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Abstract 

Background: Nigeria's health system remains dominated by direct household payment despite mandatory-insurance legislation. 

Policy debate often treats enrolment growth as equivalent to financial protection, although the effect of new pooled funds depends 

on budget execution, provider absorptive capacity and the extent to which prepayment replaces rather than supplements out-of-

pocket expenditure. Methods: We developed a dynamic stochastic accounting model using annual Nigeria health-expenditure 

series for 2000-2023. Correlated mean-reverting processes generated reference trajectories for current health expenditure, 

domestic government health expenditure, external financing and voluntary prepayment. We simulated four 2024-2035 scenarios: 

status quo, insurance-led expansion, fiscal expansion and integrated reform. Policy funds were filtered through implementation 

and substitution parameters. One hundred thousand Monte Carlo trajectories propagated empirical and scenario uncertainty. 

Primary outcomes were the out-of-pocket share of current health expenditure in 2035 and the probability of reaching 50%, 35% 

and 20% thresholds. Rolling-origin validation assessed the reference model. Results: In 2023, out-of-pocket payments were 

71.9% of current health expenditure and domestic government health expenditure was 0.60% of gross domestic product (GDP). 

The model's one-step rolling predictions had a mean absolute error of 2.58 percentage points. Median 2035 out-of-pocket shares 

were 74.0% (95% uncertainty interval [UI] 62.4-81.9) under the status quo, 62.6% (47.6-73.5) under insurance-led expansion, 

46.5% (24.5-62.4) under fiscal expansion and 36.5% (9.2-56.0) under integrated reform. The integrated scenario had a 45.0% 

probability of reaching 35% and a 10.2% probability of reaching 20%. Target-seeking analysis indicated that a 35% share would 

require median budgeted domestic government health expenditure of 2.27% of GDP (95% UI 1.37-3.69); reaching 20% required 

3.01% (1.84-4.83). Conclusions: Enrolment-led reform without commensurate public revenue and implementation capacity is 

unlikely to deliver financial protection. Nigeria's financing strategy should use the out-of-pocket share as an explicit outcome, 

link compulsory pooling to supply-side readiness and budget execution, and treat 2.2% of GDP as a plausible but not sufficient 

integrated-reform test rather than a guaranteed route to the 35% threshold. 
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1. Introduction 

Health financing is not simply the volume of money spent 

on health. It is the interaction of revenue raising, pooling and 

purchasing that determines whether needed care is financed 

collectively or paid for at the point of use [10, 21]. A financing 

system can therefore expand nominal insurance enrolment 

while leaving households exposed to direct payment when the 

benefit package is narrow, providers lack medicines or funds 

are not executed. This distinction is especially important in 

settings where unmet need is high: new prepayment may fi-

nance previously forgone care as well as replace existing out-

of-pocket (OOP) payments. 
Nigeria illustrates this challenge at exceptional scale. The 

Global Health Expenditure Database and World Development 

Indicators show that OOP payments accounted for 71.9% of 

current health expenditure (CHE) in 2023, whereas domestic 

general government health expenditure was 0.60% of GDP 

[17, 20]. The 2018 Nigeria Health Financing System Assess-

ment had already documented a structurally similar pattern: 

very low public expenditure, limited insurance coverage, high 

direct payment and weak financial protection [7]. The persis-

tence of the pattern implies that incremental programme ex-

pansion has not yet altered the financing architecture. 
The National Health Insurance Authority (NHIA) Act 2022 

requires residents to obtain health insurance and establishes 

mechanisms for vulnerable groups [14]. The NHIA's mandate 

is universal health coverage by 2030 through resource mobi-

lisation, pooling and strategic purchasing [13]. These are con-

sequential institutional changes, but legislation does not deter-

mine how much effective pooled financing reaches providers 

or how much direct payment is displaced. Recent national and 

subnational evidence continues to find a substantial and une-

qual burden of catastrophic payment [1, 2, 26], while regional 

monitoring associates higher public health spending with 

lower financial hardship [24]. 
The monitoring framework is also evolving. In 2025, the 

