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National Shoreline Change: Summary Statistics of
Shoreline Change From the 1800s To the 2010s for the

Coast of California

By Meredith G. Kratzmann'

Abstract

Rates of shoreline change have been updated for the
open-ocean sandy coastline of California as part of studies
conducted by the U.S. Geological Survey. Shorelines from the
original assessment (1800s through 1998 or 2002), as well as
additional shoreline position data from 2009 to 2011, 2015,
and 2016 extracted from light detection and ranging (lidar)
data, were used to compute long-term rates (approximately
150 years) that incorporate the proxy-datum bias on a transect-
by-transect basis. The proxy-datum bias accounts for the
unidirectional onshore bias of proxy-based high water line
shorelines relative to datum-based mean high water shorelines.
In areas where the methods for delineating shorelines did not
make it possible to compute a bias correction, the rates are
reported without that correction. In this study, the coasts of
northern and central California exhibited the highest average
rates of erosion, whereas southern California exhibited the
highest average rate of accretion. The maximum erosion rate
was in San Mateo County in central California. The maxi-
mum rate of accretion was in Humboldt County in northern
California. Rates were calculated at 19,063 transect locations.
Shoreline positions from the mid-1800s through 2016 were
used to update shoreline change rates in California using the
Digital Shoreline Analysis System (DSAS) software.

Introduction

In coastal areas of the United States, the dynamic
interfaces between water and land are often locations of
concentrated residential and commercial development as well
as Federal, State, Tribal, and local municipal landholdings

ICherokee Nation System Solutions, under contract to the
U.S. Geological Survey.

managed for recreation and conservation. These areas are fre-
quently subjected to a range of natural hazards, which include
flooding and coastal erosion. In response, the U.S. Geological
Survey (USGS) is compiling existing reliable historical shore-
line data and calculating rates of shoreline change along the
conterminous coast of the United States and parts of Alaska
and Hawaii as part of the coastal change hazards priority.
One component of this research effort documents changes in
shoreline position, which are data used as a proxy for coastal
change. Shoreline position is one of the most monitored
indicators of environmental change (Morton, 1996), and it is
an easily understood feature marking the location of a beach
through time.

A principal focus of the shoreline change documenta-
tion effort has been to develop a consistent methodology
for calculating shoreline change rates and reporting results
that may be periodically updated when additional data or
improved techniques become available. Beginning in 2004,
the USGS has published results of shoreline monitoring
work, organized and presented by coastal region, including:
the U.S. Gulf of Mexico coast (Morton and others, 2004),
the southeast Atlantic coast (Morton and Miller, 2005), the
California sandy shorelines (Hapke and others, 2006) and
California coastal cliffs (Hapke and Reid, 2007), the New
England and mid-Atlantic coasts (Hapke and others, 2011),
parts of the Hawaii coast (Fletcher and others, 2012), the
Pacific Northwest (Ruggiero and others, 2013), and parts
of Alaska (Gibbs and Richmond, 2015; Gibbs and oth-
ers, 2019). Updates to the southeast Atlantic (Kratzmann
and others, 2017; Kratzmann and others, 2021), Gulf of
Mexico (Himmelstoss and others, 2017), and Alaska (Gibbs
and Richmond, 2017) coasts have also been published.
Data for open-ocean coastal regions in the United States
can be viewed in the USGS Coastal Change Hazards Portal
(https://marine.usgs.gov/coastalchangehazardsportal/).


https://marine.usgs.gov/coastalchangehazardsportal/
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This report is an update to the original USGS assessment
of California shorelines (Hapke and others, 2006) and includes
revised rate-of-change calculations based on additional shore-
line position data, improved rate metrics, and application of
a proxy-datum bias correction on a transect-by-transect basis
that quantifies potential bias and errors associated with inte-
grating shorelines referenced to different proxies (Ruggiero
and List, 2009). In the original shoreline change report (Hapke
and others, 2006), the proxy-datum bias correction was
only applied to regional shoreline averages (not transect-by-
transect). The proxy-datum bias accounts for the unidirectional
onshore bias of proxy-based high water line (HWL) shorelines
relative to datum-based mean high water (MHW) shorelines.
If this offset is not accounted for in the rate-of-change calcu-
lations, the resulting shoreline change rates would indicate
slower shoreline retreat than reality, progradation rather than
retreat, or faster progradation than reality (Ruggiero and
List, 2009).

