𝜃+𝜐1𝑧∗−𝛼

𝛽
]𝜐4[

𝜃+𝜐1𝑧∗−𝛼

𝛽
]. 

                                                                         (16) 
 

 By the Routh-Hurwitz criterion, Equation (14) has all negative roots 
if and only if  
  

ℎ1 > 0,    ℎ3 > 0, &  ℎ1ℎ2 − ℎ3 > 0.                     (17) 
                     

 
 The conditions in Equation (17) can only hold, if Equation (15) has 
all positive coefficients, and this can only be obtained if and only if:  
 

 𝜙 < 𝜌,       &     𝜐3[
𝜗−𝜎−𝜐2𝑧∗

𝛾
] <

𝜐4[
𝜃+𝜐1𝑧∗−𝛼

𝛽
].                     (18) 

 
 Since 𝜙 < 𝜌 contradicts the condition for the positivity of 
equilibrium points, Hence, anti-banditry-induced equilibrium point 
is always unstable for a positive variant.  
 
Sensitivity Analysis 
 The stability analysis for anti-banditry induced equilibrium point 
suggests an unstable scenario, since  

 
𝜙 < 𝜌  & 

𝜐3 [
𝜗 − 𝜎 − 𝜐2𝑧∗

𝛾
] < 𝜐4 [

𝜃 + 𝜐1𝑧∗ − 𝛼

𝛽
]                        (19) 

                
 

connote the collapse of the banditry ravaging the community due 
to the inability of government forces to protect the ravaging 
community. In order to determine the appropriate and possible 
optimal strategy to eliminate banditry activity, we employed the 
approach used in (Ibrahim (b) et al., 2020) to perform sensitivity 
analysis on model parameters to identify which of the model 
parameters is key to ending the activity of the banditry groups. It is 
obvious that the anti-banditry-induced equilibrium point:  
 

(𝑥∗, 𝑦∗, 𝑧∗) = (
𝜗−𝜎−𝜐2𝑧∗

𝛾
,

𝜃+𝜐1𝑧∗−𝛼

𝛽
,

𝛽𝛾[𝜙−𝜌]+𝛾𝜐4[𝜃−𝛼]−𝛽𝜐3[𝜗−𝜎]

𝛽𝜐3𝜐2−𝛾𝜐4𝜐1
)  

 
centers on "𝑧∗". Where 𝑧∗ is literally depicts a state where the 
threatened community becomes stable due to anti-banditry efforts 

of government forces represented by 
𝛽𝛾[𝜙−𝜌]

𝛽𝜐3𝜐2+𝛾𝜐4
 to protect the 
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vulnerable communities by using community collaborators to 

reduce bandit invasion of community depicts by 
𝛽𝜐3[𝜗−𝜎]

𝛽𝜐3𝜐2+𝛾𝜐4
, such 

that that the rate at which government forces neutralizes banditry 
attack on the community is greater than the rate at which banditry 
groups deplete the government forces in the community describes 

by 
𝛾𝜐4[𝜃−𝛼]

𝛽𝜐3𝜐2+𝛾𝜐4
. 

 
Obviously, if 𝑧∗ decreases banditry activities drop and vulnerable 

communities are secured and flourish. However, if 𝑧∗ increases 
banditry activities increase and the communities become more 
threatening. We, therefore carry out the sensitivity analysis on 𝑧∗ 
to assess the crucial role of each model parameter in the increase 
or the decrease in banditry activities. This is aimed at determining 
the optimal control strategy against banditry groups. 
Using the concept in (Ibrahim (b) et al., 2020) and (Chitnis et al., 
2008), the normalized forward sensitivity index of a variable for a 
parameter is the ratio of the relative change in the variable to the 
relative change in the parameter. Therefore, the normalized 
forward sensitivity index of 𝑧∗ with respect to the model parameters 
p is defined as  

 

