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Odériz et al. (under review) Global hostspots of unprecedented tropical cyclone risk to tailored adaptation.



• Storm surges are among the deadliest hazards associated with tropical cyclones (TCs) .
• Uncertainty in TCs under climate change is critical for long-term risk assessments.
• Computational limitations restrict the use of such tools, especially in countries with limited technical infrastructure.
• We need better focus TWL for support decision making and climate change adaptation with a global coverage. 

ACCESS1.0
BCC-CSM1.1
CCSM4
CNRM-CM5
CNRM-CM5-2
CSIRO-Mk3.6.0
CanESM2
FGOALS-g2
GFDL-CM3
GFDL-ESM2G

CMIP6, CMIP7, etc. GCMs

Rapid, large-scale tropical cyclones (TCs) hazard assessment tools
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Rapid, large-scale tropical cyclones (TCs) hazard assessment tools



Explore the data  

01 To understand it and to control the training process and

02 To guide training and ensure the model learns from all types of storm surge–related tropical cyclone events

OBJECTIVE



00 DATA
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Residual storm surge (Muis et al., 2016) GSTM reanalysis with 25 km on coastal aras.

We focused  only on TCs from IBTrACS v4 (Knapp et al.,2010) for the period 1980-

2019:

• which are well defined in ERA5 (Bourdin et al., 2022): Subtropical storms, short-

lived alternate tracks, and storms lasting less than one day are not considered. 

Tracks that do not reach tropical storm are also removed(≥16 m/s 10-min 

sustained winds).

• Landfalling cyclones are included.

• IBTrACS 3-hourly data are interpolated to 1-hourly resolution.

• Radius of maximum winds are calculated for each time step with (Knaff et al 2015).

• The TC lifetime is extended by 10 days after dissipation to account for storm 

residual effects.

Total in 
IBTrACS

Well represented by ERA 5 
(Bourdin et al., 2024)

604 191

https://doi.org/10.1175/2009BAMS2755.1
https://doi.org/10.24381/cds.a6d42d60


METHODS

01 02 03 04KM-DBSCAN 
Filtering storm surge and drivers

Event augmentation
Splitting a TC track into
 multiple TC events

K-mean: storm surge types
Clustering ss-hydrographs
 and TC characteristics 

Random Forest 
Feature importance
 of TC variables by surge types 



RESULTS

01 02 03 04KM-DBSCAN 
Filtering storm surge and drivers

Event augmentation
Splitting a TC track into
 multiple TC events

K-mean: storm surge types
Clustering ss-hydrographs
 and TC characteristics 

Random Forest 
Feature importance
 of TC variables by surge types 



KM-DBSCAN (Dynamic clustering with K-Means and an static clustering DBSCAN)

Dynamic K-Means Clustering (Odériz et al 2021) 
Group values that are similar

The maximum area influence is 10 degrees (~ 1000 km)

𝑋 = 𝑥1, 𝑥2, … , 𝑥𝑛  

𝐶 = 𝑐1, 𝑐2, … , 𝑐𝑘 𝑤ℎ𝑒𝑟𝑒 𝐾 𝑖𝑠 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑙𝑢𝑠𝑡𝑒𝑟𝑠 

𝑆𝑗 = ൜

ൠ

𝑥𝑖 | 𝑥𝑖 − 𝑐𝑗
2
≤ 𝑥𝑖 − 𝑐𝑘

2, ∀𝑘 ∈

1,… , 𝐾 𝑤ℎ𝑒𝑟𝑒 𝐾 𝑖𝑠 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑙𝑢𝑠𝑡𝑒𝑟𝑠 

Where Sj is the set of points assigned to cluster j and applying the Euclidean 

distance

The algorithm recalculates the centroids of each cluster 𝑐𝑗 =
1

𝑆𝑗
σ𝑥𝑖∈𝑆𝑗

𝑥𝑖  

Where 𝑆𝑗 is the number of points in cluster j with Eucledean distance  𝐽 =

σ𝑗=1
𝑘 σ𝑥𝑖∈𝑆𝑗

𝑥𝑖 − 𝑐𝑗
2

 

𝑁𝜀 𝑥𝑖 = 𝑥𝑖 ∈ 𝑋 | 𝑥𝑗 − 𝑐𝑖 ≤ 𝜀

𝑥𝑗 ∈ 𝑁𝜀 𝑥𝑖

01 02 DBSCAN: 
Group values that are spatially proximate

• radius of the neighborhood around a point(eps)=1

• Minum samples are 1, every point is automatically a core point.

