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Abstract - This study develops a deterministic SEIR model to evaluate and mitigate the impact of fuel subsidy removal on the
Nigerian economy. It derives a system of nine non-linear differential equations driven by assumed interactions among
economic sectors. The model analyzes fuel subsidy removal, free and prevalent steady states and obtains the economic
distress reproduction number, which was found to be greater than one, indicating ongoing economic distress. The sensitivity
indices show that the rates at which major sectors are affected due to the increase in fuel price need to be reduced to the
greatest extent. Descriptive data of the fuel prices for a four-year period covering the pre- and post-fuel subsidy removal
show higher mean, range, and variance in the post-fuel subsidy removal era. Numerical simulations reveal a sharp rise in
distress across sectors, followed by a slow and non-uniformrecovery rate. The sector comprising individual households that
consume foodstuffs experiences greater disruption than the commuters and utilizers of manufactured goods. Also, the
recovery path remains unstable, pointing to long-term structural effects. The sensitivity analysis result suggests that
adjusting certain parameters can minimize the economic distress number. The study concludes that fuel subsidy removal
causes immediate, widespread disruption across Nigeria's economy, with non-uniform recovery rates. It stresses the urgent
need for targeted interventions to support the most vulnerable sectors.

Keywords - Deterministic models, Economic sectors, Financial contagion, Fuel subsidy, SEIR FS removal modeling .

1. Introduction

Fuel subsidy (FS) is a form of financial assistance supplied by a nation's government to minimize the cost of fuel for
consumers. These are designed to keep the price of fuel artificially low for consumersand to protect them from the effects o f
rising fuel prices. In Nigeria, the first FS was introduced in the 1970s ([1]) as a means to alleviate the impact of rising global
fuel prices on the Nigerian population. Over the years, Nigeria's economy has become heavily dependent on oil revenues, as
global oil prices have fluctuated, and the government has faced challenges in managing its fiscal deficit, leading to the
expansion of subsidies on various goods and services. The government unexpectedly ended FS in 2012 ([2, 3]). The FS
removal sparked large protests, coercing the government to reinstate the FS, which led to the return of the FS in 2012. This
change was followed by a drastic increase in FS payments, reaching $4 trillion (approximately $ 6.088 billion) in 2022,
accounting for 23% of Nigeria's national budget of 17.126 trillion naira. As a result, Nigeria's FS could no longer be
sustained in 2023, and the government embarked on a totalpha sed-out of FS in June 2023 ([3, 4]). The removalofpartial and
total fuel subsidies from the oil and gas sector has been found to have had severe and multiple direct effects on other sectors
of the Nigerian economy ([13-15]). These critical sectors of the Nigerian economy encompass the agricultural [30] and
transportation sectors.

Real-life situations (like the case of the removal of FS from the oil and gas sector and its multiplier effects on critical
economic sectors, mentioned above) can be represented by deterministic models, which explain real-life scenarios with
differential equations, showing the rate of spread (rate of impact) from one compartment (sector) to the other. These are
primarily used in mathematical epidemiology to model the spread of infectious diseases within a population. About a
particular infection under study, individuals in a given population can be divided into compartments based on their status
concerning the infection. Deterministic and stochastic models ([5]) are two broad types of models that have been found to be
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useful in the study of infectious disease spread. Several works ([6-9]) on epidemic deterministic models have been
extensively reported in the extant literature.

Many authors ([10-12]) have explored the applications of deterministic models not only on disease contagion but also to
financial or economic contagion. The current financial crisis in Nigeria, resulting from the surge in fuel prices, is likened to a
pandemic that has, in turn, affected other economic sectors. A single infected entity induced both COVID-19 contagions and
financial crisis contagions. In the case of COVID-19 contagion, the infected individual is an individual incubating the virus,
which is spread through physical contact with the infected individual, resulting in thousands of deaths. In the case of finan cial
contagion, the entity is typically a financial institution or an economic sector that is affected by specific policies or
irregularities, which can in turn impact other sectors. These can lead to job losses, high inflation, human capital flight, and
millions of ruined shareholders, among other consequences.

Researchers ([11-15]) have extensively explored precautionary measures thatthe Nigerian government can implement to
mitigate the impacts of the FS removal on the economy. Recent studies ([16-17, 20]) have demonstrated that reinvesting the
funds generated from subsidy removal in various economic sectors can significantly enhance economic activities and
promote sustainable development. These findings were further supported by [13], who noted that compensational and
reinvestment plans will provide a very bright light at the end of the economic tunnel. Some other literature have investigated
the adverse impacts of FS removal on the Nigerian economy, these include the following works: [28] proposed a model to
study the dynamics of fuel subsidy in which the removal of FS affects Nigerian economy income, oil pirating groups,
commodity markets and the consumer purchasing power; thereby, creating a four compartmental model. The formulated
modelused a time delay to represent the oil theft control, thereby obtainingthree steady states. These are subsidy-free, pirate-
free, and critical steady-states. The conditions for their existence were determined and analyzed. Numerical methods were
used to verify the analytical results, and graphical representations of the dynamics under these states were given. The work in
[28] suggests some criteria for the realization of fuel subsidy removal, specifically, the obstruction of oil theft. An
assessment of the effects of FS removal on the transportation sector in Nigeria was carried out by the authors in [29].
Through a descriptive survey of 70 commuter transporters, the research found that fuel subsidies had positive impacts on the
system, such as improved performance. However, eliminating subsidies led to negative consequences, including decreased
revenue, fewer long-distance vehicles, and reduced vehicle maintenance.

Itcan be vividly stated that the above-mentioned have modelled the effects of FS removal and suggested precautionary
measures. However, the contagious rate of total FS removal by a deterministic (epidemiological) approach in other
economic sectors, as seen in the Nigerian case, which is a significant factor, has not been captured. In order to bridge the
gap in the existing literature, the study has formulated a deterministic (Susceptible-Exposed-Infected-Recovered (SEIR)) FS
removal model to investigate the contagious effects of total FS removal on the Nigerian economy. Specifically, methods
derived from nonlinear dynamical systems of first-order differential Equations (ODEs), statistics, and numerical analysis
were used to study the models rigorously.

The formulated modelequations were solved simultaneously at the equilibrium point to derive the FS removaleffect -free
and endemic equilibrium states. To achieve the point of extinction of the FS removal effect, the basic reproduction number
(Economic distress reproductive number) which is the average number of infected firms in all the sectors produced by this
effect on the oil and gas industry, was computed, assuming that the firms in the oil and gas sector are directly susceptible to
the effect of FS removal. This method was applied using the next-generation matrix method ([20]). Secondary data were
collected and statistically analyzed from regulatory bodies, and the model's parameters were calibrated using numerical
methods. The results obtained in this work facilitated the allocation and implementation of the proposed control measures,
thereby minimizing the effects of FS removaland maximizing the utilization of available resources. The model measured its
effect on five primary sectors: agricultural, mining and quarrying, manufacturing, construction, and services.

