INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN SOCIAL SCIENCE (IJRISS)
ISSN No. 2454-6186 | DOI: 10.47772/1JRISS | Volume X Issue IV April 2026

¥nod

A Mathematical Model to Analyze the Effects of Nigeria’s
Deregulated Economy on Healthcare Funding

Kawu Ahidjo Abdulkadiri!, Oderinde Gbadebo Afeez?, Sanni Adijat Tope®
12Department of Orthopaedic, National Orthopaedic Hospital Dala, Kano, Nigeria
3Department of Liberal Studies, Kwara Polytechnic llorin, Kwara State, Nigeria

DOI: https://doi.org/10.47772/1JRI1SS.2026.100400025

Received: 04 April 2026; Accepted: 10 April 2026; Published: 25 April 2026

ABSTRACT

Background: Nigeria’s deregulated economy, initiated in 2023 through fuel subsidy removal and exchange
rate unification, has fundamentally altered the fiscal environment with significant implications for healthcare
financing. This study develops a mathematical model to quantify the relationship between
deregulation-induced macroeconomic changes and healthcare funding outcomes.

Methods: A system dynamics model incorporating macroeconomic and fiscal variables was constructed using
ordinary differential equations. The model integrates oil revenue, non-oil revenue, exchange rate, inflation,
fiscal deficit, and healthcare allocation. Data from 2020-2025 were used for parameter estimation. Sensitivity
analysis and scenario modeling assessed policy impacts.

Results: The model reveals a structural break in healthcare funding dynamics post-deregulation. The derived
equation H = aR_total + BAER + yrn + 0FD demonstrates that a 10% naira depreciation reduces real healthcare
spending by 6.2% (p<0.001). Under moderate shock scenarios, projected healthcare funding shortfalls range
from N380-620 billion annually. The model identifies an optimal fiscal rule: allocating 15% of oil windfall
revenues to a Health Stabilization Fund would reduce funding volatility by 42% (95% CI: 35-49%).
Sensitivity analysis shows health outcomes are most responsive to primary healthcare funding (elasticity 0.68)
compared to tertiary care (0.31). The post-deregulation coefficient for health share of oil revenue decreased
from 0.038 to 0.032 (p=0.02), reflecting competing expenditure priorities.

Conclusion: Mathematical modeling demonstrates that deregulation creates competing fiscal pressures on
healthcare funding through exchange rate effects, inflationary erosion, and competing expenditure priorities.
The findings support establishment of a Health Stabilization Fund linked to oil windfall revenues and
constitutional guarantees for primary healthcare funding.
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INTRODUCTION

Nigeria’s economic landscape has undergone profound transformation since the implementation of sweeping
deregulatory policies beginning in 2023. The removal of fuel subsidies, unification of exchange rates, and
restructuring of petroleum revenue frameworks through Executive Order 9 have fundamentally altered the
fiscal environment in which healthcare funding decisions are made. These policies were designed to address
long-standing fiscal imbalances, attract foreign investment, and redirect public resources toward productive
sectors [1,2].

Healthcare funding in Nigeria has historically been characterised by low government expenditure, high
out-of-pocket payments, and vulnerability to oil price volatility [3]. The 2022 Lancet Nigeria Commission
noted that Nigeria’s health system remains critically underfunded, with government health expenditure as a
percentage of GDP stagnating at around 0.5%, far below the 2% recommended by the WHO and the 15%
Abuja Declaration target [4,5]. Between 2020 and 2025, health allocation as a percentage of the federal budget
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fluctuated between 4.2% and 5.5%, and actual releases have been even lower — only 15.06% of allocated
capital funds in 2024 [6,7].

The empirical literature on macroeconomic shocks and health financing in developing economies has
established several key transmission channels. Oil price volatility has been shown to significantly influence
fiscal performance, debt accumulation, and healthcare funding [8,9]. A recent study by Oduyemi et al. (2025)
using a Vector Autoregression (VAR) model with Impulse Response Functions found that oil price shocks
significantly affect fiscal stability and healthcare funding in Nigeria [10]. Similarly, Iheoma (2022)
demonstrated that economic uncertainty reduces public health expenditure in ECOWAS countries [11].

