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Background
Suicide is a complex and multifaceted phenomenon that 

intertwines psychological, social, biological, cultural, and 
environmental factors in a deeply intricate web of causality. 
The dynamics of suicide encompass not only the individual’s 
internal struggles but also the external pressures and 
circumstances that shape their experience of the world. 
Understanding suicide dynamics requires a holistic view of 
the processes that lead a person from emotional distress to 
suicidal ideation, and in some cases, to the act itself. It is not a 
single event but a dynamic process unfolding over time, often 
marked by a series of warning signs, ϐluctuations in mood, 
cognitive distortions, and interactions with social contexts.

At the core of suicide dynamics lies the interplay between 
pain and hopelessness. Psychological theories, emphasize that 
suicide is often driven by unbearable psychological pain, or 
“psychache,” arising from frustrated needs and unresolved 
emotional conϐlicts. This pain does not exist in isolation but 
interacts with cognitive patterns that distort perception. 
When individuals lose the ability to envision a future where 
their suffering can be alleviated, hopelessness sets in as a 
powerful predictor of suicidal ideation. The sense that one’s 
situation is inescapable creates a cognitive narrowing that 
makes suicide appear as the only viable solution. This dynamic 
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process involves a gradual erosion of coping mechanisms and 
a growing dominance of fatalistic thinking.

Neuroscience has contributed signiϐicantly to 
understanding the biological underpinnings of suicidal 
behavior. Alterations in neurotransmitter systems, 
particularly serotonin dysregulation, have been linked to 
impulsivity and aggression, traits often associated with 
suicidal actions. Neuroimaging studies show structural and 
functional changes in brain regions involved in emotion 
regulation, such as the prefrontal cortex, amygdala, and 
anterior cingulate cortex. These alterations inϐluence how 
individuals process stress and emotional pain, making some 
more vulnerable to suicidal thoughts. Furthermore, genetic 
factors interact with environmental stressors to shape this 
vulnerability, suggesting that suicide results from an intricate 
dance between biology and lived experience. The biological 
component does not determine destiny but modulates 
sensitivity to the psychological and social factors that feed 
into suicidal crises.

Social dynamics play an equally vital role in shaping suicide 
risk. The inϐluence of social isolation, loss of belonging, and 
the breakdown of community ties are central to many cases. 
Durkheim’s classical sociological theory identiϐied suicide as a 
social fact, rooted in the degree of integration and regulation 
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within a society. Too little integration, as seen in cases of 
egoistic suicide, leaves individuals detached from the social 
fabric, while excessive regulation or oppression can lead to 
fatalistic despair. In modern societies, rapid social change, 
technological isolation, and weakening family bonds have 
created new conditions under which feelings of alienation 
thrive. The sense of being disconnected from others can 
magnify psychological pain and reduce perceived sources of 
support, intensifying suicidal dynamics.

Cultural context also shapes the meanings attached to 
suicide. In some societies, suicide may be stigmatized and 
morally condemned, which can both prevent and conceal 
suicidal tendencies. In others, it may be viewed through a lens 
of honor, sacriϐice, or protest, altering its social interpretation. 
Cultural narratives inϐluence how individuals perceive 
suffering, resilience, and the acceptability of seeking help. 
The media plays a particularly important role in this cultural 
shaping. The phenomenon known as the “Werther effect” 
shows that detailed reporting or romanticization of suicide 
can trigger imitative behaviors, particularly among vulnerable 
individuals. Conversely, responsible media reporting that 
emphasizes prevention and recovery can have a protective 
“Papageno effect.” Thus, suicide dynamics extend beyond the 
individual psyche into the collective social imagination that 
frames how suicide is understood and discussed.

Psychological models have provided valuable frameworks 
for describing the sequence of events that lead to suicidal 
behavior. The interpersonal theory of suicide identiϐies three 
main components: perceived burdensomeness, thwarted 
belongingness, and acquired capability for suicide. These 
components interact dynamically over time. A person who 
feels like a burden and experiences social disconnection 
may develop a desire for death. However, transitioning from 
ideation to action requires the acquired capability, often 
gained through habituation to pain or exposure to traumatic 
experiences. This model underscores that suicidal behavior 
is not impulsive chaos but the outcome of a gradual and 
predictable psychological trajectory inϐluenced by internal 
and external forces.

