
Figure S1. Cross-validation of EM-DAT against the NCEI independent database (1980–2020). Panels (a–c)

compare annual earthquake disaster events, fatalities, and economic losses recorded in EM-DAT and NCEI,

respectively. Pearson and Spearman correlation coefficients indicate the consistency of temporal variations

between the two databases.
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Figure S2. Comparison of temporal trends in annual fatalities (a), economic losses (b), and affected population (c)

between the original dataset and the dataset excluding the five most catastrophic earthquake disasters (2004

Sumatra and Indian Ocean tsunami, 2008 Wenchuan, 2010 Haiti, 2011 Great East Japan, and 2023 Türkiye–Syria).

Dashed lines indicate linear regression trends.

Figure S3. Sensitivity analysis of discretization methods and strata numbers for continuous explanatory variables

in the Geodetector model. The q-statistic is plotted against the number of strata (k = 3–10) for four discretization

methods: Quantile (red circles), Equal interval (blue squares), Natural breaks (green triangles), and Standard

deviation (purple diamonds). Panels (a–d) correspond to the dependent variable log(Deaths per million + 1), and

panels (e–h) correspond to the dependent variable log(Loss/GDP ratio + 0.001). The optimal discretization scheme

for each variable was selected based on the highest q-statistic and the stability of results across different strata

numbers for the corresponding dependent variables (see Table S10).
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Figure S4. Figure S4. Temporal trends and uncertainty assessment of major earthquake impact indicators

(1980–2024).Panels (a), (d), and (g) show annual variations in total fatalities, total economic losses, and total

affected population, respectively. Panels (b), (e), and (h) present the annual mean and median values of

event-normalized indicators (fatalities per event, economic loss per event, and affected population per event), with

shaded areas representing the interquartile range (IQR). Panels (c), (f), and (i) show linear regression trends of

log10(x+1)-transformed annual fatalities, economic losses, and affected population, respectively. Solid lines

indicate fitted regression trends, and shaded areas represent the 95% confidence intervals of the fitted trends. The

figure illustrates both interannual variability and uncertainty associated with long-term trend estimation of

earthquake disaster impact indicators.
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Figure S5. Kernel density estimation (KDE) curves with Gaussian mixture model (GMM) overlays for five

variables across four temporal periods. Blue solid lines represent KDE with Silverman's rule bandwidth; red dots

and dashed lines mark local maxima (modes); green dashed lines show GMM fits with BIC-optimal component

numbers (k).
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Figure S6. Continental contributions to global earthquake disaster impact indicators during 1980–2024. NOE

represents number of earthquakes, CNAI represents cumulative number of affected people, CEL represents

cumulative economic losses, CDT represents cumulative number of fatalities, AAPE represents average number of

affected people per event, AELPE represents average economic loss per event, ADPE represents average number

of fatalities per event, MR represents mortality rate.

Figure S7. Contribution concentration of top-ranked earthquake disaster events to continental-scale impact

indicators (1980–2024).
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Figure S8. Spatial distribution and temporal trend statistics of earthquake disaster impact indicators at the national

scale (1980–2024). Spatial patterns and temporal trend statistics of eight earthquake disaster indicators at the

national scale. (a) Number of recorded earthquake disaster events; (b) mortality rate; (c) cumulative affected

population; (d) average affected population per event; (e) cumulative fatalities; (f) average fatalities per event; (g)

cumulative economic losses; and (h) average economic loss per event.
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Table S2. Summary statistics of earthquake disaster events by continent and period (1980–2024).