(𝑧∗)𝑝
𝑛 =

𝜕𝑧∗

𝜕𝑝
×

𝑝

𝑧∗.      (20) 

 
where  

𝑝 = (𝛼, 𝛽, 𝜃, 𝜎, 𝛾, 𝜗, 𝜐1, 𝜐2, 𝜐3, 𝜐4, 𝜙  &  𝜌).          (21) 
 

Differentiating 𝑧∗ with respect to each parameters 𝑝 yields 
 
 

  (𝑧∗)𝛼
𝑛 =

−𝛼𝛾𝜐4

𝛽𝛾[𝜙−𝜌]+𝛾𝜐4[𝜃−𝛼]−𝛽𝜐3[𝜗−𝜎]
  

 
          (𝑧∗)𝛽

𝑛 =
𝛽[(𝛽𝜐3𝜐2−𝛾𝜐4𝜐1)(𝛾[𝜙−𝜌]−𝜐3[𝜗−𝜎])−(𝛽𝛾[𝜙−𝜌]+𝛾𝜐4[𝜃−𝛼]−𝛽𝜐3[𝜗−𝜎])𝜐2𝜐3]

(𝛽𝜐3𝜐2−𝛾𝜐4𝜐1)(𝛽𝛾[𝜙−𝜌]+𝛾𝜐4[𝜃−𝛼]−𝛽𝜐3[𝜗−𝜎])
  

 

          (𝑧∗)𝜃
𝑛 =

𝜃𝛾𝜐4

(𝛽𝛾[𝜙−𝜌]+𝛾𝜐4[𝜃−𝛼]−𝛽𝜐3[𝜗−𝜎])
  

 

          (𝑧∗)𝜎
𝑛 =

𝜎𝛽𝜐3

𝛽𝛾[𝜙−𝜌]+𝛾𝜐4[𝜃−𝛼]−𝛽𝜐3[𝜗−𝜎]
 

 

            (𝑧∗)𝜗
𝑛 =

−𝜗𝛽𝜐3

𝛽𝛾(𝜙−𝜌)+𝛾𝜐4(𝜃−𝛼)−𝛽𝜐3(𝜗−𝜎)
  

                   (𝑧∗)𝜐1

𝑛 =
𝜐1𝛾𝜐4

𝛽𝜐2𝜐3−𝛾𝜐1𝜐4
  

     (𝑧∗)𝜐2

𝑛 =
−𝜐2𝛽𝜐3

𝛽𝜐2𝜐3−𝛾𝜐1𝜐4
 

            (𝑧∗)𝛾
𝑛 =

𝛾[[𝛽(𝜙−𝜌)+𝜐4(𝜃−𝛼)[𝛽𝜐2𝜐3−𝛾𝜐1𝜐4]]+[𝛽𝛾(𝜙−𝜌)+𝛾𝜐4(𝜃−𝛼)−𝛽𝜐3(𝜗−𝜎)]𝜐1𝜐4]

(𝛽𝜐3𝜐2−𝛾𝜐4𝜐1)(𝛽𝛾[𝜙−𝜌]+𝛽𝜐3[𝜗−𝜎]−𝛾𝜐4[𝜃−𝛼])
  

     (𝑧∗)𝜐3

𝑛 =
−𝜐3[𝛽(𝜗−𝜎)[𝛽𝜐2𝜐3−𝛾𝜐1𝜐4]−[𝛽𝛾(𝜙−𝜌)+𝛾𝜐4(𝜃−𝛼)−𝛽𝜐3(𝜗−𝜎)]𝛽𝜐2]

(𝛽𝜐3𝜐2−𝛾𝜐4𝜐1)(𝛽𝛾[𝜙−𝜌]+𝛾𝜐4[𝜃−𝛼]−𝛽𝜐3[𝜗−𝜎])
 

            (𝑧∗)𝜐4

𝑛 =
𝜐4[[𝛾(𝜃−𝛼)](𝛽𝜐3𝜐2−𝛾𝜐4𝜐1)−(𝛽𝛾[𝜙−𝜌]+𝛾𝜐4[𝜃−𝛼]−𝛽𝜐3[𝜗−𝜎])𝛾𝜐1]

