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1. INTRODUCTION 

Punaluʻu Beach Park, located on the windward coast of Oʻahu (shown in Figure 1-1), suffers from 

chronic erosion which is being exacerbated by sea level rise due to climate change. The park 

grounds, park infrastructure, and Kamehameha Highway are low-lying and occasionally inundated 

by large storm waves. The park is narrow, with the distance between the edge of highway and 

shoreline being, on average, between about 25 and 80 ft fronting the beach park. In some areas 

there is no vegetated buffer between the highway and the beach. 

 

Kamehameha Highway is considered vital infrastructure as it is the only road to communities along 

northeast Oʻahu. Erosion and wave inundation of the highway and backshore are expected to 

increase in the future as sea level rises. To help protect Kamehameha Highway from flooding and 

erosion, improve community resiliency to sea level rise and coastal storms, and provide 

recreational resources and native habitat, the State of Hawaiʻi Department of Land and Natural 

Resources (DLNR), in cooperation with the State of Hawaiʻi Department of Transportation (DOT), 

Oʻahu Metropolitan Planning Organization (OMPO), and City and County of Honolulu 

Department of Parks and Recreation (DPR), is conducting this green infrastructure feasibility 

project to identify potential meathods to restore the beach at Punaluʻu, Oʻahu. The project is titled 

"Planning for Improved Resilience to Coastal Hazards through Green Infrastructure at Punaluʻu, 

Oʻahu”. 

 

Sea Engineering, Inc. (SEI) has been contracted by DLNR to conduct in-depth analyses at 

Punaluʻu Beach Park and develop conceptual design alternatives to address the problems at the 

beach park and achieve the project objectives. This report documents the results of the feasibility 

study and includes sections on existing conditions, historical shoreline trends, oceanographic 

design criteria, offshore sand source investigations, offshore sand recovery methods, marine 

resources, and concept design alternatives along with detailed numerical modeling of flooding for 

each concept alternative. It should be noted that this study does not include the costs and 

assessment of a do-nothing option at the beach park. 

 

Key findings from this study include the following: 

 

• The shoreline at Punaluʻu Beach Park is chronically eroding with historical erosion rates 

between -2.0 and -3.0 ft/yr (1988-2022). These erosion rates are expected to increase with 

rising sea levels as more wave energy reaches the shoreline. 

 

• A broad shallow fringing reef protects the shoreline from the highly energetic offshore 

waves typical for this coastline. As sea level rises, the effectiveness of the reef at reducing 

waves decreases and backshore inundation increases drastically with both higher water 

levels and waves at the shoreline. This is shown through numerical modeling discussed in 

Section 11. 

 

• A suitable offshore sand source exists about 2,000 ft offshore of Punaluʻu Beach Park with 

sand characteristics that match well with the existing beach sand. 

 

• The most viable method to recover the sand and transport it to shore is to use a hydraulic 

suction pump deployed off a barge and pump the sand to shore through a temporary 
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pipeline. Current regulation requires that the sand be dewatered prior to placement on the 

beach. 

 

• While the source is reasonably close to shore, the windward coast of Oʻahu is one of the 

most energetic wave environments in Hawaiʻi which makes the sand recovery challenging. 

Because of the challenges and high cost to recover sand it is recommended that stabilizing 

structures (particularly headland type structures) be used in conjunction with beach 

nourishment to prevent the need for re-nourishment to maintain the beach. 

 

• Five (5) concept beach alternatives are proposed for Punaluʻu Beach Park along with ROM 

cost estimates. These concepts are considered nature-based or hybrid nature-based solution 

and include: 

 

o Alternative 1 – Beach Nourishment 

▪ ROM Cost: $14,835,000 

 

o Alternative 2 – Beach Nourishment with Buried Revetment 

▪ ROM Cost: $22,396,00 

 

o Alternative 3 – Stabilized Pocket Beaches 

▪ ROM Cost: $32,910,000 

 

o Alternative 4 – Partially Stabilized Pocket Beaches 

▪ ROM Cost: $28,539,000 

 

o Alternative 5 – Hybrid Stabilized Pocket Beaches 

▪ ROM Cost: $31,210,000 

 