Another dynamic aspect of suicide lies in the ϐluctuation 
of suicidal ideation. It is not static but oscillates in intensity 
depending on emotional regulation, life stressors, and access 
to coping resources. Studies using real-time monitoring 
methods reveal that suicidal thoughts can vary signiϐicantly 
within hours or days. This temporal variability complicates 
prediction and intervention, as someone may appear stable 
shortly before an attempt. The dynamic nature of ideation 
emphasizes the importance of continuous support, real-
time monitoring, and early intervention mechanisms. It also 
suggests that suicide prevention strategies must move beyond 
static risk assessments and toward adaptive, personalized 
approaches that account for the ϐluidity of human emotions.

The environmental and situational context often acts as 
the immediate trigger within this dynamic system. Financial 

stress, job loss, relationship breakdown, or chronic illness can 
precipitate crises in vulnerable individuals. The cumulative 
effect of multiple stressors overwhelms coping mechanisms 
and narrows perceived options. In such states, impulsivity 
may rise, and cognitive distortions deepen, leading to rash 
decisions. The availability of means also plays a critical role in 
suicide dynamics. Restricting access to lethal methods, such as 
ϐirearms or toxic substances, has been shown to signiϐicantly 
reduce suicide rates. This demonstrates that even in moments 
of acute despair, the dynamics can be interrupted by 
environmental modiϐications that buy time for recovery and 
intervention.

Suicide prevention, therefore, must address the 
multifactorial and dynamic nature of suicidal behavior. 
Effective prevention operates at multiple levels: individual, 
social, and structural. At the individual level, therapeutic 
interventions like cognitive-behavioral therapy and dialectical 
behavior therapy aim to challenge distorted thoughts, improve 
emotion regulation, and build resilience. Social support 
networks act as buffers against isolation, offering empathy, 
validation, and belonging. On a structural level, policies 
that promote economic stability, access to healthcare, and 
destigmatization of mental illness are essential for reducing 
systemic risk factors. Prevention is not merely about reacting 
to crises but creating social environments that nurture 
connectedness, meaning, and hope.

The digital age has introduced new dimensions to suicide 
dynamics. Online communities can both help and harm. On 
one hand, virtual support groups and mental health resources 
provide access to help for those who might otherwise remain 
silent. On the other hand, exposure to harmful content, 
cyberbullying, and echo chambers that normalize suicidal 
thinking can exacerbate vulnerability. Algorithms that detect 
and ϐlag distress signals on social media platforms have shown 
promise, but they raise ethical concerns regarding privacy 
and surveillance. Understanding suicide in the modern era 
requires integrating insights from psychology, sociology, 
and technology studies to design interventions that are both 
compassionate and effective.

Ultimately, suicide dynamics represent the convergence of 
personal suffering and societal failure. It is a phenomenon that 
cannot be understood solely through medical or psychological 
models but must also consider the moral and existential 
dimensions of human life. Many individuals who contemplate 
suicide are not seeking death but an end to their pain. 
Recognizing this distinction opens the door to empathy and 
prevention. Intervening in suicide dynamics means offering 
alternative narratives—ones that afϐirm life’s worth, validate 
suffering without judgment, and create spaces where despair 
can be spoken rather than silenced.

The dynamics of suicide are shaped by a complex 
interaction of biological predispositions, psychological 
vulnerabilities, social disconnection, cultural meanings, and 
situational pressures. These elements interact over time in 
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non-linear and often unpredictable ways, producing patterns 
of risk that are unique to each individual. Suicide is not the 
inevitable outcome of distress but the product of dynamic 
systems that can be understood, interrupted, and transformed. 
By viewing suicide as a process rather than a moment, we gain 
the capacity to intervene earlier, build resilience, and cultivate 
societies where individuals feel seen, supported, and valued.

