Hybrid Deep Learning for Oil Spill Mapping: Leveraging Sentinel-2 and

Foundation Models

Christos GE Anagnostopoulos, Konstantinos Vlachos, Anastasia Moumtzidou, llias
Gialampoukidis, Stefanos Vrochidis, loannis Kompatsiaris

S,

§‘V/ CERTH
2 SENTRE FOR

",/g',r 2 r_> NI R
WY~ RESEARC
"S7  HELLAS

L

Q ( INI( {
S EUIINULL

{anagn_c, moumtzid, heliasg, stefanos, ikom}@iti.gr
{kostasvlachos}@cdxi.gr

JGY
MKLab

s@lutions

Information Technologies Institute

MZ4LD

MultiMoDal Data Fusion
and Analytics Group

Information Technologies Institute, Centre for Research and Technology Hellas, 6th km Harilaou - Thermi, 57001, Thermi, Thessaloniki, Greece
CDXi Solutions P.C., Filikis Etaireias 12, 54621 - Thessaloniki, Greece

ThinkingEarth

Introduction

Oil spills represent a persistent environmental threat requiring fast and accurate monitoring. While SAR-based methods have traditionally been dominant, multispectral satellite imagery
can offer rich spectral data for oil detection. However, challenges persist such as low number of recorded oil spill incidents, label noise and effects including sunglint, atmospheric
interference, and spectral confusion. This work proposes a hybrid deep learning framework that integrates a water-specialized foundation model (Hydro Foundation Model) with a
marine-targeted segmentation architecture (MariNeXt) to improve the accuracy and generalization capacity of oil spill detection from Sentinel-2 imagery.

Dataset: Use of the Marine Debris and Qil Spill (MADOS) dataset, which consists of 2,803
Sentinel-2 image patches annotated across 15 thematic classes. For this study the classes
were merged into three categories:

1.  Oil Spill (234,568 pixels)
2. Marine Water (496,702 pixels)

3. Other (749,885 pixels) (e.g., Dense Sargassum, Marine Debris)

Model Architecture: The proposed hybrid model integrates two complementary

components:

* Encoder: A Swin Transformer v2 encoder from the Hydro Foundation Model [1],
pretrained on a large corpus of Sentinel-2 images focused on water-related tasks.

* Decoder: A Hamburger module [2] utilized in the MariNeXt model [3]. This decoder
factorizes input features via low-rank matrix decomposition.

Model Adaptations:

 The input patch embedding of the encoder was modified to accept 11 spectral bands
used as input in the MADOS dataset.
The Hamburger decoder was fine-tuned on the task-specific data to adapt to oil spill
characteristics.
The encoder’s pretrained layers were frozen to retain general water-representation
knowledge during training.
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Figure 1. Hybrid model architecture
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Results

To evaluate the effectiveness of the proposed hybrid model, we compare its performance
against the baseline MariNeXt model using a three-class segmentation setup: Oil Spill,
Marine Water, and Other.

Table 1. Confusion matrix summary
Ground truth / Predicted
Other
Oil Spill

Marine Water

Marine Water
4,015

5,205

106,528

Other
160,946
1,599
2,153

oil Spill
5,193
44,724
30,784

The hybrid model outperforms MariNeXt by a wide margin in Oil Spill class accuracy
(+16.2%), showing better discrimination between oil spills and surrounding features
(Table 2).

* MariNeXt misclassifies over 28% of oil spill pixels as Marine Water

* Hybrid Model reduces this to just 10%, while improving correct oil predictions from
70.60% to 86.80%

Table 2. Class-wise accuracy comparison (% of true class pixels correctly predicted)

Hybrid Model MariNeXt
94.59 % 95.12 %
86.80 % 70.60 %
76.38 % 95.70 %

Class
Other
Oil Spill

Marine Water

Figure 2. Oil spill RGB composite (left image), oil spill annotation with red (middle image),
model oil spill prediction with green (right image)

Conclusions

The proposed hybrid model demonstrates enhanced robustness and competitive accuracy
compared to existing approaches. By integrating a water-specialized Foundation Model
encoder with a task-specific segmentation decoder, this architecture highlights the value
of modular design and pretrained feature representations in remote sensing tasks.

Notably, the model’s performance may be downplayed by the reported metrics due to
observed label noise in the oil spill class, suggesting its true predictive capability could be
even higher.

This study serves as a proof-of-concept for incorporating foundation models into complex
water-related applications, including oil spill mapping, water quality assessment, and
floating debris detection.
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