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Within the last 100 to 150 years, modifications of coastal areas due to the 
general increase of human activities and the exploitation of the hydraulic and 
sediment resources of rivers have caused extensive coastal erosion.  The costs 
and impacts of this erosion are difficult to assess and have not yet been truly 
reflected in the price of commodities such as sand and gravel.   

 
Factors and Sources 

 
Rivers and streams are the main sources of sediment for the Pacific Coast.  
Along the northern portion of the coast, in Washington, Oregon and northern 
California, the rivers and streams tend to be large watershed systems, like the 
Columbia, the Klamath, and the Eel.  In southern California, the watersheds are 
smaller but are still the key contributors of new beach material. 
  
The long-term sustainability of beaches depends on periodic deliveries of sand 
and gravel from coastal rivers and streams.  The main activities that have altered 
fluvial sediment regimes and contributed to coastal erosion are usually listed as: 
sand and gravel mining operations, dams that intercept and hold sediments, 
dredging for purposes of navigation, debris basins that intercept sediments, and 
sea walls and revetments that may or may not reduce bluff erosion. 
 

Sand and Gravel Mining 
 
Many beaches are impacted by reduction of sediment delivery to the coast 
caused by gravel and sand mining in coastal watersheds.  In the United States, 
about 1.3 billion tons of aggregate was produced in 2003 alone (Bolen, 2004). 
  
Streams and rivers are the transportation systems that deliver sediments to the 
coast. The rivers act as “conveyor belts” that move sediment from areas of 
weathering and erosion in the headwaters regions through middle reaches where 
little erosion or deposition occurs to regions of deposition in the lower reaches 
of rivers and then ultimately to coastal sites.   
 
The time scale of sediment movement down these river systems is measured in 
terms of decades to centuries. Movement of sediments is not constant, but rather 
is controlled by episodic peak flows during extreme rainfall events that often 
trigger floods. Additionally, the reduction of peak flows by dams reduces the 
ability of the systems to move sediment. 
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The concept of “safe yield” encompasses the argument that as long as the 
volume of sand and gravel that is mined annually from river channels is less 
than the annual replenishment of sediment from natural erosion then the effect 
on river channels is negligible. This argument may hold true for local reaches of 
rivers close to mining sites.  However, the volume of sediment in the fluvial 
system is reduced and thus less volume is ultimately delivered to the coast. 
  
Based on available local information, sand and gravel mining in northern 
California from the Russian River to the Oregon border is approximately 6.1 
million cubic meters per year.  It has been reported that sand and gravel mining 
in southern California produces an average 30.6 million cubic meters of sand 
and gravel annually. 
 
It is estimated that 50 percent of this material may be from or associated with 
coastal watercourses in the first flood plain.  Thus, the annual sand and gravel 
extraction in coastal watersheds in southern California is about 15.3 million 
cubic meters and in northern California is about 8.1 million cubic meters.  
  
Although coastal sand mining was occurring along the coasts of California and 
Oregon by the late 1800s, coastal sand mining along the Pacific Coast ended by 
1991.  Komar (1998) reports that some 84,100 cubic meters of sand were 
removed from the beach near the mouth of the Siletz River in Oregon between 
1965 and 1971.  Hotten (1988) reports that between 7,700 and 11,500 cubic 
meters of sand were removed from the Mission Bay littoral (near San Diego) in 
conjunction with removal of kelp from beaches. 
  
The major northern California coastal sand mining operations have been along 
the shore of Monterey Bay and on the bottom of San Francisco Bay near the 
Golden Gate.  Based on the estimates of Magoon, Haugen, and Sloan (1972) and 
Kendall, Vick, and Forsman (1991), about 6.3 million cubic meters of coastal 
sand had been mined in the vicinity of Monterey Bay before coastal sand mining 
seaward of the shore ceased in 1991. 
  
Recent multi-beam survey work (Barnard, 2005) by the United States 
Geological Survey (USGS) outside the entrance to San Francisco Bay shows 
that more than 90 million cubic meters of sediment has been lost from the mouth 
of the bay since the 1950s, about the same amount that has been removed by 
sand mining within the bay during the same period.  Sand wave maps prepared 
by the USGS show a clear net seaward transport of sediment through the Golden 
Gate and, therefore, a direct link may very well exist. 
 