Maser, et al. [1] discussed whether temperament can 
identify affectively ill patients who engage in lethal or near-
lethal suicidal behavior. Swann, et al. [2] showed that increased 
impulsivity is associated with the severity of suicide attempt 
history in patients with bipolar disorder. Baca-Garcia, et al. 
[3] discussed the connection between suicide attempts and 
impulsivity. Yip, et al. [4] researched the ecological fallacy and 
the gender ratio of suicide in China. Folly, et al. [5] developed 
a mathematical model for the nomothetic approach of suicide. 
Adinkrah, et al. [6] discussed the effect of criminal prosecution 
of suicide attempt survivors in Ghana. Osafo Joseph, et al. [7], 
encouraged understanding of suicidal behavior. Perry, et al. 
[8] discussed the best practices when working with suicidal 
behavior and self-harm in primary care with a qualitative 
exploration of young people’s perspectives. Quarshie, et al. [9] 
studied suicide attempts and deaths in older persons. Ossei, et 
al. [10] conducted research on the proϐile of suicide within the 
northern part of Ghana. Andoh-Arthur [11] studied the effect 
of economic difϐiculties and relational encounters before 
men’s suicide. Osman, et al. [12] modeled and performed 
optimal control studies of suicide dynamics in Ghana. In this 
work, bifurcation analysis and multiobjective nonlinear model 
predictive control is performed on the suicide dynamics 
model described in Osman, et al. [12]. The paper is organized 
as follows. First, the model equations are presented, followed 
by a discussion of the numerical techniques involving 
bifurcation analysis and multiobjective nonlinear model 
predictive control (MNLMPC). The results and discussion are 
then presented, followed by the conclusions.

Model equations [12]

The variables sbv, irv, ifv, sev, rv, represent susceptible 
individuals, individuals who attempted suicide that can be 
attributed to relationships, individuals who attempted suicide 
because of ϐinancial problems, and individuals who attempted 
suicide but recovered. The model equations are

   
     
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( 1 )

u1, u2, and u3 are the control variables and represent 
education, marriage counselling, and governmental ϐinancial 
intervention. The base values of the parameters are

0.5; 0.3;  0.2; 0.1; 0.4;  

0.2; 0.3; 0.15; 0.35; 0.25

    

    

    

    
                   (2)

These variables represent suicide recruitment rate, contact 
rate of ϐinancial-related suicide, contact rate of relationship-
related suicide, natural death rate of all compartments, 
suicide recovery rate, relationship-related suicide death rate, 
ϐinancial-related Suicide death rate, Suicide induced death 
rate, Relationship recovery rate of suicide, and Financial 
recovery rate of suicide. 

This model is based on data from the Ghana Police Service 
that shows the various incidents of suicide reported cases due 
to electrocution, hanging, drowning, and shooting.

Bifurcation analysis 

Bifurcation analysis is performed using the MATLAB 
software MATCONT which locates branch points limit points 
and Hopf bifurcation points [13,14]. Consider a set of ordinary 
differential equations.

( , )
dx

f x
dt

                      (3)

x ∈ Rn with a bifurcation parameter be α. Since the gradient 
is orthogonal to the tangent vector,

The tangent 1 2 3 4 1[ , , , ,.... ]nz z z z z z  must satisfy.

Az = 0                     (4)

A is given by

[ / | / ]A f x f                           (5)

Where ∂f / ∂x is the Jacobian matrix. For both limit and 
branch points, the matrix must be singular. The n+1th 
component of the tangent vector Zn+1 = 0 for a limit point 

(LP) and for a branch point (BP) the matrix 
T

A
B

z
 

  
 

must be 
singular. At a Hopf bifurcation point,

det(2 ( , )@ ) 0x nf x I                        (6)

@ indicates the bialternate product and In is the n-square 
identity matrix. Hopf bifurcations cause limit cycles and 
should be eliminated because limit cycles make optimization 
and control tasks very difϐicult. More details can be found in 
Kuznetsov [15,16] and Govaerts [17].

Multiobjective Nonlinear Model Predictive Control 
(MNLMPC)

The procedure developed by Flores Tlacuahuaz, et al. 
[18] is used for performing the MNLMPC calculations Let the 

objective function variables 
0

( )
i f

i

t t

j i
t

q t




  (j = 1, 2..n) for a problem 
involving a set of ODE 

( , )
dx

F x u
dt

                   (7)
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Where tf is the ϐinal time value, and n the total number 
of objective variables and u the control parameter. First, 
the single objective optimal control problem independently 

and individually optimizing each of the variables. 
0

( )
i f

i

t t

j i
t

q t






is solved. Leading to the values *
jq . Then the multi objective 

optimal control (MOOC) optimization problem that will be 
solved is

0

* 2

1

min( ( ( ) ))

( , );

i f

i

t tn

j i j
j t

q t q

dxsubject to F x u
dt











 

                          

(8) 

This will provide the values of u at various times. The ϐirst 
obtained control value of u is implemented and the rest are 
discarded. This procedure is repeated until the implemented 
and the ϐirst obtained control values are the same or if the 

Utopia point where (
0

*( )
i f

i

t t

j i j
t

q t q




 for all j) is obtained.

