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[bookmark: _Toc174114864][bookmark: _Toc229769788]Text S1 	Mortality data collection and organization
We obtained daily mortality data for 830 locations in 53 countries and territories from the Multi-Country Multi-City (MCC) Collaborative Research Network database. The MCC network is a continuously expanding international network that collects daily mortality counts from relevant authorities of multiple countries globally. The details of MCC dataset have been described in our previous work.1,2 For each city MCC network, daily counts of all-cause mortality were collected and non-external causes (International Classification of Diseases [ICD], 9th Revision codes 0‒799 or ICD-10 codes A0‒R99) mortality were alternatively collected when all-cause mortality was unavailable. 

We also collected data on all individual deaths in Australia between 2009-2019 from the Australian Cause of Death Unit Record File (COD URF)3, in New Zealand between 2000-2018 from the New Zealand Ministry of Health4, in Brazil between 1996-2019 from the Brazil Mortality Information System (Sistema de Informação sobre Mortalidade, SIM)5, in Canada between 1986-2015 from the Vital Statistics Deaths Database of Statistics Canada6, in Chile between 1986-2015 from the Chilean Ministry of Health Epidemiology Department7 and in Taiwan between 2000-2018 from the Mortality Collection, Ministry of Health and Welfare of Taiwan.8 For a time-series analysis, we aggregated the individual death data at location and daily level based on the administrative boundary with a proper area size for each country and territory (Statistical Area Level 3 [SA3] for Australia [n = 341], territorial authority [TA] for New Zealand [n = 66], immediate region for Brazil [n = 510] and Chile [n = 15], second-level administrative divisions [regions or districts within the provinces and territories] for Canada [n = 288] and special municipalities for Taiwan [n = 6]). 

Additionally, mortality data was collected for each health demographic surveillance systems (HDSS) sites from the International Network for the Demographic Evaluation of Populations and their Health (INDEPTH) Network. The INDEPTH Network provides all-cause mortality counts data in 2000-2016, which were retrieved from 32 health and demographic surveillance systems (HDSS) sites in Africa and Asia that were not overlapped with the MCC database. The health data were representative of the whole population in each HDSS site, and more information had been presented by previous publications9,10.

We excluded MCC locations in Australia, Brazil, Canada, Chile and Taiwan to avoid duplication. Consequently, the integrated global dataset covers 2034 locations from 68 countries or territories. Among these locations, 413 locations from 23 countries or territories that experienced tropical cyclones were included in the subsequent analysis.
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[bookmark: _Toc229769790][bookmark: _Hlk132990805]Table S1. Summary of the study periods, number of included locations exposed by TC and corresponding total number of deaths in the 23 countries/territories.
	Country/territory
	No. of locationsa
	Geographic unit
	Study period
	No. of deathsb