Continent Period Total
Records

Fatality
Records

Completene
ss(%)

Affected
Records

Comple
teness
(%)

Economicl
oss

Records

Complete
ness (%)

Africa
1980-1994 19 12 63.2 15 78.9 7 36.8
1995-2009 27 23 85.2 25 92.6 8 29.6
2010-2024 8 6 75.0 8 100.0 2 25.0

Americas
1980-1994 79 56 70.9 72 91.1 38 48.1
1995-2009 69 49 71.0 66 95.7 26 37.7
2010-2024 63 42 66.7 63 100.0 26 41.3

Asia
1980-1994 140 105 75.0 135 96.4 56 40.0
1995-2009 265 181 68.3 254 95.8 110 41.5
2010-2024 265 174 65.7 258 97.4 127 47.9

Europe
1980-1994 57 32 56.1 48 84.2 21 36.8
1995-2009 39 16 41.0 37 94.9 21 53.8
2010-2024 28 17 60.7 28 100.0 19 67.9

Oceania
1980-1994 18 7 38.9 10 55.6 8 44.4
1995-2009 13 10 76.9 13 100.0 2 15.4
2010-2024 15 10 66.7 13 86.7 7 46.7

Notes: Event count = number of earthquake disaster events recorded in EM-DAT. Completeness = (Available

records / Total records) × 100%. Periods: 1980–1994, 1995–2009, 2010–2024. Source: EM-DAT database.

Table S3. Sensitivity analysis of temporal trends using the original dataset and a dataset excluding five

catastrophic earthquake disasters.
Metric Dataset Slope Intercept R² p-value Trend direction

Annual fatalities
Original −0.003 10.57 0.003 0.719 No significant

trend
Extremes
removed −0.011 25.17 0.041 0.185 No significant

trend

Annual economic loss
Original 0.003 1.64 0.002 0.749 No significant

trend
Extremes
removed −0.002 10.03 0.001 0.846 No significant

trend

Annual affected population

Original 0.013 −18.94 0.095 0.039 Significant
increase

Extremes
removed +0.010 −13.65 0.077 0.066

Marginally
significant
increase

Note: The extreme-event-removed dataset excludes five catastrophic earthquake disasters: the 2004

Sumatra–Andaman earthquake and Indian Ocean tsunami, the 2008 Wenchuan earthquake, the 2010 Haiti

earthquake, the 2011 Great East Japan earthquake and tsunami, and the 2023 Türkiye–Syria earthquake. Trend

statistics were calculated using the same procedures as the main analysis. For impact indicators with strongly

right-skewed distributions, log10(x+1)-transformed annual values were used for regression analysis. Dashed lines

indicate linear regression trends.
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Table S4. Lag-1 autocorrelation assessment before Mann-Kendall trend analysis.
Variable AR(1) p-value Significant autocorrelation Recommended treatment

Affected population per

million people
-0.1077 0.449585 No Direct Mann–Kendall

Fatalities per million people 0.0966 0.496038 No Direct Mann–Kendall

Economic loss per unit GDP 0.0457 0.752817 No Direct Mann–Kendall

Number of recorded events 0.3831 0.011793 Yes
Pre-whitening

recommended

Affected population per

recorded event
-0.1123 0.428922 No Direct Mann–Kendall

Fatalities per recorded event 0.0317 0.822975 No Direct Mann–Kendall

Mortality rate (%) 0.075 0.596986 No Direct Mann–Kendall

Economic loss per recorded

event
0.0592 0.70321 No Direct Mann–Kendall

Table S5. Descriptive statistics of annual earthquake disaster impact indicators used in temporal analysis

(1980–2024).
Indicator Mean Median Q1 Q3 IQR

Number of recorded events 24.47 24.00 20.00 29.00 9.00
Fatalities per million people 7.94 1.52 0.38 6.00 5.62

Mortality rate (%) 1.06 0.23 0.06 0.51 0.45
Affected population per

million people 1700.60 712.83 311.32 1561.17 1249.85

Economic loss per unit
GDP (%) 0.48 0.08 0.05 0.28 0.23

Fatalities per recorded event 793.93 145.53 44.31 579.53 535.22
Economic loss per recorded

event 1378986.50 456041.70 355987.09 1329075.21 973088.13

Affected population per
recorded event 183272.09 58719.12 35427.88 140262.50 104834.62

Notes: Q1 and Q3 denote the 25th and 75th percentiles, respectively. IQR was calculated as Q3 − Q1. Statistics

were calculated from the annual series over 1980–2024.
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Table S9. Optimal discretization schemes for explanatory variables in the Geodetector model.