• All concepts were modeled under a combination of existing/future sea level and wave 

conditions. The modeling results show that the alternatives reduce the expected wave 

inundation at the beach park compared to existing conditions. For the +3.2 ft SLR case, all 

alternative simulations show no inundation of the backshore park area and highway during 

prevailing waves compared to extensive induction for existing topography. With annual 

waves under the same SLR case, flooding of the backshore and highway is reduced from 

total inundation for existing topography to moderate/extensive inundation of the southern 

portion of the park and highway for all alternatives. 
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Figure 1-1. Punaluʻu Beach Park location map 
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2. COASTAL GREEN INFRASTRUCTURE 

In general terms, coastal green infrastructure uses natural features and/or engineering solutions 

that mimic natural processes to minimize coastal flooding and erosion. Similar terminology may 

include, but is not limited to, nature-based solutions, natural infrastructure, living shorelines, and 

natural and nature-based features (NNBF). The U.S. Department of Transportation Federal 

Highway Administration (FHWA) report titled “Nature-Based Solutions for Coastal Highway 

Resilience” by Webb, et. al. 2019 provides background information and guidelines for various 

nature-based solutions and is a useful reference for preliminary selection of possible nature-based 

solutions for project purpose and site/environmental conditions. The FHWA report states that “A 

nature-based solution may consist entirely of natural elements (e.g., vegetation, beach, dune) or 

some combination of natural elements, constructed natural elements, and traditional coastal 

structures (e.g., sill, breakwater, revetment, seawall).” The latter is termed a hybrid approach and 

is typically implemented in environments with more exposure to waves and/or where a higher 

order of resilience is desired. Figure 2-1 illustrates the application of varying degrees of nature-

based solutions for the environmental setting, exposure, and resilience needs of the project. With 

respect to coastal highway resilience, the lower right bottom panel in Figure 2-1 would be 

considered to the Punaluʻu project site due to the open coast wave exposure, low-lying backshore, 

and critical highway infrastructure. 

 

 

Figure 2-1. Varying degrees of nature-based solutions (Webb, et. al., 2019) 
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The following sections describe various nature-based solutions which are evaluated to achieve the 

goals and objectives at Punaluʻu Beach Park by restoring the beach to protect Kamehameha 

Highway from flooding and erosion, improve community resiliency to sea level rise and coastal 

storms, and provide recreational resources and native habitat. 

 

2.1 Beach Nourishment 

Constructing or nourishing a protective beach by placing suitable sand in an appropriately designed 

manner along a shoreline can be an effective and attractive means of mitigating beach loss, 

protecting against shoreline recession, protecting the backshore area, and providing for 

recreational and aesthetic enjoyment. Beaches dissipate incoming wave energy, reducing wave 

runup, overtopping, and backshore flooding. However, beaches are dynamic coastal landforms, 

and it is necessary to control the beach shape and size in order to maintain the necessary backshore 

protection. An example of a recent Hawaiʻi beach nourishment project is the Waikiki Beach 

Maintenance project completed by DLNR in 2012 and again in 2021 (Figure 2-2). Approximately 

25,000 cy of sand was recovered from nearshore sand deposits off Waikiki Beach and used to 

nourish 1,700 linear ft of beach. This project widened the beach by about 40 ft. However, Waikiki 

Beach is chronically eroding and receding, so this is only a temporary improvement, and would 

have to be repeated every 10 years or so in order to maintain the beach. 

 

 

Figure 2-2. Waikiki Beach nourishment (24 hours post-construction) 
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2.2 Dunes, Vegetation, and Shoreline Berms 

On exposed ocean coasts subject to significant wave energy, vegetation alone is typically not 

sufficient to resist high energy wave-induced erosion. While a strong vegetation root system can 

slow down the erosion rate and the vegetation itself can help dissipate overtopping waves, in most 

cases, vegetation is quickly overcome by the erosional forces. However, when used in conjunction 

with dune systems and beach nourishment combined with erosion control/shore protection 

methods, vegetation can function to help stabilize low-lying ground behind the primary shore 

protection structure. 