definition of Sustainable Development Goal indicator 3.8.2 

changed from the proportion exceeding fixed shares of total 

household budgets to the proportion whose positive OOP pay-

ments exceed 40% of discretionary resources [19]. That revi-

sion strengthens the case for modelling financing flows sepa-

rately from household hardship. Aggregate OOP share is not a 

substitute for microdata-based financial-hardship measure-

ment, but it is a timely structural indicator available annually 

and directly responsive to the balance between prepaid and 

point-of-service financing. 
Financing primary health care requires both additional pub-

lic resources and arrangements that direct those resources to-

wards accessible, quality services [8]. The WHO African Re-

gion has proposed an OOP share of 15-20% of CHE as a broad 

protection benchmark [25], far below Nigeria's current level. 

Global evidence similarly shows that direct payment remains 

a major barrier to universal coverage and exposes households 

to catastrophic expenditure [16, 18, 23]. Yet a simple calcula-

tion that subtracts each new unit of public spending from OOP 

ignores execution failures, absorptive constraints and utilisa-

tion released when financial barriers fall. 
Dynamic computational modelling is useful when policy 

effects depend on interacting stocks, flows, delays and uncer-

tain implementation [9, 12, 15]. Good modelling practice also 

requires transparent structure, explicit parameter uncertainty 

and validation against observed data [3-5]. We therefore de-

veloped an implementation-constrained stochastic health-fi-

nancing model for Nigeria. The study asks three questions: (1) 

how might the financing mix evolve to 2035 under alternative 

pooling and fiscal strategies; (2) what is the probability that 

each strategy reaches progressively lower OOP-share thresh-

olds; and (3) what domestic government health budget would 

be required to reach 50%, 35% or 20% OOP shares under in-

tegrated implementation conditions? 

2. Methods 

2.1. Study Design and Analytic Perspective 

This was a country-level, dynamic stochastic policy-simu-

lation study. The analytic perspective was the Nigerian health-

financing system. Financing flows were represented as per-

centage points of GDP, allowing the model to compare public, 

external, voluntary prepaid and OOP sources without intro-

ducing exchange-rate distortions. The model was designed for 

strategic planning rather than programme costing: it estimates 

the financing structure consistent with scenarios and does not 

attach costs or health effects to a specified benefits package. 

2.2. Data Sources and Baseline Construction 

We extracted annual Nigeria series for 2000-2023 from the 

World Bank application programming interface, whose 

health-expenditure indicators reproduce WHO Global Health 

Expenditure Database estimates [17, 20]. Variables were CHE 

as a percentage of GDP; domestic general government health 

expenditure as a percentage of GDP; OOP expenditure as a 

share of CHE; external health expenditure as a share of CHE; 

and domestic private health expenditure as a share of CHE. 

Voluntary prepaid/private insurance was derived as domestic 

private expenditure minus OOP expenditure. External, volun-

tary prepaid and OOP flows were converted to percentages of 

GDP by multiplying their CHE shares by CHE/GDP. Table 1 

presents the 2023 starting values. All inputs were public ag-

gregate country-level series; no human participants, identifia-

ble records or individual-level linkage were used. 
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Table 1. Nigeria health-financing baseline, 2023. 

Financing measure % of CHE % of GDP Status in model 

Current health expenditure 100.0 4.191 Observed total 

Domestic government health expenditure 14.34 0.601 Observed prepaid pool 

External health expenditure 11.28 0.473 Observed external pool 

Voluntary prepaid/private insurance 2.48 0.104 Derived prepaid pool 

Out-of-pocket expenditure 71.90 3.013 Observed residual/direct payment 

CHE, current health expenditure; GDP, gross domestic product. Percentages may not sum exactly because of rounding. Source: WHO Global 

Health Expenditure Database via World Development Indicators [17, 20]; voluntary prepayment derived by the authors. 