Variable Type
Discretization

method

Strata

(k)

Actual

strata

Breakpoints /

Categories

Magnitude Continuous Equal interval 9 9

3.50, 4.17, 4.83,

5.50, 6.17, 6.83,

7.50, 8.17, 8.83

Focal depth Continuous Quantile 9 9

5.0, 10.0, 15.0, 20.0,

30.0, 42.0, 68.0,

96.0, 236.0 (km)

GDP per capita Continuous Quantile 8 8

373.38, 933.84,

1656.55,

2685.85, 4381.42,

7781.21,

17352.03,

59885.71(USD)

Population density Continuous Quantile 11 11

4.15, 7.13, 11.35,

17.45, 26.15, 38.92,

58.86, 94.52,

152.38,

258.44,

1090.12(people/km²)

Tectonic setting Categorical
Not applicable

(original categories)
— 6

Craton/Shield,

Orogenic belt,

Subduction-related,

Rift system, Basin

system, Oceanic

crust

Seismotectonic type Categorical
Not applicable

(original categories)
— 4

Shallow crustal,

Subduction zone,

Intraplate,

Megathrust

Disaster process type
Categorical

(binary)

Not applicable

(original categories)
— 2

Pure earthquake (0),

Associated disaster

(1)

Notes: Actual strata may differ from predefined strata numbers when identical break values occur during

classification. Categorical variables were retained using their original categories without further discretization.

18 



Table S10. Comparison of discretization methods for continuous explanatory variables in the Geodetector model.
Variable Method Optimal k q (Deaths) q (Loss) Mean q CV (%) Rank

Magnitude

Equal interval 9 0.1687 0.188 0.1784 3.17 1
Natural breaks 9 0.1648 0.1882 0.1765 6.76 2

Quantile 10 0.1471 0.1709 0.159 11.16 3
Standard deviation 10 0.1471 0.1709 0.159 11.16 3

Focal depth

Quantile 9 0.0408 0.0544 0.0476 2.73 1
Standard deviation 9 0.0408 0.0544 0.0476 2.73 1
Natural breaks 9 0.0202 0.0293 0.0248 3.57 3
Equal interval 10 0.0106 0.0138 0.0122 9.59 4

GDP per capita

Quantile 8 0.0282 0.0662 0.0472 10.47 1
Standard deviation 8 0.0282 0.0662 0.0472 54.71 2
Natural breaks 10 0.0293 0.0526 0.041 9.88 3
Equal interval 10 0.0154 0.0368 0.0261 22.45 4

Population
density

Natural breaks 11 0.045 0.1422 0.0936 17.24 1

Equal interval 12 0.0304 0.1292 0.0798 0.91 2

Standard deviation 12 0.0139 0.058 0.0359 0.61 3

Quantile 11 0.0373 0.0267 0.032 4.36 4

Notes: CV (coefficient of variation) is calculated as the standard deviation of q-statistics within the optimal k ± 1

range, divided by the mean, expressed as a percentage. A CV < 15% indicates robustness to small changes in

strata number.Rank is determined by Mean q in descending order; for ties, the method with lower CV is ranked

higher.
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Table S11. Comprehensive Multimodality Test Results by Variable and Period.

