Supplementary Information
This file contains supplementary methods, tables and figures supporting the manuscript. Numerical results were assembled from the cited data sources using the archived analysis scripts.
Supplementary Methods: Brazilian model implementation
Primary linear model. The primary specification was estimated by ordinary least squares (Python statsmodels 0.14). The model absorbed 66,828 municipality-by-calendar-month fixed effects (5,569 municipalities × 12 calendar months) and 60 year-month fixed effects (2015–2019) by exact iterative within-group demeaning (alternating projections; convergence tolerance 10⁻¹⁰). Standard errors were clustered at the municipality level. The complete estimation sample retained 334,140 municipality-months.
Conditional Poisson sensitivity. The sensitivity model was a conditional (fixed-effects) Poisson regression (ConditionalPoisson) on the raw count of ill-defined deaths with a log-population exposure offset, retaining only conditioning groups with at least one non-zero count over 2015–2019. When conditioning on municipality, explicit dummy variables were included for all year-month periods. When conditioning on municipality-by-calendar-month groups, year indicators were used instead, because full year-month dummies are collinear within the five-observation conditioning groups; this specification therefore approximates, but is not literally identical to, the linear model's fixed-effects structure. Both conditional-Poisson specifications report model-based (inverse-Hessian) p-values, not municipality-clustered ones, so their inferential strength is not directly comparable to the municipality-clustered linear rows; they are read for the sign and magnitude of the relative-scale estimand. Because the Poisson coefficient is estimated on a multiplicative log-rate scale, its estimand is a relative (incidence-rate-ratio) rather than absolute rate change.
Additional temporal-robustness models. Municipality-specific linear trends (year-over-year differencing within calendar month) and state-by-year-month fixed effects were used as further sensitivity specifications (state-by-year-month fixed effects in Table S5; municipality linear trends in Table S5d).
Reconstructed intervals in Figure S9. Two rows of Figure S9 panel A are marked †: the municipality-plus-year-month specification and the subsample of municipalities recording at least one ill-defined death. For these the cluster-robust standard error was not retained alongside the estimate, so the plotted 95% interval was reconstructed from the reported estimate and its municipality-clustered p-value under a normal approximation. Marker fill in panel B distinguishes the primary Brazilian estimates, ill-defined-cause outcomes and placebo outcomes, as given in the figure legend.
Categorical capacity codings. Two coarsenings of the continuous capacity variable are reported in Table S5d, both estimated with the primary municipality-by-calendar-month plus year-month fixed effects and municipality-clustered standard errors. The binary coding splits municipalities at the median of 2019 beds per 1,000 (1.15), placing 2,784 of 5,569 municipalities above the cut, and the reported estimate is the differential for the above-median group. The tertile coding cuts the standardised capacity variable at its 0.333 and 0.666 quantiles with the lowest tertile as the reference category. Because 36.7% of municipalities are coded as zero beds (see Capacity measurement timing below), the 0.333 quantile falls exactly at zero: the reference tertile is therefore precisely the 2,044 municipalities with no registered beds, and the three groups are not of equal size. The T2 and T3 rows in Table S5d should be read as contrasts against municipalities with no registered inpatient capacity rather than against a bottom third of a continuous distribution.
Inference robustness to spatial and temporal dependence. Because fire activity and mortality shocks can be correlated across municipalities within the same month, the primary specification's municipality-clustered inference was re-computed under alternative clustering schemes with the point estimate held identical (40_brazil_twoway_clustering.py): state-level clustering (27 clusters, allowing arbitrary spatial dependence within states), year-month clustering (60 clusters, allowing arbitrary common shocks within each month), and two-way municipality-by-year-month clustering via the Cameron–Gelbach–Miller decomposition (main manuscript reference 50; the intersection of the two dimensions is the observation level, so its variance term is the heteroskedasticity-robust HC1 variance). The interaction estimate (-0.100) has p = 0.009 with municipality clustering (5,569 clusters), p = 0.020 with state clustering (27), p = 0.004 with year-month clustering (60) and p = 0.014 under two-way clustering, using the conventional small-sample t(G-1) reference; the standard-normal reference gives 0.009, 0.013, 0.003 and 0.009 respectively and is anti-conservative where the cluster count is small. Under either reference the inference is not sensitive to the clustering scheme. Two further state-time specifications are reported in Table S5. Replacing the municipality-by-calendar-month terms with plain municipality fixed effects while adding state-by-year-month effects attenuates the interaction to null; Table S5b (row 2) shows that attenuation follows from removing the seasonal terms alone, so it should not be read as an effect of state-month absorption. Retaining the municipality-by-calendar-month terms and adding state-by-year-month fixed effects (which absorb all common shocks within a state-month rather than merely adjusting the standard errors for them) leaves the interaction essentially unchanged (β₂ = -0.106, p = 0.0056).
Capacity measurement timing. Hospital capacity (CNES beds per 1,000) was measured once, in 2019, and treated as time-invariant. Although 2019 post-dates the start of the 2015–2019 panel, hospital infrastructure is highly persistent, and a single measurement avoids capturing endogenous short-term capacity responses to fire-related mortality. A pre-period baseline (e.g., 2014) would be theoretically preferable but was less completely populated in the registry, preventing evaluation of sensitivity to the capacity measurement year. The estimation panel comprises the 5,569 municipalities with a complete 60-month series over 2015–2019; one municipality present in the 5,570-municipality 2019 cross-section lacked a complete monthly series across the full period and is excluded from the balanced panel. Deaths recorded under a state-level "unknown municipality" residence code (2,539 deaths in 2019, 0.19% of records) cannot be assigned to a municipality and are likewise excluded. Of these 5,569 municipalities, 3,525 carry a positive registered bed count in the 2019 CNES extract; the remaining 2,044 (36.7%) have no matched registry entry and are coded as zero beds per 1,000 rather than dropped, so the standardisation that defines the "per SD hospital beds" scale is taken over a distribution with a large mass at zero (mean 1.55, SD 1.94, median 1.15 beds per 1,000). Municipalities without a registered inpatient facility are genuinely low-capacity, but the zero category also absorbs any registry non-match, so the capacity measure is coarser at the bottom of its range than elsewhere.
Supplementary Methods: Mexico and Chile replication implementation
The two attempted replications reported in Table S6 mirror the Brazilian design (a fire-activity by capacity interaction on ill-defined-cause counts, with an external-cause negative control), but differ in unit of analysis, exposure construction and available resolution, so they are estimated separately rather than pooled. Both use an offset of log all-cause deaths, so their estimands are relative to total mortality (approximately the ill-defined share of deaths) rather than to population as in the Brazilian rate models; Table S6 reports them on this relative scale.
Mexico. The panel is municipality-month for 2019, built from INEGI defunciones microdata with municipality-level health-unit counts from the INEGI DENUE establishment directory (main manuscript reference 44; 05/2025 snapshot; the directory is cumulative, so a share of the establishments counted were first registered after 2019 — a further reason this replication is read as exploratory). Exposure is the monthly count of NASA FIRMS MODIS active-fire detections assigned to the nearest municipality reference point — the mean coordinate of the municipality's DENUE health establishments, a nearest-centroid assignment without a distance cap (municipal boundary polygons are not used) — standardised. Because the reference points are settlement-weighted, this assignment mechanically ties the exposure to settlement geography, one specific route by which it can proxy rural and agricultural activity. Capacity is the log of the municipality's combined hospital and clinic count, standardised. Counts are modelled by negative binomial regression with an offset of log all-cause deaths and state and calendar-month fixed effects, with standard errors clustered by municipality. The reported coefficient is the fire by capacity interaction. The Mexican external-cause placebo is the full ICD-10 external chapter (first letter V, W, X or Y). X00–X09 are not excluded, in either the Mexican or the Brazilian placebo; in Brazil they are 0.6% of the chapter (5,571 of 906,306 external deaths, 2015–2020). Retaining them leaves any genuine fire signal inside the outcome that is supposed to show none, which makes these placebos harder to pass rather than easier.
Chile. The panel is region-year, built from DEIS death records and CONAF burned-area statistics, with regional hospital beds per 1,000 from the DEIS REM (Resumen Estadístico Mensual) bed-day series (main manuscript reference 45; averaged over its available 2014–2025 reporting window and treated as time-invariant, with regional population from Chile's Instituto Nacional de Estadísticas 2017 population and housing census as denominator; main manuscript reference 51) as the capacity measure. Exposure is log(1 + hectares burned), standardised; blank cells in CONAF's historical tables are treated as missing rather than zero, so arid northern regions contribute fewer panel years. The model is again negative binomial with an offset of log all-cause deaths and region and year fixed effects, clustered by region. Because capacity is region-invariant it is absorbed by the region fixed effects, so only the interaction is identified. With 16 regional clusters the cluster-robust standard errors are unreliable and the Chilean estimates are read as directional only. DEIS codes external deaths by nature of injury (ICD-10 Chapter XIX, S00–T98) rather than by the external-cause chapter, so the Chilean placebo uses S00–T98 and the X00–X09 exclusion is not applicable in that coding. A one-year fire-activity lead falsification is also reported.
Figure S1. Country-level capacity by projection region
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Country-level health-system capacity (small dots) and the population-weighted regional mean (diamonds) within each of the 17 Zhao et al. projection regions, ordered by projected fire-PM2.5 mortality growth (right column, SSP2-4.5). The projection ratios take one value per region, so inference in the main text is at the region level (Figure 1); this panel shows the within-region spread of country capacity without implying independent country-level mortality outcomes. Mortality ratios are from Zhao et al. (2025), Source Data Fig. 4a (main manuscript reference 18); capacity scores and regional means were calculated for this study.
Table S1. Gap correlation across index-construction choices
	Capacity construction
	region-level ρ
	permutation p
	n countries

	Primary (income-group median imputation)
	-0.846
	0.00005
	165

	Complete-case (no imputation)
	-0.848
	0.00006
	137

	Equal-weight composite
	-0.831
	0.00010
	165

	PCA trained on complete cases only
	-0.850
	0.00003
	165

	Secondary (development-inclusive: + GDP per capita, internet use)
	-0.831
	0.00010
	165



The inverse gap relationship is stable across imputation and weighting choices. The equal-weight and development-inclusive constructions coincide at ρ = −0.831 through different regional rank orders.
Table S1b. External benchmark against the WHO UHC service coverage index
	Index
	n countries
	Spearman ρ
	p

	Primary (health-only)
	191
	0.849
	3.0e-54

	Secondary (development-inclusive)
	191
	0.887
	2.7e-65


Country-level Spearman correlation between the capacity indices and the WHO universal health coverage service coverage index (SDG 3.8.1, indicator UHC_INDEX_REPORTED, latest value 2015–2023 per country; WHO Global Health Observatory). Both variables are country-level, so no shared regional outcome is involved and the country-level p-value is valid (44_uhc_benchmark.py; download manifest with SHA256 in 01_data_raw/who_uhc/).