2.3. Reference Financing Dynamics 

The reference path comprised four positive state variables: 

CHE (C), domestic government health expenditure (G), exter-

nal financing (X) and voluntary prepayment (V), each ex-

pressed as a percentage of GDP. For each variable z, a mean-

reverting log autoregressive process was estimated: 

Log (z [t]) = mu [z] + phi [z] x (log (z [t-1]) - mu [z]) + epsi-

lon [z, t] 

The long-run mean mu was the mean of the final ten log 

observations, while phi was estimated over the final fifteen 

transitions and constrained to 0.05-0.95 to prevent explosive 

extrapolation. The ten-observation mean window and fifteen-

transition persistence window were specified a priori as a 

pragmatic compromise between recent-regime relevance and 

sampling stability in a 24-year series. The slightly longer per-

sistence window reduces the influence of a single late transi-

tion, whereas the shorter mean window allows the long-run 

level to reflect more recent financing conditions. These win-

dow lengths were not statistically optimised, and window-

length uncertainty was not propagated; results may therefore 

vary under alternative reference windows. 
Residuals were retained jointly, and annual innovation vec-

tors were sampled from a multivariate normal distribution 

with the empirical residual covariance matrix to preserve ob-

served contemporaneous co-movement. Wide plausibility 

limits prevented impossible values. Pooled components were 

proportionally rescaled when they exceeded 92% of CHE in a 

reference draw. The 92% cutoff is a logical accounting safe-

guard rather than an empirical protection threshold: it pre-

serves at least 8% of CHE as residual OOP before policy ef-

fects and avoids zero-residual artefacts. Sensitivity to this 

fixed cutoff was not evaluated. Reference OOP expenditure 

was the accounting residual: 

O [0, t] = max (C [0, t] - G [0, t] - X [0, t] - V [0, t], 0) 

 
Figure 1. Architecture of the implementation-constrained stochastic health-financing model. 

CHE, current health expenditure; GHE, government health expenditure; OOP, out-of-pocket expenditure. The substitution parameter ρ parti-

tions implemented pooled financing between displacement of direct payment and financing of newly used care. 
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2.4. Policy Module and Accounting Identities 

The reference variable G follows the System of Health Ac-

counts concept of domestic general government financing and 

includes domestic government revenue and recorded social 

health insurance contributions [20]. NHIA-mandated contri-

butions are therefore captured to the extent that they are rec-

orded in the national health accounts, even when they do not 

pass through a conventional ministry appropriation; unre-

corded contributions are outside the model. For each policy 

scenario s, B [s, t] denotes planned total domestic govern-

ment/compulsory health financing, not only a voted govern-

ment budget. The model specified a linear trajectory for B [s, 

t] from the 2023 observed value to the scenario's 2035 target. 

These targets are analytical stress tests, not official govern-

ment commitments. Only the amount above the simulated ref-

erence GHE was treated as incremental: 

ΔBs, t = max{Bs, t −G0, t, 0} 

Incremental budget was multiplied by an implementation 

factor m [s] that jointly represents execution and provider/sys-

tem absorptive capacity. The implemented increment was E [s, 

t] = m [s] x ΔBs, t. A substitution fraction ρ [s] determined the 

share of implemented financing that replaced OOP. The com-

plement, 1-ρ, represented additional utilisation or quality fi-

nanced when reduced point-of-service prices released unmet 

demand. The core identities were: 

O [s, t] = max (O [0, t] - ρ [s] x E [s, t], 0) 

C [s, t] = C [0, t] + (1-ρ [s]) x E [s, t] 

G [s, t] = G [0, t] + E [s, t] 

These equations preserve financing accounts: an imple-

mented unit either displaces direct payment or adds financed 

use. They avoid the unrealistic assumption that every unit al-

located to insurance reduces total OOP by the same amount. 

2.5. Scenarios and Parameter Uncertainty 

Four scenarios were evaluated (Table 2). The insurance-led 

scenario represented compulsory pooling growth without a 

commensurate implementation transformation. Fiscal expan-

sion represented a larger public envelope with moderate exe-

cution and substitution. Integrated reform combined the larg-

est budget target with stronger execution, absorptive capacity, 

benefits-package credibility and purchasing effectiveness. Im-

plementation and substitution values were sampled once per 

trajectory from triangular distributions, allowing persistent 

programme quality differences across futures. Because di-

rectly transferable empirical estimates were unavailable, the 

ranges are transparent scenario assumptions rather than esti-

mated causal parameters. 
The ranges were evidence-informed bounds rather than fit-

ted parameters. Nigeria's federal health ministry underspent 

approved budgets by 31% in 2018 and 47% in 2021 [27], 

while a World Bank cross-country assessment found average 

health-budget underspending of 13% in low- and lower-mid-

dle-income settings [28]. These execution patterns informed 

implementation factors from 0.55 under severe constraints to 

0.98 as an aspirational near-complete-execution stress test. 