 

Restoration and maintenance of backshore dunes, and the creation of sand or earthen berms, to 

function as a levee to block water level rise and wave runup from inundating the backshore can 

function as a viable solution for flood protection. Beach backshore and upland areas, including 

storm berms and dunes, are often naturally colonized by specialized vegetation that can help to 

stabilize the sand. Low-growing native vegetation such as grass (Akiaki), Beach Morning glory 

(Pohuehue), and Akulikuli can both attract sand and act as a protective mat (Hawaiʻi Dune 

Restoration Manual, 2022). Higher covers such as Naupaka and Pohinahina can offer substantial 

sand stabilization and help control foot traffic. Although thick Naupaka can offer some resistance 

to wave action, the primary value for shoreline vegetation is in attracting and protecting sand 

behind the active beach face as a reserve for times of erosion. Trees such as Naio, Milo, or Beach 

Heliotrope can provide shade, and their roots can help hold sand in place. Figure 2-3 illustrates 

active dune stabilization with native vegetation at Kaanapali Beach on Maui. 

 

 

Figure 2-3. Berm stabilization with native vegetation  
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2.3 Beach Nourishment with Buried Revetment 

One hybrid nature-based solution for beach restoration is to combine beach nourishment and 

backshore dune, or vegetated berm, enhancement with a buried revetment structure in the 

backshore. This hybrid approach would provide a risk-reduction benefit for critical backshore 

infrastructure by protecting the backshore from shoreline retreat while the beach and dune system 

can function to provide a natural buffer from sea level rise and storms. This approach has been 

used previously in Hawaiʻi for the Wailuku-Kahului Wastewater Reclamation Facility on the 

island of Maui. This facility is considered critical infrastructure, and the county opted for a nature-

based approach to protect the backshore (Webb et. al., 2019). Recent aerial imagery from this 

project shows that the beach and vegetated dune are still in place today and the buried revetement 

has not yet become exposed. Figure 2-4 shows a sample cross-section of a buried revetment with 

dune restoration. 

 

 

Figure 2-4. Sample cross-section of buried revetment and dune restoration (Boudreau et. al., 
2018). 

 

2.4 Beach Nourishment with Stabilization 

On chronically eroding shorelines which would necessitate extensive regular nourishment in order 

to maintain the beach, and for which periodic sand nourishment alone is not cost effective, or a 

sustainable source of suitable sand is not available, structures can be used to stabilize the beach 

fill and reduce significantly the need for re-nourishment activities. 

 

Stabilizing structures can be designed to prevent longshore and offshore transport of sand and limit 

erosion of an existing beach. Where there is significant sand volume available, and adverse impacts 

to downdrift shorelines are not a problem, these structures can be used to trap sand and build a 

protective beach. However, modern coastal engineering practice typically includes a regional 

perspective that considers the stability of adjacent beaches and shorelines, and thus structure 

emplacement may also involve beach fill so as to not remove sand from the overall beach system. 

For a long shoreline reach a groin “field” is typically utilized, with the distance between groins a 

function of the design wave conditions, the length of the individual groins, and the extent of 

shoreline re-adjustment desired. A sandy shoreline would also adjust its position between groins 

so as to align itself parallel to the incident wave crests, possibly resulting in landward recession of 

the shoreline on the updrift side and accretion on the downdrift side. The use of headland type 

stabilizing structures, in lieu of traditional straight structures, can create individual beach cells with 

a predictable stable beach configuration. Headland type structures mimic the effect of natural rock 

headlands on sandy shorelines and can provide stabilized pocket beach cells. 
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For the recently constructed Iroquois Point beach nourishment project, the improvement plan was 

beach nourishment with stabilization, consisting of the construction of nine rock rubblemound T-

head (headland type) groin structures, recovery of 95,000 cubic yards of sand from the side of the 

Pearl Harbor channel, and placement of the sand in the pocket beach cells created by the groins 

(see Figure 2-5 and Figure 2-6). This is the largest single beach nourishment project ever 

accomplished in Hawaiʻi. The design consisted of engineered pocket beach/headland structures 

(“tuned” T-head groins). Based on numerical modeling of wave approach, the headland structure 

locations, head lengths, and orientations are designed so that they are tuned to the prevailing 

incident wave approach. The gap between structure heads produces an arc-shaped shoreline, the 

location of which is a function of the gap width and orientation. This design methodology, which 

was based on replicating natural headland pocket beaches, has been shown to result in predictable 

stable beach configurations. 