However, the specific effects of Nigeria’s deregulation — particularly the combined impact of subsidy removal
and exchange rate unification — on healthcare funding have not been formally modeled. Existing analyses have
focused on general fiscal responses rather than the distinct transmission mechanisms that affect health sector
purchasing power. This study develops a mathematical model to quantify these effects, with explicit
differentiation between nominal increases in health allocations and real purchasing power losses due to
exchange rate depreciation and inflation.

METHODOLOGY
Model Structure

A system dynamics model incorporating seven core variables was constructed using ordinary differential
equations to capture the dynamic relationships between macroeconomic parameters and healthcare funding.
The choice of a system dynamics approach was motivated by the need to capture feedback loops and time lags
in the transmission of macroeconomic shocks to health sector funding, building on established methodologies
in health financing modeling [12,13].

Core Variables:

1. Oil revenue (R_oil): R_oil =P x Q x ER x (1 - 0)

- P = global oil price (US$/barrel)

- Q = daily production (million barrels per day)

- ER = exchange rate (N/$)

- 0 = forward sale commitment proportion (26% based on NNPC agreements) [14]
2. Non-oil revenue (R_non-oil): R_non-oil =t x GDP

- 1 = effective tax rate (estimated from historical data)

3. Exchange rate (ER): ER_t = ER_{t-1} x (1 + & _t)

- ¢ t = stochastic shock term representing market forces

4. Inflation rate (n): © = B1AER + B2AP_fuel + fsm {t-1} +p t

5. Fiscal deficit (FD): FD = G - (R_oil + R_non-oil)

6. Healthcare allocation (H): H = aR_total + BAER + yn + 8FD + ¢ t

7. Real healthcare spending: H_real =H / (1 + x)
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Key Assumptions

1.

Baseline macroeconomic assumptions (2025-2026): Oil price $60-85/barrel, exchange rate ¥N1,450—
N1,550/$, GDP growth 3.2-3.9%. The Senate’s approved 2026 MTEF/FSP oil benchmark of $60/barrel
was adopted as a conservative baseline [15].

Health sector assumptions: Health expenditure as % of GDP: 0.5% (government) and 5.2% (total),
out-of-pocket spending: 71% of total health expenditure, health insurance coverage: 10-12% of population
[3,6].

Forward sale commitment (0): 26% of oil revenue is committed to external lenders through agreements
totalling $21.56 billion, based on NNPC disclosures [14]. This reduces effective fiscal space for domestic
allocations.

Exchange rate and inflation transmission: The model assumes that exchange rate changes pass through to
domestic prices with a lag of 3—6 months, consistent with the Bank of Nigeria’s inflation pass-through
estimates [16].

Parameter Derivation

Parameter estimation used multiple regression analysis with data from 2020-2025, sourced from:

Central Bank of Nigeria Statistical Bulletin (2020-2025) [16]
Federal Ministry of Finance Budget Documents (2020-2025) [6]
National Bureau of Statistics Reports (2020-2025) [17]

Nigerian National Petroleum Corporation Monthly Reports [14]

The regression used ordinary least squares with Newey-West standard errors to correct for heteroscedasticity
and autocorrelation. The model was estimated over two periods: pre-deregulation (2015-2022) and
post-deregulation (2023-2025) to capture structural breaks.

Estimated equations:

1.

2.

5.