(𝛽𝜐3𝜐2−𝛾𝜐4𝜐1)(𝛽𝛾[𝜙−𝜌]+𝛾𝜐4[𝜃−𝛼]−𝛽𝜐3[𝜗−𝜎])
  

       (𝑧∗)𝜙
𝑛 =

𝜙𝛽𝛾

𝛽𝛾[𝜙−𝜌]+𝛾𝜐4[𝜃−𝛼]−𝛽𝜐3[𝜗−𝜎]
 

            (𝑧∗)𝜌
𝑛 =

−𝜌𝛽𝛾

𝛽𝛾[𝜙−𝜌]+𝛾𝜐4[𝜃−𝛼]−𝛽𝜐3[𝜗−𝜎]
                                

(19) 
 

The sensitivity indices obtained inEquation (19) reveal the 
contributory effect of each parameter of the model to the security 
of vulnerable community "𝑧" from banditry activities. The results in 
Equation (19) indicate increasing or decreasing function for each 
of the parameters in System (1) depicted by positive and negative 
signs respectively. Substituting values in Table 1. into Equation 
(19), we obtain the sensitivity index for each parameter of System 
(1) as given in Table 2. It is obvious both in analytical computation 
and numerical estimation of sensitivity index that the leading 
improving parameters for government forces are attacking rate 𝛽 

and their community collaborative rate 𝜐1. For Banditry, the leading 
reducing parameters for banditry activities are their weaponry for 
resisting government force [𝛾] and their ability to co-opt vulnerable 

residents for the advancement of their activities [𝜐4]. For the 
vulnerable community, the leading promoting parameters are their 
progress rate [𝜙] and the collaborative rate with government forces 

in securing their community [𝜐3].  
  
RESULTS AND DISCUSSION 
 
Table 1: Model Estimated Parameter Values 

 
Table  2: Sensitivity index values of model’s parameter 

Paramet
er  

 
Estimated Value 

 Source 

𝛼   0.4  Estimated from (COAS, 
(2024)) 

𝛽   2.9  Assume  

𝜃   0.1  Estimated from (Isamotu, 
(2024)) 

𝜎   0.2 Assumed based on (Ojewale, 
2021) 

𝛾   1.5   Assume  

𝜗   0.5 Estimated from (Obiejesi, 
(2023)) 

𝜐1   0.1 (S., (2023)) 

𝜐2   0.5  Assume 

𝜙   0.4  Assume 

𝜐3  0.2  (Oyewole, S. et al. 
, (2022)) 

𝜐4   0.35 Estimated from (Faruk, 
(2022)) 

𝜌   0.2 Estimated from (Idowu, 
(2023)) 
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Numerical Simulation 
Here, we perform numerical simulations of the system (1) using 
Matlab DDE223 solver with the model parameter values assumed 
based on sociological considerations as summarized in Table 1. 
We equally validate our analytical results for sensitivity analysis by 
implementing the sensitivity indices values on leading sensitive 
parameters to determine the optimal anti-banditry control strategies 
against activities of bandit groups in Nigeria when reducing or 
increasing functions of sensitive model parameters are factored 
into the anti-banditry approach of the government. 
 

(a)  

 
(b)  

Figure  2: Time evolution of model variables for the equilibrium 
points of System (1). (a) Banditry-free equilibrium point, (b)Anti-
banditry induced equilibrium point . 
 
