
Introduction 

Marine Shorelines along Puget Sound are often armored to prevent erosion from  

wind and waves and protect property investments. Shoreline armoring may 

result in loss of the upper beach and can interrupt delivery, transport, and 

accretion of beach sediments – problems likely to be exacerbated by sea-level 

rise. In addition, armoring often occurs in association with other types of human 

development, including removal of shoreline vegetation and increased inputs of 

pollutants. The trend in shoreline armoring in Puget Sound is an important 

indicator of ecological condition and is used by the Puget Sound Partnership as 

one of several indicators of the general health of Puget Sound. 

Methods 

Hydraulic Project Approvals (HPAs) issued by the Washington Department of 

Fish and Wildlife are required for in-water and shoreline construction activities in 

Washington State, including shoreline armoring. To identify recent trends in the 

rate, extent, and location of shoreline armoring in Puget Sound, we reviewed all 

shoreline armoring HPAs in Puget Sound between January 2005 and December 

2010.  

Projects identified as: 1) new – previously unarmored shoreline, 2) replacement 

– complete replacement of existing armoring, and 3) removals – removal of 

existing armoring without replacement, were selected for review.  Projects for 

maintenance and repair were excluded. 

We hypothesized that outreach and education actions to inform shoreline owners 

about armoring impacts, coupled with restoration actions to remove existing 

armor, would result in a net decrease (fewer new installations and increased 

removals) in armoring in Puget Sound over the six year timeframe. 

 

Results 
 

HPAs were issued for 980 shoreline armoring projects in Puget Sound from 

January 2005 through December 2010 (Fig. 1). During this time, length of 

replaced armoring far exceeded new or removed structures and new armoring 

substantially outpaced removals in all years (Fig. 2). 

Results (cont.) 
 

There were no significant trends in the amount of new (p=0.43) or replacement 

(p=0.43) armoring installed through the study period. However removals 

significantly increased (p=0.02) over the study period, but were relatively small in 

comparison to the amount of new armoring. 
 

Overall, these 980 projects resulted in 10.47 km (6.5 mi) of new shoreline armor, 

23.26 km (14.45 mi) of replacement armor, and 0.98 km (0.61 mi) of armor 

removal (Fig. 2). Over the six year period new armoring  averaged 1.75 km (1.1 

mi) per year. 
 

The distribution of  new armoring from 2005-2010 was noticeably concentrated in 

three of the twelve counties that border Puget Sound (Fig. 3).  A total of 51% of 

the new armoring (based on length) occurred in Mason, Kitsap, and Island 

counties.  Pierce and Skagit counties also accounted for  a substantial amount of 

the new armoring with a combined total of 22.7%. 
 

Replacement armoring was similarly high in three of the twelve counties with 

Pierce, Kitsap, and Island accounting for 58.5% of the total replacement armoring 

over the six years (Fig. 4). 
 

Single-family residential projects accounted for a vast majority of the new 

armoring (76%), followed by government installations (Fig. 5).  In contrast, 

removals primarily occurred on government properties (63%), whereas single-

family residential projects accounted for only 25% of the armoring removed from 

Puget Sound (Fig. 6). 
 

Conclusions 
 

We found no trends in the rate of new or replacement armoring in Puget Sound 

from 2005 through 2010. Importantly we did find a significant trend in removal of 

armoring, although the amount of armoring removed is relatively small in 

comparison to new armoring. Given the current situation, we continue to support 

funding to facilitate armor removal, and encourage policy makers to consider 

regulatory approaches to reducing the amount of new armoring in Puget Sound. 
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