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Purpose and scope
This supplementary document expands the methodological and reproducibility information reported in the main manuscript. It describes the administrative data source, analytical perimeter, deterministic linkage, variable construction, statistical specifications, quality controls and implementation of the prospective allocation simulator. It should be read with the main article and its full tables and figures.
Data provenance and access
Budget data were extracted on 10 August 2026 from the World Bank Senegal BOOST 2010-2018 database. The source is publicly accessible through the World Bank Data Catalog at https://datacatalog.worldbank.org/search/dataset/0038089/senegal-boost-platform, subject to the World Bank terms of use.
Supplementary Table S1. Data sources and analytical role
	Domain
	Source and reference year
	Geographic level
	Analytical use

	Budget allocation
	World Bank Senegal BOOST, 2016-2018
	District and DRS
	Initial LFI; observed outcome and historical anchor

	Population and geography
	MSAS national health map, 2018
	District
	Population, area and inhabitants per health centre

	Health need
	ANSD and ICF Continuous DHS, 2017
	Region
	Under-five mortality, stunting and standardized need index

	Socioeconomic deprivation
	ANSD EHCVM, 2018/2019
	Region
	Monetary poverty incidence

	Utilization and access
	ANSD and ICF Continuous DHS, 2017
	Region
	Facility-based delivery



Administrative perimeter and sample construction
The source panel contained 71 health districts and 14 medical regions or regional health directorates (DRS). Budget records were restricted to decentralized Ministry of Health and Social Action chapters identifiable as districts or DRS. Central ministry units, hospitals, vertical programmes and entities outside this administrative perimeter were excluded. Districts and DRS were retained as separate administrative units because their functions and budget-generating processes differ.
Supplementary Table S2. Administrative sample construction
	Step
	Records retained
	Role in analysis

	Decentralized health administration
	85 entities x 3 years = 255 observations
	Initial screened administrative panel

	Health districts
	71 districts x 3 years = 213 observations
	Primary balanced panel for Models M1-M5

	DRS
	14 DRS x 3 years = 42 observations
	Descriptive or sensitivity use; excluded from primary regressions

	Historical persistence
	71 districts observed in 2018 with 2016 baseline
	Cross-sectional Models M6-M7



The selection rules were institutional and geographic. No automated case-identification, phenotype or validation algorithm was used. Within the selected BOOST chapters, separately identifiable personnel lines were absent; this classification feature does not imply that districts incurred no labour costs.
Linkage and missing data
The district regression file was linked deterministically by district and region to the corresponding population, geographic, service-availability, poverty and health-need variables. Regional socioeconomic and health indicators were assigned to all constituent districts in the relevant region. Their coefficients therefore identify between-region contrasts rather than within-region district differences. The final linked analytical file contained all 213 eligible district-year records, and no unmatched district identifiers remained.
The primary analytical dataset was balanced: 71 districts were observed in 2016, 2017 and 2018.
The reported regression models used the available complete analytical records.
No statistical imputation of missing district-level values was undertaken.
Assignment of regional indicators to constituent districts was a geographic-level linkage, not imputation.
The administrative selection perimeter and linkage level should be considered when assessing generalizability.
Analytical variables and derivations
Supplementary Table S3. Analytical variables and derivations
	Construct
	Coding or derivation
	Level and unit
	Analytical role

	Initial allocation
	ln_budget = ln(budget_initial_fcfa)
	District-year; nominal FCFA
	Primary outcome; natural log

	Population
	ln_population = ln(population_2018)
	District; persons
	Capitation scale and elasticity

	Poverty
	poverty_pct
	Region; percent
	Socioeconomic deprivation

	Under-five mortality
	u5mr; z_u5mr = (u5mr - mean)/SD
	Region; per 1,000 live births
	Health-need component

	Childhood stunting
	stunting_pct; z_stunting = (stunting_pct - mean)/SD
	Region; percent
	Health-need component

	Composite health need
	need_index = (z_u5mr + z_stunting)/2
	Region; SD units
	Equal-scale mean of two need indicators

