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ABSTRACT 

A non-homogeneous Poisson process (NHPP) accounts for varying intensities, permitting more flexibility by 

accommodating a varying intensity function over time. Choosing an appropriate functional form for this intensity function 

remains a gap, which this study seeks to fill. Given the crime dynamics globally, this study employs an NHPP with a spline-

based Poisson regression function to model crime occurrences in Akwa Ibom State between 2018 and 2023. A six-year crime 

dataset (consisting of 41 crime types) was obtained from the Akwa Ibom State Police Command. Having identified the most 

frequent crime- murder with 240 cases and 153 arrests, Anscombe’s variance stabilisation transformation method was 

applied in testing for the homogeneity of the data. Poisson regression model with spline was thereafter explored in estimating 

the intensity function of NHPP, with the data divided into quarters. As earlier hinted, this study focuses on the reported 

murder cases, which were observed to have a periodic pattern. The result shows that the use of the Poisson regression model 

with spline succeeded in overcoming the limitation of an NHPP and that the seasonal effect for each quarter was 

approximately 3. It is also estimated that the state would record an average of 7 murder cases between 15th November 2024 

to 21st December 2024. Thus, with this study, the prospect of crime forecasting is not only possible but can be improved 

upon; thereby contributing to the broader field of crime analysis. Besides, this study offers a new methodological approach 

to crime modelling that could be applied in other regions or types of crimes.  
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INTRODUCTION 

The theory of stochastic processes, according to Cox and 

Miller (1965) deals with systems which develop in time or 

space by probability laws. Stochastic processes are the 

mathematical framework for representing systems that 

randomly evolve over time, defined as collections of random 

variables indexed by time and space. Some of the scenarios 

of interest in Stochastic process include finance, biology, 

criminology, economics, seismology, risk theory, 

meteorology, health science, operations research, etc. Udom 

(2010) defines the term Stochastic Process {𝑋(𝑡), 𝑡𝜖𝑇} 
formally as a family or collection of random variables 

indexed by time, t, where the random variable 𝑋(𝑡) 
represents the state of the process at time t, meaning that for 

each 𝑡𝜖𝑇, 𝑋(𝑡) It is a random variable.  

 

When tracking the number of events occurring over time, a 

specific subclass of stochastic process, such as a counting 

process is of interest. In this context, we can refer to a 

counting process as a stochastic process applied in 

modelling the accumulation of discrete events, such as the 

number of accidents, fatality, the number of crimes, or 

system failures, over time. One of the most applied counting 

processes is the Poisson process, which models the 

occurrence of random events over time. Tijms (2003) 

defined a Poisson process as a counting process that counts 

the number of occurrences of some specific event through 

time. It is a fundamental stochastic process used to model 

the occurrence of random events over time or space. Poisson 

process is widely applied in various fields, especially when 

the events happen independently and at a constant or 

variable rate. The most common form of the Poisson process 

is the Homogeneous Poisson process (HPP), which assumes 

that events occur continuously and independently at a 

constant rate over time or space.  

According to Yarmohammadi et al. (2023), fundamental 

characteristics of a Homogeneous Poisson process are that 

the probability of an event occurring in a time interval only 

depends on the length of the interval, not on its location in 

time (stationary properties), where the occurrence of such 

events in disjoint intervals are independent. The HPP is 

widely used because of its simplicity and its applicability to 

real-world scenarios where events happen randomly but 

with a constant rate.  However, the assumption of a constant 

rate is limited to real-world scenarios where events are 

occurring at varying rates over time and to address such 

limitation, a Nonhomogeneous Poisson process (NHPP) has 

been developed as a more general version of the 

homogeneous Poisson process. NHPP is particularly useful 

for analysing events whose occurrence rate varies over time. 

Unlike HPP, the NHPP process is not characterised by a 

constant rate; rather, it has a rate function that allows for a 

variable rate parameter, with the ability to capture the 

changing nature of the process at different times.  

 

The time-dependent intensity function of the process 

enables the model to accommodate trends, cyclic patterns, 

or sudden changes that might occur over time. For example, 

when modelling crime events, the rate of occurrences may 

vary by season, time of the day, or other external factors. 

Customers' arrival rate to a restaurant could fluctuate with 

the time of the day or during promotional periods. Because 

the NHPP accounts for varying intensities, it provides more 

flexibility than the HPP, making it useful for modelling real-

world processes where the event rate is not constant. Due to 

seasonal crime trends, influenced by policy interventions, 

law enforcement, and socio-economic fluctuations, 

https://dx.doi.org/10.4314/wojast.v16i2.269
mailto:basseyanthonystat@gmail.com
mailto:rahemarsac@yahoo.com


Open Access article published under the terms of a  
Creative Commons license (CC BY). 

http://wojast.org 

Bassey And Raheem. A Spline-Based Nonhomogeneous Poisson Process  
For Modelling Crime Patterns in Akwa Ibom State, Nigeria 

https://dx.doi.org/10.4314/wojast.v16i2.269  

 

World Journal of Applied Science and Technology, Vol. 16 No. (2) (2024) 269- 277    270 

challenge traditional Poisson assumptions. Thus, this 

research employed an NHPP with a spline-based Poisson 

regression function to model crime occurrences in Akwa 

Ibom State between 2018 and 2023.  

 

Criminality, which exposes any nation’s economy, security, 

and quality of life to unimaginable risks, has posed a serious 

threat to global peace and stability. Regrettably, one of the 

most critical issues facing Nigeria today is crime (or security 

breach), which has, over the years, negatively impacted not 

only public safety but also economic stability, social 

cohesion, and national development. Crime in Nigeria has 

deep historical roots, reflecting the country's complex socio-

political and economic evolution (Ellis et al, 2022). 