Variable Period N KDE
Modes

GMM
Best K Conclusion

Latitude

Overall (1980–2024) 1068 2 2 Multimodal
1980–1994 310 1 2 Multimodal
1995–2009 410 2 5 Multimodal
2010–2024 348 2 5 Multimodal

Longitude

Overall (1980–2024) 1068 2 5 Multimodal
1980–1994 310 2 4 Multimodal
1995–2009 410 2 5 Multimodal
2010–2024 348 2 3 Multimodal

Log(Economic Loss)

Overall (1980–2024) 1068 2 2 Multimodal
1980–1994 310 2 5 Multimodal
1995–2009 410 2 2 Multimodal
2010–2024 348 2 2 Multimodal

Log(Fatalities)

Overall (1980–2024) 1068 1 5 Unimodal
1980–1994 310 1 5 Unimodal
1995–2009 410 1 4 Multimodal
2010–2024 348 1 5 Unimodal

Log(Affected Population)

Overall (1980–2024) 1068 2 3 Multimodal
1980–1994 310 2 3 Multimodal
1995–2009 410 2 3 Multimodal
2010–2024 348 1 1 Unimodal
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Table S12. Results of single-factor and interaction detectors for earthquake disaster impacts based on permutation

tests.
Response
variable Variable/Variable pair Observed q p-value Sig.

Fatalities per
million

Magnitude×Population density 0.326 <0.001 ***
Magnitude×GDP per capita 0.2683 <0.001 ***
Magnitude×Focal depth 0.2581 <0.001 ***

Magnitude×Tectonic setting 0.2518 <0.001 ***
GDP per capita×Population density 0.2225 <0.001 ***
Tectonic setting×Population density 0.2225 <0.001 ***
Magnitude×Seismotectonic type 0.2048 <0.001 ***
Magnitude×Disaster process type 0.1915 <0.001 ***
Focal depth×Population density 0.1837 <0.001 ***

Disaster process type×Population density 0.1766 <0.001 ***
Magnitude 0.1687 <0.001 ***

GDP per capita×Seismotectonic type 0.1591 <0.001 ***
Focal depth×GDP per capita 0.1463 0.009 **

Focal depth×Seismotectonic type 0.1283 <0.001 ***
Tectonic setting×Seismotectonic type 0.1243 <0.001 ***

Focal depth×Tectonic setting 0.1166 0.003 **
Seismotectonic type×Population density 0.1147 <0.001 ***
Seismotectonic type×Disaster process type 0.1135 <0.001 ***

GDP per capita×Tectonic setting 0.1069 0.033 *
GDP per capita×Disaster process type 0.1043 <0.001 ***
Tectonic setting×Disaster process type 0.098 <0.001 ***
Focal depth×Disaster process type 0.0851 0.001 **

Seismotectonic type 0.0804 <0.001 ***
Disaster process type 0.0452 <0.001 ***
Population density 0.045 <0.001 ***

Focal depth 0.0408 <0.001 ***
Tectonic setting 0.0318 <0.001 ***
GDP per capita 0.0282 0.007 **

Loss/GDP

GDP per capita×Population density 0.5317 <0.001 ***
Tectonic setting×Population density 0.4726 <0.001 ***
Focal depth×Population density 0.3347 <0.001 ***

Magnitude×Focal depth 0.3009 <0.001 ***
Magnitude×GDP per capita 0.2974 <0.001 ***

Magnitude×Population density 0.2911 <0.001 ***
Seismotectonic type×Population density 0.2812 <0.001 ***

Magnitude×Tectonic setting 0.2626 <0.001 ***
Magnitude×Seismotectonic type 0.2235 <0.001 ***
Magnitude×Disaster process type 0.2142 <0.001 ***

GDP per capita×Seismotectonic type 0.2132 <0.001 ***
Disaster process type×Population density 0.2031 <0.001 ***

Focal depth×GDP per capita 0.1888 0.001 **
Magnitude 0.188 <0.001 ***

Focal depth×Seismotectonic type 0.1662 <0.001 ***
Focal depth×Tectonic setting 0.1586 <0.001 ***

GDP per capita×Tectonic setting 0.1543 0.001 **
Seismotectonic type×Disaster process type 0.1508 <0.001 ***
Tectonic setting×Seismotectonic type 0.1456 <0.001 ***