The strong correlation supports reading the index as a measure of general formal health-service supply; it does not validate the index as a measure of smoke-specific response capability (see Strengths and limitations).
Figure S2. Robustness of the regional gap correlation
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Spearman correlation between regional capacity and projected mortality growth across analysis specifications, with the point estimate, interval where applicable, and p value at right (numbers behind Tables S1, S3, S4 and S11). The projection-perturbation row shows the median and 95% simulation interval over 10,000 draws; the leave-one-region-out row shows the mean and range over the 17 single-region omissions (the per-region values are plotted in Figure 2C of the main text). The development-adjusted partial correlation (open circle; bootstrap 95% CI) answers a different question (whether capacity is associated with projected growth net of development) and is separated accordingly (see Results, equity and wealth sensitivity; Table S13).
Table S2. Countries not mapped to a projection region (n=26)
	#
	Country
	Income group

	1
	Andorra
	High income

	2
	Antigua and Barbuda
	High income

	3
	Armenia
	Upper middle income

	4
	Azerbaijan
	Upper middle income

	5
	Bahamas, The
	High income

	6
	Barbados
	High income

	7
	Cabo Verde
	Upper middle income

	8
	Cyprus
	High income

	9
	Dominica
	Upper middle income

	10
	Georgia
	Upper middle income

	11
	Grenada
	Upper middle income

	12
	Iceland
	High income

	13
	Kiribati
	Lower middle income

	14
	Luxembourg
	High income

	15
	Malta
	High income

	16
	Marshall Islands
	Upper middle income

	17
	Micronesia, Fed. Sts.
	Upper middle income

	18
	Nauru
	High income

	19
	Palau
	High income

	20
	San Marino
	High income

	21
	Sao Tome and Principe
	Lower middle income

	22
	St. Kitts and Nevis
	High income

	23
	St. Lucia
	Upper middle income

	24
	St. Vincent and the Grenadines
	Upper middle income

	25
	Trinidad and Tobago
	High income

	26
	Tuvalu
	Upper middle income


These countries are in the capacity index but were not assigned a Zhao et al. projection region (mostly small island states, micro-states, and territories); they are excluded from the gap correlation.

Table S3. Leave-one-region-out robustness
	Region dropped
	ρ (remaining 16)
	regional permutation p

	Brazil
	-0.856
	0.0001

	Canada
	-0.829
	0.0003

	Central America
	-0.859
	0.0001

	Central Asia
	-0.865
	0.0001

	China
	-0.832
	0.0003

	Europe
	-0.829
	0.0001

	Korea and Japan
	-0.832
	0.0002

	Middle East
	-0.859
	0.0001

	Northern Africa
	-0.826
	0.0003

	Northern South America
	-0.859
	0.0001

	Oceania
	-0.818
	0.0001

	Russia
	-0.818
	0.0003

	South Asia
	-0.826
	0.0001

	Southeast Asia
	-0.888
	0.0001

	Southern Africa
	-0.826
	0.0002

	Southwest South America
	-0.879
	0.0001

	USA
	-0.832
	0.0003


Full 17-region correlation: ρ = -0.846 (regional permutation p = 0.00005).

No single region drives the association.
Table S4. Gap sensitivity: region reassignment and emissions scenario
	Specification
	region-level ρ
	n regions
	permutation p

	Baseline, SSP2-4.5
	-0.846
	17
	0.00005

	Equatorial-Africa reassigned, SSP2-4.5
	-0.845
	18
	0.00002

	Baseline, SSP5-8.5
	-0.689
	17
	0.00313

	Equatorial-Africa reassigned, SSP5-8.5
	-0.717
	18
	0.00126



The relationship holds under both emissions scenarios and when central-African countries are reassigned to the Equatorial-Africa region.
Table S4b. Country-resolution robustness of the gap analysis
	Baseline filter
	n
	Capacity–ratio ρ [cluster 95% CI]
	Partial ρ (capacity ∣ GDP) [CI]
	Partial ρ (GDP ∣ capacity)
	Capacity vs projected deaths per million recent population, ρ

	None
	157
	-0.559 [-0.76, -0.06]
	-0.352 [-0.62, -0.01]
	+0.041
	-0.571

	≥10 deaths/yr
	139
	-0.617 [-0.77, -0.19]
	-0.253 [-0.49, +0.06]
	-0.130
	-0.591

	≥100 deaths/yr
	96
	-0.644 [-0.81, -0.25]
	-0.113 [-0.43, +0.22]
	-0.352
	-0.567


Each country's own projected/historical mortality ratio (from the Zhao et al. Source Data Fig. 2 country-level premature-death values: historical, SSP2-4.5 and SSP5-8.5) related to its own capacity score, removing the shared-regional-outcome constraint of the primary design (46_country_resolution.py). These are map-grade values apportioned from gridded model output rather than the article's regional-ratio product: for four of the five single-country regions (China is not covered by this check) the implied country ratios differ from the published Fig. 4a regional ratios by -1% (Canada), -1% (Russia), +6% (Brazil) and +12% (USA), so this analysis is a robustness check, not a replacement. Inference uses a region-cluster bootstrap (10,000 draws resampling the 17 regions with all their countries) to respect within-region dependence; rows restrict the historical baseline because ratios with tiny denominators are unstable.

The unadjusted co-location persists at country resolution in every variant, and capacity is similarly aligned with projected annual deaths in 2095–2099 per million people in the recent population. This measure divides projected annual deaths by each country's latest available World Bank population estimate from 2020 onward; it does not use projected future population and is not a future per-capita mortality rate. These checks suggest that the alignment is not confined to fold-change outcomes or regional aggregation, while leaving future demographic effects unresolved. The GDP-adjusted partial is negative in every variant but its cluster interval excludes zero only without baseline filtering; the reverse partial is weaker in two of three variants — consistent with the regional conclusion that the two gradients are entangled. Within-region associations (regions with n ≥ 5, ≥10-deaths filter) are heterogeneous: Southern Africa -0.69 (n=20); Northern Africa -0.39 (n=27); South Asia -0.37 (n=6); Southeast Asia -0.30 (n=10); Europe -0.12 (n=31); Central Asia -0.03 (n=6); Middle East +0.14 (n=8); Northern South America +0.31 (n=6); Central America +0.35 (n=11). The SSP5-8.5 country-resolution correlation is -0.33 (≥10-deaths filter).
Table S4c. Benchmark substitution: the alignment under an external capacity index
	Analysis
	ρ
	Inference

	Regional (population-weighted UHC, n = 17)
	-0.696
	permutation p = 0.00279

	Country resolution (own-country ratio, n = 157)
	-0.432
	region-cluster bootstrap 95% CI (-0.65, -0.04)


The WHO UHC service coverage index substituted for the PC1-derived capacity composite in the gap analysis (48_dev_factor_analysis.py). If the alignment were an artifact of this paper's index construction, an independently constructed benchmark should not reproduce it.

The inverse alignment is also observed with the WHO UHC benchmark at both resolutions, supporting robustness to the two capacity measures examined.
Figure S3. Regional mortality growth under SSP2-4.5 and SSP5-8.5
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Projected fire-PM2.5 mortality growth by region under the primary SSP2-4.5 scenario (circles) and the fossil-fuel-intensive SSP5-8.5 scenario (squares); regions ordered by the SSP2-4.5 ratio; the dashed line marks a ratio of 1 (no projected growth). Every region is higher under SSP5-8.5, but the regional ordering is not preserved: the rank correlation between the two scenarios is ρ = 0.74, and Canada and the USA rise 9 and 6 places respectively, which is what attenuates the capacity–growth correlation under SSP5-8.5 (Table S4; see Results, main analysis). Numerical mortality ratios are from Zhao et al. (2025), Source Data Fig. 4a (main manuscript reference 18); the figure was generated for the present study.
Figure S4. Brazil cause-specific capacity interactions
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Capacity differential (β₂) in the association between log fire activity and cause-specific mortality rate across Brazilian municipalities (2015–2019), primary specification; estimates and p values at right. β₂ is in deaths per 100,000 per unit of log fire count, per 1-SD higher hospital-bed capacity. The blue diamond marks the primary ill-defined-cause outcome, filled circles the other cause groups, and the open square the external-cause placebo shown in the final row. The ill-defined SHARE of non-external deaths shows no capacity differential (β₂ = +0.037 percentage points per SD beds, p = 0.53; Table S5c), and the defined-cause differentials are imprecise and individually null, providing no positive evidence of compositional movement between cause categories.
Table S5. Brazil ill-defined-rate interaction across specifications
	Specification
	β₂ (per SD beds)
	95% CI
	p

	Primary (muni×cal-month + year-month FE)
	-0.100
	(-0.175, -0.025)
	0.009

	Muni. + state×year-month FE (seasonal terms replaced)
	-0.020
	(-0.069, +0.028)
	0.413

	Muni.×cal-month + state×year-month FE
	-0.106
	(-0.181, -0.031)
	0.006

	Cond. Poisson, muni-conditioned (IRR, pop offset)
	+0.010
	(+0.004, +0.017)
	0.003

	Cond. Poisson, muni×cal-month-conditioned, year-adjusted (IRR, pop offset)
	+0.009
	(-0.001, +0.019)
	0.087



See Table S5b: the apparent linear-vs-Poisson reversal is driven by the fixed-effects structure and sample, not by an absolute-versus-relative estimand distinction. In the first state-time row the municipality-by-calendar-month terms are replaced by plain municipality effects, and Table S5b (row 2) shows that downgrade alone produces the attenuation; the second state-time row retains the seasonal terms and leaves the interaction essentially unchanged. The muni×cal-month-conditioned Poisson adjusts for year (not year-month) indicators, because full year-month dummies are collinear within the five-observation conditioning groups; it is therefore an approximation to (not an exact analogue of) the linear model's fixed-effects structure. Both conditional-Poisson rows report model-based (inverse-Hessian) p-values rather than municipality-clustered ones, so their inferential strength is not directly comparable to the clustered linear rows; they are read for the sign and magnitude of the relative-scale estimand. The ill-defined SHARE of non-external deaths shows no capacity differential in any specification (Table S5c).
Table S5b. Matched-specification diagnosis of the estimator reversal
	#
	Estimator
	Sample
	Fixed effects
	β₂
	p
	n obs
	n munis

	1
	Linear (rate)
	Full
	muni×cal-month + year-month
	-0.0997
	0.0090
	334 140
	5 569

	2
	Linear (rate)
	Full
	muni + year-month
	-0.0115
	0.6369
	334 140
	5 569

	3
	Linear (rate)
	Non-zero munis
	muni + year-month
	-0.0127
	0.6075
	328 320
	5 472

	4
	Conditional Poisson (IRR)
	Non-zero munis
	muni + year-month
	+0.0101
	0.0025
	328 320
	5 472


Each cell holds sample and fixed-effects structure fixed so that the linear and Poisson estimators are directly comparable (35_brazil_estimator_diagnosis.py).