Total revenue: R_total = R_oil + R_non-oil
Oil revenue (post-Executive Order 9): R_oil = (P_oil x Q x ER) x (1 - 0), where 6 = 0.26, Q = 1.4 mbpd
Non-oil revenue: R_non-oil = 0.068 x GDP (effective tax rate 2023-2025 average) [18]

Healthcare allocation equation (post-deregulation): H = 0.032 x R total - 0.00062 x AER x R total +
0.00038 x T x R total - 0.31 x FD + ¢

Real healthcare spending: H_real =H / (1 + x)

Model Validation

The model was validated using three approaches: (1) in-sample fit comparing predicted vs actual health
allocations (2015-2025) with R? = 0.87 and mean absolute percentage error (MAPE) = 8.4%; (2) Chow
structural break test to identify the 2023 deregulation effect; (3) out-of-sample forecast for 2024-2025
compared to actual reported releases.

Chow test: F = 6.84, p = 0.003, confirming a structural break in 2023.
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Bootstrap validation: Model parameters were bootstrapped with 1,000 iterations to derive confidence intervals.
The 95% CI for o was 0.018-0.046, confirming robustness.

Scenario Modeling

Three oil price scenarios were modeled based on IMF and World Bank projections [19,20] and shown in Table
1.

Sensitivity Analysis

One-way sensitivity analysis varied key parameters: oil price (+20%), exchange rate (£10%), health budget
share (x25%), and forward sale commitment (£10%). Monte Carlo simulation with 1,000 draws assessed
parameter uncertainty.

RESULTS
Model Validation

The model demonstrated good fit with historical data (2015-2025): R? = 0.87 for healthcare funding
predictions, with mean absolute percentage error of 8.4%. This is highlighted in Table 2

Structural Break Analysis

The Chow test revealed a significant structural break in 2023 (F = 6.84, p = 0.003), coinciding with the
implementation of deregulatory policies. Pre-deregulation (2015-2022), the relationship between oil revenue
and health funding was:

H =0.038 x R_total + 86.4 (R>=0.91)

Post-deregulation (2023-2025), the coefficient decreased to 0.032 (95% CI: 0.028-0.036), representing a
15.8% reduction in the share of oil revenue allocated to health. This reflects competing expenditure priorities
in security, infrastructure, and debt service [1,21].

Scenario Analysis Results
The scenario analysis results is demonstrated in Table 3.
Exchange Rate and Inflation Effects

The model demonstrates that a 10% depreciation in the naira reduces real healthcare spending by 6.2% (95%
Cl: 4.8-7.6%). This occurs through two channels:

o Direct effect (55%): Increased cost of imported medical supplies (45% of total health expenditure)
e Indirect effect (45%): Reduced real value of budget allocations through inflation pass-through

A 5-percentage point increase in inflation reduces real health spending by 8.4% after one year. The inflation
transmission function is:

H_real(t+1) = H_real(t) x [1 - 1.68 x (n(t) - m_target)], where ©t_target = 15% [16].

Nominal vs Real Distinction: A critical finding is the divergence between nominal and real health allocations.
While the 2026 health budget of N2.48 trillion represents a nominal increase of approximately 86% from 2023
levels, cumulative inflation of 22-34% and the depreciation of the naira have eroded real purchasing power.
The real per capita health expenditure of approximately $43 remains among the lowest in Africa [4].
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Moreover, actual releases have lagged far behind appropriations: in 2024, only 15.06% of allocated capital
funds were released, and in 2025, only N36 million out of N218 billion was released [6,7].

Fiscal Space Analysis

Table 4 shows the fiscal space analysis. The model reveals a paradox: deregulation creates substantial fiscal
space through oil windfall revenues and subsidy savings (34.4-5.6 trillion annually), but health allocations
have not increased proportionally. This is partly explained by debt service pressures: between January and July
2025, debt servicing consumed 71.8% of total revenue (N9.81 trillion out of N13.67 trillion), crowding out
capital investment [21].

Optimal Fiscal Rule Identification

The model identifies an optimal fiscal rule: allocating 15% of oil windfall revenues to a Health Stabilization
Fund would reduce health funding volatility by 42% (95% CI. 35-49%). Under this rule:

- Health funding variability (coefficient of variation) decreases from 0.28 to 0.16
- Counter-cyclical capacity increases by 68%
- Projected health outcomes improve by 12.4% over 10 years

Table 5 shows sensitivity analysis on health outcome elasticities. This emphasizes the components of health
care funding and health infrastructural funding.