	Area
	ln_area = ln(area_km2)
	District; km2
	Geographic dispersion and delivery costs

	Health-centre workload
	inhab_hc_10k = inhabitants_per_health_centre/10000
	District; per 10,000
	Population pressure on infrastructure

	Facility delivery
	facility_birth_pct
	Region; percent
	Utilization and effective access

	Historical allocation
	ln_budget2016
	District; natural log FCFA
	2016 baseline predicting 2018 allocation

	Year controls
	i.year; base = 2016
	District-year; binary
	Common nominal annual shifts

	Inference cluster
	region_id
	Region; 14 clusters
	Within-region error dependence



Statistical analysis and model specifications
Allocations were summarized overall and by year using means, medians, standard deviations, ranges and totals. Pairwise correlations and variance-inflation factors were examined before regression modelling. Seven prespecified nested models separated population scale, deprivation, health need, geography, service conditions and historical persistence.
General panel model
ln(Budget_it) = alpha + beta1 ln(Population_i) + beta2 Poverty_r + beta3 HealthNeed_r + beta4 ln(Area_i) + beta5 InhabitantsCentre_i + beta6 FacilityDelivery_r + delta_2017 + delta_2018 + epsilon_it
Models M1-M5 were estimated by pooled ordinary least squares with 2016 as the omitted year. Standard errors were clustered by region. With 14 clusters, selected hypotheses were additionally assessed using wild cluster bootstrap-t tests with 9,999 replications, Rademacher weights and a fixed random seed. Tests were two-sided; p-values below 0.05 were considered statistically significant and values below 0.10 suggestive.
Supplementary Table S4. Model specifications and analytical purpose
	Model
	Sample
	Regressors
	Purpose

	M1
	Panel, n=213
	ln_population + year indicators
	Population baseline and proportionality test

	M2
	Panel, n=213
	M1 + poverty_pct
	Vertical equity

	M3
	Panel, n=213
	M2 + need_index
	Epidemiological need

	M4
	Panel, n=213
	M3 + ln_area + inhab_hc_10k
	Geography and capacity pressure

	M5
	Panel, n=213
	M4 + facility_birth_pct
	Extended needs and service model

	M6
	2018, n=71
	ln_budget2016
	Unadjusted historical persistence

	M7
	2018, n=71
	M6 + ln_population + poverty_pct + need_index + ln_area
	Adjusted historical persistence



The population-proportionality hypothesis tested whether the population elasticity equalled one. Models M6-M7 estimated the elasticity of the 2018 allocation with respect to the 2016 allocation. The specifications are associational and should not be interpreted as causal estimators. Analyses were performed in Stata/SE 13.1.
Prospective allocation framework
The regression analysis was diagnostic and was not applied mechanically as a prospective funding formula. The simulator instead implements a budget-constrained, needs-oriented allocation rule. For district i and year t, the needs share is q_it = 0.60 population + 0.15 poverty + 0.15 health need + 0.05 geography + 0.05 service supply. The historical share h_it is the previous allocation divided by the previous national total. The transition parameter lambda_t blends historical and needs-based shares, while theta represents a 20% equal minimum component.
Supplementary Table S5. Default parameters of the prospective allocation framework
	Parameter
	Default specification
	Interpretation

	q_it
	0.60 population + 0.15 poverty + 0.15 health need + 0.05 geography + 0.05 supply
	Composite needs-based share

	h_it
	Allocation in t-1 / total allocation in t-1
	Historical share

	lambda_t
	0 before 2026; 0.50 in 2026; 0.75 in 2027; 1.00 from 2028
	Phased convergence toward needs

	theta
	0.20
	Equal minimum operating component

	E_t
	Approved or scenario national envelope
	Budget-neutral total available for allocation