Figure 2 depicts the simulation of System (1) around equilibrium 
points. (a) The simulation of System (1) around banditry-free 
equilibrium point based on the conditions in Theorem 2. The 
dynamics are characterized by the continuous growth of the 
community in the absence of banditry attacks. The reflective growth 
of government forces is also featured in the dynamics. This indeed 
verifies the analytical result obtained which predicted the unstable 
stability for the banditry-free equilibrium point. (b) the numerical 
simulation of System (1) around anti-banditry induced equilibrium 
point based on the conditions in Theorem 3. It shows stagnation in 
the community’s time evolution curve which is relatively caged by 
the banditry group curve. However, there are initial overlaps of time 
evolution curves of banditry and government force which indicates 
engagements. However, the engagement leads to the stagnation 
of the community under more influence of the banditry groups.  
 

   
 (a).

 

(b)  
 
Figure 3: sensitivity index to reduce the activities of banditry 
groups in System (1) (a) When recruited into the government force 
[𝛼] is increased by 0.16. (b)When community intelligent gathering 

𝜐1 is increased by 0.3125. 
 

   Parameter   
Sensitivity index  

 
Sign 

 𝛼   0.16   
Negative  

𝛽   0.14   
Positive  

      𝜐1  3.12   
Positive  

𝜃   0.16   
Positive  

     𝜎  0.06   
Positive 

𝛾   2.18   
Negative 

   𝜗  0.16   
Negative 

𝜐2   2.11   
Positive 

𝜙  1.9   
Positive 

𝜐3  2.2   
Negative 

𝜐4   3.29   
Positive  

𝜌   0.29   
Negative 
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Fig. 3, is the numerical simulation of System (1) with sensitivity 
indices to enhance government force efficiency against banditry 
activities. (a) when government forces recruitment [𝛼] is 

heightened by 0.16. The community time evolution curve is seen 
progressing in the midst of banditry, and the banditry curve is seen 
fainting for a longer period. But as time progresses there is a 
resurgence of banditry curve piercing through community and 
government force curves, to overlap the community curve (see Fig. 
3a). (b) When anti-banditry community intelligence rate [𝜐1] is 

increased by 3.125. The engagement of banditry by the 
government forces leads to a stagnated community under 
government protection (see Fig. 3b).  

  

(a)   
 
 
 
(b) 

 
Figure 4: sensitivity index to reduce the activities of banditry 
groups in System (1) (a) When their weaponry for resisting 
government force [𝛾] is reduced by 2.179. (b)When their ability to 
co-opt vulnerable resident for the advancement of their activities 
[𝜐4] is reduced by 3.29. 
Fig. 4, is the numerical simulation of System (1) with sensitivity 
indices to reduce the activities of banditry groups. (a) When their 
weaponry for resisting government force [𝛾] is reduced by 2.179. 
The dynamics produce a progressing community with initial 
reflective traces of banditry activities. The government force is 
progressively saturated, and militaristic in protecting the 
community. (b) When the banditry’s ability to co-opt vulnerable 
residents for the advancement of banditry activities [𝜐4] is reduced 

by 3.29. The dynamics are characterized by the overwhelming 
community growth, moderate government forces appearance, and 

the total disappearance of banditry group curves. Both community 
and government forces and the banditry curve are relatively 
vanished. 

 

 (a)  

(b)  
Figure  5: Sensitivity index to aid security in banditry ravaging 
vulnerable community in System (1) (a) When the rate [𝜐3] of 
synergy between community and government forces in community 
protection is increased by 2.2. (b)When the rate community 

depletion [𝜐4] is reduced by 3.29.   
 
Fig. 5, is the numerical simulation of System (1) with sensitivity 
indices to aid security in banditry ravaging vulnerable 
community(s). (a) When the rate [𝜐3] of synergy between 
community and government forces in community protection is 
increased by 2.2. The dynamics produce a trapped community in 
the midst bandit-government force duel. The increase in both the 
banditry and government curves is also prominent in this dynamics 
(see Fig 6a). (b) When the rate community depletion [𝜐4] is reduced 

by 3.29. The dynamics produce a pronounced community 
development and growth with a moderate government force 
present. The disappearance of the banditry curve is also noticed in 
this dynamics (see Fig. 6b). 
 