 

Porous rock groins can provide marine habitat if installed on disturbed or sandy bottoms. A beach 

and stabilizing structures do, however, occupy a large marine area and have a large footprint. They 

are also typically significantly more costly than standalone shoreline armoring. 

 

 

Figure 2-5. Nine rock headland structures stabilize 4,000 ft of sand beach at Iroquois Point 
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Figure 2-6. Pocket beach cells at Iroquois Point 

 

2.4.1 Marine Habitat Enhancement 

The nearby Iroquois Point beach nourishment and stabilization project illustrates the marine 

habitat enhancement potential of rock rubblemound structures. The nearshore area fronting the 

project is marginal marine habitat, due primarily to little bottom relief and complexity and sand 

scour. The stabilizing structures and sand fill were placed primarily on new sea bottom created by 

the erosion and recession of the shore, and which did not have established benthic flora and fauna. 

It was also an area of active sand movement, which resulted in scouring and stress on benthic 

organisms. 

 

The shoreline stabilization project created new reef fish habitat in the form of boulder groins and 

sand fill. Approximately 0.4 acres of intertidal boulder habitat and 0.7 acres of shallow subtidal  

boulder habitat was created. The rock groins provide bare, stable surfaces for recruitment of corals, 

algae, and invertebrates. In addition, the void space between rocks provides habitat and shelter for 

cryptic benthic (crabs, shrimps, worms etc.) and sessile organisms (sponges and tunicates) which 

provide foraging resources for fishes, as well as shelter for juvenile fish. Reef fishes prefer 

topographically complex reefs, with various size holes and crevices to accommodate different size 

fish, and the groins provide habitat for many different fish. The sand fill created approximately 1.7 

acres of intertidal and 2.9 acres of subtidal stable sand habitat, providing habitat for small worms, 

crustaceans, and echinoderms, which in turn are foraged by bottom feeding fishes. 

 

The post-construction marine ecosystem monitoring shows that the project has resulted in a 

significant change in marine species diversity and density. In the general project area (groins and 

beach cells combined), there has been a 25-fold increase in fish abundance, not counting small 

baitfish, and a doubling of species richness (number of species). Fish biomass is more than six 

times greater than prior to construction. The greatest change occurred in the vicinity of the new 
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habitat created by the rock groin structures. Other changes in the vicinity of the groins includes an 

increase in crustose coralline algae cover from 1% to 60%, coral cover increase from 0% to 0.6% 

and macroinvertebrate cover from 1.4% to 6.3%. Coral abundance in the groin vicinity increased 

from 0 to 16 colonies per 10m², with the most common coral species being Pocillopora 

damicornis. These changes are attributable to the creation of hard, stable habitat for colonization. 

The wide sand beach also provides sunbathing opportunity for endangered Hawaiian monk seals, 

who regularly haul out and rest on the beach. 

 

Figure 2-7 illustrates post project increase in marine life, and the photo collage is representative of 

marine life in the new project habitat. As a Department of the Army permit condition the entire 

project area has been declared a “No Fishing Zone” so that the fish are protected. 
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Figure 2-7. Observed marine life within the Iroquois Point project area 
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2.5 Natural and Artificial Reefs 

Natural reefs in Hawaiʻi provide protection from wave energy reaching the shoreline through the 

process of depth-induced wave breaking and friction. As sea levels rise, the effectiveness of the 

reef at reducing wave energy is expected to diminish if reef growth cannot keep up with sea level 

rise. Artificial reefs are submerged engineered structures to mimic a natural reef system by 

providing a platform for a variety of marine habitat. Figure 2-8 illustrates various methods ranging 

from natural reefs to artificial reef systems to attenuate wave energy. While artificial reefs have 

the potential to reduce waves, flooding, and coastal erosion in certain regions, their use is still in 

the research and development phase and further work is still needed for full scale implementation 

(Bridges et. al., 2021). To-date, offshore reef structures have not been implemented in Hawaiʻi, 

and their application is not yet considered practical. Pilot projects have been proposed on Oʻahu 

and, in the future, may provide additional insight into these nature-based solutions and how they 

may perform in regard to shoreline response and flood mitigation in Hawaiʻi.  