Table 1.

In this report and the associated data release (Kratzmann
and others, 2024), three new datum-based MHW shorelines
derived from light detection and ranging (lidar) elevation data
from 2009 to 2011, 2015, and 2016 are included in the analy-
sis. Two methods (both described in Farris and others, 2018)
were used to extract the lidar shorelines: the profile method for
the 2009—-2011 shoreline and the contour method for the 2015
and 2016 shorelines (Barnard and others, 2020). The full
time series of the shoreline dataset spans from 1852 to 2016,
compiled from several sources (table 1). The California coast
has been divided into three regions (fig. 1) for data distribu-
tion and reporting of rates: northern California (from the
California-Oregon border to Tomales Bay), central California
(from Tomales Bay to El Capitan State Beach), and southern
California (from EI Capitan State Beach to the California-
Mexico border).

Data sources and regional shoreline coverage for shoreline change in California.

[Coverage is not necessarily continuous. For details regarding sources, uncertainty values, extraction methods, and shorelines present in specific areas of
California, see shorelines shapefile metadata and attribute tables in Kratzmann and others (2024). T-sheet, topographic survey sheet; DRG, digital raster graphic;
lidar, light detection and ranging; HWL, high water line (proxy-based shoreline); MHW, mean high water (datum-based shoreline); NOAA, National Oceanic
and Atmospheric Administration; USGS, U.S. Geological Survey; NASA, National Aeronautics and Space Administration; USACE, U.S. Army Corps of
Engineers; JALBTCX, Joint Airborne Lidar Bathymetry Technical Center of Expertise; UCSD, University of California, San Diego]

Time span of Shoreline year Shoreline o
shoreline datasets range Source type type Source organization Coverage
Northern California

18542016 18541955 T-sheets HWL NOAA Oregon-California border to
1952-1971 DRG HWL USGS Tomales Bay
2002% Lidar MHW USGS and NASA
2009,2010,2011* Lidar MHW USGS
2015* Lidar MHW NOAA, USACE, and JALBTCX
2016* Lidar MHW USGS, NOAA, and USACE

Central California

1852-2016 1852-1978 T-sheets HWL NOAA Tomales Bay to El Capitan
1945-1956 DRG HWL USGS State Beach
1998, 2002% Lidar MHW USGS and NASA
2009, 2010* Lidar MHW USGS
2015* Lidar MHW NOAA, USACE, and JALBTCX
2016 Lidar MHW USGS, NOAA, and USACE

Southern California

1852-2016 1852-1975 T-sheets HWL NOAA El Capitan State Beach to
1998t Lidar MHW USGS and NASA California-Mexico border
2009* Lidar MHW USGS
2015* Lidar MHW UCSD
2015* Lidar MHW NOAA, USACE, and JALBTCX
2016* Lidar MHW USGS, NOAA, and USACE

tLidar shoreline from Hapke and others (2006).

*Lidar shoreline with proxy-datum bias values on a transect-by-transect basis. Extracted using profile method (Farris and others, 2018).

*Lidar shoreline that does not have associated bias values. Extracted by Barnard and others (2020) using contour method (Farris and others, 2018).
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Figure 1. Map showing the three regions of California for the shoreline change analysis of California, defined as northern California,
central California, and southern California.
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Calculation and Interpretation of
Shoreline Change Results

Rates of long-term (approximately 150 years) shore-
line change for the California coast were computed within
a geographic information system (GIS) by using the linear
regression calculation included in the Digital Shoreline
Analysis System (DSAS) version 5 software (Himmelstoss
and others, 2018a). In this study, DSAS used an alongshore-
oriented baseline to generate transects orthogonal to the
coast at 50-meter (m) spacing and to subsequently calculate
shoreline change statistics (Himmelstoss and others, 2018b).
The shoreline change rates and rate uncertainties at individual
transect locations for California are available in the associ-
ated data release (Kratzmann and others, 2024). This report
provides averaged rates of long-term shoreline change and the
associated average rate of uncertainty as a measure of broad-
scale trends. Maximum values and long-term rates of erosion
and accretion are reported at various locations in each region
of California.