For the present, the total sediment loss to the coastlines attributable to sand and 
gravel mining in California, Oregon, and Washington is estimated to be 1.2 
billion cubic meters since 1950. 
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Dams 
 
In studies of the reduction of supply of sediments to the California coast due to 
the construction and operation of dams, Willis and Griggs (2003) note that “The 
long-term sustainability of California’s beaches depends on periodic deliveries 
of sand and gravel from coastal rivers and streams.  To assess the long-term 
health of California’s beaches, this study characterized the current state of 
fluvial sediments delivery and quantified on a littoral cell basis, the cumulative 
impacts of dams on decreasing annual discharge.  Presently, more than 500 
dams impound more than 42,000 square kilometers or 38 percent of California’s 
coastal watershed area.  Flow modeling suggests that by diminishing flood 
hydrographs, these dams have reduced the average annual sand and gravel flux 
to 20 major littoral cells by 2.8 million cubic meters per year or 25 percent.”  An 
estimated cumulative loss since 1963 of 113 million cubic meters has been used 
herein. 
 
The Columbia River is the dominant watershed for the coastlines of Washington 
and Oregon.  Research estimates suggest a range of 1.4 to 4.4 million cubic 
meters per year are supplied to the coast.  Kaminsky (2004) reports that “Flow 
regulation has been estimated to reduce the sand carrying capacity of the river 
by two-thirds, and the present estimated rate of supply of sand from the lower 
river to the estuary is 1.4 million cubic meters per year (or less as estimated by 
the Corps).”  As a conservative estimate, this study assumes that the reduction 
has been about 2 million cubic meters annually, due to dams and regulated 
dredging for navigation.   
 
Komar (1998) has also noted that other than the effects of the dams on the 
Columbia River, this is not a particular issue on the coasts of Oregon and 
Washington.  The total sediment loss to the coastlines attributable to dams in the 
coastal watersheds of California, Oregon, and Washington is estimated at about 
195 million cubic meters since 1950. 
 

Dredging 
 
Modern practices of navigation channel maintenance generally include the 
placement of suitable beach material on the nearby shores or in sufficiently 
shallow water that keeps the dredged material in the littoral system.  The two 
major exceptions to this practice are the navigation channels at the entrances of 
Humboldt Bay and the Columbia River (the latter was considered earlier herein). 
 
Since 1990, material removed from the entrance and navigation channel of 
Humboldt Bay in northern California has been deposited in deep water, thereby 
removing the material from the littoral system.  By 1998, approximately 10.7 
million cubic meters of material had been deposited in water depths of 49 to 55 
meters and lost to the coastal system (Nicholls et al, 1998).  The cumulative loss 
through 2006 is an estimated 20.8 million cubic meters, while the ongoing 
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annual rate of loss is 1.3 million cubic meters.  The total sediment loss to the 
coastlines attributable to dredging is estimated at about 102 million cubic meters 
since 1950. 
 

Debris Basins 
 
Debris basins are typically used in southern California to protect urban 
development from the effects of intense rainfall.  As stated in Ellis et al (2001), 
“Debris basins are designed to trap sediments being transported by debris 
flows…. As of 2000, 162 debris basins trapped a total of more than 13,761,900 
cubic meters of debris…  Assuming a 50 percent sand content for these deposits, 
the basins have trapped about 6,881,000 cubic meters of sand.  It is assumed that 
little of this sand is returned to the drainage system, and therefore this 
impoundment represents a loss of sand from the coastal budget.”  The estimated 
sediment loss attributable to debris basins since 1950 is about 7.6 million cubic 
meters.   
 

Seawalls and Revetments 
 
Although the loss of sediments to the coast due to construction of seawalls, 
revetments, or other coastal armoring is locally important, it has a relatively 
minor impact on the coasts of Washington, Oregon, and California.  The 
California Department of Boating and Waterways (2002) estimates that for the 
Santa Barbara and Oceanside littoral cells in Southern California, coastal 
armoring reduced the supply of sediments by 2,000 cubic meters and 9,500 
cubic meters per year, respectively, resulting from 68.6 kilometers of armoring. 
 