 

 

Figure 2-8. Various methods of natural and artificial reefs to reduce wave energy at the shoreline 
(Bridges et. al., 2021) 
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2.6 Aquatic Vegetation 

Aquatic vegetation may include saltwater marshes, mangroves, and Kelp within nearshore waters 

to dissipate wave energy, minimize sediment loss, and reduce flooding along a shoreline (see 

Figure 2-9). Saltwater marshes or wetlands typically consist of a native plant species over a broad 

flat area such as a mudflat within the intertidal zone. Mangroves have the potential to dissipate 

wave energy through their dense canopy and provide some shoreline stabilization through their 

complex root system, however they are an invasive species in Hawaiʻi. In general, these 

approaches generally require large broad areas to be effective at reducing wave energy at the 

shoreline and are considered feasible only in very sheltered, low-lying embayments and estuaries.  

Additionally, due to the broad shallow reef flat fronting the Punaluʻu shoreline, the use of aquatic 

vegetation further offshore such as Kelp, which is not native to Hawaiʻi, or seagrass beds is likely 

not an effective solution due to the hard seafloor substrate. Seagrass beds were observed within 

the nearshore sand channel at Punaluʻu which provides more suitable substrate for these types of 

aquatic species.  

 

 

 

Figure 2-9. Examples of types of aquatic vegetation along a typical shoreline profile (Bridges et. 
al., 2021) 
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3. PROJECT SITE DESCRIPTION 

3.1 Regional Setting 

Punaluʻu Beach Park is approximately 1,500 ft in length, running southeast-northwest along 

Oʻahu’s windward coastline. The beach park is located within the Koʻolauloa Moku and Punaluʻu 

Ahupuaʻa. The park is a narrow, 2.8-acre strip of coastal plain located between Kamehameha 

Highway and the shoreline. A regional view of the park and park features is shown on Figure 3-1. 

Park width from the edge of the road to the shoreline varies between about 25 and 80 ft with some 

areas where the edge of highway is immediately adjacent to the sand beach. The northern half of 

the park is generally wider than the southern half. A comfort station is located in the central region 

of the park with shower facilities located on the north side of the comfort station and picnic tables 

are found throughout the park. Two ephemeral streams pass through the park approximately 150 

ft south and 300 ft north of the comfort station. The makai edge of highway is immediately adjacent 

to the sand beach at the stream mouth locations. The park ends about 380 ft south of Waiʻono 

Stream. 

 

The Punaluʻu Beach Park shoreline is fronted by a shallow reef that extends nearly 2,000 ft 

offshore along most of the park. LiDAR and topographic survey data shows that depths measured 

over the reef are typically 3 to 5 ft below mean sea level (MSL), occasionally reaching 6 ft. 

Offshore of this reef is the open ocean. The dominant wave energy is produced by the northeast 

tradewinds and north swell. The shallow reef dissipates a high percentage of the offshore wave 

energy through broken waves. The waves over the reef are depth limited, meaning that the 

maximum wave height is a function of water depth. More wave energy can impact the shoreline 

at higher water levels. At low tide, very little wave energy was observed reaching the shoreline. 

 

North of the park, a deep paleo channel, referred to as the Punaluʻu Sand Channel, extends from 

the mouth of Waiʻono Stream and divides the fringing reef. The offshore substrate in this region 

includes alluvial basalt cobbles and boulders that are likely derived from the nearby streams. 
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Figure 3-1. Punaluʻu Beach Park site map (regional view) 

 

3.2 Beach Condition and Topographic Survey 

SEI completed an aerial drone and topographic survey of the Punaluʻu shoreline on November 22, 

2022. Beach profile data was collected at approximately 50 ft spacing along the shoreline using a 

Real-Time Kinematic (RTK) Global Positioning System (GPS). A drone aerial photographic 

survey was conducted concurrently with the topographic survey and the photographs collected by 

the drone were compiled together to produce a detailed aerial mosaic of the Punaluʻu study area. 