Row 1 is the main-text specification. Removing the municipality-by-calendar-month fixed effects (row 2) collapses the interaction from -0.100 to -0.011 (p=0.64), i.e. to a null, on the identical sample. Rows 3 and 4 share sample and fixed effects: the linear estimate is null and the conditional Poisson is small and positive. The negative interaction therefore depends on the municipality-by-calendar-month seasonal controls rather than on the choice between absolute and relative scales, and the conditional Poisson cannot absorb those controls because it conditions on municipality only. We report no robust evidence of capacity-dependent effect modification.
Table S5c. Brazil fire-activity associations across cause groups
	Outcome (rate /100k unless noted)
	β₁
	β₂ (per SD beds)
	95% CI (β₂)
	p (β₂)

	All-cause
	+0.030
	-0.021
	(-0.308, +0.266)
	0.887

	Natural-cause (non-external)
	+0.066
	+0.017
	(-0.270, +0.303)
	0.910

	Ill-defined (R00–R99)
	+0.059
	-0.100
	(-0.175, -0.025)
	0.009

	Ill-defined SHARE (percentage points)
	+0.135
	+0.037
	(-0.078, +0.151)
	0.530

	Defined natural
	+0.007
	+0.116
	(-0.155, +0.388)
	0.402

	Respiratory
	+0.004
	+0.064
	(-0.049, +0.178)
	0.264

	Cardiovascular
	+0.001
	-0.045
	(-0.196, +0.106)
	0.561

	External-cause placebo (V01–Y98)
	-0.044
	-0.032
	(-0.125, +0.062)
	0.507


Primary specification (muni×cal-month + year-month FE, 2015–2019, n = 334,140 municipality-months; muni-clustered SEs). β₁ is the association at mean capacity; β₂ is the differential per SD of hospital beds per 1,000 (29_comprehensive_causes.py). All rows are unweighted ordinary least squares on the full panel except the ill-defined SHARE row, whose outcome is undefined where a municipality-month records no non-external death: that row is a non-external-death-weighted least-squares fit on the 314,114 municipality-months with at least one non-external death, with the same fixed effects and clustering.

The ill-defined SHARE (the outcome that would have to move if deaths were being reclassified from defined into ill-defined categories) shows no capacity differential (β₂ = +0.037 percentage points per SD beds, p = 0.530), and the defined-cause differentials in the rows above are imprecise and individually null, providing no positive evidence of compositional movement between cause categories. The external-cause placebo is null, and the 12-month fire-activity lead falsification is also null (lead × capacity interaction β₂ = +0.006, p = 0.87; 28_brazil_continuous_and_negative_control.py): next year's fire activity shows no capacity-differential association with this year's ill-defined mortality. These models therefore do not support differential cause-of-death ascertainment.
Table S5d. Additional Brazil sensitivity specifications
	Specification
	Estimate
	95% CI
	p

	Municipality linear trends
	-0.122
	(-0.195, -0.049)
	0.0011

	Include 2020 (2015–2020)
	-0.070
	(-0.135, -0.006)
	0.0326

	Binary capacity (above-median beds differential, 2015–2019)
	-0.169
	—
	0.0070

	Capacity tertiles: T2 vs T1 differential
	-0.177
	—
	0.0458

	Capacity tertiles: T3 vs T1 differential
	-0.235
	—
	0.0098

	12-month lead × capacity (falsification)
	+0.006
	(-0.072, +0.084)
	0.87


Every sensitivity named in Methods (Brazilian analysis) with its numerical result (ill-defined-cause rate per 100,000 unless noted; municipality-clustered inference where available).

Binary and tertile codings are stored as point estimates with model p values only. The tertile pattern (T1 positive association, T2 and T3 differentials negative) matches the continuous interaction; the 12-month lead × capacity interaction is null, as required for falsification.
Table S6. Attempted replications: Mexico and Chile
	Setting
	ill-defined interaction
	external-cause placebo
	ill-defined fraction

	Mexico (INEGI + NASA FIRMS, muni-month)
	-0.0133 (p = 0.458)
	-0.0282 (p < 0.001)
	1.28%

	Chile (DEIS + CONAF, region-year)
	-0.0047 (p = 0.957)
	+0.0129 (p = 0.472)
	2.42%



Neither setting reproduces the Brazilian pattern. In Mexico the external-cause placebo fails, indicating the fire-detection exposure partly proxies rurality; in Chile neither the interaction nor the placebo was statistically distinguishable from zero, although inference is limited by the small number of regional clusters. Both are high-ascertainment registries with far lower ill-defined fractions than Brazil, and neither supports the within-unit multi-year identification used for Brazil.
Table S7. Missing-data imputation by capacity indicator
	Indicator
	n imputed
	% imputed

	hospital beds per 1000
	34
	17.8%

	physicians per 1000
	4
	2.1%

	nurses midwives per 1000
	1
	0.5%

	health expenditure pct gdp
	0
	0.0%

	health expenditure per capita usd
	0
	0.0%


Missing indicator z-scores were imputed at the World Bank income-group median, with the overall column median after that step as a fallback, among the 191 countries in the primary health-only index (36_reporting_extras.py).

Hospital beds is the least complete indicator; the remaining four are near-complete. Table S1 shows the gap correlation is unchanged under complete-case analysis (no imputation).
Table S8. Equity results by capacity-deficit benchmark
	Benchmark
	Concentration index
	Share borne by poorest 20%

	75th percentile
	-0.381
	35.7%

	80th percentile
	-0.358
	34.5%

	90th percentile (main text)
	-0.302
	31.7%

	95th percentile
	-0.271
	30.3%


The capacity deficit is the distance below a benchmark percentile of the capacity distribution. The main text uses the 90th percentile.

The deficit remains concentrated among poorer populations at every benchmark; the magnitude is modestly benchmark-dependent.
Table S9. Country-to-region crosswalk for the 165 analysed countries
	Region
	n in capacity index
	Countries

	Brazil
	1
	Brazil

	Canada
	1
	Canada

	Central America
	12
	Belize, Costa Rica, Cuba, Dominican Republic, El Salvador, Guatemala, Haiti, Honduras, Jamaica, Mexico, Nicaragua, Panama

	Central Asia
	6
	Kazakhstan, Kyrgyzstan, Mongolia, Tajikistan, Turkmenistan, Uzbekistan

	China
	1
	China

	Europe
	35
	Albania, Austria, Belarus, Belgium, Bosnia, Bulgaria, Croatia, Czechia, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Moldova, Montenegro, Netherlands, North Macedonia, Norway, Poland, Portugal, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Ukraine, United Kingdom

	Korea and Japan
	2
	Japan, South Korea

	Middle East
	15
	Bahrain, Iran, Iraq, Israel, Jordan, Kuwait, Lebanon, Oman, Palestine, Qatar, Saudi Arabia, Syria, Turkey, UAE, Yemen

	Northern Africa
	29
	Algeria, Benin, Burkina Faso, Cameroon, Central African Republic, Chad, Cote d'Ivoire, Djibouti, Egypt, Eritrea, Ethiopia, Gambia, Ghana, Guinea, Guinea-Bissau, Liberia, Libya, Mali, Mauritania, Morocco, Niger, Nigeria, Senegal, Sierra Leone, Somalia, South Sudan, Sudan, Togo, Tunisia

	Northern South America
	7
	Bolivia, Colombia, Ecuador, Guyana, Peru, Suriname, Venezuela

	Oceania
	8
	Australia, Fiji, New Zealand, Papua New Guinea, Samoa, Solomon Islands, Tonga, Vanuatu

	Russia
	1
	Russia

	South Asia
	8
	Afghanistan, Bangladesh, Bhutan, India, Maldives, Nepal, Pakistan, Sri Lanka

	Southeast Asia
	11
	Brunei, Cambodia, Indonesia, Laos, Malaysia, Myanmar, Philippines, Singapore, Thailand, Timor-Leste, Vietnam

	Southern Africa
	23
	Angola, Botswana, Burundi, Comoros, Congo Dem Rep, Congo Rep, Equatorial Guinea, Eswatini, Gabon, Kenya, Lesotho, Madagascar, Malawi, Mauritius, Mozambique, Namibia, Rwanda, Seychelles, South Africa, Tanzania, Uganda, Zambia, Zimbabwe

	Southwest South America
	4
	Argentina, Chile, Paraguay, Uruguay

	USA
	1
	United States


This crosswalk was constructed for this study to link countries and territories to the regional mortality ratios in Zhao et al.'s Figure 4 Source Data and the World Bank income groups. The regional labels come from Zhao et al.; the country assignments were constructed for this study and do not reproduce all boundaries in the gridded source-region map. It is frozen at 01_data_raw/mappings/country_region_mapping.csv and reproduced in full at that path so that every assignment can be checked. Region names are those of the source publication and are not conventional geographic groupings; the source spells one of them "Korean and_Japan", displayed here as "Korea and Japan". The regions are analytical units carried over from that study so that its published regional ratios can be used at the resolution at which they are reported. Neither the regional groupings nor the assignment of any territory to them is intended to express a position on the political or territorial status of any place. The frozen crosswalk maps 171 countries and territories; of these, 165 had sufficient World Bank indicator data for inclusion in the capacity index and constitute the gap-analysis sample reported in the main text. The table above lists those 165 analysed countries; the 6 further entities included in the frozen crosswalk but that lack the indicator data the index requires are omitted here, because they enter no correlation, equity or population figure reported in this paper. All six remain in the frozen crosswalk file.