	Australia
	21
	SA3
	2009-2019
	65,772 

	Bangladesh
	1
	Cities
	2005-2016
	4,797 

	Brazil
	7
	Immediate regions
	2000-2019
	291,389 

	Canada
	151
	Second-level 
administrative divisionsc
	2000-2015
	2,373,608 

	China Mainland
	4
	Cities
	2000-2015
	255,795 

	Guadeloupe
	1
	Cities
	2000-2015
	26,204 

	Iceland
	1
	Cities
	2000-2018
	25,178 

	Ireland
	2
	Cities
	2000-2007
	106,858 

	Japan
	47
	Cities
	2000-2019
	23,394,733 

	Martinique
	1
	Cities
	2000-2015
	19,986 

	Mexico
	4
	Cities
	2000-2019
	2,769,495 

	New Zealand
	13
	Territorial authorities
	2000-2018
	71,615 

	Philippines
	11
	Cities
	2006-2019
	726,143 

	Portugal
	3
	Cities
	2000-2018
	552,844 

	Puerto Rico
	1
	Cities
	2009-2016
	26,564 

	Reunion
	1
	Cities
	2000-2015
	13,874 

	South Korea
	36
	Cities
	2000-2018
	2,681,479 

	Spain
	2
	Cities
	2000-2014
	67,331 

	Taiwan
	6
	Special municipalities
	2000-2018
	1,740,776 

	Thailand
	5
	Cities
	2000-2008
	138,314 

	UK
	17
	Cities
	2000-2019
	579,465 

	USA
	76
	Cities
	2000-2006
	2,853,061 

	Vietnam
	2
	Cities
	2004-2013
	8,625 

	Overall
	413
	
	
	38,793,906 


Abbreviations: TC, tropical cyclone; SA3, Statistical area level-3; UK, United Kingdom; USA, United States of America.
aThese are the locations that experienced at least one TC day during the study period and were included in the analysis.
bTotal number of deaths among the included locations during the study period.
cRegions or districts within the provinces and territories.
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[bookmark: _Toc229769791]Table S2. The summary of the included potential factors associated with TC-related deaths.
	Included factors
	Source
	Unit
	Spatial resolution
	Temporal resolutiona
	Brief descriptions

	Location characteristics
	
	
	
	
	

	Socio-demographic index
	GBD11
	None
	Subnational
	Yearly values from 1990-2021
	An index, ranging from 0 to 1, measures the level of socio-demographic development based on the key factors influencing public health, including income per capita, educational attainment and total fertility rate. A higher value indicates greater socio-demographic development relevant to health.

	[bookmark: _Hlk185428104]Population size
	LandScan Global12
	Persons
	~1 km × 1 km grid
	Yearly values from 2000-2019
	Data were aggregated for each location by summing the values of all grid cells within the location to estimate the total population size.

	Population density
	LandScan Global12
	persons/km2
	~1 km × 1 km grid
	Yearly values from 2000-2019
	Data were aggregated to estimate the total population size at each location, which was then used to calculate population density based on the location's area size

	Built-up ratio
	SEDAC13
	None
	~1 km × 1 km grid
	2010
	Ratio of built-up area to non-built-up area. Data were aggregated for each location by averaging the values of all grid cells within the location.

	Percent of population aged ≥ 65 years
	WorldPop14
	%
	~1 km × 1 km grid
	Yearly values from 2000-2019
	Data were aggregated for each location to estimate the total population size of individuals aged ≥ 65 years. This estimate was then divided by the total population size of the location to calculate the proportion of the population aged ≥ 65 years.

	Percent of population aged ≤ 9 years
	WorldPop14
	%
	~1 km × 1 km grid
	Yearly values from 2000-2019
	Data were aggregated for each location to estimate the population aged ≤ 9 years, which was then divided by the total population to calculate the proportion aged ≤ 9 years.

	Percent of female population
	WorldPop14
	%
	~1 km × 1 km grid
	Yearly values from 2000-2019
	Data were aggregated for each location to estimate the total population size of female individuals. This estimate was then divided by the total population size of the location to calculate the proportion of females.

	Regulatory quality
	World bank15
	None
	Country/territory-level
	Yearly values from 2000-2019
	An Index, ranging from -2.5 to 2.5, measures the perceptions of the quality of public services, the quality of the civil service and the degree of its independence from political pressures, the quality of policy formulation and implementation, and the credibility of the government's commitment to such policies. A higher value indicates better regulatory quality.

	Government effectiveness
	World bank15
	None
	Country/territory-level
	Yearly values from 2000-2019
	An index, ranging from -2.5 to 2.5, measures the perceptions of the ability of the government to formulate and implement sound policies and regulations that permit and promote private sector development. A higher value indicates better governance performance.

	Healthcare access and quality index
	GBD16
	None
	Country/territory-level
	1990–2015 (every 5 years)
	An index, ranging from 0 to 100, measures healthcare system performance in providing access to and quality of services that effectively prevent or treat 32 causes of death deemed 'amenable to healthcare.' Values were averaged across causes to obtain an overall index, with higher values indicating better healthcare access and quality.

	Köppen-Geiger climate zones
	Beck et al. (2018)17
	None
	~1 km × 1 km grid
	A static, long-term climatological average.
	A widely used system for classifying the world's climates based on temperature, precipitation, and seasonality. The classification of five major types of climate zones (i.e., A, B, C, D, E) was used.