Figure 3-2 shows the beach survey points and contours overlaid on the collected drone mosaic. 

Beach sand samples were also collected at six (6) locations along the shoreline. These sand samples 

were analyzed for grain size and turbidity which is discussed in Sections 7.3 and 7.6 of this report. 
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Figure 3-2. SEI topographic survey points and contours overlaid on drone aerial mosaic (survey 
and drone image date: November 22, 2022) 

 

The following sections describe the shoreline conditions based on the SEI November 22, 2022, 

survey. The Punaluʻu shoreline can be subdivided into five (5) general segments, including the 

private properties south of the beach park, southern portion of park, central portion of park, 

northern portion of park, and north of the beach park to Waiʻono Stream. 

 

3.2.1 South of Punaluʻu Beach Park 

South of Punaluʻu Beach Park, the shoreline fronts eight private parcels which have employed 

various erosion control measures to protect against chronic beach erosion in this area. Figure 3-3 

shows a comparison between April 2018 and November 2022 of some of the erosion control 

attempts fronting the private homes and the evident beach loss since 2018. These measures may 

have slowed the land loss due to erosion; however, most are showing signs of failure and the beach 

is narrow or completely eroded fronting the structures. A wooden fence, shown in Figure 3-4, 

separates the beach park from these private parcels. A more recent photo from April 2024, shows 

part of the fence, erosion control measures, and house have been removed from the property to the 

south (Figure 3-5) since the initial site visit in 2022. 
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Figure 3-3. Comparison of shoreline south of Punaluʻu Beach Park in April 2018 (top photo) and 
November 2022 (bottom photo) 
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Figure 3-4. Fence at southern limit of Punaluʻu Beach Park (November 2022 photo) 

 

 

Figure 3-5. View of property to the south of Punaluʻu Beach Park (April 2024 photo) 
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3.2.2 Southern Portion of Park 

Figure 3-6 shows an overview of the southern portion of the park. This area generally consists of 

a low-lying, sandy coastal plain with low-relief historic dune features inland of the erosion scarp. 

The backshore is grassy and generally level, with typical elevations varying between about +5 and 

+7 ft MSL. No modern, frontal dune was evident along this portion of the park, indicating that 

historical dunes were graded flat with or prior to the construction of the park and the seaward edge 

of any shorefront dune has eroded away. The shoreline has receded past a line of ironwood trees, 

and now only stumps and roots remain on the beach face (Figure 3-7 and Figure 3-8). One- to two-

foot-high erosion scarps are typical along the southern portion of the park, becoming less 

pronounced, though persistent, toward the comfort station. The coastal substrate in this portion of 

the park is primarily carbonate sediment with lobes of clay-rich outwash deposits interbedded 

amongst the sand. The sandy substrate is preferentially eroded, leaving clay layers exposed and 

overhanging erosion scarps in several areas. This section is particularly susceptible to both erosion 

and overwash of the waves. 

 

The backshore transitions into hard-packed unvegetated coastal plain amongst the ironwood trees. 

An ephemeral stream about 150 ft south of the comfort station has a broad mouth with a sandy 

beach spit formed across much of its width (Figure 3-9). The stream flow has cut a narrow channel 

through the beach face. The coastal plain is somewhat lower on the south side of the channel. The 

typical beach width in the southern half of the park was about 40 ft as measured from the scarp to 

the beach toe, and the beach had a typical slope of about 1V:8H. Beyond the beach toe, the profile 

quickly changed to a mixture of fossil reef, coral rubble, and sand with typical depths of 2 to 3 ft 

below MSL. 