A per-country audit — ISO3 code, World Bank income group, capacity-index inclusion (with number of missing indicators and which were imputed), gap-analysis inclusion, exclusion reason, and the assignment source — is provided as crosswalk_audit.csv (the assigned projection region is populated for the 165 gap-analysis countries shown above; the full 171-entry mapping is in 01_data_raw/mappings/country_region_mapping.csv) (03_output/, generated by 36_reporting_extras.py) in the repository and deposit archive. The crosswalk is frozen at 01_data_raw/mappings/country_region_mapping.csv; region labels correspond to the Zhao et al. (2025) Figure 4 Source Data, while country assignments are those of this study's frozen crosswalk.
Table S10. Complete-case (no-imputation) sensitivity of the equity and GDP-adjusted results
	Quantity
	Primary (income-group median imputation)
	Complete-case (no imputation)

	Concentration index (90th-percentile benchmark)
	-0.302
	-0.306

	Share of deficit borne by poorest 20%
	31.7%
	32.2%

	GDP-adjusted regional partial Spearman r
	-0.190
	+0.014

	Freedman–Lane permutation p
	0.4653
	0.9610


Countries with any missing capacity indicator are dropped (rather than imputed at the income-group median), addressing the concern that income-based imputation could mechanically strengthen the income–capacity relationship (27_compute_health_only_stats.py).

Complete-case samples: 150 countries with no imputed capacity indicator that also report GDP per capita and population enter the equity rows; the 133 of these that also map to a projection region form the 17 regions for the partial correlation. The equity concentration and the null GDP-adjusted association are both preserved without imputation.
Table S10b. Symmetry of the GDP adjustment
	Association (17 regions)
	ρ
	Inference

	Capacity–ratio, unadjusted
	-0.846
	permutation p = 0.00005

	GDP–ratio, unadjusted
	-0.868
	permutation p = 0.00006

	Capacity–ratio given GDP
	-0.190
	Freedman–Lane p = 0.4653; 95% CI (-0.61, +0.06)

	GDP–ratio given capacity
	-0.405
	Freedman–Lane p = 0.1458; 95% CI (-0.86, +0.05)


If the null capacity–ratio partial correlation given GDP reflected development being the operative gradient (and capacity a mere proxy), the reverse adjustment (the GDP–ratio partial correlation given capacity) should survive. It does not: adjusting either gradient for the other leaves no statistically distinguishable residual, so the adjusted nulls measure the near-collinearity of capacity and GDP (regional ρ = 0.94), not a verdict between them. Both partials are computed on the identical 17-region table with the same Freedman–Lane permutation (100,000 draws) and region-resampling bootstrap (42_reverse_partial.py).

Unadjusted, the two gradients are comparably strong; adjusted for each other, neither survives. The data cannot rank capacity against development at this resolution — the formal basis for reading the adjusted null as non-separability rather than as evidence for a development-only account (see Results, equity and wealth sensitivity, and Table S13).
Table S10c. Detection limits of the three adjusted tests
	Adjustment
	Covariates
	Residual df
	5% critical value (absolute partial ρ)
	Observed
	Resolved?

	Log GDP per capita
	1
	14
	0.489
	-0.190
	no

	Development factor
	1
	14
	0.512
	-0.636
	yes

	Development factor + 3 demographic
	4
	11
	0.535
	-0.413
	no


Power of the 17-region Freedman–Lane test against known residual partial associations, holding the observed capacity and covariate values fixed and injecting an association of the stated size into the covariate-residualised outcome (2,000 simulated datasets per size; 20,000 null draws for each critical value; 45_partial_power.py, 51_devfactor_inference.py, 56_demog_power.py). Each adjusted estimate in this paper is judged against its own configuration's threshold, never against another's. The simulations characterise the designs only; no simulated value is reported as a result.

Table S10c (continued). Power by true residual partial correlation.
	True residual partial ρ
	GDP
	Development factor
	+ demographic

	0.2
	0.09
	0.12
	0.10

	0.3
	0.15
	0.18
	0.15

	0.4
	0.25
	0.30
	0.26

	0.5
	0.38
	0.49
	0.40

	0.6
	0.61
	0.72
	0.60

	0.7
	0.84
	0.94
	0.82

	0.8
	0.98
	1.00
	0.98

	0.9
	—
	—
	1.00



None of the three tests reaches 80% power below a true residual association of about 0.7. Two consequences follow. The single-proxy GDP null is uninformative by construction. The demographic-covariate estimate (-0.41) lies below its own threshold (0.54) and is therefore an unresolved test, not a demonstrated attenuation — these data cannot separate capacity from demographic structure in either direction. Only the development-factor adjustment returns an estimate its own design can resolve.
Table S10d. Adjustment for a multi-indicator development factor and demographic covariates
	Adjustment
	Regional partial ρ (n = 17)
	Country-resolution partial ρ (n = 157)

	Development factor only
	-0.636 (FL p = 0.0103)
	-0.398 [-0.68, +0.01]

	Development factor + demographics
	-0.413 (FL p = 0.1449)
	-0.174 [-0.41, +0.05]


Because log GDP per capita is a single noisy development proxy, the adjustment was repeated with a PC1-derived development score using six indicators: log GDP per capita, internet use, urban share, electricity access, basic sanitation and secondary enrollment. Observed values were standardised using each indicator's available-country mean and population standard deviation. Missing z-scores were filled with income-group medians and, if still missing, the column median after that step. The leading eigenvector of the post-imputation indicator correlation matrix supplied weights applied directly to the imputed z-scores, without re-centring or re-scaling the columns. The weighted sum was oriented to correlate positively with log GDP per capita and standardised to mean zero and unit population standard deviation. As with the primary index, this differs from conventional correlation-PCA scoring; the leading eigenvalue accounted for 76% of the correlation matrix's total eigenvalue sum. The adjustment was also repeated with this score and three demographic covariates (fertility rate, share aged 65+, population growth) whose evolution dominates the projected ratios (Table S12). Regional inference: Freedman–Lane residual permutation (100,000 draws); country-resolution inference: region-cluster bootstrap (48_dev_factor_analysis.py).

The six-indicator factor is less collinear with capacity (ρ = 0.89) than GDP alone (ρ = 0.94), leaving more residual variation. Completed inference for the factor-only adjustment (51_devfactor_inference.py, same permutation and region-bootstrap machinery as the primary analysis): forward partial (capacity given factor) -0.636, region-resampling bootstrap 95% CI [-0.88, -0.07], exceeding the factor-adjusted test's own 5% detection threshold of 0.51; reverse partial (factor given capacity) +0.101 (FL p = 0.74; CI [-0.68, +0.58]). In this exploratory specification the capacity partial was negative and statistically distinguishable from zero, whereas the reverse partial was not. Because capacity and development were measured with different indicators, remain highly collinear, and were analysed across only 17 regions, this asymmetry does not establish an independent capacity contribution. The demographic-covariate row is a different case and must not be read as a demonstrated attenuation: four covariates at n = 17 leave 11 residual degrees of freedom, and that configuration's own 5% detection threshold, computed exactly as in Table S10c (56_demog_power.py), is 0.54 — larger than the estimate it returns (-0.41, bootstrap 95% CI [-0.87, +0.54]) and larger than the thresholds of the single-proxy (0.49) and development-factor (0.51) tests. Its power against a true partial correlation of 0.3, 0.4 or 0.5 is 0.15, 0.26 and 0.40, reaching 80% only at 0.7. The demographic adjustment is therefore an unresolved test, not evidence that demographic structure absorbs the alignment. No specification shows development uniquely absorbing the alignment, and none of these descriptive adjustments identifies a causal capacity effect.
Table S10e. Leave-one-region-out robustness of the development-factor-adjusted partial
	Region dropped
	Partial ρ
	Freedman–Lane p

	Oceania
	-0.450
	0.0915

	Northern South America
	-0.521
	0.0568

	Russia
	-0.578
	0.0306

	China
	-0.614
	0.0185

	Southwest South America
	-0.629
	0.0165

	Northern Africa
	-0.622
	0.0149

	South Asia
	-0.626
	0.0145

	Southern Africa
	-0.622
	0.0140

	Europe
	-0.646
	0.0116

	Middle East
	-0.647
	0.0111

	Brazil
	-0.663
	0.0096

	Canada
	-0.666
	0.0091

	Korea and Japan
	-0.671
	0.0082

	Central America
	-0.667
	0.0079

	USA
	-0.671
	0.0078

	Central Asia
	-0.698
	0.0046

	Southeast Asia
	-0.705
	0.0036


The development-factor-adjusted partial correlation is an exploratory sensitivity estimate reported in the main Results, so it was subjected to the same leave-one-region-out assessment as the primary gradient (59_devfactor_loro.py; same Freedman–Lane residual-permutation scheme and seed as Table S10d, 100,000 permutations per fit). Each row drops one of the 17 projection regions and re-estimates.

Full sample: ρ = -0.636, p = 0.0103. The sign is stable across all 17 fits and the estimate stays between -0.71 and -0.45, but significance at α = 0.05 is not robust: dropping Oceania or Northern South America leaves p > 0.05 (0.092, 0.057). With 17 units a single region carries appreciable leverage; this is reported as a limit on what a regional design can resolve, not as evidence against the estimate, and it is the reason the Discussion treats the adjusted result as qualifying attribution rather than establishing it.
Figure S5. Projection-uncertainty Monte Carlo
[image: ]
Distribution of the regional Spearman correlation over 10,000 Monte-Carlo draws perturbing each regional mortality ratio with independent multiplicative lognormal noise calibrated to the published global 95% confidence interval (σ_log = 0.31; Table S11). The shaded band is the 95% simulation interval; the orange line marks the observed correlation. All 10,000 draws remained below ρ = −0.5.
Table S11. Regional weighting and projection-uncertainty sensitivity of the gap correlation
	Specification
	ρ
	Inference

	Baseline (population-weighted regional means)
	-0.846
	permutation p = 0.00005

	Unweighted regional means
	-0.789
	permutation p = 0.00037

	Multi-country regions only (all 6 single- or two-country regions dropped)
	-0.691
	permutation p = 0.0234 (n = 11 regions)

	Single- and two-country regions alone
	-0.771
	descriptive (n = 6)

	Regions weighted by country count
	-0.919
	permutation p = 0.00021

	Regions weighted by population
	-0.914
	permutation p = 0.00003

	Monte Carlo ratio noise, σ_log = 0.31 (global 95% CI)
	median -0.801
	95% of 10 000 draws in [-0.885, -0.676]; 100% of draws ≤ −0.5

	Monte Carlo ratio noise, σ_log = 0.37 (periods independent)
	median -0.782
	95% of draws in [-0.887, -0.637]; 99.97% of draws ≤ −0.5


Two additional robustness checks on the primary regional correlation (41_review_sensitivities.py). The Monte Carlo rows perturb each of the 17 regional mortality ratios with independent multiplicative lognormal noise whose log-scale SD is calibrated to the published global 95% confidence interval (Zhao et al. Fig. 1b Source Data); no regional uncertainty intervals are published for the Fig. 4a ratios. The main calibration σ_log = 0.31 is the log-scale SD implied by the future-period global interval — the average of ln(upper/mean) and ln(mean/lower) divided by 1.96 — and the harsher 0.37 combines the future- and historical-period SDs in quadrature, treating the two periods' uncertainties as independent rather than shared; both values are therefore derived from the published interval, not chosen freely.