Historically, Nigerian societies had their systems of justice 

and law enforcement, often centred around traditional 

institutions, such as local chiefs, councils of elders, and 

secret societies. For instance, among the Ibibio, the Obong 

(king) and his council of chiefs functioned as custodians of 

customary law, while the enforcement mechanisms were 

managed by institutions like the Ekpe society. These 

systems were grounded in customary laws that varied across 

different ethnic groups, focusing on communal harmony, 

restitution, and deterrence (Udo, 1983; Ekong, 1983).  

However, due to rapid urbanisation, economic disparities, 

political instability and corruption, Nigeria's crime 

landscape became increasingly complex in the post-

independence era. The Biafran War (1967-1970), saw a rise 

in violent crime and an influx of small arms. The war also 

intensified ethnic tensions and contributed to the destruction 

of national unity, making crime more difficult to manage. 

The 1980s and 1990s witnessed a surge in various forms of 

crime, including armed robbery, drug trafficking, and human 

trafficking, fuelled by economic decline, high 

unemployment rates, and widespread corruption. The 

military dictatorships of those periods often employed 

repressive measures to control crime, but the efforts were 

undermined by the lack of public trust in law enforcement 

agencies, which were frequently accused of human rights 

abuses and corruption. In the 21st century, crime in Nigeria 

has evolved with the emergence of new challenges such as 

terrorism, cybercrime, kidnapping for ransom, and 

organised crime syndicates. The rise of Boko Haram in the 

northeast has particularly highlighted the intersection of 

crime and insurgency, with devastating impacts on security 

and development in the region.  

Akwa Ibom, a state in the south-south geopolitical zone of 

Nigeria, has witnessed significant changes in crime patterns 

over the past decades. Historically, the state’s crime rate was 

relatively low compared to other parts of Nigeria, with 

crimes predominantly limited to minor offences such as 

petty theft and local disputes. However, over time, the nature 

of crime in the state evolved, influenced by factors such as 

urbanisation, unemployment, poverty, and the state’s 

growing importance as an oil-producing region, Ibanga 

(2017). From the mid-1990s onward, Akwa Ibom began to 

witness a surge in more organised and violent crimes, 

ranging from armed robbery, kidnapping, to political 

thuggery and a host of other crimes. Kidnapping for ransom 

became particularly prevalent as a lucrative crime, 

particularly kidnap of oil workers, expatriates, and wealthy 

individuals. This was largely attributed to the socio-

economic disparities that emerged from the wealth 

generated by oil exploration, which left many local 

communities feeling marginalised (Okon, 2020).  

 

Cultism also became a significant issue during this period; 

initially rooted on the university campuses but later spread 

to secondary schools and the broader community. The 

various cult groups, often involved in violent clashes, 

political manipulation, and criminal activities, contributed 

to a rise in gang violence and insecurity, particularly in 

urban centres such as Uyo, the state capital (Ekong, 2018). 

By the early 2000s, cybercrime began to rise in Akwa Ibom, 

reflecting a national trend where young people, frustrated by 

unemployment and limited opportunities, turned to internet 

fraud as a means of survival. Known locally as “Yahoo 

Yahoo”, this crime became a major concern, drawing 

attention from federal law enforcement agencies, Nte 

(2021). To curb the rising rates of crime, successive 

governments in the state have taken various steps to 

implement both preventive and reactive measures. These 

efforts have spanned community policing initiatives, 

legislative reforms, and socio-economic programs aimed at 

addressing the root causes of crime. The Akwa Ibom State 

government has worked closely with federal law 

enforcement agencies to enhance security. Police visibility 

has been increased in urban areas, and joint military-police 

operations have been conducted to tackle armed robbery, 

cultism and kidnapping.  
 

To combat violent crimes and restore public confidence in 

law enforcement, the state government in 2019 launched the 

“Operation Puff Adder” initiative in collaboration with the 

Nigerian Police Force, Ibanga and Bassey (2020). The rise 

in cultism prompted the government to implement strict 

anti-cultism laws, including the Akwa Ibom State Cultism 

and Other Violent Behaviour (Prohibition) Law, which 

prescribes severe penalties for those involved in cult-related 

activities. In addition to legal measures, the state has 

embarked on public awareness campaigns targeting young 

people in schools to discourage them from joining cults 

(Ekong, 2018).  
 

The Akwa Ibom state government, in recognising that many 

young people who are involved in cultism and militancy 

were driven by poverty and unemployment. Consequently, 

the government has periodically offered amnesty to 

individuals willing to renounce violence and surrender their 

weapons. The program is usually accompanied by skills 

acquisition training and reintegration schemes designed to 

provide alternative livelihoods (Okon, 2020). To address the 

gap between law enforcement and local communities, the 

government has supported the establishment of vigilante 

groups and neighbourhood watch committees. These 

groups, operating under the supervision of the Nigerian 

Police, help provide intelligence and patrol service in areas 

with limited police presence, especially rural regions, Ekong 

(2018).  

Further, with the rise of cybercrime, the state government 

has taken steps to curb internet fraud by working with the 
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Economic and Financial Crimes Commission (EFCC) and 

other federal agencies. There have been several arrests and 

prosecutions of individuals involved in cybercrime, and the 

government has launched educational campaigns to raise 

awareness of the legal and social consequences of internet 

fraud (Nte, 2021). Besides, the government has recognized 

that socio-economic factors such as unemployment and 

poverty contribute significantly to crime; consequent upon 

which various poverty alleviation programs such as, youth 

empowerment, skills acquisition, and small business 

support, were implemented. For example, initiative such as 

the Akwa Ibom Enterprise and Employment scheme 

(AKEES) has provided thousands of young people with 

vocational training and access to credit facilities to start 

small businesses (Ibanga and Bassey, 2020). 

 In the meantime, despite efforts by the government, the 

state continues to face significant security challenges. The 

pervasiveness of organized crimes, particularly murder, 

armed robbery, rape, felony, child stealing/trafficking, 

missing person, kidnapping, abduction, cultism, stolen 

vehicle, stealing, substance used disorder (SUD), etc, 

suggest that more needs to be done to address the root causes 

of these problems. Socio-economic inequalities, 

unemployment, and the marginalisation of local 

communities in the distribution of oil wealth remain critical 

issues fuelling discontent and drive crime. 