 

 

Figure 3-6. Drone mosaic overview of southern area of beach park (November 22, 2022) 
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Figure 3-7. Southern limit of Punaluʻu Beach Park looking northwest (November 2022 photo) 

 

 

Figure 3-8. Ironwood stump, and roots indicating beach erosion (November 2022 photo) 



Punaluʻu Beach Restoration Feasibility Study  

Punaluʻu Beach Park, Oʻahu 

 

Sea Engineering, Inc.  21 
 

 

Figure 3-9. Ephemeral stream flow through beach south of comfort station (November 2022 photo) 

 

3.2.3 Central Portion of Park 

The central portion of Punaluʻu Beach Park consists of the area around the comfort station between 

the streams to the south and north as shown in Figure 3-10. The backshore area around the comfort 

station has elevations between about +6 and +7 ft MSL. The backshore area around the comfort 

station has elevations between about +6 and +7 ft MSL, gradually decreasing to +4 to +5 ft msl 

near the streams. An erosion scarp is evident along a majority of the shoreline in this region except 

for portions of the temporary erosion protection fronting the comfort station. A minor salient, or 

seaward protrusion in the shoreline, is noted between the comfort station and the intermittent 

stream mouth to the south. This salient gradually diminishes just south of the comfort station where 

the shoreline transitions to being fronted by a line of partially-buried basalt boulders and several 

concrete pile butts.  
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Figure 3-10. Drone mosaic overview of central area of beach park (November 22, 2022) 

 

3.2.4 Northern Portion of the Park 

The northern portion of Punaluʻu Beach Park consists of the area between the ephemeral stream 

(or may be better described as a drainage ditch or outfall) north of the comfort station and the 

northern limit of the beach park as shown in Figure 3-11. An erosion scarp is evident along this 

entire region. Backshore elevations in this area are generally lower than the central and southern 

area of the park with elevations between about +4.5 and +5.5 ft MSL. However, the width of the 

backshore between the edge of road and observed erosion scarp is greater in this area compared to 

the central and southern areas with widths between about 30 and 90 ft. The shoreline in this area 

had little to no beach sand during the time of the survey and was dominated by basalt boulders 

between the erosion scarp and the water line. Figure 3-12 shows a comparison of the shoreline 

between March 2019 and November 2022. The offshore is composed of basalt gravel and cobbles 

as opposed to limestone reef fronting most of the beach park. This condition begins at the 

ephemeral stream and continues northward beyond Waiʻono Stream. The Punaluʻu sand channel 

comes close to the shoreline near the ephemeral stream where nearshore water depths are slightly 

deeper due to the presence of this channel. The sand channel is likely a paleochannel historically 

when sea level was lower. 
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Figure 3-11. Drone mosaic overview of northern area of beach park (November 22, 2022) 
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Figure 3-12 . Comparison of northern area shoreline in March 2019 (top photo) and November 
2022 (bottom photo) 
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3.2.5 North of the beack park 

The area north of the beach park is shown in Figure 3-13. The backshore in this area served as a 

construction staging area and temporary road realignment for the South Punaluʻu Bridge 

replacement project completed in 2012. The project utilized a temporary steel bridge makai of the 

bridge replacement which required removal of much of the backshore vegetation in the area. The 

area was re-vegetated at the end of the project and heavily irrigated. Figure 3-14 shows a 

comparison of the vegetated shoreline in March 2019 and April 2024. It is evident from the 

comparison that the vegetated berm has receded, and the thick plant beds no longer exist between 

the sand beach and backshore area. An erosion scarp now exists between the beach and the 

backshore in this area. Figure 3-15 shows the beach further north on the south side of Waiʻono 

Stream. This area showed no signs of an erosion scarp but frequent overwash in this area has 

deposited fresh sand and limited vegetative growth. Signs of sand accumulation coupled with 

offshore sand transport from stream discharge was evident fronting the Waiʻono Stream mouth. 

 

The offshore substrate north of the beach park is composed of basalt gravel and cobbles as opposed 

to limestone reef fronting most of the beach park. This condition begins at the ephemeral stream 

and continues northward beyond Waiʻono Stream. 