DISCUSSION

This mathematical model provides quantitative evidence that Nigeria’s deregulated economy creates
significant pressures on healthcare funding through multiple transmission channels. The novelty of this
analysis lies in its explicit quantification of the gap between nominal allocations and real purchasing power—a
distinction often elided in policy discourse.

The finding that a 10%-naira depreciation reduces real healthcare spending by 6.2% is particularly concerning
given Nigeria’s import dependence for medical supplies. The country imports over 70% of pharmaceuticals
and 90% of medical equipment [4]. The 2023 exchange rate unification increased nominal health budgets but
reduced real purchasing power, as reflected in the model’s negative f coefficient. Between 2024 and 2026,
nominal health allocations increased by approximately 86%, but cumulative inflation of over 20% eroded
much of this gain. The real per capita health expenditure of approximately $43 remains among the lowest in
Africa [3].

The model reveals a paradox: deregulation creates substantial fiscal space through oil windfall revenues and
subsidy savings (N4.4-5.6 trillion annually), but health allocations have not increased proportionally. The
post-deregulation coefficient (0.032) is significantly lower than the pre-deregulation coefficient (0.038,
p=0.02), indicating that health is receiving a smaller share of available revenues. This likely reflects competing
priorities: between January and July 2025, debt service consumed 72% of federal revenue and, together with
personnel costs, exceeded total revenue by 5% [21]. The modest gains in non-oil revenue (tax-to-GDP ratio
increased from under 10% to 13.5%) have been insufficient to offset these pressures [18].

A key contribution of this analysis is the explicit differentiation between nominal health allocations and real
spending power. While the 2026 health budget of N2.48 trillion represents a nominal increase over previous
years, its share of the total budget declined to 4.2%—one of the lowest under the current administration. The
Abuja Declaration target of 15% remains unmet, and Nigeria continues to allocate less than one-third of the
agreed benchmark [5]. Moreover, actual releases have lagged far behind appropriations: in 2024, only 15.06%
of allocated capital funds were released, and in 2025, only N36 million out of N218 billion was released [6,7].
The real purchasing power of health spending has therefore been eroded by both inflation and chronic
under-release of appropriated funds.
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Our findings align with the Oduyemi et al. (2025) study, which found that oil price shocks significantly affect
fiscal stability and healthcare funding in Nigeria [10]. The Iheoma (2022) study similarly found that economic
uncertainty reduces public health expenditure in ECOWAS countries [11]. The Lancet Nigeria Commission
(2022) emphasized that Nigeria’s health system remains critically underfunded and called for sustained fiscal
commitment to primary healthcare [4]. This study extends this literature by providing a quantitative framework
for understanding the specific transmission mechanisms through which deregulation affects health funding.

The model’s identification of a 15% oil windfall allocation to a Health Stabilization Fund offers a practical
policy recommendation. This would reduce health funding volatility by 42%, addressing a key vulnerability in
the current system. International experience supports such mechanisms: the Chilean Copper Stabilization Fund
reduced health spending volatility by 38% between 1990 and 2020, and Botswana’s Pula Fund has provided
stable health funding for decades [22,23].

Primary healthcare funding has the highest elasticity (0.68), indicating that investments in primary care yield
the greatest health returns. This supports current policy emphasis on primary healthcare revitalization under
the National Health Act but also suggests that underfunding primary care carries disproportionate costs. A
2021 systematic review of 42 studies found that primary care investments in LMICs produced benefit-cost
ratios of 5:1 to 10:1, compared to 2:1 for hospital investments [24].

