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Fig. S 1: Comparisons of tide gauge data gap-filling statistical methods (Autoregressive (AR) Modelling, Probabilistic
Principal Component Analysis (PPCA), and Regularized Expectation Maximization (EM)). Addressing short (12 months),
medium (36 months), and large (108 months) data gaps in tide gauge records (Group-1, 10-tide gauge simulation case).
Each record has been randomly placed with three types of gaps to mimic realistic tide gauge data missing scenarios. The
red line in the time series represents the “true” observations. Additionally, the PPCA method reconstructs the entire time
series rather than just filling gaps, allowing a full reconstruction visualization. In contrast, the results from the other two
methods only visualize the filled gaps.

Fig. S 2: Comparisons of 10-tide gauge data gap-filling statistical methods for the Group-2 simulation case, addressing
data gaps of 12, 36, and 108 months, and with an additional 120 random missing months, to assess the respective
performance of the three data gap-filling methods. Each record has been randomly placed with the above-described
simulated data gaps to mimic realistic tide gauge data missing scenarios.

Fig. S 3: Comparisons of 28-tide gauge data gap-filling statistical methods for the Group-3 simulation case, with 120
months of randomly distributed missing data points.

Fig. S 4: Spatial distribution of 287 tide gauge stations from January 1950 to January 2022, improved via gap-filling using
the Regularized Expectation-Maximization (EM) method (red circles). 225 stations (yellow squares) were selected for the
final reconstruction. A subset of 48 near-complete stations (blue triangles, average gap rate at 1.1%) was used to evaluate
and compare different statistical methods for tide gauge data gap-filling.
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the PPCA method reconstructs the entire time

allowing a full reconstruction visualization. In contrast, the results from the other two

Fig. S 1: Comparisons of tide gauge data gap-filling statistical methods (Autoregressive (AR) Modelling, Probabilistic
Principal Component Analysis (PPCA), and Regularized Expectation Maximization (EM)). Addressing short (12 months),
medium (36 months), and large (108 months) data gaps in tide gauge records (Group-1, 10-tide gauge simulation case).
Each record has been randomly placed with three types of gaps to mimic realistic tide gauge data missing scenarios. The

red line in the time series represents the “true” observations. Additionally,
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Fig. S 2: Comparisons of 10-tide gauge data gap-filling statistical methods for the Group-2 simulation case, addressing
data gaps of 12, 36, and 108 months, and with an additional 120 random missing months, to assess the respective
performance of the three data gap-filling methods. Each record has been randomly placed with the above-described
simulated data gaps to mimic realistic tide gauge data missing scenarios.
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Fig. S 3: Comparisons of 28-tide gauge data gap-filling statistical methods for the Group-3 simulation case, with 120

months of randomly distributed missing data points.
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Fig. S 4: Spatial distribution of 287 tide gauge stations from January 1950 to January 2022, improved via gap-filling using
the Regularized Expectation-Maximization (EM) method (red circles). 225 stations (yellow squares) were selected for the
final reconstruction. A subset of 48 near-complete stations (blue triangles, average gap rate at 1.1%) was used to evaluate
and compare different statistical methods for tide gauge data gap-filling.