For substitution, evidence from Ghana's National Health In-

surance Scheme showed that enrolment increased utilisation 

by 26% but reduced OOP payment by only 4%, illustrating 

that pooled funds may finance newly used care rather than dis-

place direct payment one-for-one [29]. This comparator evi-

dence motivated a broad 0.50-0.95 substitution span; the val-

ues remain scenario assumptions and are not Nigerian claims-

ratio estimates. 

Table 2. Scenario definitions and uncertainty ranges. 

Scenario 
2035 budgeted GHE tar-

get (% GDP) 

Implementation 

factor 

OOP substitution 

fraction (ρ) 
Interpretation 

Status quo Reference process Not applicable Not applicable No incremental policy financing 

Insurance-led 1.20 
Triangular 0.55, 

0.70, 0.85 

Triangular 0.50, 0.65, 

0.80 

Coverage expansion with current-

type constraints 

Fiscal expan-

sion 
2.00 

Triangular 0.65, 

0.78, 0.90 

Triangular 0.60, 0.75, 

0.90 

Larger public envelope; moderate 

implementation 

Integrated re-

form 
2.20 

Triangular 0.80, 

0.90, 0.98 

Triangular 0.75, 0.85, 

0.95 

Revenue, pooling, execution and ca-

pacity reform 

GHE, domestic general government/compulsory health expenditure; OOP, out-of-pocket expenditure. Triangular distributions are reported as 

minimum, mode, maximum. Scenario targets and ranges are analytical assumptions chosen to span weak-to-strong reform conditions. 
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2.6. Outcomes and Target-seeking Analysis 

The primary outcome was OOP as a percentage of CHE in 

2035. We calculated median values, 95% uncertainty intervals 

(UIs) and the probability of reaching three thresholds: 50%, a 

minimal structural-transition threshold; 35%, an intermediate 

analytical target approximately halfway between the 2023 

baseline and the protection benchmark; and 20%, the upper 

bound of the regional protection benchmark [25]. The 35% 

threshold is not presented as an internationally validated cut-

off. 
For each reference trajectory, target-seeking analysis 

solved the budgeted GHE required to reach target share q un-

der the integrated scenario's implementation and substitution 

distributions. Required effective incremental financing was: 

E [required] = (O [0] - q x C [0]) / (ρ + q x (1-ρ)) 

Budgeted additional financing was E [required]/m, and re-

quired total budgeted GHE was reference GHE plus that 

amount. Values below zero were set to zero. 

2.7. Simulation, Validation and Sensitivity 

Analysis 

We generated 100,000 annual trajectories for 2024-2035 us-

ing a fixed random seed (20260806). The reference compo-

nent was assessed with rolling-origin, one-step-ahead predic-

tions for 2015-2023. We calculated mean absolute error 

(MAE), root-mean-square error (RMSE) and mean error for 

predicted OOP share. Global sensitivity for the integrated sce-

nario used Spearman rank correlations between the 2035 out-

come and reference CHE, reference GHE, external financing, 

voluntary prepayment, implementation and substitution inputs. 

All calculations were performed in Python 3.12 using NumPy 

and pandas; figures were produced with Matplotlib. 
The rolling-origin exercise validated only the unconditional 

reference process. The policy module and its scenario-specific 

implementation and substitution distributions were not sepa-

rately validated against observed reform outcomes; threshold 

probabilities are therefore conditional scenario results, not 

forecasts. The calibration-window lengths and the 92% rescal-

ing cutoff were held fixed and were not included in the global 

sensitivity analysis. 