	TC characteristics
	
	
	
	
	

	Maximum sustained windspeed
	Wind field model18
	m/s
	~1 km × 1 km grid
	Daily values from 2000-2019
	TC-associated maximum sustained windspeed for each grid cell affected by the TC.

	Cumulative rainfall
	Rain field model19
	mm
	~1 km × 1 km grid
	Daily values from 2000-2019
	TC-associated rainfall for each grid cells it affected. Data were aggregated (summed) at location and weekly level to derive the location-level weekly cumulative rainfall associated with the TCs.

	Maximum flood depth
	Hydrodynamic storm-surge (shallow-water) model20
	meter
	~1 km × 1 km grid
	Grid-level values for each TC event between 2000 and 2019
	Maximum flood depth driven by the TC-induced surge for each grid cell affected by the event.


Abbreviations: GBD: global burden of disease; SEDAC, socioeconomic data and applications center; TC, tropical cyclone.
aAny years with missing data between 2000 and 2019 were interpolated using a spline function of available values from other years.
[bookmark: _Toc229769792]Table S3. The average and SD of the RMSE of the ensemble Bayesian models in estimating the location-level weekly deaths by countries and territories.
	Country/territory
	RMSE in weekly deathsa

	
	Average value
	SD

	Australia
	1.80 
	0.75 

	Bangladesh
	2.28 
	NAb

	Brazil
	4.81 
	1.25 

	Canada
	2.82 
	1.47 

	China Mainland
	7.29 
	2.48 

	Guadeloupe
	4.68 
	NAb

	Iceland
	4.29 
	NAb

	Ireland
	5.66 
	0.77 

	Japan
	13.18 
	3.09 

	Martinique
	4.09 
	NAb

	Mexico
	8.15 
	1.99 

	New Zealand
	1.98 
	0.69 

	Philippines
	6.45 
	1.24 

	Portugal
	6.55 
	1.22 

	Puerto Rico
	5.63 
	NAb

	Reunion
	2.98 
	NAb

	South Korea
	5.21 
	2.35 

	Spain
	4.81 
	0.31 

	Taiwan
	10.73 
	0.69 

	Thailand
	5.11 
	1.32 

	UK
	4.39 
	0.73 

	USA
	4.94 
	1.02 

	Vietnam
	2.41 
	0.77 

	Overall
	5.02 
	3.70 


Abbreviations: NA, not available; RMSE, root mean squared error; SD, standard deviation; TC, tropical cyclone; UK, united kingdom; USA, united states of America.
aThe RMSE of the ensemble Bayesian models in estimating the location-level weekly deaths during the non-TC period (i.e., the baseline deaths).
bSD of location-level RMSE was not available as there was only one location in the country/territory
[bookmark: _Toc229769793]Table S4. Average values of the included factors associated with TC mortality across 413 TC-exposed locations in 23 countries/territories.
	Country/territory
	Socioeconomic developmenta
	Population traitsa
	Infrastructure levela
	Governance qualitya
	TC physical characteristicsb

	
	SDI
	Population aged ≥ 65 years (%)
	Population aged ≤ 9 years (%)
	Female population (%)
	Population density (persons/km2)
	Healthcare access and quality index
	Built-up ratio
	Regulatory quality index
	Government effectiveness index
	Maximum sustained windspeed (m/s)
	Cumulative rainfall (mm)
	Maximum flood depth (m)

	Australia
	0.80 
	9.79 
	14.80 
	48.04 
	17.91 
	82.24 
	90.81 
	1.74 
	1.70 
	36.91 
	322.13 
	0.16 

	Bangladesh
	0.37 
	2.99 
	28.54 
	49.00 
	424.61 
	51.59 
	45.17 
	-0.92 
	-0.75 
	49.33 
	288.90 
	0.00 

	Brazil
	0.64 
	7.66 
	14.86 
	50.49 
	131.78 
	61.56 
	95.24 
	0.04 
	-0.11 
	10.98 
	43.24 
	0.17 

	Canada
	0.84 
	15.22 
	10.61 
	51.14 
	108.22 
	81.20 
	93.93 
	1.67 
	1.82 
	29.20 
	92.74 
	0.10 

