
Mapping Rip Currents at the Beach
Technology moves us closer to mapping and predicting deadly beach currents

What is a rip current?

Rip currents are fast, concentrated flows of water that can form 
on beaches that have breaking waves.1 Every beach is different, 
but rips generally form when waves break across a wide surf zone 
and the beach bathymetry is uneven (e.g., if there are sandbars, 
piers, jetties, or groynes along the beach).1 The conditions that 
create rip currents also make for great surfing; surfers use rips as 
a fast route through breaking waves, but if a swimmer is caught 
in one they can be quickly pulled out to deep water.

Worldwide, hundreds of people drown in rip currents each year. 
In Australia and the U.S., lifeguards rescue tens of thousands of 
people from rips every year, but there are still an average of 21 
rip-related fatalities per year in Australia and 100 in the United 
States.2,3 In Costa Rica, an estimated 51 people drown in rips 
annually.4

The problem: challenges to mapping and 
predicting

Rip currents form when a beach has a certain combination 
of wave height, wave direction, and alongshore variation 
in bathymetry.2 Buoys have been tracking wave height and 
direction on many coastlines for several decades, but mapping 
the beach bathymetry has been challenging because on-site 
surveys are logistically difficult, time consuming, and expensive. 
Until recently, remote sensing instruments have not been able 
to see through the rough water of the surf zone.5

The idea: new mapping technology

Quick, easy, accurate, and highly localized identification of rip 
currents would allow authorities to better protect beachgoers 
from rip currents that form in different places over time as 
offshore sandbars change their shape, position, and size. The 
National Weather Service publishes regional risk forecasts 
in some areas,6 but these just account for wave height and 

direction and provide only a general guide to rip current 
risk. With technological advances, it may soon be possible to 
include bathymetric measurements in these forecasts, allow-
ing predictions to be made for individual beaches rather than 
broader regions. 

At a glance

The issue:
• Dangerous rip currents can form on most beaches with 

breaking waves
• Rip currents can vary in location, strength, and 

appearance, making it difficult to warn beachgoers

Why it matters:
• Swimmers can be quickly pulled away from shore by rips
• Most people do not know how to identify rip currents 

and/or are unsure how to escape them7

The idea:
• New technologies are improving our ability to map a 

beach’s bathymetry, which is key to whether or not rips 
can form

• Combining bathymetric maps with wave data, which 
is already monitored by offshore buoys, can allow 
scientists to identify where rips may occur

Toward the future:
• As these technologies become more affordable, local 

authorities could use them to make daily bathymetric 
maps and highly specific rip current forecasts

Key concepts, defined
Bathymetry: underwater land surface topography or 
landscape shape
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Three main techniques can be used to measure a beach’s 
bathymetry:

• Radar (since the late 1990s8): an x-band radar mounted 
above the water on any structure, or on a vehicle driving 
along the coast,9 can be used to “film” the water surface in 
high resolution, capturing how waves change, warp, and 
break. This can be combined with offshore measurements of 
wave height and length to calculate the bathymetry below 
the surface that produced the observed wave changes, 
revealing locations of sandbars but not the depth of the 
water column.9

• Lidar (widely available since the late 1990s10): stands for 
light detection and ranging. A laser pulse measures the 
distance from the instrument to a surface, such as the 
seabed, to generate a 3D elevation map of that surface. 
Advances in data processing and the use of green laser 
pulses that can pass through shallow water have increased 
the accuracy of these methods in coastal zones to ± 0.5 
feet.10 Although traditionally collected by manned aircraft, 
costs will continue to fall as drone-mounted lidar becomes 
more common.  

• Satellites (since 2000): the amount of blue and green 
light reflected back to a satellite by a body of water is 

related to the water depth. Satellite measurements taken 
across an area can be used to produce a bathymetric 
map. This method is increasingly accessible as high-
quality commercial satellites become more abundant 
and affordable. The DigitalGlobe WorldView satellites 
currently photograph most locations once a day with 
a resolution of 1 foot (0.31 meters) in black and white 
imagery, and 4 feet (1.2 meters) in the color range used to 
calculate water column depth. This method cannot be used 
everywhere since it requires very clear waters free from 
heavy turbulence or suspended sediment, but it is currently 
much cheaper than radar and lidar methods, although less 
accurate (± 2 to 4 feet).11

Regardless of how the bathymetry is measured and modeled, as 
long as available data have a resolution of 6.6 by 6.6 feet (2 by 
2 meters) or better, it is possible to detect rip-prone channels, 
which are narrow, long, and run directly away from the shore.12

Toward the future: Automated detection 
becomes possible

Many beach authorities currently warn people about rips with 
a combination of informative signs, flags to indicate potentially 
unsafe conditions, and lifeguards. However, many beachgoers 
do not know what the signs and flags mean, how to identify 
dangerous rips, or how to escape if they are caught in a rip.7 
Improved real-time or daily detection of rip currents could be 
used in the near future to better warn the public with more 
specific forecasts and distinct “keep out of the water” signs where 
and when rip channels are detected. Improved accuracy, lower 
costs, and automated detection may make these technologies 
viable for beach safety efforts on local, state, and national scales.

Lidar-based model of the variable beach morphology at Pensacola 
Beach, Florida. Colors indicate water depth, increasing from red to pur-
ple. Streak running directly seaward from the beach is the pier. Image 
credit: S. Trimble (image data from DigitalGlobe, Lidar from NOAA).

References & More Resources

For a complete listing of references and more resources, 
including information on Lidar imaging and how to 
access satellite imagery and weather data for coastlines, 
please visit the web version of this case study at www.
americangeosciences.org/critical-issues/case-study/
mapping-rip-currents-beach
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