All non-population indicators should be oriented in the same direction, transformed using prespecified rules, checked for outliers and missingness, and normalized before use. Scenario assumptions are planning parameters, not forecasts. Weights, safeguards and annual envelopes require governance validation before operational adoption.
Detailed prospective allocation model
Purpose and design principles
The regression models above are diagnostic: they quantify how allocations were associated with observed characteristics and historical budgets, but they should not be used mechanically as a prospective funding formula. Applying the estimated negative poverty coefficient or the weak population elasticity would reproduce features of the historical allocation process rather than correct them. Consistent with international approaches to geographic resource allocation, the proposed framework translates explicit policy objectives into transparent weights for population, deprivation, health need, unavoidable delivery costs and service-capacity gaps [4–6,18–20]. The framework is prospective, budget neutral, reproducible and designed for phased implementation; its weights are policy parameters to be validated, not regression coefficients.
Budget-constrained allocation rule
Let Eₜ denote the total district envelope available in year t, N the number of eligible districts and θ the proportion reserved for an equal minimum operating allocation. The target allocation for district i is:
B*ᵢₜ = θ(Eₜ/N) + (1 − θ)Eₜqᵢ
where B*ᵢₜ is the needs-based target allocation and qᵢ is district i’s share of the weighted need-and-cost pool, with Σᵢqᵢ = 1. The first term guarantees a common operating floor; the second allocates the remainder according to relative need and unavoidable cost. An initial θ in the range 0.15–0.20 would reserve 15%–20% of the envelope for fixed district functions—including administration, planning, supervision, communication, routine data monitoring and essential coordination—and distribute 80%–85% through the weighted formula. The value of θ should be costed against a defined minimum service package before adoption.
Composite allocation share
An illustrative starting specification is:
qᵢ = 0.60pᵢ + 0.15dᵢ + 0.15nᵢ + 0.05gᵢ + 0.05sᵢ
The component shares pᵢ, dᵢ, nᵢ, gᵢ and sᵢ are non-negative and each sums to one across districts. Population receives the largest weight because it represents the main volume of services to be provided. Deprivation and health need provide vertical-equity adjustments, while geography and service gaps compensate for higher delivery costs and insufficient capacity. The 60/15/15/5/5 weights are starting values for simulation and consultation; they do not represent estimates from Models M1–M7.
Construction and normalization of components
Population share.
pᵢ = Populationᵢ / ΣⱼPopulationⱼ
The population denominator should use the most reliable official district estimates, updated on a published schedule and reconciled with administrative boundary changes.
Deprivation share.
For a deprivation indicator Dᵢ in which higher values denote greater deprivation, first calculate rᴰᵢ = (Dᵢ − Dmin)/(Dmax − Dmin), then set dᵢ = rᴰᵢ/Σⱼrᴰⱼ. Monetary poverty may be used initially, but a validated multidimensional measure is preferable when district-level data become available. Regional values may be used only as an explicitly documented interim proxy.
Health-need share.
A parsimonious initial index may combine under-five mortality and childhood stunting with equal weights: hᵢ = 0.50z(U5MRᵢ) + 0.50z(Stuntingᵢ). Because z-scores may be negative, hᵢ should subsequently be rescaled to 0–1 and normalized across districts to obtain nᵢ. Subject to data quality and avoidance of double counting, later versions may incorporate maternal mortality, malaria, tuberculosis, HIV, noncommunicable diseases, malnutrition and mental-health need.
Geographic cost share.
A geographic constraint score may initially combine normalized area and population dispersion in equal proportions, grawᵢ = 0.50AreaIndexᵢ + 0.50DispersionIndexᵢ, and may later incorporate remoteness, travel time, insularity and verified transport or supply-chain costs. The resulting non-negative score is divided by its sum across districts to obtain gᵢ.
Service-capacity-gap share.
A simple starting indicator is the inhabitants-per-health-centre ratio. It should be oriented so that higher pressure produces a higher allocation: rˢᵢ = (Ratioᵢ − Ratiomin)/(Ratiomax − Ratiomin), followed by sᵢ = rˢᵢ/Σⱼrˢⱼ. Where reliable data exist, this component should incorporate deficits in staffing, facility availability and readiness, while avoiding incentives to preserve remediable underperformance.
For every non-population domain, indicators should be oriented in the same direction, transformed using prespecified rules, checked for outliers and missingness, and then normalized. If an indicator has no cross-district variation, it should be omitted for that cycle and its weight reallocated according to a prespecified rule. All transformations, data years and imputation procedures should be documented in a technical manual.
Supplementary Table S6. Illustrative components of a prospective district allocation formula
	Component
	Illustrative weight
	Operational definition
	Allocation rationale

	Population share (pᵢ)
	60%
	District population divided by total population; updated using the most reliable official estimates.
	Principal capitation base supporting horizontal equity.