	China Mainland
	0.63 
	9.46 
	8.61 
	49.82 
	2326.82 
	65.56 
	67.10 
	-0.26 
	0.13 
	135.34 
	1019.47 
	0.01 

	Guadeloupe
	0.80 
	13.79 
	13.97 
	53.73 
	38.63 
	79.88 
	46.02 
	0.47 
	0.34 
	49.86 
	190.45 
	0.00 

	Iceland
	0.84 
	12.69 
	13.39 
	50.52 
	175.42 
	86.01 
	41.20 
	1.36 
	1.72 
	21.76 
	35.24 
	0.00 

	Ireland
	0.83 
	13.17 
	13.81 
	50.79 
	29.91 
	79.14 
	92.20 
	1.72 
	1.58 
	69.90 
	78.03 
	0.00 

	Japan
	0.83 
	23.88 
	8.89 
	51.74 
	387.62 
	83.24 
	56.61 
	1.11 
	1.48 
	185.34 
	816.32 
	0.53 

	Martinique
	0.80 
	15.49 
	12.64 
	53.58 
	39.29 
	79.88 
	85.91 
	0.44 
	0.38 
	39.04 
	304.14 
	0.00 

	Mexico
	0.62 
	6.50 
	19.05 
	51.37 
	883.55 
	60.46 
	33.81 
	0.33 
	0.16 
	15.16 
	66.06 
	0.00 

	New Zealand
	0.81 
	15.69 
	14.63 
	51.12 
	10.10 
	78.12 
	82.65 
	1.82 
	1.77 
	11.31 
	27.40 
	0.02 

	Philippines
	0.65 
	3.01 
	21.45 
	51.00 
	3193.61 
	51.92 
	8.87 
	-0.09 
	-0.01 
	207.02 
	1799.10 
	1.13 

	Portugal
	0.70 
	20.23 
	9.49 
	52.29 
	219.95 
	75.96 
	65.18 
	0.98 
	1.09 
	10.45 
	16.63 
	0.00 

	Puerto Rico
	0.76 
	14.60 
	12.21 
	52.90 
	414.55 
	70.70 
	41.36 
	-0.17 
	-0.48 
	63.73 
	585.18 
	0.00 

	Reunion
	0.80 
	8.78 
	17.18 
	51.52 
	16.28 
	79.88 
	47.60 
	1.16 
	1.03 
	100.69 
	1398.35 
	0.00 

	South Korea
	0.84 
	13.29 
	10.61 
	50.13 
	419.22 
	80.15 
	52.87 
	0.91 
	1.07 
	81.83 
	315.88 
	0.35 

	Spain
	0.73 
	13.69 
	9.87 
	49.15 
	148.12 
	81.28 
	13.15 
	1.12 
	1.23 
	12.78 
	23.31 
	0.00 

	Taiwan
	0.82 
	9.95 
	10.17 
	50.59 
	1817.19 
	72.96 
	39.04 
	1.15 
	1.14 
	343.37 
	2611.46 
	1.32 

	Thailand
	0.63 
	8.96 
	14.34 
	49.72 
	66.33 
	63.86 
	74.51 
	0.24 
	0.31 
	20.92 
	47.59 
	0.00 

	UK
	0.82 
	18.55 
	11.27 
	50.77 
	270.24 
	77.44 
	30.40 
	1.75 
	1.66 
	10.08 
	9.27 
	0.08 

	USA
	0.82 
	14.30 
	12.64 
	51.45 
	236.53 
	76.48 
	46.52 
	1.50 
	1.58 
	84.09 
	411.60 
	0.87 

	Vietnam
	0.56 
	7.73 
	16.96 
	50.48 
	525.22 
	61.78 
	30.93 
	-0.57 
	-0.22 
	113.70 
	687.74 
	0.59 


