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Abstract
Background and Objectives: Rip currents are a significant oceanographic hazard occurring along coastlines
worldwide, posing serious risks to swimmers and beachgoers. These narrow, fast-moving, seaward-directed

flows can lead to numerous drowning incidents and require frequent rescue operations. Typically, rip currents
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form at discontinuities in nearshore bathymetry, such as breaks in sandbars, and are often observed adjacent
to hard coastal structures like jetties, groynes, and piers. Their occurrence can be temporally persistent, lasting
from several hours to multiple days, and their velocities often exceed 0.5 m/s, occasionally reaching dangerous
levels for even experienced swimmers. Given their hazardous nature, rip currents have become a subject of
increasing scientific attention, particularly regarding their prediction, detection, and public awareness.
However, despite their global prevalence, research into rip currents in Thailand remains limited. Existing
mitigation strategies in the region predominantly focus on reactive measures, such as warning signage and
lifeguard interventions, with little emphasis on proactive, science-based prevention and localized risk
assessment. Phuket, located along Thailand’s Andaman Sea coastline, is among the country's most popular
tourist destinations, drawing millions of domestic and international visitors annually. The island's western-facing
beaches—including Kamala, Patong, Karon, Kata, and Kata Noi—are particularly vulnerable to rip currents due
to their exposure to southwest monsoon swell, seasonal longshore sediment transport, and dynamic nearshore
morphologies. Kata Noi Beach, situated on the southwestern coast of Phuket Province, has been identified as
a high-risk area for rip current-related incidents. The beach experiences seasonal wave energy influxes, and
its nearshore bathymetry is conducive to the formation of persistent and hazardous rip currents. Notably,
multiple incidents, including a fatal drowning in 2021, underscore the need for targeted research and improved
coastal safety management in this location. This study aims to characterize the formation, location, and
dynamics of rip currents at Kata Noi Beach. The primary objectives are (1) to identify and spatially delineate rip
current hotspots and (2) to determine the key hydrodynamic and geomorphologic factors influencing their
development. To achieve these goals, a combination of in-situ field observations, UAV-based aerial surveys,
and high-resolution bathymetric mapping was employed. The results of this study provide critical insights into
the behavior and variability of rip currents at Kata Noi Beach. These findings are intended to inform the
developmentof localized early warning systems and contribute to enhanced coastal risk management practices
in Thailand. By integrating scientific observation with practical safety applications, this research supports efforts
to reduce drowning incidents and improve public safety along Thai beaches.

Methodology: Fieldwork was conducted at Kata Noi Beach from 2022 to 2023 during the southwest monsoon
(September 2022) and the northeast monsoon (January 2023). The research approach consisted of two
sections. The first part, which involved coastal morphology and sediment analysis, was conducted through
topographic surveys and sediment analyses. Topographic surveys were conducted using a Titan7 RTK GNSS
system, and sediment samples were analyzed using the wet-sieve method to classify grain sizes and sediment
types across tidal zones. The second part, Rip current monitoring, was implemented in conjunction with aerial
surveys and fixed CCTV footage. DJI Mavic 3 Enterprise drone was used to capture aerial imagery and generate

orthophotos and Digital Elevation Models (DEMs) via QGIS and WebODM. A fixed CCTV camera was installed
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at 7.805357°N, 98.299179°E to record continuous 24-hour video from September 2022 to February 2023. Video
footages were processed using DaVinci Resolve to enhance imagery and identify rip current movement.

Main Results: Kata Noi Beach features a relatively straight, sandy shoreline shaped by seasonal monsoons:
the southwest monsoon (June-September) and the northeast monsoon (November—February). Findings
indicate that wave energy driven by these monsoons significantly influences coastal morphology. Finer
sediments accumulate near the low-tide line, whereas coarser materials are more prevalent in the high-tide and
intertidal zones. The beach slope varies with the seasons, ranging from 1.29° to 18.72° during the southwest
monsoon, and from 0.72° to 7.61° during the northeast monsoon. Parallel subaqueous sandbars were identified
offshore, separated by intermittent channels roughly 40 meters wide. Rip currents were consistently observed
within these channels during the southwest monsoon only, repeatedly forming in the same or adjacent areas,
indicating the presence of channelized or fixed rip currents. These currents were most visible during ebb tides,
when lower water levels enhanced wave breaking, increasing the likelihood of rip current development. The
results underscore the role of tidal cycles in influencing rip current behavior.

Conclusion: This study effectively identified and characterized the spatial and temporal behavior of rip currents
at Kata Noi Beach through an integrated approach that combined field surveys, GIS data analysis, and
continuous visual monitoring. The findings confirm that fixed rip currents occur during the southwest monsoon.
The contribution factors to Rip current dynamics are composed of ocean wave characteristics, which are
controlled by wind, beach morphology, and water elevation due to tidal variations. However, oceanographic
data (water levels, currents, and ocean waves) are still necessary to provide complete information. Indeed,
collecting oceanographic data during adverse weather conditions (monsoon) is challenging due to safety
concerns and limitations of observational methods. Therefore, a new technique is required. The research
highlights the importance of proactive coastal monitoring and real-time early warning systems development.
The use of drones and CCTV monitoring proved to be effective and cost-efficient tools that can be applied in
other high-risk coastal areas. These insights support coastal safety strategies, emergency preparedness, and
sustainable beach tourism in Thailand while promoting the continued use of technology for real-time hazard
surveillance.

Keywords: rip currents ; CCTV ; drone ; RTK GNSS Network
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Figure 1 Study site A) Map of the Kata Noi Beach located around southwest of Phuket Province

B) Seaward view and shoreward view of Kata Noi Beach
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Figure 2 Equipment set-up A) RTK B) Drone C) Example of aerial observation in the present study
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(Figure 4)

Number of times per day

Customize video

Distinguish by eye

Duration per time

Classification requirements :
- Wave loss period :
- Stayed for more than 1 minute |
- No wave line occurs at that point.

Color group selection area

Node creation area

Color adjustment area

Figure 3 A) Processing steps for video images, CCTV B) Color adjustment with DaVinci Resolve Program

Table 1 Image color adjustment for Rip current characteristics analysis

SET 1 Ocean (Node1) SET 2 Non Ocean (Node2)

Red 33.61 Hue 0.41 Red -14.52
offset Green 45.32 Sat 0.05 offset Green -175.00
Blue 123.30 luma 0.50 Blue -175.00
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Figure 4 Wind rose during April2022 - February2023 from the Automatic Weather Station (source: TMD)
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Figure 5 Coastal morphology along Kata Noi Beach
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Figure 6 Beach morphology along Kata Noi Beah during SW and NE monsoon A) Beach profile

B) The cumulative grain size
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Figure 7 True Orthophoto from UAV A) SW monsoon B) Beach morphology during NE monsoon
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Figure 8 Rip current formation based on aerial observation in the present study
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Figure 9 Comparing of sea state with/without Rip currents from CCTV at Kata Noi Beach in September 2023
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Figure 10 Example images for classifying Rip current generation by using image processing technique
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Figure 11 Wave and current at Kata Noi during A) High tide B) Low tide
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