The novelty of this work is articulated in various ways. First, the study provides answers to questions concerning the
efficiency of measures that the government can implement to mitigate the impact of removing fuel subsidies on the Nigerian
economy. Answers to these questions are crucial for policymakers to execute the proposed plan efficiently, maximizing
allocationsand minimizing economic impacts. Second, to the best of our knowledge, this study is different from other studies
([13, 15]) since it was the first to determine the control measures for suppressing the effects of total FS removal in major
economic sectors in Nigeria, especially in the short-term and long-term implementation of these proposed measures.
Moreover, the work differs from existing epidemiological studies ([6-9]), as the total FS removal-contagion in the Nigerian
economy was modeled using a deterministic epidemiological model for the first time. The existing literature ([13]) has not
considered the effects of total FS removal on the interplay between major sectors. Moreover, most of the existing works are
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restricted to the effects of FS removal on specific sectors over time ([2, 15]). To the best of our knowledge, the study is the
first to give a generalization of the above concept.

The rest of the paper is structured into three sections. The following section presents the primary materials for this work,
which include the premium motor spirit price (fuel price) data, descriptive statistics of the fuel price for four years, the
formulated model, and its analytical solutions. Numerical solutions are presented in section three, while the discussions,
concluding remarks, and recommendations are given in section four.

2. Materials and Models

This section outlines the primary materials for this study, including the data, methods, and models formulated and
analyzed. Descriptive statistics of the fuel price for four years, the formulated model, and its analytical solutions are giv en in
this section.

2.1. Descriptive Statistics of PMS Price before and after Fuel Subsidy Removal in Nigeria

The Premium Motor Spirit (PMS) price data, commonly referred to as fuel (petrol) price data, was obtained from the
National Bureau of Statistics (NBS) via the online microdata catalogue available on the web platform:
https://microdata.nigerianstat.gov.ng/index.php (see [27]). The sample period covers a four-year (approximately) period,
from Wednesday, September 1,2021, to Tuesday, April 1,2025, which represents a total of 56 monthly observed fuel prices
taken from the 37 states (including FCT, Abuja) of Nigeria. The descriptive statistics of the PMS price data, presented in two

distinct periods — before and after the FS removal in Nigeria — are provided in Table 1 below.

Table 1. Descriptive statistics of the Nigerian PMS price before and after FS removal

Descriptive PMS Price before FS removal | PMS Price after FS removal
m 361.03 859.6087
SEM 39.1881 55.45264
Ml 238 701
M 238 701
SD 225.1185 265.9415
% 50678.34 70724.89
Kr -1.63354 -1.4906
Sk 0.590058 0.612789
JB 336 716
LCLM 165 546
UCL M 701 1262
(x) 11914 19771
N 33 23

fuel_price

Subsidy Removal

Date

Fig. 1 Plots showing the fuel price before and after FS removal in Nigeria
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Inthe Table 1 above, m =mean; SE M= standard error; [[M|l= median; M=mode; SD = standard deviation; V = sample
variance; Kr =kurtosis; Sk = skewness; JB = range; LCL M= minimum; UCL M= maximum; {X)=sum; N=count.
Figure 1 gives the plot of the fuel price data obtained from [26] for the stipulated period. It can be seen from the graph that
there is a sudden spike in fuel prices (from over two thousand naira to over five hundred naira per litre of PMS) following the
announcement of the FS removal on May 29,2023 (National Bureau of Statistics, 2025; [2]).

2.2. SEIR-FS Removal Deterministic Model Formulation
This paper proposes a deterministic SEIR-FS removal model to study the effect of fuel subsidy removal on the Nigerian

economy. The following is a general description of the four central compartments, with a focus on the financial contagion

caused by the removal of fuel subsidies. The sub-compartments are outlined in Table 2 below:

1. Susceptible (S): This compartment represents the sectors or individuals who are potentially vulnerable to the negative
effects of removing fuel subsidies. These could include industries that heavily rely on fuel, low-income households, and
businesses with limited pricing power. -

2. Exposed (E): This compartment represents firms or individuals that have been exposed to the initial shock of fuel
subsidy removal but have not yet experienced significant adverse impacts, which might include businesses that are
starting to see rising costs or consumers who are adjusting to higher prices. Examples are Manufacturing, Agriculture,
and Transportation

3. Infected (I): This compartment represents firms and individuals who are actively experiencing the negative
consequences of fuel subsidy removal, including businesses facing reduced profits, job losses, or increased operational
costs.

4. Recovered (R): This compartment represents sectors or individuals who have adapted to the new economic conditions
and areno longer significantly affected by the removal of FS. This group may include businesses that have implemented
cost-saving measures or consumers who have found ways to reduce their fuel consumption.

The entire Nigerian economic sector was divided into nine (9) mutually exclusive sub-compartments, comprising many
firms in the oil and gas sector, which include international, national, and indigenous oil companies; banking sector and
individuals, comprising commercial, Merchant, development, Microfinance banks, and individuals. The exposed class
comprises of Agriculture sector and individuals, these are the crop production firms, livestock production firms, Fish eries and
Forestry representing E, (t), Manufacturing, Construction sector transportation sectors and Individuals; Food and Beverages,
chemicals, pharmaceuticals and cement industries, building, civil Engineering and Real Estate development for E,(t); and
the Road, Rail, Maritime, Aviation and Inland waterways Transport systems representing E, (t).

The infected class are I,(t), I,(t) and I5(t) sub-compartments. These are the group of individuals that consume foods,
represented by I5(t) the group of individuals that utilizes manufactured goods, represented by I,(t), and the group of
individuals that commute from place to place, represented by I5(t) . The recovery class comprises all individuals and firms
that recover from the effects of the FS removal after some precautionary measures have been applied.

The parameters in the SEIR-FS removal optimal control model are described as follows: the rate at which the number of
oil firms (S, (t)) increases (that is, more domestic refineries are built), due to the change in fuel pump price n. Also, the
banksare affected by the increased inflation rate and credit risk 8 when the banks embark on borrowing and lending activities
with the oil companies, and the inadequacy of these firms in repaying due to increased expenses caused by the increased
running cost of fuel.

The rate at which food production in the agricultural sector increases is the same as the rate of investment in renewable
energy (an alternative means to reduce fuel consumption) as a result of the fuel price in the manufacturing and construction
sectors  a. The operating systems in the transportation firms E;(t)increase at the rate §, the prices of foodstuffs obtained
from the agricultural sector increase at the rate, and the rate of price increment in the manufactured goods and services
increases.