Thus, to tackle these challenges, decision-makers require 

valuable insights into law enforcement activities, crime 

trends, and the effectiveness of the legal system. With such 

insights, policymakers would properly be guided to develop 

targeted policies and interventions aimed at reducing crime 

rates, enhancing public safety, developing crime prevention 

strategies, and better resources allocation. Meanwhile, many 

studies focusing on the application of different stochastic 

process techniques to crime analysis have been developed 

across different climes. The fluctuating nature of crime 

rates, influenced by diverse social, economic and 

environmental factors, necessitates flexible, time-dependent 

models that can capture trends, seasonality and other 

variations in crime occurrence accurately.  

While an NHPP provides a more flexible approach by 

allowing the crime intensity function to vary over time, 

choosing an appropriate functional form for this intensity 

function remains a challenge. Also, existing models for 

crime data mostly rely on parametric assumptions, which 

may not accurately reflect the underlying trends in crime 

occurrence. To address these challenges, this research 

employs a spline-based Poisson regression in estimating the 

intensity function of an NHPP. The Spline-based regression 

offers a data-driven approach, allowing for smooth 

transitions between different periods.  

Maxfield and Babbie (2001) emphasised the utility of 

Poisson models for analysing rare event crime data, 

highlighting their effectiveness in capturing the count nature 

of crime incidents. To enhance the robustness of statistical 

inferences and offer significant advancement in statistical 

modelling techniques, Satradhar and Jowaheer (2003) 

proposed a longitudinal model for count data incorporating 

gamma random effects, addressing the complexities of 

repeated measures in count data settings. Similarly, Braga et 

al. (2008), evaluated crime hotspots using Poisson and 

Negative Binomial models, focusing on the spatial 

distribution of crime incidents. Many other authors, such as 

Cusimano et al. (2010), MacDonald and Lattimore (2010), 

Nagin (2013), Li et al. (2014), Akers and Lanier (2016), 

Gorr et al. (2016), Alves et al. (2019), Muchika et al. (2020), 

Kim and Philips (2021), Mohler et al. (2021) and Xue and 

Cameron (2023) have also contributed significantly to the 

field of criminology using the Poisson Process. 
 

Liu and Mohler, (2020). Unlike the classical Poisson 

process, NHPP incorporates a time-varying intensity 

function Λ(𝑡), which captures changes in the rate of crime 

occurrences over time, Amir and Gueta (2019). This 

flexibility is crucial in criminology, where crime rates are 

not constant but fluctuate due to various external factors. 

Morgan and Smith (2023), provide a detailed exploration of 

the mathematical foundations of NHPPs through the lens of 

the spline function. They introduce spline functions as a 

flexible tool for modelling the intensity function, Λ(𝑡). To 

the best of the researcher’s knowledge, no existing research 

has applied the Non-Homogeneous Poisson process (NHPP) 

to model crime data in Akwa Ibom State. This research aims 

to address this gap by employing a spline-based Poisson 

regression function to estimate the intensity function, 

thereby solving the challenges of choosing a flexible model 

for distorted changes in crime rates over time. 
 

Given the above, this study aims to model the reported 

murder cases in Akwa Ibom State using a nonhomogeneous 

Poisson process approach, by examining the data-generating 

process for the reported murder cases through trend 

visualization, homogeneity testing, estimating intensity 

function using spline-bases Poisson regression, and 

modelling the reported number of murder cases with an 

NHPP.  
 

METHODOLOGY 

The crime data used for this study was obtained from the 

Akwa Ibom State Police command, ranging from 2018 to 

2023, and the descriptive analysis, by way of summary 

statistics of the observed data, will be obtained. Then, to 

visualise the data, Microsoft Excel would be used to obtain 

a composite bar chart and the time graph for the number of 

mostly reported crime (murder) during the period under 

study.  To test whether the observed data meets the non-

homogeneity condition, the homogeneity testing method 

proposed by Brown and Zhao (2002) and adopted by 

Yarmohammadi et al (2023) was used. The method, which 

utilizes Anscombe (1948)’s variance stabilization 

transformation surpasses the likelihood ratio test, 

conditional chi-square, and Niemen-Scott test in 

performance (Yarmohammadi et al., 2023). Motivated by 

Brown and Zhao (2002), Let 𝑁1(𝑡), 𝑁2(𝑡), . . . , 𝑁𝑚(𝑡), 
denote the monthly total of crime incidence (reported at the 

Akwa Ibom State Police command between 2018 and 2023), 

be independent random variables taking on non-negative 

integers. 

Given the following hypothesis 

𝐻0: 𝑁𝑖~𝑃𝑜𝑖𝑠𝑠(𝜆𝑖),      𝜆1 = 𝜆2 = ⋯ = 𝜆𝑚 

Versus the assumption 
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𝐻1: 𝑁𝑖~𝑃𝑜𝑖𝑠𝑠(𝜆𝑖),   ∑ (𝜆𝑖 − 𝜆̅)
2 > 0𝑚

𝑖=1                      (2.1) 

Equation 2.2 shows the test statistic as: 

𝑇 =  4∑ (𝑌𝑖 − 𝑌̅)
2   ~𝑛

𝑖=1 𝜒𝛼
2
𝑚−1

                                  (2.2) 

Where 𝑌𝑖 = √𝑁𝑖 +
3

8
 and 𝑌̅ =

1

𝑚
∑ 𝑌𝑖
𝑚
𝑖=1                        (2.3) 

Decision Rule: Reject 𝐻0 if 𝑇 > 𝜒𝛼
2
𝑚−1

 