The region-composition rows address the mixed granularity of the Zhao region set (52_region_composition.py): six of the 17 regions contain only one or two index countries (Brazil, Canada, China, Russia, USA, Korea and Japan), and region size is itself correlated with capacity (Spearman ρ = -0.54), so the equally-weighted correlation could in principle lean on how the source publication drew its regions. It does not: dropping all six small units at once leaves the alignment intact among the multi-country regions, the dropped block shows the same gradient on its own, and weighting regions by country count or population strengthens rather than weakens the correlation (for reference, dropping six regions at random gives a mean ρ of -0.82 with 95% interval [-0.93, -0.65]). Country-resolution estimates, in which every country counts once regardless of its region's size, are in Table S4b. The global confidence interval includes exposure–response and model components that are shared across regions, largely cancel within each region's future/historical ratio, and cannot alter ranks; treating it as independent region-specific noise therefore overstates rank instability, making these checks conservative. Mean Spearman correlation between perturbed and baseline ratio ranks: 0.92 (σ_log = 0.31) and 0.90 (σ_log = 0.37). For reference, the capacity index and log GDP per capita are correlated at Spearman ρ = 0.94 across the 17 regions and 0.86 across 161 mapped countries — the collinearity that motivates reading the GDP-adjusted partial correlation as a test of separability (see Methods, equity and wealth sensitivity). The country-level figure is computed on the mapped countries that also report GDP per capita, which is why its n is smaller than the 165-country gap sample.
Table S12. Zhao et al. global sensitivity experiments: population versus climate/emission components
	Experiment
	Deaths (thousand/yr)
	95% CI
	Ratio vs historical

	Historical period (2010–2014)
	236
	146–319
	1.00 (reference)

	SSP2-4.5 full projection
	1402
	658–2253
	5.94

	SSP2-4.5 population change only (SP2-POP)
	1506
	894–2044
	6.38

	SSP2-4.5 climate/emission change only (SP2-EM)
	243
	111–407
	1.03

	SSP5-8.5 full projection
	2192
	1056–3432
	9.29

	SSP5-8.5 population change only (SP5-POP)
	1869
	1106–2539
	7.92

	SSP5-8.5 climate/emission change only (SP5-EM)
	344
	159–561
	1.46


Global premature deaths attributed to fire-induced PM2.5 (thousands per year, 2095–2099 unless noted), read from the Zhao et al. (2025) Source Data (Fig. 1b and Fig. 3 'Sum' rows) by 41_review_sensitivities.py. Per the experiment definitions published with the article, the population experiments (SP2-POP, SP5-POP) evolve population while holding climate and emissions at historical levels, and the emission experiments (SP2-EM, SP5-EM) evolve climate and emissions while holding population at historical levels.

Population change alone reproduces (indeed slightly exceeds, under SSP2-4.5) the full projected rise, whereas climate-driven emission change alone raises global deaths by about 3% under SSP2-4.5 and 46% under SSP5-8.5. The projected growth in the mortality ratio is therefore predominantly demographic, and part of its inverse correlation with any development-patterned index is expected on demographic grounds alone (see Methods, gap analysis, and Discussion). These are global experiments; no regional decomposition is published in the Source Data.
Table S13. Partial identification of the development-adjusted association under proxy error
	Proxy reliability λ
	Identified interval for the development-adjusted partial correlation

	1.00 (GDP = development)
	point: -0.19 (the observed GDP-adjusted partial)

	0.95
	[-0.77, +1.00]

	0.90
	[-1.00, +0.98]

	0.80
	[-1.00, -0.003]

	0.70
	[-1.00, -0.39]


If log GDP per capita measures latent development D with rank-scale reliability λ (the correlation between the proxy and the construct), the development-adjusted capacity–ratio partial correlation is set- rather than point-identified. Writing a for the capacity–development and b for the ratio–development rank correlation, the adjusted partial correlation is (rCY - ab) / √((1-a2)(1-b2)), with rCY = -0.85 the observed capacity–ratio rank correlation. For each λ the identified interval is the range of this quantity over every (a, b) pair (searched on a 0.001 grid over (−0.999, 0.999)) that keeps the joint rank-correlation matrix of capacity, ratio, GDP and development positive semidefinite — evaluated by the Schur-complement condition (a, b, λ)' S3-1 (a, b, λ) ≤ 1, where S3 is the observed 3×3 rank-correlation matrix of capacity, ratio and GDP (capacity–ratio -0.85, capacity–GDP +0.94, ratio–GDP -0.87; 41_review_sensitivities.py). At λ = 1, development coincides with observed GDP and the condition pins (a, b) to the observed correlations, collapsing the set to the usual GDP-adjusted partial correlation.

At λ = 1 the set collapses to the observed GDP-adjusted partial correlation. Even at λ = 0.95 the interval spans strongly negative and strongly positive values, and at λ = 0.90 it covers essentially the whole range: with 17 regions and a single development proxy, the development-adjusted capacity association is not point-identifiable — the formal counterpart of the manuscript's statement that capacity and development cannot be disentangled in these data. At very low reliability the interval narrows again and turns entirely negative; we treat this regime as a mathematical boundary of the bound rather than interpreting it substantively. Such low reliability is implausible for GDP. The identified set is also shown as Figure 3D of the main text, evaluated at λ increments of 0.01.
Table S14. Naive-trend capacity trajectories and the alignment at future capacity horizons
	Capacity horizon
	ρ vs SSP2-4.5 ratio (perm p)
	ρ vs SSP5-8.5 ratio (perm p)

	Current (2015–2024)
	-0.838 (0.0001)
	-0.686 (0.0031)

	Trend 2050
	-0.664 (0.0042)
	-0.654 (0.0057)

	Trend 2100
	-0.679 (0.0040)
	-0.735 (0.0012)


Because the primary analysis juxtaposes a recent (2015–2024) capacity snapshot with end-of-century projected burden growth, capacity itself was extrapolated as a first-order check: per-country linear trends of the five index indicators fitted on 1990–2024 observations (at least 8 observations spanning at least 15 years; expenditure per capita trended on the log₁₀ scale; values floored at zero), projected to 2050 and 2100, standardised with baseline parameters and scored on the baseline leading-eigenvector weights, so the index definition is held fixed (49_capacity_trends.py). Countries without a sufficient series keep their baseline score. This is trend continuation, not a forecast: it ignores saturation, policy change and SSP-consistent development pathways. The "current" row uses the same simplified scoring (missing baseline indicators set to the sample mean), which is why it differs slightly from the primary ρ = −0.846.

The inverse alignment persists at every horizon under both scenarios: even under 75 years of continued indicator growth, the regions projected to face the largest mortality growth remain the weakest in relative capacity, because trend continuation preserves most of the regional ordering (Figures S7 and S8). Genuinely SSP-consistent capacity forecasting is beyond these data.
Table S15. Population living in the capacity–burden misalignment
	Definition
	Countries
	Population (billion)
	Share of analysed population

	Lowest capacity tertile x highest growth tertile
	25
	0.88
	10.9%

	Lowest capacity tertile x growth AT OR ABOVE the upper tertile cut
	40
	1.36
	16.9%

	Bottom capacity quartile x top growth quartile
	20
	0.70
	8.7%

	Below-median capacity x above-median growth
	58
	3.46
	42.9%

	Highest capacity tertile x lowest growth tertile
	43
	2.74
	34.0%


Population in the double-jeopardy combination of Figure 1B (countries whose capacity falls in the lowest tertile and whose projection region falls in the highest projected-growth tertile) with two alternative cut definitions and the converse corner (57_population_at_risk.py). Population is the World Bank total-population series used throughout; the analysed total is 8.05 billion across 165 countries with capacity, projection and population data.

The mortality ratio takes only 17 distinct region-level values, so quantile thresholds fall on ties; every definition here therefore uses the same convention (capacity at or below its cut, projected growth strictly above its cut). The tie is consequential rather than incidental: 23 countries (the whole of Southern Africa) have a projected ratio exactly equal to the upper tertile cut, so the strict convention places them in the middle growth tertile. The second row above admits them; doing so adds 15 countries and 0.49 billion people, and the headline figure should be read as the lower bound of that pair. The sets nest as the cuts tighten — verified programmatically (quartile ⊂ tertile: True; tertile ⊂ median: True). Because every country inherits its region's projected ratio, these counts size the misalignment at the resolution the projections support; they are not country-specific risk estimates. The eight largest populations in the tertile cell, in descending order, are Nigeria; Ethiopia; Egypt, Arab Rep.; Sudan; Morocco; Ghana; Cote d'Ivoire; Cameroon.
Table S16. Capacity interaction under modelled smoke exposure versus fire-detection counts (Brazil).
	Outcome
	Smoke β₂ (95% CI)
	p
	Smoke β₁ (p)
	Fire-count β₂ (95% CI)
	p
	Fire β₁ (p)

	Respiratory (J00-J99)
	-0.067 (-0.179, +0.044)
	0.236
	+0.086 (0.070)
	+0.055 (-0.042, +0.152)
	0.264
	+0.004 (0.906)

	Cardiovascular (I00-I99)
	-0.007 (-0.172, +0.159)
	0.938
	+0.051 (0.472)
	-0.038 (-0.167, +0.091)
	0.562
	+0.001 (0.976)

	All natural-cause (non-external)
	-0.068 (-0.365, +0.230)
	0.656
	+0.377 (0.002)
	+0.014 (-0.230, +0.258)
	0.910
	+0.057 (0.504)

	Ill-defined (R00-R99)
	-0.013 (-0.083, +0.057)
	0.714
	+0.041 (0.246)
	-0.085 (-0.149, -0.021)
	0.009
	+0.050 (0.051)

	External-cause placebo (V01-Y98)
	-0.070 (-0.174, +0.034)
	0.184
	+0.133 (0.008)
	-0.032 (-0.112, +0.048)
	0.436
	-0.031 (0.333)


The primary Brazilian specification re-estimated with modelled fire-sourced PM2.5 (Hu et al. 2025, GEOS-Chem/GFED4.1s, 0.25°, area-weighted onto IBGE municipal polygons) in place of INPE fire-detection counts, on the identical sample, fixed effects and clustering (54_brazil_smoke_exposure.py, 55_brazil_smoke_models.py); and the Mexican replication with the same substitution inside its published design (58_multicountry_smoke.py). β₂ is the interaction per SD of capacity and per SD of exposure: both exposures are rescaled to unit standard deviation so the two columns are directly comparable in magnitude. Rescaling a regressor cannot alter its t statistic, so the fire-count p-values are identical to those of the canonical log-fire-count parameterisation reported in the main text and in Tables S5–S6, where the same estimate is −0.100 per log fire count.
Brazil, 334,080 municipality-months from 5,568 municipalities — one municipality fewer than the 5,569 of the primary fire-count panel, because it had no match in the smoke-exposure grid, so both columns below are estimated on this common sample; exposures agree only weakly (Spearman 0.35 across municipality-months; mean smoke 1.71 μg/m³), and 36.5% of municipality-months with no local fire detection nevertheless exceed 1 μg/m³.