	Deprivation share (dᵢ)
	15%
	Normalized poverty or validated multidimensional deprivation, preferably at district level.
	Directs resources toward populations with lower ability to pay.

	Health-need share (nᵢ)
	15%
	Normalized composite of mortality, morbidity, nutrition and other validated burden indicators.
	Supports vertical equity by allocating more where expected need is greater.

	Geographic cost share (gᵢ)
	5%
	Normalized area, dispersion, remoteness, travel time, insularity and unavoidable delivery costs.
	Compensates for higher outreach, transport and supply-chain costs.

	Service-gap share (sᵢ)
	5%
	Normalized deficit in facility availability, staffing or readiness; higher pressure produces a higher score.
	Prioritizes districts with insufficient capacity relative to population.


Notes: The weights are illustrative policy parameters, not coefficients estimated from the regressions. Component definitions, sources, reference years and update frequencies should be prespecified. Each component share must sum to one across districts before weighting.
Illustrative calculation
For transparency, the calculation can also be displayed as an intermediate 0–1 priority score aᵢ = 0.60Pᵢ + 0.15Dᵢ + 0.15Nᵢ + 0.05Gᵢ + 0.05Sᵢ, followed by qᵢ = aᵢ/Σⱼaⱼ. Suppose one district has the illustrative normalized values below. Its priority score is 0.695; its final national share cannot be calculated until the corresponding scores for all eligible districts are available.
Supplementary Table S7. Worked example of an illustrative district priority score
	Component
	Normalized value
	Weight
	Weighted contribution

	Population
	0.70
	60%
	0.420

	Deprivation
	0.80
	15%
	0.120

	Health need
	0.60
	15%
	0.090

	Geographic constraint
	0.40
	5%
	0.020

	Service-capacity gap
	0.90
	5%
	0.045

	Priority score (aᵢ)
	