𝑁𝑖 = 𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑎𝑐ℎ 𝑐𝑟𝑖𝑚𝑒 𝑝𝑒𝑟 𝑚𝑜𝑛𝑡ℎ  

𝜆𝑖
= 𝑃𝑜𝑖𝑠𝑠𝑜𝑛 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟 𝑑𝑒𝑛𝑜𝑡𝑖𝑛𝑔 𝑡ℎ𝑒 𝑚𝑒𝑎𝑛  
𝑐𝑟𝑖𝑚𝑒  𝑟𝑎𝑡𝑒 𝑜𝑐𝑐𝑢𝑟𝑟𝑒𝑛𝑐𝑒 𝑝𝑒𝑟 𝑚𝑜𝑛𝑡ℎ  

𝑌𝑖
= 𝐴𝑛𝑠𝑐𝑜𝑚𝑏𝑒′𝑠 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒, (𝑡𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚𝑖𝑛𝑔 𝑡ℎ𝑒 𝑚𝑜𝑛𝑡ℎ𝑙𝑦  
𝑡𝑜𝑡𝑎𝑙 𝑜𝑓 𝑟𝑒𝑝𝑜𝑟𝑡𝑒𝑑 𝑐𝑟𝑖𝑚𝑒)  
 

Estimation of the Nonhomogeneous Intensity Function 

for the Number of Reported Murder Cases  

When characterising the probabilistic behaviour of the 

NHPP, the intensity function plays an important role. A well-

established method for estimating the parameters of the 

model is the maximum likelihood estimation. The Poisson 

regression model was chosen because of the counting and 

non-negative nature of the data, since the exponential 

function could ensure non-negativity, and the spline method 

helps to account for the gradual change between the 

quarters, Lord et al (2013) and Yarmohammadi et al (2022). 

The Poisson regression model assumes that the count 

variable, 𝑁(𝑡) follows a Poisson distribution. 

Considering the Poisson regression model with spline 

defined as:  

𝑓(𝑡) = 𝛽0 + 𝛽1𝜏𝑗 + 𝛽2𝜏𝑗
2 + ∑ γ𝑗𝑞𝑖𝑗

4
𝑗   , 𝑖 =  1, 2, 3,   .  . 𝑚  

           (2.4) 

Where 𝜏𝑗 = 𝑡 − 𝑄𝑗  (𝑡ℎ𝑒 𝑠ℎ𝑖𝑓𝑡𝑒𝑑 𝑡𝑖𝑚𝑒 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒)𝑎𝑛𝑑 𝑄𝑗   

𝑑𝑒𝑛𝑜𝑡𝑒 𝑡ℎ𝑒 𝑗𝑡ℎ  
𝑞𝑢𝑎𝑟𝑡𝑒𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑦𝑒𝑎𝑟, 𝑗 = 1, 2, 3, 4   

γ𝑗
= 𝑓𝑖𝑥𝑒𝑑 𝑠𝑒𝑎𝑠𝑜𝑛𝑎𝑙 𝑒𝑓𝑓𝑒𝑐𝑡 𝑤ℎ𝑖𝑐ℎ 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑠 𝑡ℎ𝑒 𝑠𝑒𝑎𝑠𝑜𝑛𝑎𝑙  
𝑓𝑙𝑢𝑐𝑡𝑢𝑎𝑡𝑖𝑜𝑛  

𝑞𝑖𝑗
= 𝑠𝑒𝑎𝑠𝑜𝑛𝑎𝑙 𝑑𝑢𝑚𝑚𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑖𝑛𝑔 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡  
𝑞𝑢𝑎𝑟𝑡𝑒𝑟𝑠, 𝑤ℎ𝑖𝑐ℎ 𝑡𝑎𝑘𝑒𝑠 𝑣𝑎𝑙𝑢𝑒𝑠 𝑜𝑓   
0 𝑜𝑟 1𝑡𝑜 𝑎𝑐𝑡𝑖𝑣𝑎𝑡𝑒 𝑡ℎ𝑒 𝑐𝑜𝑟𝑟𝑒𝑠𝑝𝑜𝑛𝑑𝑖𝑛𝑔 𝑞𝑢𝑎𝑟𝑡𝑒𝑟𝑙𝑦 𝑒𝑓𝑓𝑒𝑐𝑡𝑠.  
 𝛽0, 𝛽1,
𝛽2 𝑟𝑒𝑝𝑟𝑒𝑠𝑒𝑛𝑡 𝑡ℎ𝑒 𝑠𝑒𝑎𝑠𝑜𝑛𝑎𝑙 𝑒𝑓𝑓𝑒𝑐𝑡 𝑤ℎ𝑖𝑐ℎ 𝑑𝑒𝑠𝑐𝑟𝑏𝑒 𝑡ℎ𝑒 

 𝑢𝑛𝑑𝑒𝑟𝑙𝑦𝑖𝑛𝑔 𝑡𝑟𝑒𝑛𝑑 𝑖𝑛 𝑡ℎ𝑒 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑚𝑢𝑟𝑑𝑒𝑟 𝑐𝑎𝑠𝑒𝑠 𝑟𝑒𝑝𝑜𝑟𝑡𝑒𝑑.  
 

If the number of murder cases reported per month, 𝑁(𝑡)  ∼
 𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝜆(𝑡)), with probability mass function (𝑝𝑚𝑓) 
defined as:  

Let 𝑁(𝑡) = 𝑋 

𝑃(𝑋 = 𝑥) =
(𝜆(𝑡))𝑥𝑒𝑥𝑝−𝜆(𝑡)

𝑥!
,      𝑥 = 0, 1, 2,.  .  .           (2.5) 

Where  𝜆(𝑡) is the expected number of murder cases at time, 

t, generally specified as: 

𝜆(𝜏𝑗) =

{
 
 

 
 exp(𝛽0 + 𝛽1𝜏1 + 𝛽2𝜏1

2 + γ1) ; 𝑄0 ≤ 𝑡 < 𝑄1
exp (𝛽0 + 𝛽1𝜏2 + 𝛽2𝜏2

2 + γ2); 𝑄1 ≤ 𝑡 < 𝑄2
exp (𝛽0 + 𝛽1𝜏3 + 𝛽2𝜏3

2 + γ3); 𝑄2 ≤ 𝑡 < 𝑄3
exp (𝛽0 + 𝛽1𝜏4 + 𝛽2𝜏4

2 + γ4); 𝑄3 ≤ 𝑡 < 𝑄4

    

       (2.6) 

The likelihood function of (2.5) is given as: 

𝐿(𝛽0, 𝛽1, 𝛽2, γ𝑗) = ∏
(𝜆(𝑡))𝑥𝑖𝑒𝑥𝑝−𝜆(𝑡)

𝑥𝑖!

