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Table S1. Catchment attributes: mean elevation (m a.s.l.; ME), area (km?, A), fraction of basin covered by
forest (%, FBCF), fraction of basin covered by barren land (%, FBCBL), mean annual temperature (°C, MAT),
aridity index (-, Al), precipitation seasonality (-, PS), mean annual precipitation (mm/yr, MAP), precipitation

falling as snow (%, PFS), mean annual runoff (mm/yr, MAR), baseflow index (-, BFI), interannual runoff

variability (-, IRV).
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Daily KGE (April 1, 2014 - March 31, 2016) between model's
_simulations and corresponding observations
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Figure S1. Kling-Gupta Efficiency (KGE) between simulated and observed daily streamflow for the period
April/2014-March/2016, using parameter values obtained with different calibration objective functions and
hydrological models (upper panel); and coefficient of determination (R?) between mean monthly simulated and
observed runoff averages for the evaluation dataset (April/1987 — March/1994 and April/2013 — March/2020,
bottom panel). Each boxplot comprises results from the 22 case study basins. The boxes correspond to the
interquartile range (IQR, i.e., 25" and 75% percentiles), the horizontal line in each box is the median, and the
whiskers extend to the +1.5 - IQR of the ensemble. The points correspond to outliers beyond the whiskers’
range.
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Figure S2. Time series with ESP seasonal hindcasts (i.e., September-March runoff) initialized on May 1 (left
panels), and June 1 (right panels) for the Maipo at El Manzano basin. The boxes correspond to the interquartile

Year

Year

range (IQR, i.e., 25" and 75" percentiles); the horizontal line in each box is the median, whiskers extend to the

+1.5 - IQR of the ensemble, and the red dots represent the observations. The results were produced with the
TUW model, using parameters obtained from calibrations conducted with NSE, KGE(Q)+NSE(log(Q)) and

VE-Sep. Each panel displays the CRPSS, the reliability index o, and the coefficient of determination R?
(computed using the ensemble forecast median).
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Figure S3. Comparison of the o reliability indices obtained with different calibration objective functions. Each
panel contains results for a specific combination initialization time (rows) and hydrological model (columns),
and each boxplot comprises results from the 22 case study basins. The boxes correspond to the interquartile
range (IQR, i.e., 25" and 75™ percentiles), the horizontal line in each box is the median, and whiskers extend to
the £1.5 - IQR of the ensemble. The circle indicates the objective function providing the highest median within
each family of calibration metric (identified with different colors), and the square indicates the objective
function that delivers the best set of metric values using a specific combination of initialization time and
hydrological model.
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Figure S4. Same as in Figure S3, but for NRMSE
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Figure S7. Impact of initialization time on hindcast performance using NSE, ModKGE, Split KGE,
KGE(Q)+NSE(log(Q)) and VE-Sep as calibration metrics with the TUW model. The shades represent the 5th
and 95th percentiles in each metric from the 22 case study catchments, and the solid line represents the median
of each metric.
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Figure S8. Same as in Figure S7, but for the GR4J model.
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Figure S9. Same as in Figure S7, but for the SAC-SMA model.
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Figure S10. Percent biases (y-axis) in hydrological signatures (x-axis) obtained with the five representative
objective functions and the GR4J model for the (upper panel) calibration (April/1994 — March/2013) and
(bottom panel) evaluation dataset (April/1987 — March/1994 and April/2013 — March/2020). Each boxplot
comprises results for our 22 case study basins. The boxes correspond to the interquartile range (IQR, i.e., 25%
and 75™ percentiles), the horizontal line in each box is the median, and whiskers extend to the +1.5 - IQR of
the ensemble.
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Figure S11. Same as in Figure S10, but for SAC-SMA model.
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Figure S12. Spearman’s rank correlation coefficients between catchment characteristics (shown in different
rows) and the CRPSS (left), o reliability index (center), and the coefficient of determination R? (right) obtained
for seasonal streamflow hindcasts (period April/1987 — March/2020), produced with the five representative
objective functions (x-axis in each color matrix), different initialization times (y-axis in each color matrix), and
the three hydrological models. Black dots indicate statistically significant (p < 0.05) correlations.
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