	
	0.695


Note: Values are hypothetical and demonstrate the arithmetic only. They are not empirical estimates for any Senegalese district.
Transition, safeguards and budget neutrality
Immediate implementation of the needs-based target could generate large gains and losses relative to historical budgets. The recommended integrated model therefore combines the previous-year allocation, the minimum operating allocation and the weighted needs-based component within the fixed national envelope:
hᵢ,ₜ = Bᵢ,ₜ₋₁ / ΣⱼBⱼ,ₜ₋₁
Bᵀᵢ,ₜ = Eₜ[(1 − λₜ)hᵢ,ₜ + λₜ{θ/N + (1 − θ)[wₚpᵢ,ₜ + wᴅdᵢ,ₜ + wₙnᵢ,ₜ + wɢgᵢ,ₜ + wₛsᵢ,ₜ]}]
Using the illustrative parameters proposed in this study, the integrated allocation rule becomes:
Bᵀᵢ,ₜ = Eₜ[(1 − λₜ)hᵢ,ₜ + λₜ{0.20/N + 0.80[0.60pᵢ,ₜ + 0.15dᵢ,ₜ + 0.15nᵢ,ₜ + 0.05gᵢ,ₜ + 0.05sᵢ,ₜ]}]
Definition of the variables in the integrated model
i identifies the health district.
t identifies the budget year.
Bᵀᵢ,ₜ is the transitional allocation assigned to district i in year t. It is the amount obtained after combining the previous-year budget with the new needs-based target.
Bᵢ,ₜ₋₁ is the allocation assigned to district i in the previous year. It is used to calculate the district’s historical budget share.
hᵢ,ₜ is district i’s share of the total district envelope in the previous year, calculated as Bᵢ,ₜ₋₁ divided by the sum of previous-year allocations across all districts. Applying this share to Eₜ preserves the historical distribution while adjusting it to the envelope available in year t.
Eₜ is the total national budget envelope available for distribution across all eligible health districts in year t.
N is the number of eligible health districts. The expression Eₜ/N is the equal per-district amount before needs-based adjustments.
θ is the proportion of Eₜ reserved for the equal minimum operating allocation. The illustrative value θ=0.20 reserves 20% of the envelope for functions required in every district.
1−θ is the proportion distributed through the needs-based component. With θ=0.20, the remaining 80% of the envelope is allocated according to relative need and unavoidable cost.
λₜ is the annual convergence parameter and ranges from zero to one. It determines how quickly the system moves from the historical allocation to the needs-based target.
1−λₜ is the proportion of the transitional allocation that remains linked to the previous-year budget.
pᵢ,ₜ is district i’s share of the total population in year t. A district containing 5% of the total population has pᵢ,ₜ=0.05.
dᵢ,ₜ is district i’s normalized share of socioeconomic deprivation. A higher value indicates greater deprivation and a larger claim on the needs-based pool.
nᵢ,ₜ is district i’s normalized share of health need. It may initially combine under-five mortality and childhood stunting and may later incorporate other validated burden indicators.
gᵢ,ₜ is district i’s normalized share of unavoidable geographic cost, including area, dispersion, remoteness, travel time, insularity and verified transport costs.
sᵢ,ₜ is district i’s normalized share of the service-capacity gap. It may reflect inhabitants per health centre and, when reliable data become available, shortages in facilities, staffing or readiness.
wₚ, wᴅ, wₙ, wɢ and wₛ are the weights assigned to population, deprivation, health need, geographic cost and the service-capacity gap. They must sum to one.
The illustrative weights are wₚ=0.60, wᴅ=0.15, wₙ=0.15, wɢ=0.05 and wₛ=0.05. Population therefore represents 60% of the needs-based component; deprivation and health need each represent 15%; and geographic cost and the service-capacity gap each represent 5%. These are policy parameters for simulation and consultation, not coefficients estimated from Models M1–M7.
Simple interpretation of the allocation process
The integrated formula can be understood in three steps.
Step 1: Provide a minimum operating allocation. Twenty per cent of Eₜ is divided equally across all districts. This component supports fixed functions such as administration, planning, communication, supervision, routine data monitoring and essential coordination.
Step 2: Allocate the needs-based component. Eighty per cent of Eₜ is distributed according to population, deprivation, health need, geographic cost and the service-capacity gap. Larger or more disadvantaged districts therefore receive a larger share when their normalized need-and-cost indicators are higher.
Step 3: Introduce the target gradually. The parameter λₜ determines how much of the new target is applied in each year. The remaining proportion continues to depend on the previous-year allocation.
The proposed transition should cover the 2026 and 2027 fiscal years. The convergence parameters are λ₂₀₂₆=0.50 and λ₂₀₂₇=0.75. From 2028 onwards, λₜ=1.00 and the historical component is removed. This dated pathway provides a clear end point for transitional protection and prevents historical allocations from continuing indefinitely.
For 2026, the transitional allocation is:
Bᵀᵢ,₂₀₂₆ = E₂₀₂₆[0.50hᵢ,₂₀₂₆ + 0.50{0.20/N₂₀₂₆ + 0.80qᵢ,₂₀₂₆}]
Thus, 50% of the 2026 allocation preserves the historical district share and 50% reflects the needs-based target.
For 2027, the transitional allocation is:
Bᵀᵢ,₂₀₂₇ = E₂₀₂₇[0.25hᵢ,₂₀₂₇ + 0.75{0.20/N₂₀₂₇ + 0.80qᵢ,₂₀₂₇}]
Thus, only 25% of the 2027 allocation remains linked to the historical distribution, while 75% is determined by the prospective target.
Full needs-based allocation from 2028
From 2028 onwards, the district allocation is fully determined by the minimum operating allocation and the weighted needs-based components:
B*ᵢ,ₜ = Eₜ[0.20/Nₜ + 0.80(0.60pᵢ,ₜ + 0.15dᵢ,ₜ + 0.15nᵢ,ₜ + 0.05gᵢ,ₜ + 0.05sᵢ,ₜ)],    t ≥ 2028
The previous-year allocation no longer enters the formula from 2028. The component indicators should nevertheless be updated periodically using the most reliable official information. Population should preferably be updated annually, while deprivation, health-need, geographic-cost and service-capacity indicators should be revised whenever new validated district-level data become available.
Budget neutrality and temporary safeguards
Because the historical shares hᵢ,ₜ and each needs-based component sum to one across districts, the integrated formula automatically adjusts the historical distribution to the current envelope. Before temporary gain and loss limits are applied, the fixed-envelope structure therefore implies:
ΣᵢBᵀᵢ,ₜ = Eₜ
Temporary safeguards should apply only during 2026 and 2027. Annual nominal reductions could initially be limited to 5% and increases to 15%. After applying these limits, allocations must be proportionally rescaled or solved iteratively until their total is exactly equal to Eₜ. The safeguards should expire at the end of 2027 so that allocations converge fully to the needs-based formula in 2028. Any exceptional protection after 2027 should be time limited, transparently justified by a documented risk to essential service continuity and financed within the existing national envelope.
Econometric evaluation of the prospective model
The preceding equation is a normative allocation rule: θ, λₜ and the component weights are chosen through policy decisions and simulation rather than estimated from the historical regressions. Once the formula has been implemented and future allocations are observed, conformity with the approved rule can be evaluated econometrically as follows:
Bᴼᵇˢᵢ,ₜ = Eₜ[(1 − λₜ)hᵢ,ₜ + λₜ{θ/N + (1 − θ)[wₚpᵢ,ₜ + wᴅdᵢ,ₜ + wₙnᵢ,ₜ + wɢgᵢ,ₜ + wₛsᵢ,ₜ]}] + εᵢ,ₜ
Here, Bᴼᵇˢᵢ,ₜ is the allocation actually observed for district i in year t, while εᵢ,ₜ is the difference between the observed allocation and the amount predicted by the prospective formula. A positive residual indicates that the district received more than predicted; a negative residual indicates that it received less. For ex-post budget neutrality, the district residuals should satisfy Σᵢεᵢ,ₜ=0.
The policy equation should therefore be used to calculate target allocations, whereas the econometric equation should be used subsequently to assess adherence to the approved formula. It should not replace the historical Models M1–M7, which answer a different question by describing how allocations were associated with observed characteristics during 2016–2018.
Calibration, validation and governance
Before implementation, the Ministry should conduct district-level microsimulations under alternative values of θ, component weights, indicator definitions, transition speeds and gain/loss limits. Prespecified evaluation criteria should include:
per-capita allocation levels and dispersion;
concentration of allocations across poverty and health-need quintiles;
the number and characteristics of districts reaching gain or loss limits;
budget stability, fixed-cost coverage and affordability within Eₜ;
sensitivity to measurement error, missing data, outliers and alternative weights; and
implications for service availability, utilization and equity outcomes.
The final formula should be approved through a documented governance process involving the Ministry, regions, districts, finance authorities and relevant partners. The technical manual should publish data sources, transformation rules, weights, update frequency, treatment of new or reorganized districts, quality-assurance procedures and an appeals mechanism. Calculations should be independently reproducible, with periodic recalibration rather than ad hoc annual changes. A pilot or shadow-allocation year would allow comparison with historical budgets before fiscal implementation. The proposed structure is therefore a policy-design framework, not a validated prescriptive formula.
From framework to tool: an interactive allocation simulator
To move from a conceptual formula to a policy-ready instrument, the integrated allocation rule described above (Eₜ, θ, λₜ, hᵢ,ₜ and qᵢ,ₜ) was implemented as an interactive, spreadsheet-based simulator covering the full panel of 71 health districts and the 14 DRS over fiscal years 2016 to 2030. The simulator reproduces the observed 2016–2018 BOOST allocations exactly (main article Table 4) and uses them, rather than assumed values, as the historical anchor hᵢ,ₜ for the transition; the calibrated national envelope equalled approximately 1.296 billion FCFA in 2016 and 1.190 billion FCFA in 2018, consistent with the totals reported in the Results.
From 2019 onward, the envelope Eₜ and the district population, deprivation, health-need and service-capacity indicators are projected under three named macro-fiscal, demographic and health scenarios—Prudent, Central and Transformation 2050 (Supplementary Table S8) so that district allocations, per-capita amounts and gains or losses can be examined under alternative national trajectories rather than a single deterministic path. Each scenario applies λ₂₀₂₆=0.50 and λ₂₀₂₇=0.75 as specified above, the −5%/+15% annual safeguards during 2026–2027, and a signed rescaling coefficient κₜ that redistributes the residual Rₜ = Eₜ − ΣᵢCᵢ,ₜ (the gap between the envelope and the sum of safeguard-bounded pre-allocations Cᵢ,ₜ) across districts that remain within their permitted margin, so that ΣᵢBᶠᵢ,ₜ = Eₜ holds exactly, rather than only approximately, in every simulated year.
The tool includes a national dashboard and ranked district tables (highest- and lowest-allocation districts, and gains or losses relative to the historical share), a parameter sheet through which θ, λₜ, the component weights and the scenario assumptions can be changed without altering the underlying formulas, and a full audit trail—a data dictionary defining every variable and its source, a sources-and-limitations register, and internal consistency checks (district count, exact budget neutrality, absence of negative allocations, and reconciliation of the 2023 district population total against the RGPH-5 regional figures). This operationalizes the calibration and validation steps described above: it allows the Ministry, regions and partners to inspect per-capita levels, concentration by poverty and need, and the districts reaching the gain/loss limits under each scenario before any legal appropriation is changed, consistent with the recommended shadow-allocation and pilot approach. The simulator is a decision-support and consultation tool operationalizing the policy parameters proposed in this manuscript; it does not itself constitute formula validation, which still requires the governance process, data-quality assurance and stakeholder approval described above.
Supplementary Table S8. Macro-fiscal, demographic and health scenarios implemented in the allocation simulator, 2019–2030
	Parameter
	Prudent
	Central
	Transformation 2050
	Official target and source