Table S16 (continued). Capacity interaction under modelled smoke exposure versus fire-detection counts (Mexico).
	Outcome
	Smoke β₂
	p
	Fire-count β₂
	p

	Ill-defined (R00–R99)
	-0.0076
	0.502
	-0.0067
	0.6711

	Respiratory (J00–J99)
	-0.0043
	0.407
	+0.0047
	0.3956

	External-cause placebo
	+0.0004
	0.952
	-0.0304
	<0.0001


Mexico, 2,457 municipalities, 2019 municipality-months; negative binomial with a log all-cause-death offset, state and calendar-month fixed effects, municipality-clustered standard errors.

The Brazilian ill-defined interaction, the only significant estimate in the fire-count models, does not survive the substitution, and no interaction appears in the causes physiologically closer to smoke. In Mexico the movement runs the other way: the external-cause placebo that fails under fire counts is null under smoke concentration, so the substitution removes a spurious signal rather than merely shrinking estimates. The reversals visible between the two columns are all among coefficients that are null under both exposures and carry no weight either way. The Mexican fire-count rows differ slightly from Table S6 while agreeing in direction and significance: both fix the negative-binomial dispersion at alpha = 1, but Table S6 enters the fire count linearly after standardisation, whereas the rows here use the standardised log1p count so that the fire and smoke exposures enter in the same functional form. Chile is not re-estimated: its 16 regions and annual resolution are too coarse for a 0.25° exposure field to summarise meaningfully.
Table S17. Health-system capacity index scores for all 191 countries
	Rank
	Country
	ISO3
	Income group
	Capacity score
	Pct
	Region
	Miss

	1
	Switzerland
	CHE
	High income
	+2.406
	100
	Europe
	0

	2
	Japan
	JPN
	High income
	+2.271
	99
	Korea and Japan
	0

	3
	Germany
	DEU
	High income
	+2.195
	99
	Europe
	0

	4
	Austria
	AUT
	High income
	+2.165
	98
	Europe
	0

	5
	Norway
	NOR
	High income
	+2.031
	98
	Europe
	0

	6
	United States
	USA
	High income
	+2.013
	97
	USA
	0

	7
	Korea, Rep.
	KOR
	High income
	+1.870
	97
	Korea and Japan
	0

	8
	Cuba
	CUB
	Upper middle income
	+1.851
	96
	Central America
	1

	9
	Iceland
	ISL
	High income
	+1.807
	96
	
	0

	10
	Belgium
	BEL
	High income
	+1.780
	95
	Europe
	0

	11
	Australia
	AUS
	High income
	+1.746
	95
	Oceania
	0

	12
	Belarus
	BLR
	Upper middle income
	+1.631
	94
	Europe
	0

	13
	Finland
	FIN
	High income
	+1.556
	94
	Europe
	0

	14
	Ireland
	IRL
	High income
	+1.548
	93
	Europe
	0

	15
	France
	FRA
	High income
	+1.527
	93
	Europe
	0

	16
	Denmark
	DNK
	High income
	+1.521
	92
	Europe
	0

	17
	Czechia
	CZE
	High income
	+1.509
	92
	Europe
	0

	18
	Sweden
	SWE
	High income
	+1.506
	91
	Europe
	0

	19
	Portugal
	PRT
	High income
	+1.432
	91
	Europe
	0

	20
	Netherlands
	NLD
	High income
	+1.422
	90
	Europe
	0

	21
	Luxembourg
	LUX
	High income
	+1.399
	89
	
	0

	22
	New Zealand
	NZL
	High income
	+1.385
	89
	Oceania
	0

	23
	Slovenia
	SVN
	High income
	+1.302
	88
	Europe
	0

	24
	Canada
	CAN
	High income
	+1.298
	88
	Canada
	0


Table S17. Health-system capacity index scores for all 191 countries (continued)
	Rank
	Country
	ISO3
	Income group
	Capacity score
	Pct
	Region
	Miss

	25
	Malta
	MLT
	High income
	+1.266
	87
	
	0

	26
	Lithuania
	LTU
	High income
	+1.241
	87
	Europe
	0

	27
	Russian Federation
	RUS
	High income
	+1.223
	86
	Russia
	0

	28
	United Kingdom
	GBR
	High income
	+1.212
	86
	Europe
	0

	29
	San Marino
	SMR
	High income
	+1.184
	85
	
	1

	30
	Greece
	GRC
	High income
	+1.171
	85
	Europe
	0

	31
	Tuvalu
	TUV
	Upper middle income
	+1.164
	84
	
	1

	32
	Bulgaria
	BGR
	High income
	+1.122
	84
	Europe
	0

	33
	Poland
	POL
	High income
	+1.104
	83
	Europe
	0

	34
	Croatia
	HRV
	High income
	+1.068
	83
	Europe
	0

	35
	Romania
	ROU
	High income
	+1.062
	82
	Europe
	0

	36
	Nauru
	NRU
	High income
	+1.034
	82
	
	1

	37
	Uruguay
	URY
	High income
	+0.976
	81
	Southwest South America
	0

	38
	Spain
	ESP
	High income
	+0.975
	81
	Europe
	0

	39
	Italy
	ITA
	High income
	+0.974
	80
	Europe
	0

	40
	Andorra
	AND
	High income
	+0.953
	79
	
	1

	41
	Argentina
	ARG
	Upper middle income
	+0.948
	79
	Southwest South America
	0

	42
	Slovak Republic
	SVK
	High income
	+0.927
	78
	Europe
	0

	43
	Hungary
	HUN
	High income
	+0.876
	78
	Europe
	0

	44
	Estonia
	EST
	High income
	+0.873
	77
	Europe
	0

	45
	Seychelles
	SYC
	High income
	+0.872
	77
	Southern Africa
	0

	46
	Georgia
	GEO
	Upper middle income
	+0.837
	76
	
	0

	47
	Serbia
	SRB
	Upper middle income
	+0.835
	76
	Europe
	0

	48
	Mongolia
	MNG
	Upper middle income
	+0.814
	75
	Central Asia
	0


Table S17. Health-system capacity index scores for all 191 countries (continued)
	Rank
	Country
	ISO3
	Income group
	Capacity score
	Pct
	Region
	Miss

	49
	Israel
	ISR
	High income
	+0.813
	75
	Middle East
	0

	50
	Ukraine
	UKR
	Upper middle income
	+0.732
	74
	Europe
	0

	51
	Moldova
	MDA
	Upper middle income
	+0.721
	74
	Europe
	0

	52
	Latvia
	LVA
	High income
	+0.680
	73
	Europe
	0

	53
	Uzbekistan
	UZB
	Lower middle income
	+0.667
	73
	Central Asia
	0

	54
	Montenegro
	MNE
	Upper middle income
	+0.659
	72
	Europe
	0

	55
	Kazakhstan
	KAZ
	Upper middle income
	+0.650
	72
	Central Asia
	0

	56
	Chile
	CHL
	High income
	+0.632
	71
	Southwest South America
	0

	57
	Palau
	PLW
	High income
	+0.624
	71
	
	1

	58
	Armenia
	ARM
	Upper middle income
	+0.606
	70
	
	0

	59
	Paraguay
	PRY
	Upper middle income
	+0.589
	69
	Southwest South America
	0

	60
	St. Kitts and Nevis
	KNA
	High income
	+0.572
	69
	
	0

	61
	Barbados
	BRB
	High income
	+0.564
	68
	
	0

	62
	Maldives
	MDV
	Upper middle income
	+0.553
	68
	South Asia
	0

	63
	Singapore
	SGP
	High income
	+0.543
	67
	Southeast Asia
	0

	64
	Antigua and Barbuda
	ATG
	High income
	+0.541
	67
	
	0

	65
	Cyprus
	CYP
	High income
	+0.534
	66
	
	0

	66
	Saudi Arabia
	SAU
	High income
	+0.520
	66
	Middle East
	0

	67
	North Macedonia
	MKD
	Upper middle income
	+0.515
	65
	Europe
	0

	68
	Trinidad and Tobago
	TTO
	High income
	+0.489
	65
	
	0

	69
	China
	CHN
	Upper middle income
	+0.449
	64
	China
	0

	70
	Marshall Islands
	MHL
	Upper middle income
	+0.439
	64
	
	2

	71
	Bosnia and Herzegovina
	BIH
	Upper middle income
	+0.422
	63
	Europe
	0

	72
	Brazil
	BRA
	Upper middle income
	+0.404
	63
	Brazil
	0


Table S17. Health-system capacity index scores for all 191 countries (continued)
	Rank
	Country
	ISO3
	Income group
	Capacity score
	Pct
	Region
	Miss