𝑚
𝑖=1             (2.7) 

Taking the natural logarithm of (2.7) gives: 

ln (𝐿(𝛽0, 𝛽1, 𝛽2, γ𝑗)) =∑ (𝑥𝑖 ln(𝜆(𝑡)) − 𝜆(𝑡)) −
𝑚
𝑖=1

ln(∏ (𝑥𝑖!))
𝑚
𝑖                                      (2.8) 

 

To obtain the estimate of, 𝛽0, 𝛽1, 𝛽2, γ𝑗, (2.8) is 

differentiated partially with respect to 𝛽0, 𝛽1, 𝛽2, γ𝑗 and 

setting each to zero, the resulting equations need to be 

solved numerically using iterative methods like Newton-

Raphson or Fisher scoring, since they are nonlinear. 

Alternatively, software such as R, Python, SPSS or Minitab 

etc could be used. In this research, the Minitab Statistical 

software was used to obtain this estimate, and the result is 

shown in the next section. To test if the Poisson Regression 

in model in (2.5) is a good fit to the research data, Minitab 

software was also used in determining the deviance and 

Pearson Chi-square Statistic and the result is shown in Table 

3.1. The deviance statistic is used especially in Generalized 

Linear Model (GLM), to compare the likelihood of fitted 

model to a saturated model. The deviance statistic which is 

a measure of the goodness of fit of a statistical model, 

particularly in GLM is mathematically defined as: 
 

𝐷𝑒𝑣 = 2(𝐿𝑓 − 𝐿𝑐) = 2∑ [𝑚 ln (
𝑚

𝜆̂(𝑡)
) − 𝑚 − 𝜆̂(𝑡)]𝑚

𝑖=1 (2.9) 

Where 𝐿𝑓 is the log-likelihood that would be achieved if the 

model gave a perfect fit and 𝐿𝑐 is the log-likelihood of the 

model under consideration. If the latter model is correct, the 

deviance (Dev) is approximately 𝜒2distributed with degrees 

of freedom equal to 𝑁 − (𝑃 + 1). A value of the deviance 

greatly more than 𝑁 − (𝑃 + 1) suggests that the model is 

over-dispersed.  
 

Fitting the Estimated Intensity Function to Poisson 

Model 

To formulate the primary model for the nonhomogeneous 

compound Poisson process and fit it to the number of 

murder cases at a specific time t, 𝑁(𝑡) the estimated 

intensity function is fitted to Poisson distribution and a 

nonhomogeneous Poisson model, Let {𝑁(𝑡), 𝑡 ≥ 0}  ∼

𝑁𝐻𝑃𝑃(Λ(𝑡)),   Λ(𝑡) ≥ 0 be a random intensity function 

defined as:  

Λ(𝑡) = ∫ 𝜆(𝜏𝑗)𝑑𝜏𝑗
𝑡

0
                                    (2.10) 

Then a nonhomogeneous Poisson process is defined as: 

𝑃(𝑁(𝑡) = 𝑛) =
(Λ(𝑡))𝑛𝑒−Λ(𝑡)

𝑛!
 ; 𝑛 ≥ 0                          (2.11) 

With mean and variance, Λ(𝑡) as defined in (2.10) 
 

RESULTS AND DISCUSSION 

Visualization of Temporal Trends in the Number of 

Reported Crime Cases Alongside the Number of 

Suspects Arrested for Crimes in Akwa Ibom State. 
 

Figure 3.1 displays the composite bar chart showing the 

distributions of the reported number of crimes and 

corresponding arrests in Akwa Ibom state for over a six-year 

period (2018 - 2023). The data is aggregated by months, 

meaning each month’s total represents the sum of cases or 

arrests recorded in that specific month across all six years. 

For instance, the “January” category reflects the total 
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number of crimes or arrests made in all Januarys from 2018 

to 2023, “February” represents the total for all Februarys, 

and so forth through December. Each bar in the chart 

represents the total number of cases or arrests over this 

period, organized sequentially from January to December. 

The chart pairs crime data with the corresponding number 

of arrests for each type of crime. For example, the first two 

bars depict the total number of murder cases and the number 

of suspects arrested for murder between 2018 and 2023. The 

third and fourth bars represent the number of armed robbery 

cases and arrests for armed robbery, respectively. Similarly, 

the fifth and sixth bars show the total cases of arson and the 

number of suspects arrested for arson over the same period, 

with this pattern continuing for other crime categories.  
 

Examining the Trends in the Number of Reported Cases 

of Murder with the Number of Suspects Arrested for 

Murder in Akwa Ibom State 

Given that murder was found to be the most frequent crime 

case as presented in Figure 3.1, we then proceed on to 

examine the trend in murder cases and the number of 

suspects arrested due to it. Thus, Figure 3.2 displays the time 

graph for the reported murder cases and the corresponding 

arrests made for the 6 years. 