In contrast, the rate of increment in transportation costs increases. Finally the recovery parameters p, ¢ and A are
respectively the rate at which consumers I, (t) of foodstuffs that have been affected by the hike in fuel price, adjust their
purchasing habits; the rate at which users /,(t) of manufactured goods opt for cheaper ones, and the individuals I5(t) that
commutes from place to placereduce or adjust their routes to mitigate the impact of higher fuel cost. The compartments I, (t)
I,(t) I5(t) also increase due to their direct contact rates w, & and {with the oil and gas sector. Tables 1 and 2 give a
summary of the variables and parameters described above.
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Table 1. State variables of the SEIR-FS removal model

Variables Description
S, (0 number of individual firms in the oil and gas sector at the time t
S, (b number of individual banks at time t
Ey (1) Number of individual agricultural firms in operation that depend heavily on fuel usage at time t
E,(t) Number of individual manufacturing and construction industries that depend heavily on fuel usage at time
t
E3(t) number of individual transportation systems at a time £
I,(t) The number of individual households that consume foodstuffs that have been affected by the hike in fuel
prices.
I,(t) The number of individuals in a household who utilize manufactured goods
I3(t) The number of individuals who commute from place to place via the various transportation systems
R(t) The number of individuals who recover from the effects of the FS removal after some precautionary
measures have been applied
Table 2. Parameter values of the SEIR-FS removal model
Parameters Description
n The rate at which new firms enter the oil and gas sector (economic expansion) is driven by FS removal.
0 The rate at which banks support firms in the oil and gas sector.
u Natural exit rate due to business closure, economic decline, or the death of firms.
Uq The rate at which the transportation system goes into extinction due to the FS removal
B The rate at which agricultural firms are affected by fuel price hikes.
a The rate at which manufacturing and construction firms are affected by fuel price hikes.
0] The rate at which firms in the oil and gas sector transition to banking due to fuel subsidy removal.
1) The rate at which transportation systems are affected by fuel price hikes.
w The rate at which food consumers feel the impact of increased fuel costs.
Y The rate at which consumers of manufactured goods feel the impact of increased fuel costs.
{ The rate at which individuals who commute are affected by fuel price hikes, leading to increased
transportation costs
& The rate at which exposed agricultural firms transition into the affected category.
s The rate at which exposed manufacturing/construction firms transition into the affected category.
€ The rate at which transportation systems transit into financial distress or closure due to fuel price
increases
p Recovery rate of households consuming foodstuffs after implementing economic relief measures.
1) Recovery rate of manufactured goods’ consumers, after adaptation measures.
A Recovery rate of transport users after adaptation measures.

2.3. SEIR-FS Removal Model Assumption
The following assumptions are made for the SEIR FS —removal model:
e The financial contagion originated from the oil and gas sector (S;(t)) The ripple effect is shown using PMS's historical

prices.

e All firms in the economic sectors recover after the removal of the fuel subsidy.

e  All the individual firms and individual households form the total population in the context of the Nigerian economy.

e That all individual firms and individual households in the economic sectors possess the tendency to go into economic
extinction naturally at the same rate u.

Based on the description of the SEIR FS-removal model and the assumptions given above, the schematic flow diagram
for the SEIR FS removal compartmental model is shown in Figure 2 below.
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Fig. 2 SEIR- FS Removal Model’s compartmental flow diagram

Thus, the rate of change of 54,5, E; E, E3,1; I, I;and R are defined by a deterministic model with equations as follows:

With initial conditions:
5,(0) = 5¢,5,(0) = S3,E,(0) = B, E,(0) = E, E;(0) = E, 1,(0) = I8,1,(0) = 13,15(0) = I3, R(0)
Based on the assumption (iii) above, t}Te}tegtal economic population function is given as:
N =S50 +S,0) +E(t) +E,(t) + E;(0) + 1)+ 1,(&) + I3() + R(E) 2)
Hence, economic dynamics resulting from fuel subsidy removal can be described as:

N(t) = S1(8) + S5(t) + Ey(8) + Ep() + Es(6) + I1(t) + I,(t) + I5(t) + R(t) 3)

Putting Equation (1) into Equation (3) gives:

N(t) =1+ 0S, — uS; —(BE+aEr+SE3) S| — (@l +cIp+{13) S — ¢S| — §S| + ¢S, —(0+4) S,
+PS\E —(utE) Ey + aS Ey —(u47) Ey + 58, Ey — () Ey + oS 1) + SE| = (u+p) I
+gS112 +7E, —(,u+go)]2 +4’Sll3 +ekEy —(y+/1+,ul)13 +pl +ol, +/1[3 - UR
Upon simplification,
N(®) =1+ Np— s @)
Equation (4) gives the economic population dynamics.

2.4. Feasibility, Boundedness and Positivity of the SEIR-FS Removal Model
This section determines the Feasibility, positivity and boundedness of the SEIR FS-removal model.

2.4.1. Feasibility and Boundedness of the SEIR-FS Removal Model
Theorem 1 below establishes the Feasibility and boundedness of the model.

16
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Theorem 1
Given that the simplified form of the economic population dynamics in Equation (4) holds, then every solution of the

model in system (1) satisfying the initial conditions R?rtends to and is contained in a compact set (Y) .t — oo The feasible

solution, which lies within the model, is given by: Y = {(Xt) e R?_ (N, < 77} Xe =5,,5,E,E, E5,1,,1,,15,R
Y7

Proof
In the sequel, proof of the Feasibility and boundedness of the model will be given. From Equation (4),

N@t)=n—Nu—ul;
In the absence of fuel subsidy removal, (; = 0), then
N(t) <n—Nu )
Solving the above Equation (5) by the integrating factor method

d ut
(v (pyert) < nekt
dt

N({t)+Nu<n>= 6)

By integrating both sides of the equation,
N(t) = %+ N(0)e ™kt )

This implies that the totalnumberof economic participants N (t) satisfies Equation (7), such thatt -» co, N(0)e #t - 0,
given that N(0) is a constant. Also,0 < N(t) < % showing that N(t) it is bounded in the region R?_ indicates that no

economic compartment grows indefinitely. This also indicates that the feasible solution set of the model is given by

Y- {(Xt) cR N, < '7} X, = $1,5Ey, By By, 115, I3, R
u

2.4.2. Positivity Solution of the State Variables in the SEIR FS-Removal Model
In the next theorem, the positivity of the state variables in model Equation (2) is established for all time t > 0.