Averaging and projecting the sediment reduction from these reaches of coast to 
the entire state in order to estimate the effect of armoring on approximately 260 
kilometers of armoring in California (seawalls and breakwaters) would result in 
about 53,000 cubic meters per year lost due to armoring.  For the present 
purposes, coastal sediment loss due to armoring in California is estimated to be 
38,230 cubic meters per year; for Oregon, the estimate is 2,290 cubic meters per 
year (Komar 2004).  The total sediment loss to the coastlines attributable to sea 
walls and revetments in California, Oregon, and Washington since 1950 is thus 
estimated at 1.3 million cubic meters. 
 

Economics and Unpriced Externalities 
 

Sediment is removed to clear channels for commercial shipping, sediment is 
contained behind dams to provide water and power, and sediment is mined as 
input to construction and to various manufactured materials.  While each of 
these activities was and is undertaken at some expense, the cost of the activity 
traditionally does not include the cost to the coastline due to removal of the 
sediment.  The dominating concept in understanding the economics of these 

209



activities focuses on unpriced externalities (Lent, Magoon, and Richmond, 
2005).    
 
The failure of the market to include the cost of interference in the shoreline 
results effectively in a subsidy to the action, as the activity is being undertaken 
at less than the real cost.  The cost is external to the decision to undertake the 
activity, resulting in the potential over-consumption of sediment, further 
compounding the problem.   
 
A straightforward approach (Magoon et al, 2004) may be used to estimate the 
replacement value of the lost sediment.  In Table 1, the loss of sediment from 
debris basins, dams and flow regulation, sand and gravel mining, seawalls and 
other armoring, and harbor dredging are valued based on a present estimate of 
US $20 per cubic meter. 
 
Table 1:  Estimated Replacement Cost of Sediments Lost to the Coastlines of 
California, Oregon, and Washington 
Category Estimated Loss Estimated Cost Percent 

 (cubic meters) (US $)  
Sand/Gravel Mining 1,200,000,000 $      24,000,000,000 79.7% 
Dams 195,000,000 $        3,900,000,000 12.9% 
Dredging 102,000,000 $        2,040,000,000 6.8% 
Debris Basins 7,600,000  $           152,000,000 0.5% 
Sea Walls/Revetments 1,300,000 $             26,000,000 0.1% 

Totals 1,505,900,000 $     30,118,000,000 100.0% 
 
As shown in Table 1, the estimated total sediment loss to the coast in these five 
categories since 1950 is more than 1.5 billion cubic meters.  Sand and gravel 
mining is the largest factor by far, accounting for nearly 80 percent of the 
estimated loss.  The estimated replacement value of this sediment using current 
conservative prices is more than US $30,000,000,000 (30 billion dollars).  The 
ongoing annual loss of sediment is about 30 million cubic meters, valued at a 
replacement cost of about US $600,000,000 (600 million dollars).  
 
It should be noted that if there were to be sizeable efforts initiated to mitigate the 
cumulative or annual sediment losses, the actual cost would be much higher as 
the tremendous demand for sediment would drive up the cost significantly.  Two 
other factors relevant to economic considerations are the repair and replacement 
costs for structures damaged and benefits lost and the value of what minor beach 
nourishment has taken place. 
 
Negligible information is available for repair costs, as only a very limited 
portion of the shoreline has undergone repair.  However, separate reports (e.g., 
Heinz Center, 2000) estimate as much as US $3.1 billion in lost structures, 
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infrastructure, and recreation benefits in the study region.  In addition, very little 
work has been done to replenish the sediments lost to the coastlines.  The Corps 
of Engineers has undertaken five nourishment projects beginning in 1959, 
‘putting back’ about 56 million cubic yards along the California coast.  Note that 
most of the sand that was ‘put back’ utilized near shore dredged material which 
was simply replacing what would otherwise have been counted as a loss to the 
system.  The costs for this nourishment totaled US $258 million. 
 