3. Results 

3.1. Historical Financing Pattern and Model 

Validation 

Nigeria's CHE fluctuated between approximately 2.5% and 

5.0% of GDP during 2000-2023, but OOP remained the dom-

inant source throughout most of the period (Figure 2). In 2023, 

CHE was 4.191% of GDP. OOP accounted for 3.013% of GDP, 

compared with 0.601% from domestic government sources, 

0.473% from external sources and 0.104% from voluntary 

prepayment (Table 1). The resulting OOP share was 71.90%. 
Rolling one-step predictions reproduced the OOP-share 

level with MAE 2.58 percentage points, RMSE 2.94 points 

and mean error 0.44 points. The largest absolute errors were 

5.17 points in 2019 and 4.61 points in 2023, years in which 

the observed OOP share shifted down relative to the preceding 

pattern. This validation supports use of the unconditional ref-

erence process for conditional scenario comparison while con-

firming that annual point forecasts remain uncertain. It does 

not establish empirical validity of the scenario/policy module. 

 
Figure 2. Observed composition of Nigeria's current health expenditure, 2000-2023. 

Flows are percentages of GDP. Source: WHO Global Health Expenditure Database via World Development Indicators [17, 20]; voluntary 

prepayment derived as domestic private expenditure minus OOP expenditure. 
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3.2. Scenario Projections to 2035 

The status quo did not produce a structural financing tran-

sition. Its median OOP share was 73.97% in 2035 (95% UI 

62.36-81.86), with effectively zero probability of reaching 

35% (Table 3; Figure 3). Insurance-led expansion reduced the 

median to 62.60% (47.60-73.51), but the probability of reach-

ing 50% was only 4.56% and the probability of reaching 35% 

was 0.07%. 

Fiscal expansion generated a materially different financing 

mix: the median OOP share was 46.48% (24.47-62.42), with 

a 64.80% probability of reaching 50%. Nevertheless, the prob-

ability of reaching 35% was 13.33%, and only 1.12% of tra-

jectories reached 20%. The integrated reform produced the 

largest shift, to a median of 36.52% (9.16-55.97). It reached 

50% in 90.05% of trajectories, 35% in 45.01% and 20% in 

10.17%. 

Table 3. Projected 2035 financing outcomes by scenario. 

Scenario 
OOP share, median 

(95% UI) 

Implemented GHE, G[s, t], me-

dian (95% UI),% GDP 

Pr (OOP 

<=50%) 

Pr (OOP 

<=35%) 

Pr (OOP 

<=20%) 

Status quo 73.97 (62.36-81.86) 0.52 (0.31-0.89) 0.04% 0.00% 0.00% 

Insurance-led 62.60 (47.60-73.51) 1.00 (0.88-1.12) 4.56% 0.07% 0.00% 

Fiscal expan-

sion 
46.48 (24.47-62.42) 1.68 (1.51-1.82) 64.80% 13.33% 1.12% 

Integrated re-

form 
36.52 (9.16-55.97) 2.03 (1.90-2.14) 90.05% 45.01% 10.17% 

GHE, implemented domestic general government/compulsory health expenditure, G [s, t], after applying the implementation factor; this differs 

from the budgeted target B [s, t]. GDP, gross domestic product; OOP, out-of-pocket expenditure; Pr, probability; UI, uncertainty interval. 

Probability values are Monte Carlo proportions from 100,000 trajectories. 

 
Figure 3. Projected out-of-pocket share of current health expenditure, 2024-2035. 

Solid lines show medians; shaded bands show 95% uncer-

tainty intervals. The 35% line is an intermediate analytical tar-

get; 20% is the upper bound of the WHO African Region pro-

tection benchmark [25]. Scenario lines use grey, light blue, or-

ange and dark blue with strong luminance contrast; target lines 
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use dashed and dotted patterns for colour-blind accessibility. 

The embedded figure is 1781 x 1034 pixels (approximately 

283 dpi at its 6.3-inch manuscript width). 

3.3. Target-seeking Budget Requirements 

Under integrated implementation conditions, the median 

budgeted GHE required for an OOP share of 50% was 1.57% 

of GDP (95% UI 0.91-2.61). The corresponding median was 

2.27% of GDP (1.37-3.69) for 35% and 3.01% (1.84-4.83) for 

20% (Table 4). A 2.2%-of-GDP budget was sufficient in 

90.05% of draws for 50%, 45.01% for 35% and 10.17% for 

20%. These probabilities are identical to the integrated-sce-

nario threshold probabilities because 2.2% of GDP is that sce-

nario's terminal budget target. 