Theorem 2
Let the initial values of the model Equation (1) be {y, = 0} € Y where X, = {S¢,52, E¢, E2, E3, 1,12,13,R,}. Then, the
solution set X, in model Equation (1) is positive forall. ¢t > 0

Proof
To establish that the solution set X, in the system Equation (1) is a positive state variable, then, forallt > 0, solutions that
satisfy:

X, 20=>S5'>0,52>0,E}>0,E?>0,E}>0,I1}>0,12=>0,I>>0,R=0

First, the positivity from the initial condition is verified. Based on the initial conditions.:
S, =S1>0,S5,=S2>0E =E'>0E =E2>0E =E>01,=11>01,=12>01,=13>0R,=R>0
The initial conditions X, = {Sg,SZ,E}, EZ, EZ13,12,13,R,}are positive, i.e., the variables are non-negative t = 0.

Second, the positivity of the model is established using the system of differential equations in (1). The first Equation in
system (1) in terms of S, is rewritten as:

S.(®) =n+6S, — uS, — BE, + aEy + 6E)S, — (wl, +¢I, + {1)S, — ¢S, 8)
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Given that S; = S > 0, a lower bound for S is constructed as:
S:®)+ (u+ ¢ — (BE, + ak, + 6E;) — (Wl + I, + {13))S; =1 + 65, ©)

Let Y =pu+ ¢ — (BE, + ak, + §E;) — (wl, + ¢I, + {I3)then, is non-negative, since it consists of positive
parameters and non-negative state variables. Thus, from Equation (9):

S,(6) +¥S, =n+6S, (10)

Equation (10)is a linear first-order differential inequality. By Gronwall’s inequality,

Si(®) +YS =1 (11)

The solution of Equation (11)is obtained by the integrating factor method and by integrating from Oto t:

t t t S
S, = S(}e_f0 Vs 4 e l ‘l’(s)dsf e~ hwdu g,
0

Since, S¢ > 0 and 1 = Othen, S,(t) =0 V¢t > 0. Similarly, the above argument holds for the other state variables,
showing their positivity properties.

Remark 2.1
The analysis given in Theorem 2 above shows that the SEIR-FS removal model is mathematically well-posed and
realistic.

2.5. Steady State Solution of the SEIR-FS Removal Model

Here, the steady states of the SEIR FS-removal model are determined. In these states, the system reaches a steady state
where the effect of the fuel subsidy removal on the Nigerian economic sectors grows or shrinks drastically. These states are
determined under the following conditions of system (1):

S1(t) = S,(t) = E; () = Ey(t) = Es(¢) = 1,(t) = I,(t) = I5(6) =R(t) =0

Next, the FS-removal free steady state and the FS-removal prevalent steady state are obtained. From Equation (2) of
system (1), and for S,(t) =0,

_ 951
Sy = (6+w) (12)

From Equations (3-5), for El(t) = Ez )= E3 =0,

— BS1 —0)
By =5 = E =0)
as
b =mb2E = 0& (13)
_ 651 _ J
By = 5Ey = By =0
Similarly, forl,(t) =1,(t) = I;(t) = 0:
I = sE I, = ad I = £k,
1 a)S1+(,u+p)’ ’ gS1+(,u+(0), ’ §SI+(,u+/1+,uI)I3 (14)
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For R = 0 = R(¢) = 2atelztih

2.5.1. FS removal Free Steady State
In the FS removal free steady state, the exposed and infected economic sectors are assumed to be zero because the
economy atthattime is assumed to be free of subsidy removal That s, E,, E,, E5, 1;,1,,]5 they are set to be zero. This implies
Ef=E,=E;=11=1;=13=0
Hence, the first equation in the system (1) is simplified to:

0=n+0S,—uS; — ¢S, (15)

Substituting Equation (12) into Equation (15) gives:

Upon solving,

St =g (16)

Also, from Equation (12)

. I CE)
52 - (9( [ )_#_4)) (17)

@+u)

And finally, from Equation (9) of system (1):0 = —uR = R* =0

Therefore, the FS—removal free steady state is

S1,83,E5, B3, B3, 15,13, I5,R) = 1 , 20w ,0,0,0,0,0,0,0> 18
55055 5 113 50 = (G ) .
2.5.2. FS Removal Prevalent Steady State

In the case of a disease contagion, the widespread state occurs when the disease spreads has grown drastically; such a
state is termed the endemic equilibrium state or endemic steady state. Since a case of financial or economic contagion,
particularly, a case of the effect of FS removal on the Nigerian economy, is being treated, this state is termed the FS removal
prevalent steady state. In order to achieve the FS removal prevalent steady state in the nonlinear system of differential
equation (1), the quasi steady state is applied by E; ,E,, E;, 11, 5, I3 assuming they reach equilibrium faster than S;,S,. R For
the exposed agriculture, transportation and manufacturing/construction individual firms and sectors,

. o
EV(0)= BS|E| ~(u+é) By =0 = £} = 5
5 _HAT

Ez(t)zaSlEz—(sz)Ez:O:E = (19)
as]

E3 (1)=0S1E3—(u+¢)E3 :O:E*:’; ;‘g
1

Similarly, the FS removal of prevalent steady states for the infected individuals and households is:
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n=¢B-(prp)h=0=1 ==

x_nmEy (20)
)

I3(t)=¢E3— (A ) [3=0=15 =

j2(t)=7Z'E2 (@) p=0{=1;=

eE3
M+ A+

Solving for S; given that S2 ®)=0=>¢S,— O +wWsS,=0=>S; = P The steady state value for the oil and gas sector is

given as:
S;=— ey
It follows from Equations (18-21) that the FS removal prevalent steady state is given as:

ﬂ i 6 £ _ ¢4 _me ¥
(51,53, E4, 5, Bs, 11,13, I3,R") = (u+¢> r’pn’an’sn’ pnlu+p)’ anlu+e)’sn’ 17) (22)

Where,
r=@+wWu+p),d=@w+Du+¢),o=u+m@u+¢),Z=@u+du+P¥ =Ww+Ww+¢)(u+ 2,

_n (pfﬁn pman Aedn )
u \u+p)  (w+6)3  (u+ D) (u+ & (u+¢)

2.5.3. Economic Distress Reproductive Number (RE)

The economic distress (resulting from fuel subsidy removal) reproductive number (R¢)is defined as the average number
of individual firms or households that experience economic distress due to the removal of fuel subsidy, triggered by one
economically affected individual firm/household. (R¢) Satisfies the following conditions in the different scenarios

1. If R§ >1 this is the case, this implies that the economic distress increases due to fuel subsidy removal, resulting in
higher cost of living, etc.

2. If R¢ <1 this is the case, this indicates that the economy has adapted, and the negative effect of FS removal will
diminish over time.