	Envelope growth (Eₜ)
	1.3%/year
	2.2%/year
	3.2%/year
	Lowest, average and highest annual growth of the total MSAS budget, 2025–2028; DPPD 2025–2027 and DPPD 2026–2028 [27,28]

	Population growth
	2.7%/year
	2.9%/year
	3.0%/year
	Population projected to rise from 18 million (2023) to 39 million (2050); Sénégal 2050 [25]

	Poverty reduction
	0 pt/year
	−0.4 pt/year
	−0.83 pt/year
	Poverty rate targeted to fall from 37.5% to 15% by 2050; Sénégal 2050 [25]

	Under-five mortality reduction
	−1.5%/year
	−3.5%/year
	−6.0%/year
	40 deaths/1 000 live births to 29.3 by 2028 (25 by 2030, global target); SRMNIA-N 2024–2028 [29]; UN SDG target 3.2 [30]

	Stunting reduction
	−2.0%/year
	−5.0%/year
	−10.0%/year
	17.5% of children affected to below 10% by 2028; SRMNIA-N 2024–2028 [29]

	Facility-based delivery gain
	+0.5 pt/year
	+1.0 pt/year
	+2.0 pt/year
	74% of births assisted in a facility to 90% by 2028; SRMNIA-N 2024–2028 [29]

	Primary-health-care supply growth
	0.5%/year
	1.5%/year
	3.0%/year
	Working assumption; no equivalent quantified national target identified