Table 4. Target-seeking domestic government health budget for 2035. 

OOP-share target 
Required budgeted GHE, median% 

GDP 
95% UI, % GDP 

Probability target is attainable at GHE <=2.2% 

GDP 

50% 1.57 0.91-2.61 90.05% 

35% 2.27 1.37-3.69 45.01% 

20% 3.01 1.84-4.83 10.17% 

GHE, domestic general government/compulsory health expenditure; GDP, gross domestic product; OOP, out-of-pocket expenditure; UI, un-

certainty interval. Calculations use the integrated scenario's implementation and substitution distributions. 

3.4. Sensitivity Analysis 

The integrated scenario's 2035 OOP share was most 

strongly associated with the reference CHE envelope (Spear-

man r = 0.963). Reference GHE (r = 0.336), external financing 

(r = 0.176) and voluntary prepayment (r = 0.174) had smaller 

positive correlations because a fixed budget target creates less 

incremental policy financing when the reference prepaid pool 

is already higher. Implementation (r = -0.119) and substitution 

(r = -0.078) lowered OOP as expected. The dominance of CHE 

uncertainty shows that financing targets cannot be interpreted 

independently of the expenditure needs generated by popula-

tion health, prices and utilisation. 

4. Discussion 

4.1. Principal Findings 

This study makes a practical distinction that is often lost in 

health-insurance debate: coverage on paper is an institutional 

input, whereas displacement of point-of-service payment is an 

outcome. Starting from a 2023 OOP share of 71.9%, an insur-

ance-led scenario that raised budgeted compulsory/public fi-

nancing to 1.2% of GDP produced a median 2035 OOP share 

of 62.6%. Larger fiscal expansion was necessary to cross 50% 

in most trajectories, and integrated reform was necessary even 

to approach the 35% intermediate target. 
The target-seeking analysis sharpens this conclusion. Under 

strong but uncertain implementation, a median budget of 

2.27% of GDP was required for 35%, substantially above the 

2023 domestic government level of 0.60%. Reaching the 20% 

benchmark required a median 3.01% of GDP and was 

achieved by the 2.2% integrated target in only one in ten tra-

jectories. The results do not imply that 2.27% or 3.01% are 

universal spending norms. They are model-consistent financ-

ing requirements conditional on Nigeria's historical envelope, 

the accounting structure and explicit implementation assump-

tions. 

4.2. Interpretation for Nigerian Health-

financing Reform 

The NHIA Act creates an enabling legal framework by 

making insurance mandatory and establishing a vulnerable-

group fund [14]. The model indicates that implementation 

should be judged by how much compulsory prepayment is 

converted into effective purchasing and how much user pay-

ment disappears at accredited facilities. Enrolment counts re-

main useful for administration, but they should be paired with 

OOP incidence, medicine availability, rejected claims, infor-

mal charges and service-readiness indicators. Otherwise, en-

rolment may increase while households continue to purchase 

medicines, diagnostics and treatment outside the covered 

pathway. 
A second implication is that demand- and supply-side fi-

nancing must move together. When financial barriers fall, peo-

ple who previously delayed or forgone care begin to use ser-

vices. The resulting expenditure is socially desirable if it ad-

dresses need, but it means that new pooled money cannot be 

expected to replace direct payment one-for-one. The model's 

substitution parameter makes this mechanism explicit. Inte-

grated reform therefore combines revenue mobilisation with 
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predictable facility financing, workforce and commodity 

availability, digital claims infrastructure, strategic purchasing 

and accountable execution. This aligns with the broader pri-

mary-health-care financing literature, which emphasises pub-

lic funding and people-centred purchasing rather than insur-

ance labels alone [8]. 
Third, donor volatility is a fiscal risk rather than a residual 

technical issue. External sources financed 11.28% of Nigeria's 

CHE in 2023. Global projections show tightening government 

health-spending prospects in many low- and lower-middle-in-

come countries [11], and WHO reported major aid reductions 

in 2025 [22]. Nigeria has itself described OOP financing at 

approximately 72% and called for domestic resource mobili-

sation [6]. A medium-term financing framework should there-

fore include explicit replacement rules for externally financed 

essential services, instead of assuming that aid remains a sta-

ble share of CHE. 