Population density 0.1422 <0.001 ***
GDP per capita×Disaster process type 0.1398 <0.001 ***

Seismotectonic type 0.1204 <0.001 ***
Focal depth×Disaster process type 0.1044 <0.001 ***

Tectonic setting×Disaster process type 0.0935 <0.001 ***
GDP per capita 0.0662 <0.001 ***
Focal depth 0.0544 0.002 **

Disaster process type 0.0475 <0.001 ***
Tectonic setting 0.0459 <0.001 ***

Notes:Sig.:*p<0.05,**p<0.01,***p<0.001.
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Table S13. Results of the interaction detector for the spatial differentiation of log-transformed earthquake

mortality (log(Deaths per million + 1)).

Factor 1 Factor 2 q(F1) q(F2) q(Interaction) p-value Sig. Interaction
type n

Magnitude
Population

density
0.1687 0.045 0.326 <0.001 *** Nonlinear

enhancement 695

Magnitude GDP per capita 0.1687 0.0282 0.2683 <0.001 *** Nonlinear
enhancement 683

Magnitude Focal depth 0.1687 0.0408 0.2581 <0.001 *** Nonlinear
enhancement 695

Magnitude Tectonic setting 0.1687 0.0318 0.2518 <0.001 *** Nonlinear
enhancement 688

GDP per capita
Population

density
0.0282 0.045 0.2225 <0.001 *** Nonlinear

enhancement 686

Focal depth
Population

density
0.0318 0.045 0.2225 <0.001 *** Nonlinear

enhancement 698

Population
density

Seismotectonic
type 0.045 0.0804 0.1147 <0.001 *** Nonlinear

enhancement 698

Magnitude Seismotectonic
type 0.1687 0.0804 0.2048 <0.001 *** Bivariate

enhancement 695

Population
density Tectonic setting 0.045 0.0318 0.2225 <0.001 *** Nonlinear

enhancement 691

Magnitude Disaster process
type 0.1687 0.0452 0.1915 <0.001 *** Bivariate

enhancement 695

Population
density

Disaster process
type 0.045 0.0452 0.1766 <0.001 *** Bivariate

enhancement 698

GDP per capita Seismotectonic
type 0.0282 0.0804 0.1591 <0.001 *** Nonlinear

enhancement 686

Focal depth GDP per capita 0.0408 0.0282 0.1463 0.009 ** Nonlinear
enhancement 686

Focal depth Seismotectonic
type 0.0408 0.0804 0.1283 <0.001 *** Nonlinear

enhancement 698

Tectonic setting Seismotectonic
type 0.0318 0.0804 0.1243 <0.001 *** Nonlinear

enhancement 691

Focal depth Tectonic setting 0.0408 0.0318 0.1166 0.003 ** Nonlinear
enhancement 691

Seismotectonic
type

Disaster process
type 0.0804 0.0452 0.1135 <0.001 *** Bivariate

enhancement 698

GDP per capita Tectonic setting 0.0282 0.0318 0.1069 0.033 * Nonlinear
enhancement 680

GDP per capita Disaster process
type 0.0282 0.0452 0.1043 <0.001 *** Nonlinear

enhancement 686

Tectonic setting Disaster process
type 0.0318 0.0452 0.098 <0.001 *** Nonlinear

enhancement 691

Focal depth Disaster process
type 0.0408 0.0452 0.0851 0.001 ** Bivariate

enhancement 698

Notes: Sig.: * p < 0.05, ** p < 0.01, *** p < 0.001.
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Table S14. Results of the interaction detector for the spatial differentiation of log-transformed earthquake

economic loss (log(Loss/GDP ratio + 0.001)).