Note: “Central” is used as the simulator’s default active scenario. Growth and reduction rates are policy-planning assumptions used to project the envelope and component indicators after 2018; they are not estimates from Models M1–M7. pt, percentage point; SDG, Sustainable Development Goal.
Subsequent to the scenario definitions in Supplementary Table S8, the envelope growth assumption (Eₜ) was recalibrated in September 2026 using the Ministry's approved multi-year expenditure programming documents (Document de programmation pluriannuelle des dépenses, DPPD) as the projection basis. The Prudent, Central and Transformation 2050 growth rates were replaced with the lowest, average (compound annual) and highest annual growth rates of the Ministry's total budget observed across the DPPD 2025–2027 and the more recent DPPD 2026–2028 [27,28], yielding 1.3%, 2.2% and 3.2% per year respectively. The remaining scenario components (population, poverty, mortality, stunting, facility-based delivery and primary-health-care supply growth) rely on the Sénégal 2050 and SRMNIA-N targets, as no equivalent multi-year district-level targets are yet available from the DPPD.
Simulator quality assurance
The integrated rule was implemented in a spreadsheet simulator covering 71 health districts and 14 DRS for 2016-2030. Observed BOOST allocations for 2016-2018 form the historical anchor. The workbook produces district allocations, deviations from the historical path, per-capita amounts and gain-or-loss indicators under alternative national-envelope and transition assumptions.
Supplementary Table S9. Simulator quality-assurance controls
	Control
	Expected condition
	Purpose

	Historical reproduction
	District and national totals reproduce the observed 2016-2018 BOOST values
	Traceability to source data

	Share control
	Allocation shares sum to 1 within each year
	Internal consistency

	Budget neutrality
	Final district allocations sum to E_t
	Respect of the national envelope

	Transition control
	lambda_t and safeguards follow the selected scenario
	Policy consistency

	Range and sign checks
	No negative allocations; indicator directions are consistent
	Error detection

	Sensitivity analysis
	Compare weights, envelopes, caps and transition paths
	Assess distributional robustness



Reproducibility package
The reproducibility package associated with the study comprises the study protocol, derived analytical dataset, analytical data dictionary, reconstruction and estimation code, full tables and figures, and spreadsheet-based allocation simulator. These materials are available from the corresponding author on reasonable request, subject to the terms governing the source data. Requests may be sent to oumsagna2025@gmail.com.
Supplementary Table S10. Contents of the reproducibility package
	Component
	Minimum content
	Availability statement

	Source record
	BOOST catalog link and extraction date
	Public source; extracted 10 August 2026

	Analytical data
	District-year variables used in M1-M7
	Available on reasonable request, subject to source terms

	Data dictionary
	Names, labels, units, levels and derivations
	Included in the manuscript and reproducibility package

	Statistical code
	Data reconstruction, descriptive analysis, M1-M7 and bootstrap tests
	Available on reasonable request

	Simulator
	Parameters, formulas, controls and outputs for 2016-2030
	Available on reasonable request

	Reporting files
	STROBE and RECORD checklists; full tables and figures
	Prepared for journal submission



Limits to reproducibility and interpretation
BOOST captures initial appropriations within the identifiable decentralized perimeter, not all district resources, personnel costs, donor finance, releases or execution.
Most deprivation and health-need indicators are regional and time invariant, limiting inference to between-region contrasts.
The three-year historical window and 14 regional clusters constrain statistical inference.
Nominal allocations were not deflated and should not be interpreted as changes in real purchasing power.
Simulator weights and scenario assumptions are exogenous policy parameters requiring calibration, consultation and formal approval.
Abbreviations
ANSD, National Agency for Statistics and Demography; BOOST, World Bank public expenditure database; DHS, Demographic and Health Survey; DRS, regional health directorate; EHCVM, Harmonized Survey on Household Living Conditions; FCFA, West African CFA franc; LFI, initial budget appropriation; MSAS, Ministry of Health and Social Action; OLS, ordinary least squares; RECORD, Reporting of studies Conducted using Observational Routinely-collected health Data; STROBE, Strengthening the Reporting of Observational Studies in Epidemiology.
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