Abbreviations: Built-up ratio, ratio of built-up area to non-built-up area; HAQ, healthcare access and quality index; SDI, socio-demographic index; TC, tropical cyclone.
aThe average annual values of the 413 TC-exposed locations across 23 countries/territories between 2000 and 2019.
bThe average decadal cumulative TC-associated windspeed, rainfall and surge-driven flood depth.
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[bookmark: _Toc229769794]Figure S1. The posterior probability of excess deaths after TCs in the 413 TC-exposed locations across 23 countries/territories during the study period.
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[bookmark: _Toc229769795]Figure S2. The average annual socio-demographic index of the 413 tropical cyclone-exposed locations across 23 countries/territories between 2000 and 2019.
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[bookmark: _Toc229769796]Figure S3. The built-up ratio (ratio of built-up area to non-built-up area) of the 413 tropical cyclone-exposed locations across 23 countries/territories in 2010.
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[bookmark: _Toc229769797]Figure S4. The average annual index of health care access and quality of the 413 tropical cyclone-exposed locations across 23 countries/territories between 2000 and 2019.
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[bookmark: _Toc229769798]Figure S5. The average annual human development index of the 413 tropical cyclone-exposed locations across 23 countries/territories between 2000 and 2019.
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[bookmark: _Toc229769799]Figure S6. The average annual percentage of the population aged ≤ 9 years in the 413 tropical cyclone-exposed locations across 23 countries/territories between 2000 and 2019.
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[bookmark: _Toc229769800]Figure S7. The average annual percentage of the population aged ≥ 65 years in the 413 tropical cyclone-exposed locations across 23 countries/territories between 2000 and 2019.
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[bookmark: _Toc229769801]Figure S8. The average annual percentage of female population in the 413 tropical cyclone-exposed locations across 23 countries/territories between 2000 and 2019.
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[bookmark: _Toc229769802]Figure S9. The average annual index of government effectiveness in the 413 tropical cyclone-exposed locations across 23 countries/territories between 2000 and 2019.
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[bookmark: _Toc229769803]Figure S10. The average annual index of regulatory quality in the 413 tropical cyclone-exposed locations across 23 countries/territories between 2000 and 2019.
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[bookmark: _Toc229769804]Figure S11. The average annual population density in the 413 tropical cyclone-exposed locations across 23 countries/territories between 2000 and 2019.
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[bookmark: _Toc229769805]Figure S12. The average annual population size in the 413 tropical cyclone-exposed locations across 23 countries/territories between 2000 and 2019.
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[bookmark: _Toc229769806]Figure S13. The Köppen-Geiger climate zones in the 413 tropical cyclone-exposed locations across 23 countries/territories.
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[bookmark: _Toc229769807]Figure S14. Relative importance of the included potential factors associated with TC-related deaths in the RFR model after excluding European locations. a, distribution of the minimal depth across forest trees for the study variables, with the mean indicated by a vertical black bar and its value labeled. b, multiway importance plot combining root node frequency, mean minimal depth, and total number of trees where a split occurs for each included factor. Abbreviations: Built-up ratio, ratio of built-up area to non-built-up area; RFR, random forest regression; TC, tropical cyclone.
[image: ]
[bookmark: _Toc229769808]Figure S15. Relative importance of the included potential factors associated with TC-related deaths in the RFR model, using TC wind field data that accounts for terrain-induced wind field asymmetries. a, distribution of the minimal depth across forest trees for the study factors, with the mean indicated by a vertical black bar and its value labeled. b, multiway importance plot combining root node frequency, mean minimal depth, and total number of trees where a split occurs for each included factor. Abbreviations: Built-up ratio, ratio of built-up area to non-built-up area; RFR, random forest regression; TC, tropical cyclone.
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[bookmark: _Toc229769809]Figure S16. Robustness of variable importance rankings for potential factors associated with TC-related deaths in the RFR model across 500 Monte Carlo simulations. The figure illustrates the rank distribution of the included factors after propagating the uncertainty from the first-stage mortality estimation. The left panel displays the rank distribution based on Mean Minimal Depth, and the right panel displays the rank distribution based on Root Node Frequency. The boxes represent the interquartile range of the simulated ranks, with the central vertical black line indicating the median rank, and the whiskers extending to the extreme values. Abbreviations: Built-up ratio, ratio of built-up area to non-built-up area; RFR, random forest regression; TC, tropical cyclone.
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