TRACKING SYSTEM: KM-DBSCAN 

Odériz et al. (in preparation) 

ss >0.1 m

01



Allen (1980)

Dur

ssmax

TRACKING SYSTEM: KM-DBSCAN 01
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EVENT AUGMENTATION: SPLITTING A TC INTO MULTIPLE TCS02
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From 199 TC → ~70,000 TCs events
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K-MEAN: STORM SURGE TYPES

Dur

ssmax tmax

t0

tf

TCspeed (m/s): Translation speed of the TC.
tasc (hr)​: Time during which the surge rises.
Wmax (knots)​: Maximum wind speed.
Pmin (mb)​: Minimum central pressure of the TC.
DirTC (º)​: Direction of the TC in degrees.
TCdist (km)​: Distance between the storm surge location and the TC.
RMW (nmiles): Radius of maximum winds.

𝑾𝒎𝒂𝒙 (knots): average of the wind maximum speed during the 
storm surge event
𝑫𝒊𝒓𝑻𝒄 (º): average of the storm direction during the storm surge 
event
𝑹𝑴𝑾 (km): average radius of maximum winds during the storm 
surge event
𝑷𝒎𝒊𝒏 (mb): average minimum central pressure of the TC during 
the storm surge event
𝑻𝑪𝒔𝒑𝒆𝒆𝒅(m/s): average translation speed of the TC during the 

storm surge event

Elbow method to estimate the optimal number of clusters for the dataset data1 (k values from 2 to 10).

Normalize data scaling each variable to the range [0, 1].

Dur

ssmax

03

a

b



From 199 TC → ~70,000 TCs events
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RANDOM FOREST: FEATURE IMPORTANCE

• Extract predictor variables (X) and target variable (y) for the cluster.

• A Random Forest Regressor is an ensemble learning method for regression, (300 trees, 42 running times ).

• KFold cross-validation: 80% training, 20% validation with 5 folds, randomizes the data before splitting.

• For each fold, Compute R² scores, the model’s predictions are compared to the true values of y.

Y=ssmax

Y=Dur

x

x

04



RANDOM FOREST: FEATURE IMPORTANCE

Type of storm surge R2 (𝝁) R2 (𝐬𝐭𝐝) 𝑇𝐶𝑑𝑖𝑠𝑡: 𝑅𝑀𝑊 𝑇𝐶𝑠𝑝𝑒𝑒𝑑 𝑊𝑚𝑎𝑥 𝐷𝑖𝑟𝑇𝑐 𝑃𝑚𝑖𝑛

3 0.75 0.05 1.80 1.14 0.37 0.34 0.23 0.20

1 0.85 0.02 2.57 0.71 0.62 0.51 0.41 0.21

0 0.86 0.01 0.88 0.76 0.65 0.40 0.18 0.13

4 0.79 0.03 0.94 0.64 0.52 0.38 0.24 0.24

2 0.88 0.01 1.05 0.80 0.48 0.25 0.22 0.14

Storm surge peaks are strongly influenced by cyclone proximity and storm size. Cyclone speed also 
matters here.

storm size is the most important factor, but proximity and wind speed.

cyclone size and distance drive the surge, but storm direction also plays a significant role — suggesting 
coastal orientation effects.

Predictability is lower, indicating more complex or heterogeneous cases. Surge is influenced by cyclone 
size and distance, but also direct wind forcing and pressure play a role.

This regime emphasizes proximity and size, with storm direction again emerging as important, reflecting 
track–coastline alignment.

SS type 0

SS type 1

SS type 2

SS type 3

SS type 4

ssmax

04



Type of storm surge R2 (𝝁) R2 (𝐬𝐭𝐝) 𝐷𝑖𝑟𝑇𝑐 𝑇𝐶𝑠𝑝𝑒𝑒𝑑 𝑅𝑀𝑊 𝑃𝑚𝑖𝑛 𝑊𝑚𝑎𝑥: 

3 0.90 0.03 0.86 0.74 0.69 0.60 0.35

1 0.89 0.02 0.93 0.85 0.47 0.42 0.36

0 0.93 0.01 0.93 0.62 0.55 0.53 0.43

4 0.97 0.00 1.12 0.49 0.44 0.29 0.15

2 0.97 0.01 0.83 0.65 0.48 0.40 0.32

Duration is primarily controlled by storm direction, with pressure and translation speed as secondary 
influences.

central pressure and track direction dominate surge duration, highlighting the role of cyclone intensity 
and orientation.

Duration is shaped by a combination of low pressure and direction, with storm size and speed also 
contributing.

Duration is linked mainly to cyclone direction and forward speed, together with storm size.

This regime is almost completely determined by cyclone direction, suggesting a strong link between 
track alignment and surge persistence.

Cluster 0

Cluste 1

Cluster 2

Cluster 3

Cluster 4

Dur

RANDOM FOREST: FEATURE IMPORTANCE04



01 Analyze globally the data

02 Integrate coastal configuration as a parameter

03 Considering analysis 6000 storm TC-surge events

04 Training and validate the model

05 Incorporate waves and tides to estimate TWL

FUTURE WORK



Wind gust SLP Waves (Hs)Storm surge
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