	73
	United Arab Emirates
	ARE
	High income
	+0.386
	62
	Middle East
	0

	74
	Qatar
	QAT
	High income
	+0.317
	62
	Middle East
	0

	75
	Libya
	LBY
	Upper middle income
	+0.282
	61
	Northern Africa
	0

	76
	St. Lucia
	LCA
	Upper middle income
	+0.195
	61
	
	0

	77
	Bahamas, The
	BHS
	High income
	+0.166
	60
	
	0

	78
	Albania
	ALB
	Upper middle income
	+0.157
	59
	Europe
	0

	79
	Azerbaijan
	AZE
	Upper middle income
	+0.153
	59
	
	0

	80
	Kuwait
	KWT
	High income
	+0.140
	58
	Middle East
	0

	81
	South Africa
	ZAF
	Upper middle income
	+0.093
	58
	Southern Africa
	1

	82
	Dominica
	DMA
	Upper middle income
	+0.082
	57
	
	0

	83
	Panama
	PAN
	High income
	+0.081
	57
	Central America
	0

	84
	Brunei Darussalam
	BRN
	High income
	+0.067
	56
	Southeast Asia
	0

	85
	Micronesia, Fed. Sts.
	FSM
	Upper middle income
	+0.019
	56
	
	1

	86
	Costa Rica
	CRI
	High income
	+0.015
	55
	Central America
	0

	87
	Tajikistan
	TJK
	Lower middle income
	-0.002
	55
	Central Asia
	0

	88
	Turkmenistan
	TKM
	Upper middle income
	-0.019
	54
	Central Asia
	0

	89
	Mauritius
	MUS
	Upper middle income
	-0.020
	54
	Southern Africa
	0

	90
	St. Vincent and the Grenadines
	VCT
	Upper middle income
	-0.064
	53
	
	1

	91
	Jordan
	JOR
	Upper middle income
	-0.085
	53
	Middle East
	0

	92
	Colombia
	COL
	Upper middle income
	-0.099
	52
	Northern South America
	0

	93
	Turkiye
	TUR
	Upper middle income
	-0.102
	52
	Middle East
	0

	94
	West Bank and Gaza
	PSE
	Lower middle income
	-0.137
	51
	Middle East
	0

	95
	Grenada
	GRD
	Upper middle income
	-0.145
	51
	
	0

	96
	Mexico
	MEX
	Upper middle income
	-0.162
	50
	Central America
	0


Table S17. Health-system capacity index scores for all 191 countries (continued)
	Rank
	Country
	ISO3
	Income group
	Capacity score
	Pct
	Region
	Miss

	97
	Ecuador
	ECU
	Upper middle income
	-0.172
	49
	Northern South America
	0

	98
	Tonga
	TON
	Upper middle income
	-0.184
	49
	Oceania
	1

	99
	Namibia
	NAM
	Lower middle income
	-0.201
	48
	Southern Africa
	1

	100
	Malaysia
	MYS
	Upper middle income
	-0.204
	48
	Southeast Asia
	0

	101
	El Salvador
	SLV
	Upper middle income
	-0.226
	47
	Central America
	0

	102
	Lebanon
	LBN
	Lower middle income
	-0.240
	47
	Middle East
	0

	103
	Oman
	OMN
	High income
	-0.250
	46
	Middle East
	0

	104
	Kiribati
	KIR
	Lower middle income
	-0.284
	46
	
	1

	105
	Guyana
	GUY
	High income
	-0.291
	45
	Northern South America
	0

	106
	Peru
	PER
	Upper middle income
	-0.353
	45
	Northern South America
	0

	107
	Tunisia
	TUN
	Lower middle income
	-0.361
	44
	Northern Africa
	0

	108
	Iran, Islamic Rep.
	IRN
	Upper middle income
	-0.363
	44
	Middle East
	0

	109
	Kyrgyz Republic
	KGZ
	Lower middle income
	-0.384
	43
	Central Asia
	0

	110
	Bahrain
	BHR
	High income
	-0.394
	43
	Middle East
	0

	111
	Samoa
	WSM
	Upper middle income
	-0.402
	42
	Oceania
	2

	112
	Botswana
	BWA
	Upper middle income
	-0.404
	42
	Southern Africa
	0

	113
	Dominican Republic
	DOM
	Upper middle income
	-0.408
	41
	Central America
	0

	114
	Suriname
	SUR
	Upper middle income
	-0.429
	41
	Northern South America
	0

	115
	Eswatini
	SWZ
	Lower middle income
	-0.438
	40
	Southern Africa
	1

	116
	Jamaica
	JAM
	Upper middle income
	-0.482
	39
	Central America
	0

	117
	Thailand
	THA
	Upper middle income
	-0.498
	39
	Southeast Asia
	0

	118
	Guatemala
	GTM
	Upper middle income
	-0.520
	38
	Central America
	0

	119
	Bolivia
	BOL
	Lower middle income
	-0.532
	38
	Northern South America
	0

	120
	Sri Lanka
	LKA
	Upper middle income
	-0.548
	37
	South Asia
	0


Table S17. Health-system capacity index scores for all 191 countries (continued)
	Rank
	Country
	ISO3
	Income group
	Capacity score
	Pct
	Region
	Miss

	121
	Algeria
	DZA
	Upper middle income
	-0.549
	37
	Northern Africa
	0

	122
	Lesotho
	LSO
	Lower middle income
	-0.552
	36
	Southern Africa
	1

	123
	Cabo Verde
	CPV
	Upper middle income
	-0.566
	36
	
	0

	124
	Iraq
	IRQ
	Upper middle income
	-0.567
	35
	Middle East
	0

	125
	Liberia
	LBR
	Low income
	-0.571
	35
	Northern Africa
	0

	126
	Philippines
	PHL
	Upper middle income
	-0.573
	34
	Southeast Asia
	0

	127
	Sao Tome and Principe
	STP
	Lower middle income
	-0.607
	34
	
	0

	128
	Fiji
	FJI
	Upper middle income
	-0.609
	33
	Oceania
	0

	129
	Nicaragua
	NIC
	Lower middle income
	-0.635
	33
	Central America
	0

	130
	Viet Nam
	VNM
	Upper middle income
	-0.639
	32
	Southeast Asia
	0

	131
	Timor-Leste
	TLS
	Lower middle income
	-0.673
	32
	Southeast Asia
	0

	132
	Gabon
	GAB
	Upper middle income
	-0.676
	31
	Southern Africa
	1

	133
	Belize
	BLZ
	Upper middle income
	-0.692
	31
	Central America
	0

	134
	Afghanistan
	AFG
	Low income
	-0.700
	30
	South Asia
	0

	135
	Venezuela, RB
	VEN
	Lower middle income
	-0.717
	29
	Northern South America
	1

	136
	Nepal
	NPL
	Lower middle income
	-0.723
	29
	South Asia
	0

	137
	Bhutan
	BTN
	Lower middle income
	-0.757
	28
	South Asia
	0

	138
	Honduras
	HND
	Lower middle income
	-0.776
	28
	Central America
	0

	139
	Equatorial Guinea
	GNQ
	Upper middle income
	-0.799
	27
	Southern Africa
	1

	140
	Morocco
	MAR
	Lower middle income
	-0.807
	27
	Northern Africa
	0

	141
	South Sudan
	SSD
	Low income
	-0.843
	26
	Northern Africa
	1

	142
	Egypt, Arab Rep.
	EGY
	Lower middle income
	-0.866
	26
	Northern Africa
	0

	143
	Haiti
	HTI
	Lower middle income
	-0.874
	25
	Central America
	0

	144
	Zambia
	ZMB
	Lower middle income
	-0.879
	25
	Southern Africa
	1


Table S17. Health-system capacity index scores for all 191 countries (continued)
	Rank
	Country
	ISO3
	Income group
	Capacity score
	Pct
	Region
	Miss

	145
	Indonesia
	IDN
	Upper middle income
	-0.881
	24
	Southeast Asia
	0

	146
	Comoros
	COM
	Lower middle income
	-0.883
	24
	Southern Africa
	1

	147
	Central African Republic
	CAF
	Low income
	-0.912
	23
	Northern Africa
	1

	148
	Guinea-Bissau
	GNB
	Low income
	-0.915
	23
	Northern Africa
	1

	149
	Solomon Islands
	SLB
	Lower middle income
	-0.934
	22
	Oceania
	1

	150
	Kenya
	KEN
	Lower middle income
	-0.980
	22
	Southern Africa
	0

	151
	India
	IND
	Lower middle income
	-0.982
	21
	South Asia
	0

	152
	Cameroon
	CMR
	Lower middle income
	-0.991
	21
	Northern Africa
	0

	153
	Vanuatu
	VUT
	Lower middle income
	-1.006
	20
	Oceania
	1

	154
	Mozambique
	MOZ
	Low income
	-1.017
	19
	Southern Africa
	0

	155
	Ghana
	GHA
	Lower middle income
	-1.022
	19
	Northern Africa
	0

	156
	Yemen, Rep.
	YEM
	Low income
	-1.040
	18
	Middle East
	1

	157
	Mauritania
	MRT
	Lower middle income
	-1.045
	18
	Northern Africa
	1

	158
	Burkina Faso
	BFA
	Low income
	-1.058
	17
	Northern Africa
	0

	159
	Syrian Arab Republic
	SYR
	Low income
	-1.068
	17
	Middle East
	0

	160
	Cambodia
	KHM
	Lower middle income
	-1.077
	16
	Southeast Asia
	0

	161
	Nigeria
	NGA
	Lower middle income
	-1.088
	16
	Northern Africa
	1

	162
	Zimbabwe
	ZWE
	Lower middle income
	-1.100
	15
	Southern Africa
	1

	163
	Burundi
	BDI
	Low income
	-1.128
	15
	Southern Africa
	1

	164
	Myanmar
	MMR
	Lower middle income
	-1.150
	14
	Southeast Asia
	0

	165
	Cote d'Ivoire
	CIV
	Lower middle income
	-1.176
	14
	Northern Africa
	1

	166
	Uganda
	UGA
	Low income
	-1.178
	13
	Southern Africa
	1

	167
	Congo, Rep.
	COG
	Lower middle income
	-1.184
	13
	Southern Africa
	1

	168
	Angola
	AGO
	Lower middle income
	-1.188
	12
	Southern Africa
	0


Table S17. Health-system capacity index scores for all 191 countries (continued)
	Rank
	Country
	ISO3
	Income group
	Capacity score
	Pct
	Region
	Miss

