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Extended Data Fig. 1 | Return periods for 100 mm TC rainfall event at different locations. a. the historical ensemble means; b. the SSP 3–7.0 ensemble mean. The 
return period at each location is calculated as the mean of the return period estimates from eight GCMs. Basemaps in a and b created with MATLAB28.

http://www.nature.com/natureclimatechange
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Extended Data Fig. 2 | Spatial distribution of the monthly mean Sea Surface Temperature. a. the Hist ensemble (1985–2014) and b. SSP3-7.0 ensemble (2071–2100) 
from eight GCMs (different GCM spatial grids are linearly rescaled into the same spatial grids based on UKESM1–0-LL). Basemaps in a and b created with MATLAB28.
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Extended Data Fig. 3 | Sensitivity of the return period of 100 mm TC rainfall to changes in environmental forcings from Hist (1985–2014) to SSP3–7.0 (2071–2100) 
for each of eight GCMs. a. Sea Surface Temperature; b. Specific Humidity; c. Vertical Wind Shear.
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Extended Data Fig. 4 | Tropical Cyclone hourly rain rate and its return periods 
based on the historical (Hist), SSP3-7.0 climate scenarios, and ERA5 reanalysis. 
Lines represent 8-model ensemble means for the historical runs (blue), SSP3-
7.0 runs (red), and the ERA5 run (black) for Los Angeles (34°03′N, 118°15′W) 
and shadings represent upper and lower model estimates from the historical 
ensemble (blue) and SSP3-7.0 ensemble (red); the embedded sub-panel shows 

the probability distribution function (PDF) of TC rain rate with 100 year return 
period based on eight models of Hist (blue) and SSP3-7.0 climate scenarios (red), 
estimated by bootstrapping ensemble GCM estimates, and the ERA5 estimate 
(black straight line). The green dashed line in the main figure represents the 
100-year return period for comparison.

http://www.nature.com/natureclimatechange
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Extended Data Fig. 5 | The interquartile range (IQR) map for the median landslide probability across GCMs for the 3-day window maximum of the historical ensemble 
(Hist) and the SSP3-7.0 ensemble. Basemap administrative boundaries from GADM v. 3.6.
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Extended Data Fig. 6 | The total population projection for each Southern California county by SSP3 in 2000, 2050, and 2100.
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Extended Data Fig. 7 | Population exposure to landslides in 2000 and 2050. 
a. population exposure to landslides at the census tract level in 2000 based on 
the mean value from eight Hist ensemble member estimates, calculated from the 
Hist landslide probability and the SSP3 population estimation for 2000.  

b. projected exposure to landslides at the census tract level in 2050 based on the 
mean value from eight SSP3-7.0 ensemble member estimates, calculated from 
the SSP3-7.0 landslide probability and the SSP3 population projection for 2050. 
Basemaps created with MATLAB28.
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Extended Data Fig. 8 | Population exposure to landslides within census 
tracts summarized by income levels. a. number of households with < $100,000 
($100k) annual income exposed to landslides in the Hist scenario in 2000;  
b. number of households with > $200,000 ($200k) annual income exposed to 
landslides in the Hist scenario in 2000; c. number of households with < $100,000 

($100k) annual income exposed to landslides in the SSP3-7.0 scenario in 2050; 
d. number of households with > $200,000 ($200k) annual income exposed to 
landslides in the SSP3-7.0 scenario in 2050. We assume the fraction of household 
income does not change in each census tract from 2000 to 2050. Basemaps 
created with MATLAB28.

http://www.nature.com/natureclimatechange
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Extended Data Fig. 9 | The changes in paid tax exposure to landslide hazards. 
a. fractional (%) change in the paid tax exposure for households with < 25k 
annual income (first tax bracket) from Hist to SSP3-7.0, summarized within each 
zip code; b. fractional (%) change in the paid tax exposure for households with 
> 200k annual income (sixth tax bracket) from Hist to SSP3-7.0 summarized 
within each zip codes; c. census tract mean fractional changes of total paid tax 

exposure from Hist to SSP3-7.0, grouped by six tax brackets (income ranges), 
with distribution of separate GCM models and their median shown; d. census 
tract mean changes in total paid tax exposure ($ USD) from Hist to SSP3-7.0, 
grouped by six tax brackets (income ranges), with the distribution of separate 
GCM models and their median values shown. Basemaps in a and b created with 
MATLAB28.
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Extended Data Fig. 10 | Tropical cyclone rainfall and change based on 
100-year return period. a. the spatial distribution of event TCP with a 100-year 
return period (100-year TCP) calculated as the ensemble mean of eight models 
from the SSP3-7.0 run; b. the absolute change of ensemble means of 100-year 

TCP from the historical (Hist) to SSP3-7.0, calculated as SSP3-7.0 - Hist; c. the 
fractional change of ensemble means of 100-year TCP from Hist to SSP3-7.0, 
calculated as (SSP3-7.0 - Hist)/Hist*100%. Basemaps created with MATLAB28.
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