 

 
Figure 3.1: Bar Chart Illustrating the Number of Crimes Committed and Number of Suspects Arrested per Months in 

Akwa Ibom. Source: Field data 

 

 
Figure 3.2: A Time Graph Showing the Number of Murder Cases and Number of Arrest in Akwa Ibom State, 2018 to 

2023. Source: Field data 

 
Homogeneity Test for the Number of Reported Cases of 

Murder, Armed Robbery and Felony  

To test for the homogeneity of the number of reported crime 

cases in the state, three most frequently reported crimes 

namely, murder, armed robbery, and felony in the state were 

selected. Following the approach discussed in earlier, the 

result was computed and the summary presented as follows: 

For murder cases, 

 ∑ (𝑌𝑖 − 𝑌̅)
2   =𝑚

𝑖=1  28.95386;     𝑌̅ =
1.818295     𝑎𝑛𝑑     𝑇 = 4 × 28.95386 = 115.8154 
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For Armed Robbery cases, 

∑ (𝑌𝑖 − 𝑌̅)
2   =𝑚

𝑖=1  22.50603;       𝑌̅ =
1.51609       𝑎𝑛𝑑       𝑇 = 4 × 22.50603 = 90.02411  

 

For cases of Felony, 

∑ (𝑌𝑖 − 𝑌̅)
2   =𝑚

𝑖=1  15.73228;       𝑌̅ =
1.042618       𝑎𝑛𝑑       𝑇 = 4 × 15.73228 = 62.92912  

 

Where the test statistic is,  

𝑇 =  4∑ (𝑌𝑖 − 𝑌̅)
2𝑚

𝑖=1 ; 𝑖 = 1, 2, 3, .  .  . 𝑚 ; the level of 

significance, 

 𝛼 = 0.05;  
𝑚 = 72𝑚𝑜𝑛𝑡ℎ𝑠; 𝜒0.95

2
71
= 52.60031;  

𝑌𝑖  𝑖𝑠 𝐴𝑛𝑠𝑐𝑜𝑚𝑏𝑒
′𝑠 𝑡𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚𝑒𝑑 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 (𝑡𝑟𝑎𝑛𝑠𝑓𝑜𝑟𝑚𝑖𝑛𝑔 

 𝑡ℎ𝑒 𝑚𝑜𝑛𝑡ℎ𝑙𝑦 𝑡𝑜𝑡𝑎𝑙 𝑜𝑓 𝑐𝑟𝑖𝑚𝑒 𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡) 
 

Conclusion: comparing the calculated values of T, for 

Murder, Armed Robbery and Felony to the critical value, we 

obtain its respective values as 115.82, 90.02 and 62.93, 

which are all greater than 𝜒0.05
2

71
= 52.60. Thus, 𝐻0 is 

rejected for each of the variable (crime), and it is concluded 

that the data on number of reported crime cases such as 

Murder, Armed Robbery and Felony in Akwa Ibom State are 

nonhomogeneous. 

 

Estimation of the Nonhomogeneous Intensity Function 

for the Number of Murder Cases in Akwa Ibom State 

Reported to the Police Between 2018 and 2023 

The data in Table A1 was analysed based on the method 

described in subsection 2.3 using Minitab software and the 

result is presented as follows: 

𝜆(𝜏𝑗)  =

{
 
 

 
 exp (2.960 − 0.1253𝜏1 + 0.005067𝜏1

2)  ; 𝑄0 ≤ 𝑡 < 𝑄1
exp (2.631 − 0.1253𝜏2 + 0.005067𝜏2

2)  ; 𝑄1 ≤ 𝑡 < 𝑄2
exp (2.959 − 0.1253𝜏3 + 0.005067𝜏3

2)  ; 𝑄2 ≤ 𝑡 < 𝑄3
exp (2.627 − 0.1253𝜏4 + 0.005067𝜏4

2)  ; 𝑄3 ≤ 𝑡 < 𝑄4

     

         (3.1) 

 As shown in Equation 3.1, the intensity function, 𝜆(𝜏𝑗)was 

estimated by dividing the number of murder cases in the 

state from January 2018 to December 2023 into first quarter, 

second quarter, third quarter, and fourth quarter of the year. 

Considering that each season consists of three months and 

that the research data ranges from January 2018 to 

December 2023, the time [0, t) as shown in Table A1, 

contains the values for each season. Thus, Equation 3.1 is 

the estimated Intensity function of the non-homogenous 

Poisson process modelling the number of murder cases in 

Akwa Ibom State between 2018 and 2023. 

 

Meanwhile, Table 3.1 presents goodness-of-fit test results 

for the intensity function 𝜆(𝜏𝑗) for the Poisson model using 

deviance and Pearson Chi-square statistic. The Chi-square 

value which is greater than the probability values (p-values), 

leads to non-rejection of the null hypothesis and concludes 

that the estimated parameter is a good fit. 

 

Table 3.1: Showing the Goodness of fit of Poisson 

Regression model to the Total number of Murder Cases 

2018 to 2023 
Test Df Estimate Mean 𝝌𝟐 p-value 

Deviance 

Pearson 

18 

18 

51.78371 

40.50817 

2.8769 

22505 

51.78 

40.51 

0.000 

0.002 

Source: Computed by the researcher using 2018 to 2023 data 

on crime. Akwa Ibom state, Nigeria 

Fitting the Estimated Intensity Function to Poisson 

Model 

Having found that the number of murder cases, 𝑁(𝑡) is 

nonhomogeneous and intensity function, 𝜆(𝜏𝑗) estimated, 

we proceed to fit the parameter to the Poisson model. The 

result of Equation 2.6 as discussed in subsection 2.4 is 

Equation 3.1, which is the mean and variance of the number 

murder cases in Akwa Ibom State reported to the police 

command between 2018 and 2023. 