Conclusions 
 
The information presented herein indicates that 1,500,000,000 cubic meters or 
more of sediment has been lost to the coastlines of Washington, Oregon, and 
California since 1950.  The replacement value of these lost sediments is 
conservatively estimated to be at least US $30,000,000,000 (30 billion dollars).  
About 80 percent of the loss is attributable to sand and gravel mining in coastal 
watersheds.  Further, it is also believed that most of these losses continue 
unabated, at a rate of about 30,000,000 cubic meters per year.  The annual 
replacement value of these sediments is estimated to be at least US 
$600,000,000 (600 million dollars). 
 
There are clearly limitations in these estimates.  However, they establish a useful 
understanding of the economic effects of sediment loss along the coastlines.  
Although the focus of this work was on a specific region of the United States, 
the interference factors discussed herein are most surely among those impacting 
coastlines around the world. 
 

Acknowledgements 
 
The authors acknowledge the assistance and support of many colleagues in this 
effort, including Linda Lent, Jeff Williams, Jim Richmond, Lesley Ewing, Tony 
Pratt, Scott Douglass, Billy Edge, Katherine Stone, Ron Noble, Patrick Barnard, 
Gary Griggs, Tom Kendall, Cope Willis, Paul Komar, Monte Hampton, and Bob 
Wiegel.  The support and enthusiasm of friends and family is also very much 
appreciated. 

 
References 

 
Barnard, P. (2005), “Modern Processes at the Mouth of San Francisco Bay”, 

United States Geological Survey, Notes for Field Trip Sponsored by the 
American Shore and Beach Association, 9 October 2005, 22 pages. 

Bolen, W. P. (2004). “Construction Sand and Gravel: United States Geological 
Survey, Mineral Commodities Summary” 

California Department of Boating and Waterways and State Coastal 
Conservancy (2002), “California Beach Restoration Study”, Sacramento, 
California. 

211



Ellis, J. T., Bass, A. C.W., Barron, K. M; Hansen, D. J., and Sherman, D. J. 
(2001), “Sediment Impoundment by Coastal Debris Basins in California.”, 
California Shore and Beach Preservation Association, 2001 Annual 
Conference.   

Heinz Center (2000), “The Hidden Costs of Coastal Hazards: Implications for Risk 
Assessment and Mitigation,” Island Press, Covelo, California. 

Hotten, Robert D. (1988), “Sand Mining on Mission Beach, San Diego, 
California.” Shore and Beach: 56(2), pages 18-21. 

Kaminsky, G. M. (2004), Personal communications to Orville Magoon.   
Kendall, T. R., Vick, J. C., and Forsman, L. M. (1991), “Sand as a Resource: 

Managing and Mining the Northern California Coast”, Proceedings, Coastal 
Zone ’91 – California Coastal Zone Experience, pages 278-295.  

Komar, P. (1998), “The Pacific Northwest Coast: Living with the Shores of 
Oregon and Washington”, Duke University Press, Durham, North Carolina.  

Lent, L. K., Magoon, O. T., and Richmond, J. A. (2005), “Market Incentives 
that Starve Our Beaches: Gainers and Losers”, Proceedings, Solutions to 
Coastal Disasters 2005, Charleston, South Carolina, pages 801-809. 

Magoon, O. T., Haugen, J. C., and Sloan, R. L. (1972), “Coastal Sand Mining in 
Northern California, USA.”, Proceedings, 13th International Conference on 
Coastal Engineering, Vancouver, Canada, pages 1571-1597.  

Magoon, O. T., Williams, S. J., Lent, L. K., Richmond, J. A., Treadwell, D. D., 
Douglass, S. L., Edge, B. L., Ewing, L. C., and Pratt, A. P. (2004), 
“Economic Impacts of Anthropogenic Activities on Coastlines of the 
United States”, Proceedings, ICCE 2004, 29th International Conference on 
Coastal Engineering, ASCE, Lisbon, Portugal, pages 3022-3035. 

Willis, C. M. and Griggs, G. B. (2003), “Reductions in Fluvial Sediment 
Discharge by Coastal Dams in California and Implications for Beach 
Sustainability”, Journal of Geology, Volume 111, pages 167-182. 

 
Orville T. Magoon 
Consulting Engineer 
omagoon@sbcglobal.net 

212


	STARVING THE PACIFIC COASTAL BEACHES OF 
	CALIFORNIA, OREGON, AND WASHINGTON
	Orville T. Magoon, Consulting Engineer


