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Ocean view at Devil's Slide Trail. Credit: Unsplash/CC0 Public Domain

The first study to analyze California's coastal cliff retreat statewide using
high-resolution data has found that cliffs receded faster in the north than
elsewhere in the state during the study period.
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But the study, which covered 866 kilometers (538 miles) of cliffs,
detected erosional hotspots in central and Southern California as well.

"It's probably the largest high-resolution cliff erosion study ever
conducted and provides the first detailed erosion rates for several parts
of the state," said coastal geomorphologist Adam Young of Scripps
Institution of Oceanography at UC San Diego. Young and Zuzanna M.
Swirad of the Polish Academy of Sciences in Warsaw, recently
published their study in the journal Geomorphology.

Data from that study plus previous research are now available on the
website California Coastal Cliff Erosion Viewer. Website users can
browse any cliff in the state to see its past rate of erosion and related
retreat statistics. The website is designed for coastal planning and
development decision-makers, but the information may also be of
interest to members of the research community, and the general public.

"Communities and critical infrastructure are located on the cliff top. It is
really important to understand the hazard of cliff collapse," said Swirad,
a former postdoctoral scholar at Scripps Oceanography.

Cliffs account for most of California's 1,646 kilometers (1,023 miles) of
coastline. Landslides and collapses have caused injuries and multiple
deaths in recent decades. Coastal infrastructure potentially at risk
includes highways, public coastal access points, homes, military bases,
wastewater treatment plants, power plants, and railways. The State of
California recently allocated $300 million toward moving 1.7 miles of
tracks away from an eroding bluff in Del Mar.

In their new study, Swirad and Young created one-meter digital elevation
models and evaluated the cliff erosion and retreat between 2009–2011
and 2016 in five-meter (16.4 foot) segments along 866 kilometers (538
miles) of California's coast. Erosion was detected along more than half
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of the cliffs.

Rates were typically higher in the north of the state and for cliffs with
beachfront. The statewide retreat rates of both cliff faces and cliff tops
averaged about six centimeters (two inches) annually. However, the
average values mask the effects of episodic collapses. Cliff top retreat
rates exceeded five meters (16 feet) per year in some areas of Rancho
Palos Verdes south of Los Angeles, an area south of Point Arguello near
Vandenberg Air Force Base, Big Sur in central California, and Martin
Beach south of San Francisco. Northern California locations with high
retreat rates include Usal Beach, King Range, Centerville Beach, the
McNeil Creek area north of Trinidad Head, and an area about two miles
north of the Klamath River.
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Included in the analysis were data collected with airborne LiDAR (Light
Detection and Ranging), an advanced laser-imaging technology, during
2009–2011 and 2016. New machine learning techniques that Swirad
developed helped reduce the project's manual processing and analysis
time, expediting the large-scale study.

Large cliff failures can occur episodically making cliff-retreat
projections based on averaged historical data challenging. In addition,
retreat measurements made only at the cliff top do not capture landslides
in the middle or bottom of cliffs. However, using LiDAR, Swirad and
Young were able to measure both the cliff top change and changes
within the cliff face.

The new results were compared to one of Young's previous studies of
southern and central California and yielded similar statistical results of
cliff face retreat. These statistics help account for episodic erosional
events, and help improve model predictions.

"Because we found statistical agreement with the previous time period,
1998 and 2009–2010, we may be more confident that the statistical
approach is the way to do it," Swirad said.

New statewide data collection began last year. This will provide a third
time span to see if the statistical results remain consistent with those
from the earlier periods. Still, the researchers find it difficult to isolate
events that happen seasonally or annually such as El Niño events because
the statewide data sets span five to 10 years. Such a large time span
makes it hard for them to interpret the processes driving erosion such as
pounding waves, groundwater, and rainfall.
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"We need to survey the coast more frequently so we can better track how
the coast is evolving and improve model predictions," Young said. "We
have the ability and technology to do this."

Young noted that coastlines are the only place on Earth where ocean,
land, and atmosphere intersect.

"That makes it a fascinating place to study," he said.

  More information: Zuzanna M. Swirad et al, Spatial and temporal
trends in California coastal cliff retreat, Geomorphology (2022). DOI:
10.1016/j.geomorph.2022.108318
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