In the SEIR FS-removal model, the economic distress resulting from the FS removal spreads through the infected
compartments Ey, E,, E5, I,,1,,15. The next generation method shall be used to compute R§.

RE¢ = max(FV™1) 23)

Where Fis the new economic distress matrix
V is the transition matrix
R¢is the spectral radius (largest eigenvalue) of FV 1

From the above, the economically distressed compartments are: Z = (E,, E,, E, 1,1,,13)". Used F;; = — “ to compute F:
Zj
a 0 00 0 O
0 b 00 0 O
P 0 0 cO O O
“10 0 0d 0 O
0 0 00 e O
0000 0 f
where, a = ZESIED _ ge 1y dasiB) _ o o 06SIE) _ oo g dlesi) o
0E; o) aE, o dE; a1
_0l¢s1) o0{sq13
=, =¢Syand f o1 ={5;
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The matrix V' thatrepresents transitions out of economic distress due to recovery or movement between compartments is
given as:
V ovi
Yoz,

Where V' ; are the negative terms in each equation? Using the model below:

Ve, = (uw+&E,

Ve, = W+ nE,

Ve, = (u+ B,

V, = (w+pl, - §E

Vi, = (u + @)1, — E,

Vi, = W+ 2+ p)l;— €k,
Taking derivatives:

p+s$ 0 0 0 0 0

/O u+m 0 0 0 0 \
V_I 0 0 pu+e 0 0 0 I
=l o 0 0 ptp 0 0 |

\0 0 0 0 n+e 0

0 0 0 0 0 u+l+u,

In the matrix Vabove, the terms on the diagonal of the matrix are the recovery and exit rates, while the non-diagonal
terms are the transitions between economic distress levels.

By using Equation (23), the economic distress reproductive number R{ is computed and obtained as:

BST aS; 651 wS{ 781

R{ = max (— asi 85 wSi 551 —) (24)

Given that:

Esi 00 0 0 0
uté

o &1 99 0 0 0

u+m
o o £ 0 0 0
Fy-1= wte - 25)
0 0 0 ) 0
u+p
0 0 0 o £ 9
uto
0 0 0 o o £
wHA+pg

The value obtained R§ would determine whether the Nigerian economy recovers or remains distressed after fuel subsidy
removal. Hence, from the eigenvalues in Equation (25)

RE = max(Ay, A5 454,45 24) 26)
R¢ = max (732.60, 20000.00, 23333.33,30000.00, 13333.33,16666.66)

n(6+w

— = 6666.67
((u+@)—-09)(u+e)

Where, at DFE S"* =
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With the above result, it was discovered that A, It is the largest eigenvalue, which is the reproductive number of people
in economic distress. That is,

e _ Sn(6+u) _
Ro = roGeo—opmare) - 267 27)

2.6. Parameter Estimation
The parameter estimated values and their respective sources used in the SEIR -FS removal model are displayed in Table 4.

Table 4. Mean estimated parameters of the SEIR-FS removal model

Parameter Mean Estimated Value Source(s)
n 0.10 [25]
0 0.07 [18-19]
u 0.05 [24]
U 0.13 [26]
B 0.15 Assumed
a 0.12 [23-25]
[0) 0.50 Assumed
1) 0.51 Assumed
) 0.13 [24]
c 0.20 [23]
4 0.35 Assumed
3 0.13 [22]
T 0.10 Assumed
£ 0.22 Assumed
) 007 2]
Q@ 0.05 [19]
A 0.06 Assumed

2.7. Sensitivity Indices of Economic Distress Reproductive Number R

Given that the economic distress reproductive number, R§ In its explicit form as stated in equation (27), the analytical
expression for its sensitivity to each parameter is obtained by applying the normalized forward sensitivity ([14]) given as:

yrs - R x
n ox R;
Sensitivity indices R§ With regard to the following parameters:
n,0,u,6,¢, ¢ were obtained and computed as follows:
R§ dR§ 0
Y0 = =0 x — =017
a0 RS
R§ _9RS . m _ _
Y’ = o X R = 1.06
e 9Rr§ 5
Yy0 = 2% x 7 = +1.00 (28)
e e
YR = 2R £ _g81
de Ry
R _ ORG @ _ _
0 = Ty X e 0.29

The results given in equation (28) are summarized in Table 5 below, showing the sensitivity indices of the parameters
that directly affect the value of the economic distress reproductive number.
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Table S. Sensitivity indices of economic distress, reproductive number R(e,

Parameter Description Sensitivity Indices
n The rate at which new firms enter the oil and gas sector (economic expansion) is | +1.00
driven by FS removal.
0 The rate at which banks support firms in the oil and gas sector +0.17
u Natural exit rate due to business closure, economic decline, or the death of -1.06
firms.
) The rate at which transportation systems are affected by fuel price hikes. +1.00
€ The rate at which transportation systems transit into financial distress or closure | -0.81
due to fuel price increases
Q Recovery rate of manufactured goods’ consumers, after adaptation measures. -0.29

In Table 5, the positive signed indices indicate that the reproductive number of people with economic distress increases
with an increase in the corresponding parameter. In contrast, the indices with negative values depict a decrease in the
economic distress reproductive number when the corresponding parameters increase.

Therefore, R§ it tends to a minimal value if the indices with positive signs are reduced and if the indices with negative
signs tend to zero. Next, the results of the sensitivity analysis of the varied parameters and their respective effects on the
value of the economic distress reproductive number R§ are presented in Table 6.

Table 6. The result of the sensitivity analysis of the effect of varied parameters on Rg

Parameters (1, Rp) (6,R;) (2.0 (6,Rp) (& R) (¢, Rp)
Case 1 0.00 [ 0.00 | 0.00 1.89 0.00 | 7.24 0.1 0.52 0.0 14.4 0.05 2.67
Case 2 0.02 | 0.53 | 0.02 2.20 0.02 | 6.83 0.2 1.05 0.2 2.88 0.15 1.68
Case 3 0.04 | 1.07 | 0.04 243 0.04 | 3.37 0.3 1.57 0.4 1.60 0.25 1.23
Case 4 0.06 [ 1.70 | 0.06 2.60 0.06 | 2.19 0.4 2.09 0.6 1.11 0.35 0.96
Case 5 0.08 | 2.13 | 0.08 2.73 0.08 | 1.59 0.5 2.61 0.8 0.85 0.45 0.80
Case 6 0.10 | 2.67 | 0.10 2.83 1.00 | 0.04 0.6 3.14 1.00 0.69 0.55 0.68

3. Numerical Results and Discussion
The SEIR FS-removal model equation. (1) was solved numerically using the Runge-Kutta scheme of the fourth order

given in Matlab, subject to the assumed and mean estimated values of the parameters given in Table 3 and given the
following initial parameters: S;(0) = 36, S,(0)=3.1, E;(0) = 60, E,(0) =50, E;(0) =50, 1,(0) = 71, I,(0) = 50, I5(0) =
0.1 and R =1 which was estimated based on the percentage output as of May 29, 2023 when the Fuel subsidy was total
removed in Nigeria. Figure 3 below shows the dynamics of the variables in the SEIR FS-removal model when the parameters
remain constant,asshown in Table 4. The dynamics were found to reduce fasterthan expected, indicating thatthe oiland gas
sector is more vulnerable to fuel subsidy removalthan the banking sector. A faster effect of the FS removalis observed in the
1, (t) sector than in the I, (t) other I (t) sectors.