A value of 9999 in an attribute table in Kratzmann
and others (2024) indicates a null value. These values were
inserted in the attribute tables because ArcGIS automatically
changes a null value to a zero value (which could be mistaken
for a true zero) whenever a feature class is exported from a
geodatabase to a shapefile (Esri, 2016), which was a neces-
sary step in the workflow of this project. In addition, there
may be sections of coast where the proxy-datum bias cor-
rection cannot be applied. The proxy-datum bias correction
can only be applied in locations where bias values associ-
ated with the 200911 lidar shoreline have been calculated.

In DSAS version 5, the bias correction is applied up to 2
kilometers beyond the last bias value location. The 2009-11
lidar shoreline was extracted using the profile method, which
includes the slope data necessary for calculating bias values,
whereas contour method shorelines (such as 2015 and 2016
in California) do not include slope data. Examples where the
bias correction was not made include transects with only HWL
shoreline intersections (that is, no 2009—11 lidar shoreline

at that location and therefore no bias value) or transects that
include MHW shoreline intersections with no bias (locations
with only 2015 and 2016 contour shorelines present). A field
(Bias_ NB) was added to the rates and intersects attribute
tables in Kratzmann and others (2024) to clearly label which
locations have the bias correction applied (Bias) or no bias
correction applied (NB). A user may select and export bias-
only rates if desired. The statistics reported in the tables are
only for bias-corrected rates.

Following Ruggiero and others (2013), each transect rate
uncertainty was reasoned to be partially independent of the
others. Given that some cancellation of the uncertainties is
likely in a regional analysis and transect uncertainties are not
likely to be independent of all the others, a partial indepen-
dence approach reduces both overestimation and underestima-
tion of the uncertainty. To estimate the regionally averaged

uncertainty of partially independent transect rates, the effective
number of independent uncertainty values (n*) was evaluated.
Following Garrett and Toulany (1981), n* was found on the
basis of the spatially lagged autocorrelation of measurement
uncertainty. For the measurement uncertainty used in this
study, each measure of shoreline change rate uncertainty was
used. This method resulted in a large reduction of the original
sample size (). Assuming that the uncertainty of a region can
be represented by U, the uncertainty of a regionally averaged
change rate (URq_) was as follows:

= 7Ue (1)

where the uncertainty of the region was multiplied by the
inverse of the spatially lagged autocorrelation. The reduced
effective sample size (n*) was also determined for each region
(northern, central, and southern California) by summing the
n* values for the individual regions within the State. Average
uncertainty values found by using equation 1 are generally
much smaller than the arithmetic mean confidence interval
but larger than the quadrature-averaged confidence interval
(Ruggiero and others, 2013).

Results From Historical Shoreline
Change Analysis

Shorelines from the original report (Hapke and oth-
ers, 2006) as well as additional shoreline position data derived
from lidar were used to compute long-term rates that incorpo-
rate the proxy-datum bias on a transect-by-transect basis.

* In northern California, the average bias value is 19.8 m.
* In central California, the average bias value is 19.0 m.

* In southern California, the average bias value
is 13.6 m.

Averaged rates of long-term (approximately 150 years)
shoreline change and the associated average values of rate
uncertainty for the three regions of the California coast are
presented in table 2. The exact period analyzed varies, depend-
ing on the availability of shoreline change data at a given
location, but is typically within the range of approximately 80
to 150 years.

Two of the three region-averaged long-term rates are
statistically significant in this update: central and southern
California (table 2). The averaged long-term rates are consid-
ered statistically significant when the average rate is larger
than the average reduced n confidence interval, or in other
words when the range of the rate plus or minus the uncer-
tainty is entirely accretional (positive) or entirely erosional
(negative).



The coasts of northern and central California exhib-
ited the highest average rates of erosion in the long-term,
—0.4+0.01 meter per year (m/yr). In northern California,
erosion was observed at 55 percent of the shoreline change
transect locations (table 2). The maximum long-term erosion
rate was observed south of the Eel River in Humboldt County
at a rate of —2.543.8 m/yr (fig. 1; table 2). The maximum
long-term accretion rate was 6.6+4.8 m/yr at Samoa Dunes
State Recreation Area (north jetty) in Humboldt County
(fig. 1; table 2). Accretion was observed at 44 percent of
the 5,793 shoreline change transect locations in the region
(table 2).

