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Abstract—Coral reefs, vital yet endangered ecosystems, face
rising threats from climate change and humans. Accurate as-
sessment of coral reef health is essential for early detection of
ecosystem decline and effective conservation planning. We present
a deep learning framework that utilizes satellite imagery and
rugosity index analysis to automate coral reef segmentation in the
Trincomalee District, Sri Lanka. High-resolution Google Earth
Pro images were processed to compute rugosity index values,
distinguishing coral reefs and enabling the creation of a new
training dataset. A U-Net model, trained on 300 annotated images
augmented to 1,200 samples, achieved robust segmentation of
coral reefs (Dice coefficient = 0.86, specificity = 0.98). Our case
study found differences in reef rugosity and extent across sites
exposed to varying hydrodynamic conditions, emphasizing the
interplay between hydraulic forces and reef health. Applying the
model to satellite images allowed us to quantify declines in reef
area and structural complexity in response to increased sediment
loads and wave exposure. Furthermore, as no public coral reef
training datasets exist for Sri Lanka to enable automated analy-
sis, we prepared a new dataset. These insights aid in identifying
vulnerable zones and support conservation, targeted hydraulic
management, and future health assessments of Trincomalee’s
coral reefs.
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I. INTRODUCTION

Coral reefs, often termed the “rainforests of the sea” [1],
represent one of the most biologically diverse ecosystems on
Earth. Despite occupying less than 1% of the ocean floor, these
ecosystems support approximately 25% of all marine species
[2]. They play a critical role in maintaining marine biodiver-
sity, providing essential ecosystem services such as coastal
protection through wave energy absorption [3], supporting
fisheries as nursery grounds [4], and contributing to phar-
maceutical discoveries [5]. Furthermore, coral reefs mitigate
shoreline erosion and reduce the economic impact of storms
on coastal communities [6]. However, contemporary anthro-
pogenic stressors, including rising sea surface temperatures,
ocean acidification, overfishing, and coastal pollution, have

979-8-3315-6724-8/25/$31.00 ©2025 IEEE

Coral Island

Pigeon Island
National Park N

?

15 km

Nilaveli

Uppuveli

Trincomalee,
Back Bay Coral Reefs

Sri Lanka
Trincomalee Harbtur 5 Dutch Bay
&) Coral Cove
Foul Point

, =X

\ Koddiyar Bay
(t\_\_\_/\

Fig. 1: Map of Trincomalee, Sri Lanka and coral reef areas. [13]

precipitated widespread reef degradation [7]. Such declines
threaten not only marine biodiversity but also the livelihoods
of millions of humans reliant on reef ecosystems [8].

Given the ecological and socio-economic importance of
coral reefs, timely and accurate monitoring of their health is
crucial for guiding conservation efforts and mitigating degra-
dation. Traditional coral reef health assessment methodologies,
such as in-person diver surveys and multispectral remote
sensing, demand significant logistical resources, specialized
expertise, and prolonged data acquisition timelines [9].
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