Population

0 5 10 15 20 25 30 3 40 45 50
Time (months)

Fig. 3 Plot showing the dynamics of the variables in the SEIR FS-removal model when the parameters remain constant
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In this work, more emphasis is placed on the infected and the recovered compartments, particularly I; (¢) R(t) classes;

hence, the sensitive parameters are varied in order to ascertain the one that gives better results in terms of reduced number of
infected cases asa result of the FS removaland increased number of recovered cases. The following plots show the dynamics

of the SEIR FS removal model with varied parameters, specifically 6, €, and 4
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Fig. 4 Simulation of the SEIR FS —removal model with varying effects & on I,(t) R(t)firms

In Figure 4, it is observed that the numberof households that consume foodstuff which have been affected by hike in fuel
price, cannot be significantly reduced by the variability of &, while a significant slight change will occur to the number of
individuals that recovers from the effect of the FS removal based on the effect of the varied parameter 6.

80 T
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Fig. 5 Simulation of the SEIR FS —removal model with varying effects € on I; R firms

The plots given in Figure 5 depict a non-significant effect of the varied parameter ¢ on the number of households that
consume foodstuffs that have been affected by a hike in fuel price over time. A contrary result is observed in the case of the
number of individuals that recover from the effect of the FS removal based on the effect of the varied parameter &.

Figure 6 presents the plot of the effects of the varied parameter pon the number of households that consume foodstuffs
thathave been affected by a hike in fuel price over time, and the number of individuals that recover from the effect of the FS

removal. A drastic reduction occurs R when pu it is increased.
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Fig. 7 Simulation of the SEIR FS —removal model with varying effects ¢ on I; R firms

The plots in Figure 7 show thatthe varied parameter ¢ doesnot affect the numberofhouseholdsthat consume foodstufts
that have been affected by a hike in fuel price over time, while the effect is vividly seen on the recovered class.

4. Discussion, Conclusion and Recommendation
This section provides the concluding remark and recommendation for further research.

4.1. Discussion and Conclusion

The study hasdeveloped a deterministic SEIR FS removalmodel to mitigate the adverse effects of fuel subsidy removal,
based on specific assumptions in the Nigerian context. A system of nine non-linear differential equations was derived from
the assumed interaction among the nine sub-compartments that constitute the entire Nigerian economic sectors, within the
framework of the SEIR FS removal model. The system of model equations was simultaneously solved at equilibrium to
obtain both the fuel subsidy removaleffect-free equilibrium and the endemic equilibrium states. To characterize the threshold
condition for the eradication of the economic shock induced by FS removal, the Economic Distress reproduction number was
analytically derived. This threshold parameter measures the expected number of secondary economically distressed firms
across all sectors that arise from a single distressed firm within the oil and gas sector, assuming that firms in this sector are
initially and directly susceptible to the fluctuations induced by fuel subsidy removal.
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Due to the FS removal, the descriptive statistics of the PMS price monthly sampled data for approximately four years
present relatively high values of mean, price range, standard deviation, and sample variance after the FS removal period, as
compared to the period before the FS removal. The minimum price of the PMS after the FS removal was found to be 546
naira, while the maximum price during the period was 1262 naira per litre.

The economic distress reproductive number obtained in this work was found to be strictly greater than one, indicating a
case of economic distress due to FS removal A sensitivity analysis carried out on the parameters showed that the
reproductive number of people with economic distress can be reduced to the greatest extent ifn, 8, §itis increased.

The numerical solutions of the derived system of equations (1) show a fast and steep increase in the dynamics of the
exposed and Infected sectors; this was followed by a slow recovery rate, indicating the effects of the sudden removal of FS.
More so, it I;was found to be greatly distressed than I, I5. The recovery sector R dynamics showed partial and unstable
recovery, indicating structural impacts in the long run.

In conclusion, the FS removalhad an immediate effect on all sectors of the Nigerian economy, with varying rates, which
has caused destabilisation throughout the entire system. The recovery rates are found not to be uniform, indicating the need
for special interventions for the most vulnerable firms in the sector.

4.2. Recommendation

The declining rates I, (t) in the face of increased values pdo not indicate recovery; instead, they indicate a fast-declining
economy. Hence, further research will focus on developing strategies that reduce firm exit by introducing recovery rate
parameters to mitigate the devastating effect of .

Funding Statement
The authors wish to thank the Tertiary Education Trust Fund (TETFUND) via the Institutional Based Research (IBR)
Grant for funding the work.

Acknowledgement
The authors wish to express their heartfelt gratitude to the anonymous referees for their meticulous efforts to offer
productive criticism that significantly upgraded the quality of this article.

References

[1] Stella Ngozi Okoroafor, Michael Chidiebere Okoroafor, and Mark Umunna Amadi, “Fuel Subsidy Removal: Implications on the
Nigerian Economy,” Energy Transition, Climate Action and Sustainable Agriculture, pp. 69-94, 2025. [CrossRef] [Google Scholar]
[Publisher Link]

[2] Hamisu Ali, Danjuma Ahmad, and Adamu Jibrilla, “Assessing the Long-Term Socio-Economic Impact of Fuel Subsidy Removal on
Households Living Standards in Adamawa State, Nigeria: An Empirical Analysis,” World Journal of Innovation and Modern
Technology, vol. 8, no. 1, pp. 26-46, 2024. [CrossRef] [Google Scholar] [Publisher Link]

[3] B.Majeed, Fuel Subsidy is Gone — Tinubu Declares, Premium Times, 2023. [Online]. Available:
https://www.premiumtimesng.com/tag/may-29

[4] Peterson K. Ozili, “Implications of Fuel Subsidy Removal on the Nigerian Economy,” Public Policy’s Role in Achieving Sustainable
Development Goals, pp. 115-130, 2023. [CrossRef] [Google Scholar] [Publisher Link]

[5] Aresh Dadlani et al., “Deterministic Models in Epidemiology: From Modeling to Implementation,” arXiv preprint arXiv:2004.04675,
pp. 1-34, 2020. [CrossRef] [Google Scholar] [Publisher Link]