 

 

Figure 3-13. Drone mosaic overview north of beach park (November 22, 2022) 

 



Punaluʻu Beach Restoration Feasibility Study  

Punaluʻu Beach Park, Oʻahu 

 

Sea Engineering, Inc.  26 
 

 

 

Figure 3-14. Comparison of north portion of park in March 2019 (top photo) and April 2024 (bottom 
photo) 
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Figure 3-15. Sand beach on south side of Waiʻono Stream (November 2022) 
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4. HISTORICAL SHORELINE ANALYSIS 

Generally, sandy shorelines in Hawaiʻi are dynamic and change in response to incident wave 

conditions, such as high surf, which can quickly alter beach width. Punaluʻu’s shoreline is on the 

windward side of Oʻahu, where it is subject to nearly constant tradewinds and subsequent waves 

year-round. Additionally, in the winter months, swell events originating from the northern Pacific 

Ocean impact the shorelines on the northern and eastern sides of Oʻahu. 

 

A series of historical aerial photographs can be used to show shoreline trends. The University of 

Hawaiʻi (UH) Climate Resilience Collaborative (CRC) has undertaken historical analysis of 

Oʻahu’s shoreline and has produced a shoreline change map for the Punaluʻu region based on 

survey data and aerial imagery from 1928 to 2015. The CRC analysis involves measuring the 

migrating location of the beach toe, which serves as the shoreline change reference feature, along 

a transect. The CRC analysis employed a weighted linear regression (WLR) methodology to 

provide a best fit for a long-term shoreline change trend. The transects along the project shoreline 

are numbered 152 through 174 and are shown in Figure 4-1. 

 

The UH CRC analysis at Punaluʻu Beach Park finds a slight overall accretion trend with rates of 

between about 0.2 ft/yr and 0.6 ft/yr over the full data set going back to 1928. However, the WLR 

method employed by CRC is standardized for island-wide analysis and does not capture the site-

specific historical shoreline change trend at the beach park. Figure 4-2 below shows transect #166 

from the UH CRC analysis and how the calculated shoreline change rate fits to the data points. 

The individual data points representing the shoreline position indicate that the beach accreted up 

to the early 1970s followed by beach recession up to 2015. Since the historical change trend using 

the WPR is applied to the entire data set, the accretional trend between 1928 and the early 1970s 

following by erosional trends is not captured in the published rates. 

 

To better capture more recent shoreline change trends at the beach park, SEI analyzed the historical 

shoreline positions since 1988 using the End Point Rate (EPR) method by first establishing the 

beach toe in each aerial image, to remain consistent with CRC methods. The EPR method 

calculates the distance of shoreline movement by the time elapsed between two aerial images. The 

EPR method is useful for calculating overall change and greater sub trends of shoreline migration 

by breaking up shoreline changes into smaller time periods. Figure 4-3 shows the average annual 

erosion hazard determined using the EPR method for the project shoreline from 1988-2022, 2006-

2022, and 2015-2022. Aerial images from the UH CRC Historical Mosaic archives were used to 

compare the past shoreline location to the November 2022 shoreline derived from the high-

resolution drone aerial imagery. Red bars represent erosion while green bars represent accretion. 

The shoreline trend has been erosion, between -0.1 ft/year at northern transects to almost -6.0 

ft/year at the southern end of the beach. 

 

Coastal erosion is expected to worsen with increasing sea level rise. A 2015 study found that, due 

to increasing sea level rise, average shoreline recession (erosion) in Hawaiʻi is expected to be 

nearly twice the historical extrapolation by 2050, and nearly 2.5 times the historical extrapolation 

by 2100 (Anderson et al., 2015). 

 

This analysis indicates that the last four to five decades have been dominated by erosion with 

evidence of accelerating erosion in the last decade or two in the southern section of the park. This 



Punaluʻu Beach Restoration Feasibility Study  

Punaluʻu Beach Park, Oʻahu 

 

Sea Engineering, Inc.  29 
 

trend of chronic erosion is evidenced by erosion scarps along the entire length of the coastline. 

Overwash deposits along much of the park indicate that the sandy beach face is still routinely 

overtopped by waves. The entire length of the park is susceptible to erosion with erosion rates 

between -2.0 and -3.0 ft/yr based on the historical rate since 1988 using the EPR. 

 

 

Figure 4-1. Historical shoreline change rate transects for Punaluʻu Beach Park (UH CRC) 

 