E(𝑁(𝑡)) = 

Λ(𝑡) =

{
 
 
 

 
 
 ∫ exp(2.960 − 0.125𝜏1 + 0.0051𝜏1

2) 𝑑𝜏1
𝑡1
0

; 𝑄0 ≤ 𝑡 < 𝑄1

∫ exp(2.631 − 0.125𝜏2 + 0.0051𝜏2
2) 𝑑𝜏2

𝑡2
𝑡1

; 𝑄1 ≤ 𝑡 < 𝑄2

∫ exp(2.959 − 0.125𝜏3 + 0.0051𝜏3
2) 𝑑𝜏3

𝑡3
𝑡2

; 𝑄2 ≤ 𝑡 < 𝑄3

∫ exp (2.627 − 0.125𝜏4 + 0.0051𝜏4
2)𝑑𝜏4

𝑡4
𝑡3

; 𝑄3 ≤ 𝑡 < 𝑄4

0                                               ;     𝑡 < 0             

    

       (3.2) 

 For example, if the interest is in estimating the average 

number of murder cases in Akwa Ibom state from, say 15th 

November 2024 to 21st December 2024; first, it is observed 

that this period falls in the 4th quarter of the year, and with 

reference to 2018, the time interval for 4th quarter of 2024 

is [27, 28), but this is for the whole quarter, which makes up 

92days. Thus, computing the average number of days it will 

take from the beginning of the 4th quarter, 1st October to 

15th November, 2024, we have 46days, while the lower time 

interval would be 𝑡 + ℎ1 = 27 +
46

92
= 27.5 𝑞𝑢𝑎𝑟𝑡𝑒𝑟; 

whereas, it takes an approximately, 82days to 21st 

December, giving the upper time interval to be , 𝑡 + ℎ2 =

27 +
82

92
= 27.9 𝑞𝑢𝑎𝑟𝑡𝑒𝑟. Thus, the time interval would be 

[27.5, 27.9) and the average number of murder cases would 

be estimated by: 

 

𝑁(27.7) = ∫ exp (2.627 − 0.125𝑡 + 0.0051𝑡2)𝑑𝑡
27.9

27.5

 

≅ 7𝑚𝑢𝑟𝑑𝑒𝑟 𝑐𝑎𝑠𝑒𝑠 

And modelling the probability of recording n number of 

murder cases in Akwa Ibom state from, say 15th November 

2024 to 21st December 2024 is given as: 

𝑃(𝑁(𝑡) = 𝑛) =
(7)𝑛𝑒−7

𝑛!
 ; 𝑛 ≥ 0                       (3.3) 

 

DISCUSSIONS 

To improve crime forecasting and understand arrest 

dynamics in Akwa Ibom State, data on different types of 

crime were obtained. With these data, a composite bar chart 

showing the distributions of the reported number of crimes 

and associated arrests in Akwa Ibom State for 6 years is 
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displayed. From the result, it is observed that Akwa Ibom 

State has experienced significant changes in crime patterns 

over the past six years. For example, figure 3.1 shows that 

out of 41 reported crime categories, 12, namely; Murder 

(240 cases, 153 arrest), Armed Robbery (161 cases, 146 

arrest), Felony (67 cases, 49 arrest), Kidnapping (54 cases, 

39 arrest), Missing Persons (51 cases, 7 arrest), Child 

Stealing/trafficking (51 cases, 33 arrest), substance use 

disorder (SUD:50 cases, 10 arrest), Rape, Abduction, 

Cultism, Vehicle theft, and stealing were observed to be 

most frequent. These12 most common crimes in the state 

may be influenced by factors such as urbanisation, 

unemployment, poverty, and the state’s growing importance 

as an oil-producing region, Ibanga (2017). The analysis 

further suggests that crimes against human life-such as 

murder, kidnapping, and abduction, are prevalent in the 

region. This trend may largely be attributed to the socio-

economic disparities arising from the wealth generated by 

oil exploration, Okon (2010). Additionally, political 

campaigns appear to correlate with the crime rate. Cultism 

and Substance Use Disorder are particularly common in the 

region. Individuals involved in these activities are often 

linked to sex-related crime such as rape and felony, which 

has been observed to be significantly high in the state 

(Ariche et al., 2023). 

 

Analysing the data trend from Figure 3.2, it is evident that 

both the reported murder cases and the number of suspects 

arrested for murder in the state follow a periodic 

(oscillating) pattern. Notably, the number of murder cases 

(in blue) consistently drops every January throughout the 

six-year study period. Furthermore, the murder rate tends to 

rise significantly in specific periods, particularly towards the 

last quarter of 2018, the first quarter of 2019, the third 

quarter of 2022, and the second quarter of 2023. Similarly, 

the number of suspects arrested for murder follows a 

periodic pattern, exhibiting behaviour similar to that of 

reported murder cases. This suggests quarterly seasonal 

effects. Another noteworthy observation is the discrepancy 

between reported cases and arrests. Despite a sharp spike in 

the murder cases in December 2018, the number of arrests 

remained significantly low. A similar pattern is observed in 

August 2019 and September 2020. Additionally, from 

January to April 2023, no arrests were recorded despite four 

reported murder cases during these months. The data also 

reveal spikes in murder cases in December 2018 (10 cases) 

and August 2022 (7 cases). Murder cases tend to peak in the 

third quarter of each year, whereas arrests do not follow the 

same pattern. Specifically: August 2018: 4 murder cases, 1 

arrest; September 2018: 5 murder cases, 3 arrests; August 

2019: 6 murder cases, 2 arrest; August 2020: 4 murder cases, 

4 arrests; August 2021: 6 murder cases, 4 arrests; August 

2022: 7 murder cases, 5 arrests; August 2023: 4 murder 

cases, 3 arrests. Given this trend, there is a strong need to 

model the occurrence of murder cases quarterly. Regarding 

arrests, peak periods are observed between March and May: 

2018: 7 arrests in April, 6 arrests in March; 2019: 5 arrests 

in April, 3 in May and 4 in March; 2020: 6 arrests in March, 

no arrests in April or May; 2022: 7 arrests in March, 9 in 

April and one in May. Displaying a clear mismatch between 

murder reports and arrests, as arrests tend to peak between 

the first quarter and the second quarter, indicating that the 

timing or frequency of the crime may not directly 

correspond to the arrest. 