[6] Matthew O. Adewole et al., “Modeling the Dynamics of COVID-19 in Nigeria,” International Journal of Applied and Computational
Mathematics, vol. 7, pp. 1-25. 2021. [CrossRef] [Google Scholar] [Publisher Link]

[71 Akindele Akano Onifade, “Subharmonic Bifurcation in Malaria-Lassa Fever Co-Infection Epidemic Model with Optimal Control
Application,” Doctoral Dissertation, 2021. [Google Scholar] [Publisher Link]

[8] Oke I. Idisi et al.,, “A New Compartmentalized Epidemic Model to Analytically Study the Impact of Awareness on the Control and
Mitigation of the Monkeypox Disease,” Healthcare Analytics, vol. 4, pp. 1-15, 2023. [CrossRef] [Google Scholar] [Publisher Link]

[91 Asimiyu O. Oladapo et al., “Optimal Control Analysis on Mathematical Model of Dynamical Transmission of HIV-Malaria Co-
Infection,” Journal of Southwest Jiaotong University, vol. 58, no. 1, pp. 556-572, 2023. [CrossRef] [Google Scholar] [Publisher Link]

[10] Christian Viladent, “An Epidemiologic Approach of Financial Markets,” Globalization and the Reform of the International Banking
and Monetary System, pp. 258-265, 2009. [CrossRef] [Google Scholar] [Publisher Link]

26


https://doi.org/10.1007/978-3-031-83165-2_5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fuel+Subsidy+Removal%3A+Implications+on+the+Nigerian+Economy&btnG=
https://link.springer.com/chapter/10.1007/978-3-031-83165-2_5
https://doi.org/10.56201/wjimt.v8.no1.2024.pg26.47
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Assessing+the+Long-Term+Socio-Economic+Impact+of+Fuel+Subsidy+Removal+on+Households+Living+Standards+in+Adamawa+State%2C+Nigeria%3A+An+Empirical+Analysis&btnG=
https://iiardjournals.org/abstract.php?j=WJIMT&pn=Assessing+the+Long-Term+Socio-Economic+Impact+of+Fuel+Subsidy+%0ARemoval+on+Households+Living+Standards+in+Adamawa+State%2C+%0ANigeria%3A+An+Empirical+Analysis+%0A&id=4806
https://doi.org/10.4018/978-1-6684-8903-1.ch007
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Implications+of+Fuel+Subsidy+Removal+on+the+Nigerian+Economy&btnG=
https://www.igi-global.com/chapter/implications-of-fuel-subsidy-removal-on-the-nigerian-economy/329014
https://doi.org/10.48550/arXiv.2004.04675
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Deterministic+models+in+epidemiology%3A+from+modeling+to+implementation&btnG=
https://arxiv.org/abs/2004.04675
https://link.springer.com/article/10.1007/s40819-021-01014-5#auth-Matthew_O_-Adewole-Aff1
https://doi.org/10.1007/s40819-021-01014-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Modeling+the+dynamics+of+COVID-19+in+Nigeria&btnG=
https://link.springer.com/article/10.1007/s40819-021-01014-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Subharmonic+bifurcation+in+malaria-lassa+fever+co-infection+epidemic+model+with+optimal+control+application+&btnG=
https://pgsdspace.ictp.it/xmlui/handle/123456789/1623
https://doi.org/10.1016/j.health.2023.100267
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+new+compartmentalized+epidemic+model+to+analytically+study+the+impact+of+awareness+on+the+control+and+mitigation+of+the+monkeypox+disease.&btnG=
https://www.sciencedirect.com/science/article/pii/S277244252300134X
https://doi.org/10.35741/issn.0258-2724.58.1.44
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Optimal+control+analysis+on+mathematical+model+of+dynamical+transmission+of+hiv-malaria+co-infection&btnG=
https://jsju.org/index.php/journal/article/view/1528
https://doi.org/10.1057/9780230251069_13
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=An+epidemiologic+approach+of+financial+markets&btnG=
https://link.springer.com/chapter/10.1057/9780230251069_13

(1]

[12]

[13]

[14]

[13]

[16]

(17

(18]

[19]

[20]

[21]

[22]
[23]
[24]
[25]
[26]
(27]

(28]

[29]

[30]

Adeosun Mabel Eruoreet al. / IJMTT, 71(7), 11-27, 2025

Alberto Bucci et al., “Financial Contagion and Economic Development: An Epidemiological Approach,” Journal of Economic
Behavior & Organization, vol. 162, pp. 211-228, 2019. [CrossRef] [Google Scholar] [Publisher Link]

Olena Kostylenko, Helena Sofia Rodrigues, and Delfim F. M. Torres, “Banking Risk as an Epidemiological Model: An Optimal
Control Approach,” Operational Research, vol. 223, spp. 165-176, 2018. [CrossRef] [Google Scholar] [Publisher Link]

Ibrahim Shittu, Abdul Rais Abdul Latiff, and Siti ‘Aisyah Baharudin, “Assessing the Compensation and Reinvestment Plans for Fuel
Subsidy Rationalization in Nigeria: A Dynamic Computable General Equilibrium Approach,” Energy, vol. 293, 2024. [CrossRef]
[Google Scholar] [Publisher Link]

J.A. Akingbade, and F.D. ayegbusi, “A Deterministic Mathematical Model and Analysis of Transmission Dynamics of Covid-19 from
Reservoir-to-Human,” Trends in Computational and Applied Mathematics, vol. 26, no. 1, pp. 1-26, 2025. [CrossRef] [Google Scholar]
[Publisher Link]

Opeyemi Akinyemi et al., “A Simulation of the Removal of Fuel Subsidy and the Performance of the Agricultural Sector in Nigeria
Using a Dynamic Computable General Equilibrium Approach,” Covenant Journal of Business and Social Sciences, vol. 8, no. 1, pp.
60-70, 2017. [CrossRef] [Google Scholar] [Publisher Link]

Irene Monasterolo, and Marco Raberto, “The Impact of Phasing Out Fossil Fuel Subsidies on the Low-Carbon Transition,” Energy
Policy, vol. 124, pp. 355-370, 2019. [CrossRef] [Google Scholar] [Publisher Link]

Alessandro Antimiani, Valeria Costantini, and Elena Paglialunga, “Fossil Fuels Subsidy Removal and the EU Carbon Neutrality
Policy,” Energy Economics, vol. 119, pp. 1-27, 2023. [CrossRef] [Google Scholar] [Publisher Link]

CBN, Central Bank of Nigeria Economic Report, 2024. [Online]. Available:
https://www.cbn.gov.ng/Out/2025/RSD/November%202024%20Economic%20Report.pdf

