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Text S1. Fitting generalized extreme value distributions
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The generalized extreme value (GEV) distribution is represented by the probability

density function:
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In our model, the location parameter, u, is defined as a linear combination of the year

(t) and the Oceanic Nifio Index from the preceding December (ONI;_;):

= B+ it + PONIL,_; (2)

Thus, the log-likelihood function, given the data, can be expressed as:
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To obtain optimal parameter values, the negative log-likelihood (—L) is minimized using
the “minimize” function from Python’s “scipy” package. The estimated B values derived
this way, as well as the Mean Squared Error (MSE), are quite similar to those from a
standard multiple linear regression (not shown).

Text S2. Cross-validation of the regression model

Before generating predictions with the multiple linear regression model, we evaluate its

predictive performance through leave-one-out cross-validation and walk-forward valida-

tion.
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The leave-one-out cross-validation results in a 9.4% increase in the Root Mean Squared
Error (RMSE) for the tropical mean. Similarly, the increase in RMSE ranges from 8.9%
to 9.7% for each of the four focus regions, as shown in Table 1.

For the walk-forward validation, we use the first 20 data points as the training set and
progressively add one data point to the training set. The validation set comprises the one
data point immediately following the training set. The results are presented in Figure S4
and Table 1. The RMSE for the last 19 data points shows a 7.1% increase for the tropical
mean and ranges from 17.6% to 20.1% for the four regions.

These moderate increases in RMSE from both the leave-one-out cross-validation and
walk-forward validation suggest that the model is not seriously overfitted.

Text S3. Confidence intervals and prediction intervals

The 95% confidence interval of the predicted mean TWmax is calculated as:
TWinax £ 10.025,36 Se(Twmax) (3)

where the t value of a two-sided significance level of 0.05 with 36 degrees of freedom is

2.028. The 95% prediction interval is given by:

Twmax + t0_025’36 \/MSE —+ se(TWmaX)Q, (4)

where the standard error of fit at x, = (1,2024, ONIpec2023)" is determined by

e(TWonae) = |/ MSE(x, T (XTX) 1) (5)
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with MSE being the mean squared error and X being the 39x3 regressor matrix:

1980 ONIpec, 1979 |
1981 ONIDec,1980
1982 ONIDeC’lggl
1985 ONlIpec, 1984

[ S S —y

1991 ONIDec,1990
1 1994 ONIpec 1993

1 2022 ONIpee 001 |

Text S4. Confidence intervals for the exceedance probability

We calculate the confidence intervals of the probability by bootstrapping the original 39
data points and associated covariate values (a nonparametric bootstrap). For each of the
9999 bootstrap replicates, we estimate the probability of exceeding the previous record
using the multiple linear regression model. Specifically, we assume that the predicted
TWoax at each x, = (1,2024, ONIpecan23)® follows a Gaussian distribution centering
at the predicted mean given by Equation (6) with a standard deviation equalling the
root mean squared error (RMSE). For each ONIpec 2023 value, we then compute the area
under this Gaussian distribution when the predicted TW,., exceeds the highest record,
resulting in the probability of a new TW ., record being set for this replicate. Given the
potential skewness of the probability distribution when the central estimate approaches 0
or 1, we employ the bias-corrected and accelerated (BCa) method for bootstrap confidence

intervals. The BCa bootstrap analysis is conducted using the R “boot” package.
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Figure S1. Linear trends of annual-mean 2-m air temperature (a), specific humidity (b), and

moist static energy (c¢) from 1979 to 2022 according to ERAS5.
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Figure S2. a, Climatology of the annual maximum TW (TW,..,) between 1979 and 2022.
The color scale only distinguishes values greater than 25°C. b, Population density map acquired

from https://neo.gsfc.nasa.gov/view.php?datasetId=SEDAC_POP.
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Figure S3. The most common month for the occurrence of annual maximum TW for each

location. Groupings of three months (DJF, MAM, JJA, SON) are shown in b, along with

individual months.
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Figure S4. Time series of predicted TW ., from the original model with all the 39 data points
and that from walk-forward validation for the 30°S-30°N land average (a) and for each of the
four defined regions of interest (b-e). The initial training set contains the first 20 data points.

The missing points are the post-volcanic eruption years.
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