 

The results indicate that the crime data are 

nonhomogeneous, satisfying the assumption of an NHPP. 

Therefore, an NHPP is applied to model the number of 

reported murder cases (the most frequently occurring crime) 

and arrests. This is done by first estimating its intensity 

function, a critical component that governs the expected 

number of reported crime cases within a given time interval 

and then fitting the data to a Poisson model. To estimate the 

intensity function, a spline function is used to provide a 

smooth approximation of complex, time-varying crime 

patterns. This approach effectively captures shifts due to 

seasonal variations or policy changes (Morgan and Smith, 

2023). The data are split into quarters, and from the 

estimated function in Equation 3.1, it is observed that all 

fixed seasonal effects are positive. This indicates that each 

season contributes an additional increase to the baseline 

crime rate, suggesting that the crime rate does not decline 

due to seasonality. Instead, seasonal variations persist in an 

upward trend. The seasonal effect for each quarter is 

approximately 3, meaning that in each quarter, crime 

increases by about three additional cases. However, the first 

and third quarters tend to have higher crime rates than the 

second and fourth quarters, as they exhibit larger seasonal 

effect values. Additionally, the constant parameter for the 

baseline trend is zero, implying that at the start of each 

month, there are no additional recorded murder cases 

beyond the existing trend. Instead, murder cases initially 

decrease over time (with 𝛽1 = −0.1253) before eventually 

increasing again (with 𝛽2 = 0.005067). The goodness-of-

fit test in Table 3.1 confirms that the estimated parameter is 

a good fit. Therefore, the parameter was fitted to a Poisson 

model, and its mean and variance are presented in Equation 

3.2. Hence, the non-homogeneous Poisson model in 

Equation 3.3 can be used to model and estimate the reported 

cases of murder in Akwa Ibom State at a specific time. 

 

CONCLUSION 

The theory of stochastic processes is particularly useful for 

modelling real-world systems where uncertainty plays a 

significant role, such as in finance, biology, criminology, 

economics, seismology, risk theory, meteorology, health 

sciences, and operations research. The non-homogeneous 

Poisson process provides a more flexible approach by 

allowing the crime intensity function to vary over time. 

However, choosing an appropriate functional form for this 

intensity function remains a gap, which this study has 

successfully addressed. The model has been applied to 

analyse patterns of murder cases in Akwa Ibom State 

between 2018 and 2023. By examining the data-generation 

process for reported murder cases, the study finds that 

murder is the most frequently occurring crime in the state. 

Additionally, crimes such as murder, armed robbery, and 

felony are identified as nonhomogeneous and the reported 

cases of murder are identified to exhibit periodic patterns. 

Due to this periodic nature, a spline function within a 

https://dx.doi.org/10.4314/wojast.v16i2.269
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Poisson regression model was used to model the crime data. 

The results indicate that murder cases increase by 

approximately three every quarter, and there is a higher 

likelihood of murder cases occurring in the first and third 

quarters compared to the second and fourth quarters. 

Furthermore, the model shows that on average, an estimate 

of 7 cases of murder would be recorded in Akwa Ibom State 

between 15th November 2024 to 21st December 2024. 

 

The NHPP has proven to be a flexible, time-dependent 

model that accurately captures trends, seasonality, and other 

variations in crime occurrence, as demonstrated in this 

research by modelling the reported cases of murder in Akwa 

Ibom State between 2018 and 2023. The study is significant 

because of its potential to improve crime forecasting and 

contribute to the broader field of crime statistics, offering a 

new methodological approach to crime modelling that could 

be applied in other regions or types of crimes. The research 

will provide a foundation for further studies using 

nonhomogeneous Poisson processes in criminology and 

other fields with similar data characteristics. The use of a 

spline function in estimating the Poisson parameter in this 

study has helped to obtain a more robust forecast of the 

crime data. By the findings of this study, we recommend that 

NHPP should be applied to model different crime types from 

other locations or regions. Besides, we propose that the 

security agencies, especially the police in Akwa Ibom State, 

should work towards improving the management of their 

data, by sorting, organising and then making them available 

in electronic media (if possible, their online platform) for 

easy accessibility. 
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APPENDIX 

Table A1: Quarterly data showing the number of murder 

cases in Akwa Ibom State between 2018 and 2023 
No. Year Quarter Time 

Interval 

[0,T) 

Class 

Mark 

Number Of 

Murder 

Cases, 𝑁(𝑡) 

1 2018 Q1 [0,1) 0.5 16 

2 2018 Q2 [1,2) 1.5 13 

3 2018 Q3 [2,3) 2.5 9 

4 2018 Q4 [3,4) 3.5 16 

5 2019 Q1 [4,5) 4.5 14 

6 2019 Q2 [5,6) 5.5 10 

7 2019 Q3 [6,7) 6.5 14 

8 2019 Q4 [7,8) 7.5 10 

9 2020 Q1 [8,9) 8.5 7 

10 2020 Q2 [9,10) 9.5 0 

11 2020 Q3 [10,11) 10.5 8 

12 2020 Q4 [11,12) 11.5 5 

13 2021 Q1 [12,13) 12.5 6 

14 2021 Q2 [13,14) 13.5 3 

15 2021 Q3 [14,15) 14.5 10 

16 2021 Q4 [15,16) 15.5 0 

17 2022 Q1 [16,17) 16.5 16 

18 2022 Q2 [17,18) 17.5 14 

19 2022 Q3 [18,19) 18.5 15 

20 2022 Q4 [19,20) 19.5 10 

21 2023 Q1 [20,21) 20.5 12 

22 2023 Q2 [21,22) 21.5 10 

23 2023 Q3 [22,23) 22.5 13 

24 2023 Q4 [23,24) 23.5 9 

Source: Computed by the researcher using 2018 to 

2023 data on crime. Akwa Ibom state, Nigeria.
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