Factor 1 Factor 2 q(F1) q(F2) q(Interaction) p-value Sig. Interaction type n

Magnitude Population
density 0.188 0.1422 0.2911 <0.001 *** Bivariate

enhancement 444

GDP per capita Population
density 0.0662 0.1422 0.5317 <0.001 *** Nonlinear

enhancement 445

Focal depth Population
density 0.0544 0.1422 0.3347 <0.001 *** Nonlinear

enhancement 445

Population
density

Seismotectonic
type 0.1422 0.1204 0.2812 <0.001 *** Bivariate

enhancement 445

Population
density

Tectonic
setting 0.1422 0.0459 0.4726 <0.001 *** Bivariate

enhancement 441

Population
density

Disaster
process type 0.1422 0.0475 0.2031 <0.001 *** Bivariate

enhancement 445

Magnitude Focal depth 0.188 0.0544 0.3009 <0.001 *** Nonlinear
enhancement 444

Magnitude GDP per capita 0.188 0.0662 0.2974 <0.001 *** Nonlinear
enhancement 444

Magnitude Tectonic
setting 0.188 0.0459 0.2626 <0.001 *** Nonlinear

enhancement 440

Magnitude Seismotectonic
type 0.188 0.1204 0.2235 <0.001 *** Bivariate

enhancement 444

Magnitude Disaster
process type 0.188 0.0475 0.2142 <0.001 *** Bivariate

enhancement 444

GDP per capita Seismotectonic
type 0.0662 0.1204 0.2132 <0.001 *** Nonlinear

enhancement 445

Focal depth GDP per capita 0.0544 0.0662 0.1888 0.001 ** Nonlinear
enhancement 445

Focal depth Seismotectonic
type 0.0544 0.1204 0.1662 <0.001 *** Bivariate

enhancement 445

Focal depth Tectonic
setting 0.0544 0.0459 0.1586 <0.001 *** Nonlinear

enhancement 441

GDP per capita Tectonic
setting 0.0662 0.0459 0.1543 0.001 ** Nonlinear

enhancement 441

Seismotectonic
type

Disaster
process type 0.1204 0.0475 0.1508 <0.001 *** Bivariate

enhancement 445

Tectonic
setting

Seismotectonic
type 0.0459 0.1204 0.1456 <0.001 *** Bivariate

enhancement 441

GDP per capita Disaster
process type 0.0662 0.0475 0.1398 <0.001 *** Nonlinear

enhancement 445

Focal depth Disaster
process type 0.0544 0.0475 0.1044 <0.001 *** Nonlinear

enhancement 445

Tectonic
setting

Disaster
process type 0.0459 0.0475 0.0935 <0.001 *** Nonlinear

enhancement 441

Notes: Sig.: * p < 0.05, ** p < 0.01, *** p < 0.001.

23 



Table S15. Sensitivity analysis of normalized earthquake impact indicators across nested magnitude thresholds

(Mw ≥ 5.0, 6.0, and 7.0).
Indicator Statistic Mw ≥ 5.0 Mw ≥ 6.0 Mw ≥ 7.0

Sample size (n) n 997 614 226

Affected population per million

Mean 5566.51 8275.97 18538.82
SD 27461.28 34018.7 53616.9

Median 121.1571 216.1847 883.0141
Q1 17.5623 27.671 91.4264
Q3 939.9591 1936.6073 6275.4763

Relative change in mean (%) 100 148.7 333
Relative change in median (%) 100 178.4 728.8

Deaths per million population

Mean 51.2 74.19 183.73
SD 880.85 1064.21 1712.48

Median 0.1473 0.1949 0.5643
Q1 0.0235 0.0301 0.0636
Q3 0.8987 2.1685 13.1549

Relative change in mean (%) 100 144.9 358.9
Relative change in median (%) 100 132.3 383

Economic loss per unit GDP (%)

Mean 2.02 2.72 5.14
SD 9.37 11.03 16

Median 0.0218 0.0505 0.1815
Q1 0.004 0.0058 0.0178
Q3 0.2537 0.5022 2.735

Relative change in mean (%) 100 134.3 254.4
Relative change in median (%) 100 231.4 832.8

Notes: Q1 and Q3 denote the 25th and 75th percentiles, respectively.
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