Pyomo [19] is used for these calculations. Here, the 
differential equations are converted to a Nonlinear Program 
(NLP) using the orthogonal collocation method The NLP is 
solved using IPOPT [20] and conϐirmed as a global solution 
with BARON [21]. 

Sridhar [22] proved that the MNLMPC calculations to 
converge to the Utopia solution when the bifurcation analysis 
revealed the presence of limit and branch points. This was 
done by imposing the singularity condition on the co-state 
equation [23]. This makes the constrained problem an 
unconstrained optimization problem, and the only solution is 
the Utopia solution. More details can be found in Sridhar [22].

Results
When u1 is the bifurcation parameter, two branch points 

were found at (sbv, irv, ifv, sev, rv, u1) values of (5, 0, 0, 0, 
0,0.700000) and (5, 0, 0, 0, 0, 0.733333). (Figure 1a) When 
u2 is the bifurcation parameter, a branch point and 2 limit 
points were found at (sbv, irv, ifv, sev, rv, u2) values of (1.5, 
17.5, 0, 14, 12.25, 0.2); (1.5,17.516144, -0.001291, 14.011365, 
12.260655, 0.2); and (1.5, 17.452704, 0.003784, 13.966704, 
12.218785, 0.2) (Figure 1b).

When u3 is the bifurcation parameter, a branch point was 
found at (sbv, irv, ifv, sev, rv, u1) values of ( 5, 0, 0, 0, 0, 2 )
(Figure 1c). 

For the MNLMPC u1, u u3 are the control parameters, 

and 
0 0

( ), ( )
i f i f

i i

t t t t

i i
t t

irv t ifv t
 

 

  were minimized individually, and led 

to values of 0 and 0. The overall optimal control problem will 

involve the minimization of 
0 0

2 2( ( ) 0) ( ( ) 0)
i f i f

i i

t t t t

i i
t t

irv t ifv t
 

 

     was 

minimized subject to the equations governing the model. This 
led to a value of zero (the Utopia point). The MNLMPC values of 

the control variables, u1, u2, and u3 were 0.5123, 0.5241, and 
0.45059. The MNLMPC proϐiles are shown in Figures 2a-2d. 
The control proϐiles of u1, u2, and u3 exhibited noise (Figure 
2c) and this was remedied using the Savitzky-Golay ϐilter to 
produce the smooth proϐiles u1sg, u2sg, and u3sg (Figure 2d).

Discussion of results
Theorem

If one of the functions in a dynamic system is separable into 
two distinct functions, a branch point singularity will occur in 
the system. 

Proof 

Consider a system of equations,

( , )
dx

f x
dt

                           (2)

x ∈ Rn . Deϐining the matrix A as 

a) b)

c)

Figure 1: a: Bifurcation Diagram (u1 is bifurcation parameter). b: Bifurcation 
Diagram (u2 is the bifurcation parameter). c: Bifurcation Diagram (u3 is 
the bifurcation parameter).

a) b)

c) d)

Figure 2: a: MNLMPC sbv, rv, sev. b: MNLMPC ifv, irv. c: MNLMPC u1 u2 u3. d: 
MNLMPC u1sg u2sg u3sg.
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α is the bifurcation parameter. The matrix A can be written 
in a compact form as 

[ . | ]p p

q

f f
A

x 
 


 

                        (4)

The tangent at any point x; ( 1 2 3 4 1[ , , , ,.... ]nz z z z z z  ) must 
satisfy 

Az = 0 (5)

The matrix { }p

q

f
x



 must be singular at both limit and branch 

points. The n + 1th component of the tangent vector Zn+1 = 0 
at a limit point (LP) and for a branch point (BP) the matrix 

T

A
B

z
 

  
 

must be singular. Any tangent at a point y that is 

deϐined by 1 2 3 4 1[ , , , ,.... ]nz z z z z z  ) must satisfy. 

Az = 0                     (6)

For a branch point, there must exist two tangents at the 
singularity. Let the two tangents be z and w. This implies that 

0

0

Az

Aw




                      (7)

Consider a vector v that is orthogonal to one of the tangents 
(say z). v can be expressed as a linear combination of z and w 
( v z w   ). Since 0Az Aw   ; 0Av   and since z and v are 
orthogonal, 

0Tz v  . Hence 0T
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 

 which implies that B is 

singular where 
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Let any of the functions fi are separable into 2 functions  φ1, 
φ2 as 

fi = φ1φ2                             (8)

At steady-state fi(x, a) = 0 and this will imply that either 
φ1 = 0 or φ2 = 0 or both  φ1  and φ2 must be 0. This implies that 
two branches φ1 = 0 and φ2 = 0 will meet at a point where both 
φ1  and are 0. 