CBN, Central Bank of Nigeria Consumer Protection Regulation, 2024. [Online]. Available:
https://www.cbn.gov.ng/Out/2024/ccd/exposure%20draft®%20revised%20consumer%20protection%20regul ations %6202.0.pdf

Kelly de Bruin, and Aykut Mert Yakut, “The Impacts of Removing Fossil Fuel Subsidies and Increasing Carbon Taxation in Ireland,”
Environmental and Resource Economics, vol. 85, no. 3, pp. 741-782, 2023. [CrossRef] [Google Scholar] [Publisher Link]

Odo Diekmann, Johan Andre Peter Heesterbeek, and Johan Anton Jacob Metz, “On the Definition and the Computation of the Basic
Reproduction Ratio R in Models for Infectious Diseases in Heterogeneous Populations,” Journal of Mathematical Biology, vol. 28,
pp. 365-382, 1990. [CrossRef] [Google Scholar] [Publisher Link]

Federal Ministry of Agriculture & Rural Development, The Agriculture Promotion Policy 2016-2020: Building on the successes of
the ATA, Closing Gaps, Policy and Strategy Document, Abuja, Nigeria, 2016. [Google Scholar] [Publisher Link]

Manufacturers Association of Nigeria, Capacity Utilization Report, 2024. [Online]. Available: www.manufacturersnigeria.org

National Bureau of Statistics, Demographic Statistics Bulletin, NBS, Demographic Statistics Division, 2024. [Publisher Link]

Reuters, Nigeria's NNPC Stake in Dangote Refinery Reduced Over Non-Payment, CEO Tells Paper’ Reuters, 2024. [Online].
Available:  https://www.reuters.com/business/energy/nigerias-nnpc-stake-dangote-refinery-reduced-over-non-payment-ceo-tells-paper-
2024-07-15/

Yemi Kale, and Sani I. Doguwa, “On the compilation of Labour force statistics for Nigeria,” CBN Journal of Applied Statistic, vol. 6,
no. 1, pp. 183-198, 2015. [Google Scholar] [Publisher Link]

National Bureau of Statistics, Premium Motor Spirit (Petrol) Price Watch PMS Nigeria, Microdata Catalog, 2025. [Online]. Available:
https://microdata.nigerianstat.gov.ng/index.php/catalog/157

Abdulkareem Afolabi Ibrahim et al., “Deterministic Model and Analysis of Fuel Subsidy in Nigeria Commodity Market
Dynamics,” Journal of Mathematical Analysis and Modeling, vol. 4, no. 2, pp. 1-15, 2024. [CrossRef] [Google Scholar] [Publisher
Link]

Charles Emeka Abaekih, Ifeyinwa Stella Abaekih, and Somkenechi Sophia Unachukwu, “Impact of Fuel Subsidy Removal on
Transportation System in Nigeria,” International Journal of Advance Research and Innovative Ideas in Education, vol. 10, no. 2, pp.
2395-4396, 2024. [Publisher Link]

Rimamsitse Nuhu, “Comparative Analysis of Fuel Subsidy Removal and the Diversification Policies for Agricultural Development in
Nigeria,” International Journal of Science, Engineering and Technology, vol. 11, no. 5, pp. 1-18, 2023. [Google Scholar]

27


https://doi.org/10.1016/j.jebo.2018.12.018
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Financial+contagion+and+economic+development%3A+An+epidemiological+approach&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0167268118303482
https://doi.org/10.1007/978-3-319-71583-4_12
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Banking+risk+as+an+epidemiological+model%3A+An+optimal+control+approach&btnG=
https://link.springer.com/chapter/10.1007/978-3-319-71583-4_12
https://doi.org/10.1016/j.energy.2024.130671
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Assessing+the+compensation+and+reinvestment+plans+for+fuel+subsidy+rationalization+in+Nigeria%3A+A+dynamic+computable+general+equilibrium+approach&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0360544224004432
https://doi.org/10.5540/tcam.2025.026.e01796
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+Deterministic+Mathematical+Model+and+Analysis+of+Transmission+Dynamics+of+Covid-19+from+Reservoir-to-Human&btnG=
https://tcam.sbmac.org.br/tema/article/view/1796
https://doi.org/10.20370/cjbss.v8i1.510
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+Simulation+of+the+Removal+of+Fuel+Subsidy+and+the+Performance+of+the+Agricultural+Sector+in+Nigeria+Using+a+Dynamic+Computable+General+Equilibrium+Approach&btnG=
https://journals.covenantuniversity.edu.ng/index.php/cjbss/article/view/510
https://doi.org/10.1016/j.enpol.2018.08.051
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+Impact+of+Phasing+Out+Fossil+Fuel+Subsidies+on+the+Low-Carbon+Transition&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0301421518305809
https://doi.org/10.1016/j.eneco.2023.106524
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fossil+fuels+subsidy+removal+and+the+EU+carbon+neutrality+policy&btnG=
https://www.sciencedirect.com/science/article/pii/S0140988323000221
https://doi.org/10.1007/s10640-023-00782-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+impacts+of+removing+fossil+fuel+subsidies+and+increasing+carbon+taxation+in+Ireland&btnG=
https://link.springer.com/article/10.1007/s10640-023-00782-6
https://doi.org/10.1007/BF00178324
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=On+the+definition+and+the+computation+of+the+basic+reproduction+ratio+R+0+in+models+for+infectious+diseases+in+heterogeneous+populations&btnG=
https://link.springer.com/article/10.1007/bf00178324
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+Agriculture+Promotion+Policy+2016%E2%80%932020%3A+Building+on+the+successes+of+the+ATA%2C+Closing+Gaps&btnG=
https://nssp.ifpri.info/files/2017/12/2016-Nigeria-Agric-Sector-Policy-Roadmap_June-15-2016_Final.pdf
https://www.nigerianstat.gov.ng/elibrary/read/1241121
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=On+the+compilation+of+Labour+force+statistics+for+Nigeria&btnG=
https://www.econstor.eu/handle/10419/144789
https://dx.doi.org/10.2139/ssrn.4678594
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Deterministic+Model+And+Analysis+Of+Fuel+Subsidy+In+Nigeria+Commodity+Market+Dynamics&btnG=
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4678594
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4678594
https://ijariie.com/FormDetails.aspx?MenuScriptId=222398&srsltid=AfmBOopD0ROrgcIZTHSGH0uHLH4ElZPsaweWOrXSN5yEHRTJ5f-zJWmX
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Comparative+Analysis+of+Fuel+Subsidy+Removal+and+the+Diversification+Policies+for+Agricultural+Development+in+Nigeria&btnG=