	169
	Rwanda
	RWA
	Low income
	-1.195
	12
	Southern Africa
	0

	170
	Togo
	TGO
	Lower middle income
	-1.210
	11
	Northern Africa
	0

	171
	Malawi
	MWI
	Low income
	-1.221
	11
	Southern Africa
	1

	172
	Senegal
	SEN
	Lower middle income
	-1.231
	10
	Northern Africa
	0

	173
	Guinea
	GIN
	Lower middle income
	-1.250
	9
	Northern Africa
	1

	174
	Djibouti
	DJI
	Lower middle income
	-1.261
	9
	Northern Africa
	0

	175
	Bangladesh
	BGD
	Lower middle income
	-1.267
	8
	South Asia
	0

	176
	Sierra Leone
	SLE
	Low income
	-1.282
	8
	Northern Africa
	1

	177
	Papua New Guinea
	PNG
	Lower middle income
	-1.291
	7
	Oceania
	0

	178
	Pakistan
	PAK
	Lower middle income
	-1.318
	7
	South Asia
	0

	179
	Eritrea
	ERI
	Low income
	-1.321
	6
	Northern Africa
	1

	180
	Chad
	TCD
	Low income
	-1.349
	6
	Northern Africa
	0

	181
	Benin
	BEN
	Lower middle income
	-1.360
	5
	Northern Africa
	0

	182
	Lao PDR
	LAO
	Lower middle income
	-1.383
	5
	Southeast Asia
	0

	183
	Tanzania
	TZA
	Lower middle income
	-1.384
	4
	Southern Africa
	0

	184
	Congo, Dem. Rep.
	COD
	Low income
	-1.399
	4
	Southern Africa
	1

	185
	Somalia, Fed. Rep.
	SOM
	Low income
	-1.409
	3
	Northern Africa
	2

	186
	Ethiopia
	ETH
	Low income
	-1.415
	3
	Northern Africa
	0

	187
	Gambia, The
	GMB
	Low income
	-1.434
	2
	Northern Africa
	0

	188
	Mali
	MLI
	Low income
	-1.436
	2
	Northern Africa
	0

	189
	Sudan
	SDN
	Low income
	-1.461
	1
	Northern Africa
	0

	190
	Niger
	NER
	Low income
	-1.479
	1
	Northern Africa
	0

	191
	Madagascar
	MDG
	Low income
	-1.534
	0
	Southern Africa
	1


Every country in the index, ranked from highest to lowest capacity. The score is the PC1-derived weighted capacity index defined in the main manuscript Methods and Table 1. Weights from the post-imputation correlation matrix were applied to the imputed indicator z-scores without re-standardising the columns, and the resulting weighted sum was centred and scaled to mean zero and unit population standard deviation. Values are meaningful only relative to one another. Pct is the percentile of the 191-country distribution. Region is the projection region the country maps to, or blank for the 26 countries with no projection-region match (Table S2). Miss is the number of the seven compiled indicators that were imputed using income-group medians with the overall column median after that step as a fallback (Table S7); countries with more than two missing were excluded from the index entirely. Scores are reproduced by 02_code/25_health_only_index.py and released as 03_output/primary_health_capacity.csv in the archive.

Median score -0.162; range -1.534 to +2.406. The index correlates with the WHO UHC service coverage index at Spearman 0.85 across these 191 countries (Table S1b). It is a transparent, reproducible composite of formal health-service supply released for reuse, not a validated instrument competing with UHC or with existing climate-and-health readiness frameworks; it measures neither smoke-specific preparedness nor adaptation.
Supplementary Note. Brazilian estimates in full
The main text reports the Brazilian panel in summary. The estimates behind it are recorded here in full so that no value quoted in earlier versions of this work is left unreported.
Panel. 334,140 municipality-months, 5,569 municipalities, 2015-2019. The smoke-exposure comparison below runs on a slightly smaller common sample, because one municipality has no match in the smoke-exposure grid.
Primary specification. Municipality-by-calendar-month plus year-month fixed effects, OLS on rates per 100,000, municipality-clustered standard errors: β₂ = −0.100 per SD beds; 95% CI −0.175 to −0.025; p = 0.009. Inference is insensitive to the clustering scheme. Quoting the conventional small-sample t(G-1) reference, appropriate where the cluster count is small: p = 0.009 with municipality clustering (5,569 clusters), p = 0.020 with state clustering (27) and p = 0.014 under two-way municipality-and-year-month clustering. The standard-normal reference gives 0.009, 0.013 and 0.009; both are recorded in 03_output/brazil_twoway_clustering.json.
Conditional Poisson (model-based inference; neither p-value is municipality-clustered, and these are reported for sign and magnitude rather than significance). Municipality-conditioned β₂ = +0.010, model-based p = 0.003; municipality-by-calendar-month-conditioned, year-adjusted β₂ = +0.009, model-based p = 0.09.
Cause composition. The share of natural deaths assigned to ill-defined causes showed no capacity-dependent change (β₂ = +0.04 percentage points per SD beds; p = 0.53), and the defined-cause differentials were imprecise and individually null.
Falsification tests. The external-cause negative control was null (β₂ = −0.032 (95% CI −0.125 to +0.062; p = 0.51)), as was the 12-month fire-activity lead (lead × capacity β₂ = +0.006; p = 0.87). The negative control shares agricultural-season confounders with the outcome and is the weaker of the two.
Exposure substitution. On the matched sample, with both exposures rescaled to unit SD, the ill-defined interaction falls from −0.085 (p = 0.009) with fire counts to −0.013 (p = 0.71) with modelled landscape-fire PM2.5, and no interaction appears in any cause physiologically closer to smoke: respiratory −0.067 (p = 0.24), cardiovascular −0.007 (p = 0.94), all natural-cause −0.068 (p = 0.66), external-cause placebo −0.070 (p = 0.18). In the Mexican replication the external-cause placebo fails under fire counts (β₂ = −0.030, p < 0.001), but is null under smoke (+0.0004, p = 0.95).
Joint model. Entering both exposures together, the fire-count interaction is essentially unchanged (β₂ = −0.085, p = 0.011) while the smoke interaction is indistinguishable from zero (−0.002, p = 0.97); the contrast between them is not significant (difference -0.083, p = 0.12).
Table S18. Sensitivity of the capacity index to income-related financing indicators.
	Index variant
	Regional ρ
	Permutation p
	Rank correlation with primary index

	Primary (all five indicators)
	-0.846
	0.00015
	1.000

	Physical capacity only (beds, physicians, nurses)
	-0.772
	0.00050
	0.961

	Omitting hospital beds
	-0.806
	0.00020
	0.988

	Omitting physicians
	-0.831
	0.00020
	0.990

	Omitting nurses and midwives
	-0.789
	0.00025
	0.991

	Omitting health expenditure (% GDP)
	-0.824
	0.00025
	0.984

	Omitting health expenditure per capita
	-0.789
	0.00030
	0.990


The primary index contains two financing indicators, and health expenditure per capita is strongly development-correlated, so excluding macroeconomic variables does not by itself remove the connection to income. Two direct checks (02_code/61_index_robustness.py): a physical-capacity index built only from hospital beds, physicians and nurses (omitting both financing measures entirely) and five leave-one-indicator-out variants of the primary score. Correlations are population-weighted regional means against the projected mortality ratio across 17 regions, using the same permutation scheme as the primary analysis but at 20 000 draws rather than 100 000. The primary row below is therefore a second Monte-Carlo estimate of the same exact p-value; the canonical figure quoted in the main text is p = 0.00005 from the 100 000-draw run. Both are far below 0.001 and the difference is Monte-Carlo error, not a different result.

The alignment does not depend on the financing components: with both removed, the physical-capacity index still gives ρ = -0.77 (p = 0.0005). Nor does it rest on any single indicator — across the five leave-one-indicator-out variants the correlation stays between -0.79 and -0.83, all significant. This does not establish that the index is independent of income, which the data cannot show; it establishes that the alignment is not an artifact of including expenditure.
Figure S6. Directed graphs of the two designs
[image: ]
(A) Global gap analysis. The projected mortality ratio is generated by demographic change and climate-driven exposure change; adaptation and vulnerability (the channel through which health-system capacity would act on smoke mortality) are held fixed by construction (grey arrow struck through with an orange ×), so no effect of capacity on the outcome is estimable from this design. The observed inverse correlation arises through the open backdoor path (orange) from capacity via latent development to demography. Conditioning on log GDP per capita, an imperfect proxy of latent development, does not close this path (Table S13). (B) Brazilian exploratory analysis. Municipal development determines hospital beds and modifies the fire–mortality association directly (orange), so the fire × beds interaction cannot isolate hospital capacity; smoke transported from other municipalities (dashed grey) affects mortality but is absent from the local fire-count exposure (interference).
Figure S7. Capacity, projected mortality growth, and the gap at future capacity horizons
[image: ]
(A) Recent (2015–2024) health-system capacity index. (B) Projected growth in fire-PM2.5-attributable mortality, 2095–2099 versus 2010–2014 under SSP2-4.5, at country resolution from the Zhao et al. Source Data Fig. 2 country-level premature-death values (see Table S4b for the provenance caveats attaching to these map-grade values). (C, D) The capacity–burden gap when capacity is carried forward by naive trend continuation to 2050 (C) and 2100 (D): each country's projected-mortality-growth percentile minus its capacity percentile, so red marks countries whose projected burden growth outranks their capacity and blue the reverse. Both panels use the same diverging scale and are therefore directly comparable. Grey denotes countries absent from the capacity index or the projection data. The red band across sub-Saharan Africa, South Asia and northern South America persists from 2050 to 2100, which is the map counterpart of the correlations in Table S14. Country boundaries: Natural Earth (public domain).
Figure S8. Capacity trajectories under naive trend continuation
[image: ]
(A) Regional population-weighted capacity at the current baseline and under naive per-country trend continuation to 2050 and 2100 (regions ordered by SSP2-4.5 projected mortality ratio; index definition and standardisation held at baseline). (B) The regional Spearman correlation between capacity at each horizon and the projected mortality ratio under SSP2-4.5 and SSP5-8.5, with permutation p-values (Table S14). The alignment persists at every horizon because trend continuation raises capacity levels while largely preserving regional ordering.
Figure S9. Within-country fire × capacity interaction across specifications
[image: ]
The exploratory within-country interaction is specification-dependent. The Brazilian and Mexican estimates use fire-detection counts as the exposure and the Chilean estimates use burned area; where modelled landscape-fire PM2.5 was substituted (the Brazilian primary specification and the Mexican replication) no interaction significant under fire counts remained so (Table S16). Both panels show point estimates with 95% confidence intervals and p values. (A) Ordinary least-squares β₂ (ill-defined-cause deaths per 100,000 per SD of hospital beds) across six specifications: the primary municipality-by-calendar-month model (blue) is negative and significant, and municipality trends or extension to 2020 keep it negative, but three are null — municipality plus state-by-year-month fixed effects, municipality-plus-year-month fixed effects, and the subsample recording at least one ill-defined death. The final two are marked †; their intervals are reconstructed as described in Supplementary Methods. (B) Relative-scale estimands (log incidence-rate ratio per SD, not comparable to panel A): Brazil conditional-Poisson, and the Mexico and Chile replications with external-cause placebos. Further cause-specific estimates are in Figure S4.
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