At this point, the matrix B will be singular as a row in this 
matrix would be 
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This implies that every element in the row would be 0, and 
hence the matrix B would be singular. The singularity in B 
implies that there exists a branch point. 

When u1 is the bifurcation parameter, two branch points 
were found at (sbv, irv, ifv, sev, rv, u1) values of (5, 0, 0, 0, 
0,0.700000) and (5, 0, 0, 0, 0, 0.733333).

The ϐirst branch point occurs at (sbv, irv, ifv, sev, rv, u1)
values of (5, 0, 0, 0, 0,0.700000). Here, the two distinct 
functions can be obtained from the second ODE in the model 

     1 1 ( ) 3 ( )
d irv

u sbv irv irv u irv
dt

       
            

(11)

The two distinct equations are 
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) ( )u sb u

i

v
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

                
(12)

With irv = 0, u3 = 0, u1 = 0.7, sbv = 5, ρ = 0.2, σ = 0.2, μ 
= 0.1 both the distinct equations are satisϐied validating the 
theorem. 

The second branch point occurs at (sbv, irv, ifv, sev, rv, u1)
values of (5, 0, 0, 0, 0,0.733333). Here, the two distinct 
functions can be obtained from the third ODE in the model

     1 1 ( ) 2 ( )
d ifv

u sbv ifv ifv u ifv
dt

       
                   

(13)

 Here the two distinct equations are 
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1 1 ( ) 2 0u sb
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v u       


             (14)

With ifv = 0, u2 = 0, u1 = 0.73333, sbv = 5, 
0.3, 0.3, 0.1      both distinct equations are satisϐied 

validating the theorem. 

When u2 is the bifurcation parameter, a branch point was 
found at (sbv, irv, ifv, sev, rv, u2) values of (1.5, 17.5, 0, 14, 
12.25, 0.2).

Here, again the two distinct functions can be obtained from 
the third ODE in the model.

     1 1 ( ) 2 ( )
d ifv

u sbv ifv ifv u ifv
dt

       
                

(13)

Here the two distinct equations are 

   
0

1 1 ( ) 2 0u sb

ifv

v u       



                   
(14)

With ifv = 0, u2 = 0.2, u1=0, sbv = 1.5, 0.3, 0.3, 0.1    
τ = 0.25, both distinct equations are satisϐied validating the 
theorem. 
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When u3 is the bifurcation parameter, a branch point was 
found at (sbv, irv, ifv, sev, rv, u1) values of (5, 0, 0, 0, 0, 2). Here, 
again, the two distinct functions can be obtained from the 
second ODE in the model. 

     1 1 ( ) 3 ( )
d irv

u sbv irv irv u irv
dt

                      (11)

The two distinct equations are 

   1 1 ( 3

0

) ( )u sb u

i

v

rv

    



                   
(12)

With irv = 0, u3 = 2, u1 = 0, sbv = 5, ρ = 0.2,
0.2, 0.1, 0.35,      both the distinct equations are 

satisϐied, validating the theorem. 

The presence of the limit point and is beneϐicial because it 
allows the MNLMPC calculations to attain the Utopia solution, 
validating the analysis of Sridhar [22].

The described model is representative of many of the 
models subsequently by de Beurs, et al. [24], Olarte-Godoy 
[25], Schuerkamp [26], Gariepy, et al. [27], Pompili, et al. [28], 
and the results described in this paper can be applied to these 
models also.

Conclusion
Bifurcation analysis and multi objective nonlinear control 

(MNLMPC) studies were conducted on a suicide dynamics 
model. The bifurcation analysis revealed the existence of 
limit and branch points. The limit and branch points (which 
cause multiple steady-state solutions from a singular point) 
are very beneϐicial because they enable the Multi objective 
nonlinear model predictive control calculations to converge to 
the Utopia point (the best possible solution) in the model. It is 
proven (with computational validation) that the branch points 
were caused because of the existence of two distinct separable 
functions in one of the equations in the model. A theorem was 
developed to demonstrate this fact for any dynamic model. 
A combination of bifurcation analysis and Multi objective 
Nonlinear Model Predictive Control (MNLMPC) for a suicide 
dynamics model is the main contribution of this paper. 
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