The average erosion rate on central California’s coast
was —0.4+0.01 m/yr. Erosion was observed at 66 percent
of the 6,584 transect locations, making this region the most
erosional overall in the long term (table 2). The maximum
long-term erosion rate was —3.2+2.6 m/yr at Point Afio Nuevo
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in San Mateo County (fig. 1; table 2). The maximum long-
term accretion rate in central California was 3.5+1.3 m/yr

at Morro Rock Beach in San Luis Obispo County (fig. 1;

table 2). Accretion was observed at 33 percent of transect loca-
tions in the region (table 2).

The average erosional rate on the southern California
coast was —0.2+0.01 m/yr. Erosion was observed at 41
percent of transect locations in the long term (table 2). The
maximum long-term erosion rate on this stretch of coast was
—1.5+0.5 m/yr at Point Mugu State Park in Ventura County
(fig. 1; table 2). The maximum long-term accretion rate on
the southern California coast was 3.4+0.8 m/yr at Seal Beach
in Orange County (fig. 1; table 2). Accretion was observed at
58 percent of the 6,686 transect locations in the region, mak-
ing this the most accretional region in the State overall in the
long term (table 2).

Table 2. Average long-term linear regression shoreline change rates and associated information for California.

[Positive rates indicate accretion or seaward movement of the shoreline; negative rates indicate erosion or landward movement. Regions and locations shown on

figure 1]

Parameter

Northern California

Central California

Southern California

All transects

Total number of transects 5,793 6,584 6,686

Average rate, in meters per year 0.02 -0.16 0.3

Average of the 90 percent confidence intervals associated 0.5 0.4 0.3
with rates

Reduced number of independent transects (n) 122 117 92

Uncertainty of the average rate using reduced n 0.05 0.04 0.03

Average rate with reduced n uncertainty, in meters per year 0.02+0.05 —0.16+0.04* 0.3+0.03*

Erosional transects

Number of erosional transects 3,164 4,359 2,720

Percent of all transects that are erosional 55 66 41

Percent of all transects with statistically significant erosion 21 33 17

Maximum value erosion, in meters per year, with 90 percent —2.543.8 —3.242.6% —1.5+0.5*
confidence interval

Maximum value erosion location Eel River (south of), Point Afio Nuevo, Point Mugu State Park,

Humboldt County San Mateo County Ventura County
Average erosional rate with 90 percent confidence interval —0.4+0.01* —0.4+0.01* —0.2+0.01*
Accretional transects

Number of accretional transects 2,554 2,157 3,864

Percent of all transects that are accretional 44 33 58

Percent of all transects with statistically significant accretion 16 8 35

Maximum value accretion, in meters per year, with 90 percent 6.6+4.8* 3.5+1.3% 3.4+0.8*
confidence interval

Maximum value accretion location Samoa Dunes State Morro Rock Beach, Seal Beach,

Recreation Area (north San Luis Obispo Orange County

jetty), Humboldt County ~ County

Average accretional rate with 90 percent confidence interval 0.5+0.02%*

0.3+£0.01%*

0.6+0.02*

*Confidence interval value is less than the average rate, indicating that the rate is statistically significant.
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Summary

The U.S. Geological Survey presents updated calcula-
tions of long-term rates of shoreline change for the three
regions of the California coast (northern, central, southern)
as part of the Coastal Change Hazards Program. The updated
calculations incorporate additional statewide shoreline posi-
tion data from 2009-11, 2015, and 2016 for locations where
the original rates were calculated using shoreline position
data from four time periods: 1800s, 1920s to 1930s, 1950s to
1970s, and post-1997. The change measurements for long-
term rates incorporate the proxy-datum bias correction on a
transect-by-transect basis (rather than a regional average) to
account for the proxy-based high water line shorelines being
biased onshore relative to the datum-based mean high water
shorelines. The calculation of uncertainty associated with the
long-term average rates has also been refined.
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