4.3. Policy Priorities 

The findings support a sequenced compact. First, federal 

and state authorities should specify an annual path for domes-

tic pooled health financing as a share of GDP and publish ex-

ecuted, not merely appropriated, amounts. Second, the NHIA 

and state agencies should define the covered service and med-

icine package that new funds are expected to purchase, with 

independent reporting of effective coverage and residual pay-

ment. Third, part of each financing increment should be pro-

tected for supply readiness so that increased entitlement does 

not meet empty pharmacies, unavailable diagnostics or absent 

personnel. Fourth, financial-protection monitoring should 

combine annual health-account indicators with periodic mi-

crodata estimation using the revised SDG 3.8.2 definition [19]. 
The 35% threshold can function as an intermediate planning 

checkpoint, not a declaration of adequate protection. The 20% 

benchmark remains the more protective structural objective, 

while household-level financial hardship should be monitored 

directly. The wide UIs in this study are therefore decision-rel-

evant: they indicate that a nominal 2.2%-of-GDP target should 

be accompanied by triggers for additional revenue, efficiency 

action or benefits-package adjustment if OOP reduction falls 

behind trajectory. 

4.4. Strengths and Limitations 

The model has four strengths. It uses a consistent 24-year 

national expenditure series; preserves correlated uncertainty 

among financing sources; separates budget ambition from im-

plemented financing; and distinguishes OOP substitution from 

newly financed utilisation. The rolling validation error was 

modest relative to the historical OOP level, and all scenario 

assumptions, equations and thresholds are reported transpar-

ently. The target-seeking component converts a descriptive 

projection into a decision quantity that ministries of health and 

finance can interrogate. 

Several limitations are important. First, aggregate health ac-

counts cannot measure distributional protection. A lower na-

tional OOP share may coexist with severe hardship among 

poor, rural, older or chronically ill households. The revised 

SDG 3.8.2 indicator must be estimated from microdata [19]. 

Second, the model is an accounting-policy simulation, not a 

causal estimate of insurance or public-spending effects. Im-

plementation and substitution ranges are scenarios; their trans-

fer to particular programmes requires empirical calibration. 

Third, the model does not disaggregate federal, state and local 

financing, benefits packages, provider types, diseases or med-

icines. Fourth, CHE/GDP uncertainty dominates the results, 

and health prices, epidemiological change and macro-fiscal 

shocks are represented only through the historical stochastic 

process. Fifth, only the unconditional reference process was 

internally, not externally, validated; the scenario/policy mod-

ule was not separately validated, and its probabilities should 

not be interpreted as forecasts. Sixth, the ten- and fifteen-ob-

servation calibration windows and the 92% rescaling safe-

guard were fixed rather than varied, so structural sensitivity to 

these choices remains. Seventh, the 2023 data were the latest 

complete comparable health-account observations available at 

extraction; subsequent revisions could alter the baseline. 
These limitations favour cautious use. The model should be 

updated when new health accounts, expenditure surveys, 

budget-execution records and claims data become available. 

Programme-specific versions should replace scenario ranges 

with observed execution, service-readiness and benefit-inci-

dence parameters. 

5. Conclusion 

Nigeria is unlikely to finance its way out of high direct pay-

ment through insurance enrolment alone. In this model, a 

1.2%-of-GDP insurance-led path left OOP above 60% of CHE 

in the median trajectory. Larger public financing changed the 

structure, but only an integrated 2.2%-of-GDP pathway ap-

proached a 35% OOP share, and it did so with a probability of 

45%. A credible reform contract should therefore bind to-

gether domestic revenue, compulsory pooling, executed pur-

chasing, provider capacity and direct measurement of residual 

household payment. Computational modelling cannot choose 

the political pathway, but it can make the financing conse-

quences and uncertainty visible before commitments are mis-

taken for protection. 
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