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The goal
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Investigate how hybrid methods
can help build stronger

Integrate the current EWS
with forecasts that reach the

sub-seasonal horizon



Target for the model training Qeomee (=
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Historical
observations of
Sea Level from an
off-shore gauge




The target series @ cmec (=
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The target series: understanding the signal @ cmec &
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Observed Sea Level in Venice - Piattaforma CNR October 2024
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Astronomical Tide ® cmee (>
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Residual Sea Level
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Residual Sea Level
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Residual Sea Level influence by Long Term variability cmcc @
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Sea Level [cm]

Observed Sea Level in Venice - Piattaforma CNR 2004-2024
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Meteorological component
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Sea Level [cm]
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Meteorological component: climatology ® cmee =

Sea Level [cm]

Observed Sea Level in Venice - Piattaforma CNR 2020-2023
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Meteorological component: anomaly
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Sea Level [cm]
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Finding the good predictors among daily series of:

Wind

Pressure

SERVIZI(

Temperature
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Candidate predictors: geographical clusters of anomalies @ ccc =

Wind on sea {
Spatially !
Weighted |
K-means++ ;
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Candidate predictors: geographical clusters of anomalies /@ ¢ncc .=
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Precipitation

Mean Sea
Level Pressure
(MSLP)

Day-by-day series of cluster-wise averages of the anomalies

Wind on Sea
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Probabilistic Coral Reef Optimization with Substrate Layers @ Smcc ¢.=
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PCRO-SL: optimization and functionality @ cmec (=
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Cross validation n-rmse for all the evaluations in the 50 runs
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Selection of drivers through PCRO-SL

Qcmcc

Centro Euro-Mediterraneo
sui Cambiamenti Climatici

&3

MedEWSa

40

30

Days to target

10

Feature selection: selected drivers and lags, threshold: 15%
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Days to target

Selection of drivers through PCRO-SL ® cnec L=
I Feaiture selection: selecied drivversI and lags, threshold: 15% SEEES
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Same lagged drivers for LR and standard ML algorithms /g ¢cc C‘?)
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Keras/TensorFlow

sci-kit learn Sequential

Linear Regression PyTorch-based

MultiLayer Perceptron

sci-kit learn
MultiLayer Perceptron

sci-kit learn
Gradient Boost Regressor

sci-kit learn

AdaBoost XGBoost
sci-kit learn eXtreme Gradient Boosting

Random Forest



Training set-up: target and predictor series @ cmeec (=
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Training dataset (2004-2019)

5-fold cross validation (groups of 3y)

TARGET SERIES PREDICTOR SERIES

Daily maximum of Daily cluster-averaged

meteorological component variables from ERAS
of Sea Level Anomaly (selected with PCRO-SL)

(metSLA-max) in Venice



MLP optimization Qomee =
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75 Optimization of MLP: learning rate inspection for top10 configurations

[ L] [] [ (number of layers, neurons per layer)
Multi-step optimization 2 Bz
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Optimization of MLP: number of layers vs neurons per layer. (learning_rate=1e-3, seed=42)
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XGB optimization

Hyperparameter Combo

n=300, depth=5, child=10,
n=300, depth=5, child=10,
n=300, depth=5, child=10,
n=300, depth=6, child=10,
n=300, depth=6, child=10,
n=300, depth=6, child=10,
n=500, depth=5, child=10,
n=300, depth=7, child=10,
n=500, depth=5, child=10,
n=300, depth=5, child=10,

The seed influences the optimization

Priority to simpler configurations

Top 10 XGB Configurations by RMSE

sample=0.7, Ir=0.05, col=0.9, gamma=0 -
sample=0.7, Ir=0.05, col=0.7, gamma=0 -
sample=0.7, Ir=0.05, col=1.0, gamma=0 -
sample=0.7, Ir=0.05, col=0.9, gamma=0 -
sample=0.7, Ir=0.05, col=1.0, gamma=0 -
sample=0.7, Ir=0.05, col=0.7, gamma=0 -
sample=0.7, Ir=0.05, col=0.9, gamma=0 -
sample=0.7, Ir=0.05, col=1.0, gamma=0 -

sample=0.7, Ir=0.05, col=0.7, gamma=0 -

sample=0.7, Ir=0.05, col=0.3, gamma=0 -

7.38 7.39 7.40 7.41 7.42 7.43 7.44 7.45 7.46 7.47 7.48

Average RMSE (5-fold) 7.46

7.44

7.42

7.40

7.38
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1

First step with
default seed
Seed Sensitivity: Variation of RMSE Across Top XGB Configurations
o

[ ==

Average RMSE (across folds)

(n=300,colsample= 1.0, depth= 5)
Vs

7.34

(n=300,colsample= 0.7,depth= 5):

p-value = 0.9963

(n=300, depth=5,
Ir=0.05, colsample=0.9)