Several policy implications emerge from the model:

1. Constitutionally protect primary healthcare budgets (elasticity 0.68)

2. Establish a Health Stabilization Fund with 15% of oil windfall to reduce volatility by 42%

3. Develop local pharmaceutical manufacturing to reduce import dependence and exchange rate exposure
4. Index health allocations to inflation to preserve real purchasing power

5. Implement release guarantee mechanisms to ensure appropriated funds are actually disbursed

This model has several limitations. First, it assumes linear relationships that may not capture non-linear
dynamics during extreme shocks. Second, parameter estimates are based on short time series (2020-2025) and
may not fully capture long-term structural changes. Third, the model does not incorporate private health
expenditure (70% of total health spending) or donor funding (21%) [4]. Fourth, political economy factors
influencing budget allocations are not captured. Fifth, the model assumes rational expectations that may not
hold in practice.

Mathematical modeling demonstrates that Nigeria’s deregulated economy creates competing fiscal pressures
on healthcare funding through three primary channels: exchange rate effects (10% depreciation reduces real
health spending by 6.2%), inflationary erosion (5% inflation reduces real spending by 8.4% after one year),
and competing expenditure priorities (health share of oil windfall decreased from 3.8% to 3.2%
post-deregulation, p=0.02). Crucially, nominal health allocations have increased by approximately 86% since
2023, but real purchasing power has been eroded by cumulative inflation and persistent under-release of
appropriated funds. Under moderate shock scenarios, projected healthcare funding shortfalls range from
N380-620 billion annually. The model identifies an optimal fiscal rule: allocating 15% of oil windfall
revenues to a Health Stabilization Fund would reduce funding volatility by 42%. Health outcomes are most
responsive to primary healthcare funding (elasticity 0.68). These findings support constitutionally protected
primary care funding, local pharmaceutical manufacturing, inflation-indexed health budgets, and establishment
of a Health Stabilization Fund linked to oil windfall revenues to protect health sector investments during
economic transitions.
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TABLES

Table 1: Scenario modeling for oil price

Scenario Oil Price ($/bbl) | Exchange Rate ¥/$) | GDP Growth (%)
Baseline 60 1512 3.2
Moderate Shock 85 1650 2.8
Severe Shock 125 1750 24

Table 2: Model parameter estimates

Parameter Coefficient Standard Error | t-statistic p-value 95% CI
a (revenue share) 0.032 0.007 4.57 <0.001 0.018-0.046
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B (exchange rate effect) -0.00062 0.00015 -4.13 <0.001 -0.00092 to -
0.00032

vy (inflation effect) 0.00038 0.00012 3.17 0.003 0.00014—
0.00062

o (fiscal deficit effect) -0.31 0.11 -2.82 0.008 -0.53 t0 -0.09

Table 3: Projected healthcare funding under different scenarios (3 billion)

Scenario Qil Price | Nominal H | Real H (2023 | % of GDP | Real Shortfall from
($/bbl) prices) Baseline

Baseline 60 1620 1212 0.45 -

Moderate 85 2380 1432 0.52 -220

Shock

Severe Shock 125 2840 1512 0.55 -300

Table 4: Fiscal space for health under deregulation (¥ billion)

Source 2024 2025 2026 (Projected)
Oil windfall (above $64.85/bbl) 2840 3120 3480

Efficiency gains (fuel subsidy removal) 1160 1280. 1400

Increased non-oil revenue 420 580 720

Total fiscal space 4420 4980 5600

Current health allocation 1242 1380 1520
Unallocated fiscal space 3178 3600 4080

Table 5: Sensitivity analysis — Health outcomes elasticities

Sector Elasticity | 95% CI Interpretation

Primary healthcare funding 0.68 0.52-0.84 10% funding increase — 6.8% outcome
improvement

Secondary healthcare funding 0.44 0.31-0.57 10% funding increase — 4.4% outcome
improvement

Tertiary healthcare funding 0.42 0.31-0.53 10% funding increase — 4.2% outcome
improvement

Health infrastructure 0.27 0.18-0.36 10% funding increase — 2.7% outcome
improvement
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