 In this work, a mathematical model of banditry group and 
government forces engagement as well as their impact on the 
vulnerable community is proposed and analyzed. The existense of 
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non-negativity solution to the proposed model was obtained so as 
to ensure that model assumptions are in conform to reality of anti-
bandity dynamics.. Desirable in anti-banditry dynamics is the 
peaceful state where all the engaging variables come to rest and 
the ravaging community regains peace. In order to attain this 
peaceful state, we obtain two equilibrium points, namely, the 
banditry-free equilibrium point which arises when there is no case 
of banditry. The anti-banditry-induced equilibrium point arises when 
government anti-banditry effort brings about peace in the banditry-
threatened community(ies). The analysis of these equilibrium 
points predicted an unstable scenario for both the banditry-free 
equilibrium point and the anti-banditry-induced equilibrium point. 
To determine, the viable control strategy to stem banditry group 
activities, sensitivity analysis is performed to assess the role of 
model parameters in either promoting or reducing banditry 
activities. This effort reveals increasing and reducing parameters 
for all the proposed model parameters. 
 
The numerical solutions not only validate all the analytical results 
but also provide a graphical view of the model variable dynamics 
based on the analytic results obtained. For, the simulation of 
System (1) around the banditry-free equilibrium point, the analytic 
prediction of unstable stability is verified as the pronounced 
community growth with a light government force is observable (see 
Fig. 2a). Also, the simulation of System (1) around the anti-banditry 
induced equilibrium point verified the analytic result prediction of 
unstable stability as a banditry-induced community stagnation and 
continuous engagement are evident (see Fig. 2b). The sensitivity 
indices in Table 2. provides insight into possible control strategy to 
enhance anti-banditry forces’ performance, eliminate banditry 
activities, and strengthen the security around the vulnerable 
communities. For the enhancement of anti-banditry force, 
recruitment of personnel and intelligent gathering are the leading 
enhancing parameters. Recruitment of more personnel into 
government forces will only improve security in the ravaging 
community but will not bring banditry activity to an end (see Fig 3a). 
The increment in intelligent gathering leaves no meaningful 
changes in the dynamics (see Fig. 3b). These had been witnessed 
in Nigeria recently as reported in [6]. 
 
For the elimination of banditry group activities, reduction in getting 
weaponry and co-opting vulnerable for the banditry advancement 
are the leading eliminating parameters. Cutting off of banditry 
weaponry source will bring about growth of the community, and a 
reduction in the activities but the overwhelming presence of 
government characterized these dynamics (see Fig. 4a). Reducing 
the exploitation of vulnerable by banditry groups will return the 
community to prosperity, the complete eradication of banditry and 
moderate government presence (see Fig. 4b). Also, for 
strengthening the security around the vulnerable communities, 
improve synergy between government force and community, and 
reduction in banditry depletion of the ravaging community are the 
leading security strengthening parameters. Improving synergy 
between government force and community will not bring about the 
elimination of banditry, but rather a community enclosed in the 
battlefield (see Fig. 5a). Reduction in banditry depletion of the 
community will create a developing community enveloping a 
government force-tamed banditry group (see Fig. 5b ).  
 
 

Conclusion 
We have been able to propose a model of anti-banditry dynamics 
and incorporate the role of banditry and anti-banditry forces on the 
viability and tranquility of the ravaging community. Our findings 
highlight that, for continuous peace in a banditry-free community, 
the government forces should make use of intelligence gathering 
from the community such that there is no proliferation of banditry 
groups in such a community. Also, the findings highlight that once 
there is an emergency of a banditry group in any community, the 
community will suffer great regression unless a precise effort is 
undertaken. The potent and optimal strategy according to our 
findings to eliminate banditry group in Nigeria are the blockage of 
bandits’ access to weapons, and checkmating bandit collaborators 
and informants within the ravaging community(ies). Also, our 
finding highlights the need to put up a clear strategy in banditry-
free communities against banditry proliferation as a potent 
preventive measure. 
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