(n=300, depth=6,
Ir=0.05, colsample=0.9)

(n=300, depth=6,
Ir=0.05, colsample=1.0)

(n=300, depth=5,
Ir=0.05, colsample=0.7)

(n=300, depth=5,
Ir=0.05, colsample=1.0)

Configuration (n=n_estimators, depth=max_depth, Ir=learning_rate, colsample=colsample_bytree)




Testing and selecting the best model
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Predicted metSLAmax [cm]
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Observed vs Predicted - Test period (2019-2024)

Testing dataset (2019-2024)

MLP
LR
- Sequential
pyTorch
— RF
- GBR
Ada
XGB
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Observed metSLAmax [cm]

80
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Models

RMSE (Models vs Observations) on test dataset [2019-2024]

Model Performance Metrics (Correlation & RMSE)
MLP -
Model Correlation RMSE
MLP 0.898 7.252
PyTorch 0.896 7.27
PyTorch A Sequential 0.895 7.338
e GBR 0.885 7.675
XGB 0.882 7.743
Sequentia| LR 0.881 7.831
RF 0.879 7.904
Ada 0.876 7.908
GBR
XGB -
l_R -
AdaBoost
7.2 7.3 7.4 7.5 7.6 7.7 7.8 7.9 8.0 8.1 8.2
RMSE



Reconstructed metSLA-max
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met-SLHA [cm]

Observed vs Predictions (MLP & LR & Seq & GBR)(OND 2020)
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Reconstructed Total Sea Level signal ® cmee C‘ﬁ’
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Sea Level [cm]
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Threshold-based categorical verification

CSI = (Hits) / (Hits + Misses + False Alarms)

Heatmap of CSI for daily max of Total SLH. Models vs Thresholds
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Application to historical ensemble forecasts cmee 6=
MedEWS
Applied individually on each ensemble member
0 Daily Max of Total Sea Level Height in Venice, init: 20250316
Code yellow PF: P10-P90
160 - Code orange PF: P25-P75
——— Code red PF median
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Application to operational forecasts ® cmee (3’
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Applied to real-time forecasts provided daily by ECMWF

Daily Max of Total Sea Level Height in Venice, init: 20260605

180
Code yellow PF: P10-P90
160 Code orange PF: P25-P75
——— Code red PF median
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Explainability: connection to physical interpretation @ Smee >

Feature

Normalized Permutation Feature Importances Across Models

MSPL-Italy
wsceunyp | = “traditional” drivers
V10-Adria
RSNV = — remote drivers
EWSS-Wion —_— :
— _ different model type
different importance
NSSS-Adria - —
EWSS-Adria - s — . Model .
LinearRegression
APG | : MLPRegressor
Bl Sequential
TP-NorthAdria - © pyTorch
I GBR
V10-Elon - Em RF
AdaBoost
7500-CAtIMed - ' XGB
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Permutation Importance



Explainability of MLP Regressor
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MSPL-Italy
V10-Adria
MSLP-TunLyb
U10-Wion
TP-PoValley
EWSS-Wlon
EWSS-Adria
APG
NSSS-Adria
TP-NorthAdria
Z500-CAtIMed

V10-Elon

SHAP Summary for predicted (NN_MLP)

-40

30 -20 -10 0 10 20
SHAP value (impact on model output)

30

40

High

Low

Feature value

Local MSLP ‘

Northward wind
over the Adriatic

Remote MSLP
(south)

Westward wind
over the lonian
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Evaluation of deterministic forecasts on historical data @ ¢mec .=
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Mean Bias of metSLAmax (CF) by Season of Valid Dates and Lead Days
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RMSE of metSLAmax (CF) by Season of Valid Dates and Lead Days

Season
DJF MAM JJA SON

L e | [ e e e e e e e e e e e |
7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45

JA 249 vead bays
e | | | |
8 10 12 14 16 18 20 22 24 26

RMSE (cm)



Evaluation of deterministic forecasts on historical data /@ ¢mcc &
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CSI = (Hits) 7 (Hits + Misses + False Alarms) g of total SLH forecast by season (threshold: 80 cm)
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CSI of total SLH forecast by season (threshold: 95 cm)
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Evaluation of probabilistic forecasts on historical data cmcec Q/)

Brier Skill Score by Season and Lead Day (threshold = 80 cm)
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34



sui Cambiamenti Climatici

Criticalities of the largest threshold Qonec (.=
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Season

Season

CSI of total SLH forecast by season (threshold: 110 cm)
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Next steps ® cmec &3
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full operationalization

Use of this method to generate a

member sub-sampling method

e.g., RF that learns characteristics of a member that lead to high skill
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Questions-?
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