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Earth & Space Science Curriculum Link:  
Use models of energy flow between the geosphere, biosphere, hydrosphere and atmosphere to 
explain patterns of global climate change. 
 
Geomechanics Focus: 
Understanding how wave energy and water movement (hydrosphere), driven by climate 
processes, interact with coastal sediments (geosphere), and how natural and engineered solutions 
can reduce erosion and improve stability. 
 
Background Information 
Energy from the Sun drives atmospheric and ocean systems, generating waves, tides, and storms. 
These processes transfer energy to coastlines, causing erosion, sediment transport, and 
deposition (figure 1). 
 

 
Climate change is increasing sea levels and storm intensity, which increases the energy impacting 
coastlines and accelerates erosion. This can threaten infrastructure, ecosystems, and 
communities. 
 
Geomechanics helps us understand how coastal materials (sand, soil, and rock) respond to these 
forces. Engineers use a range of coastal protection strategies to reduce the energy of waves before 
they reach the shoreline. These include nature-based solutions (such as mangroves, dunes and 
beach nourishment), coastal protection structures (such as armourstone and geotextile sand 
containers), and traditional hard engineering structures (such as seawalls and groynes). The most 
appropriate solution depends on local conditions including wave energy, sediment movement, 
available space, environmental impacts and cost. 

Figure 1: Coastal erosion and cliff instability in sandstone coastal environments. Left: Bronte Beach, active 
marine erosion at the cliff base and along weaker seams has led to undercutting and overhang formation. 
Weathering along vertical joints, combined with root penetration and hydrostatic pressure build-up, contributed 
to a dramatic cliff collapse onto beach sand (no injuries). Right: South Head National Park, evidence of block 
failure associated with the regression of weaker underlying rock units, resulting in loss of support and 
subsequent collapse. Photos by: Ali Parsa, AGS.  
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Nature-based solutions (e.g. mangroves, dunes, 
beach nourishment; figure 2) work by: 

• Absorbing wave energy

• Slowing water movement

• Trapping and stabilising sediment

They are generally more sustainable and provide 
additional benefits such as habitat creation and 
improved water quality. However, they may take 
time to establish and can be less effective in high-
energy environments or where space is limited. 

Coastal protection structures (e.g. armourstone, geotextile sand containers [large engineered 
sandbags; figure 3] work by: 

• Absorbing or dissipating wave energy before it reaches the shoreline

• Reducing wave force before it reaches the shoreline

• Protecting the coastline while allowing some water movement

Unlike a solid seawall, these structures allow some water to move between individual elements, 
helping reduce the amount of wave energy reflected back into the ocean. 

Coastal engineers carefully design the size, shape and arrangement of armourstone and geotextile 
sand containers based on factors such as water depth, wave height, wave energy and the seabed, 
ensuring the structures remain stable during storms. 

Traditional hard engineering (figure 4) work by: 

• Blocking or reflecting wave energy

Figure 2: Nature-based solution (mangroves) 

Figure 3: Coastal protection structures (left: armourstone; right: geotextile sand containers) 
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• Physically protecting the coastline from 
erosion  

They provide immediate and reliable protection, 
particularly in high-risk or built-up areas. However, 
they can increase erosion elsewhere, by reflecting 
wave energy, are often expensive to maintain, and 
do not adapt well to long-term changes such as sea-
level rise. 
 
In many cases, the most effective strategy is a 
hybrid approach, combining hard engineering for 
immediate protection with nature-based solutions 
for long-term resilience. 
 
You can watch the demonstration video here. 
A presentation for the following activity is provided in this teaching package. 
 
Aim 

To model how wave energy causes coastal erosion and compare the effectiveness of natural systems 
and engineered structures in reducing erosion and improving coastal stability. 
Materials 

Per small group (figure 3): 

• Large tray or clear container 

• Sand (to form a beach/slope)  

• Water 

• Flat object to create waves 

• Natural materials (e.g. sticks & leaves) to 

represent mangroves/dunes 

• Toy houses (e.g., Lego) 

• Lego blocks 

 

Safety Notes 

Manage water spills to prevent slipping. 

Wash hands after touching sand and organic material. 

 

Method 

1. Students create a sloped “beach” using sand in a tray and add water to represent the ocean. 

Optional: add toy houses (e.g., Lego).  

Figure 3: Materials 

Figure 4: Traditional hard engineering (seawall) 

https://youtu.be/wmsAvQdLAPw
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2. Students generate waves by gently pouring or pushing water toward the shore (figure 4). 

3. Students record how the shoreline changes (e.g. sand movement, slope retreat). 

4. Students test different erosion control methods: 

• Natural: vegetation (sticks & leaves; Figure 5), dunes/beach nourishment 

• Engineered: Coastal protection structures (armourstone; Figure 6) 

• Engineered: traditional hard engineering (seawall; Figure 7) 

 

Figure 4: shoreline changes with no reinforcement. Left: before wave action; Right: after wave action 
(buildings collapsing).  

Figure 5: shoreline changes with ‘mangrove’ reinforcement. Left: before wave action; Right: after 
wave action (reduced erosion).  

Figure 6: shoreline changes with coastal protection structures. Left: before wave action; Right: 
after wave action (reduced erosion).  
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5. Students evaluate which methods reduce erosion most effectively.

Results 

Students record their results. Answers should include: 

• Unprotected sand erodes quickly as a result of repeated wave action.

• Vegetation-like structures reduce erosion by trapping sediment and slowing water

(absorbing wave energy).

• Hard structures may reduce erosion locally but can increase erosion nearby (reflecting wave

energy).

• Beach nourishment (adding sand) can temporarily rebuild the shoreline.

Discussion 
1. How does wave energy cause erosion?

Waves transfer energy to the shore, moving sediment and wearing away the coastline.

2. Which solution best reduced the energy reaching the shoreline? Which would be the most

sustainable over the long term?

Different solutions work in different situations. Nature-based approaches are often the most

sustainable because they work with natural processes. Armourstone and sandbags dissipate

wave energy while allowing some water movement. Seawalls provide strong protection but

can reflect wave energy and increase erosion elsewhere.

3. How does climate change affect coastal erosion?

Increased storms and rising sea levels increase wave energy and erosion rates.

4. Why are nature-based solutions important?

Figure 7: shoreline changes with seawall. Left: before wave action; Right: after wave action 
(reduced erosion but energy was redirected).  
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They are sustainable and renewable (compared to hard engineering), support ecosystems, 

and work with natural processes rather than against them.  

 

Extension 

Design Challenge 

Imagine you are protecting a coastal town from erosion. Choose a combination of coastal protection 

strategies that balances: 

• reducing wave energy  

• protecting homes  

• protecting wildlife habitats  

• long-term sustainability  

• construction costs  

Explain why you chose your design. 

 

Other extension activities: 

• Compare the different types of coastal erosion solutions in more detail. 

• Investigate real-world examples (e.g. mangrove restoration, dune stabilisation). 

• Vary wave energy to assess relationship between wave energy and erosion rates. 

 
What Geomechanics Is and Why It Matters 

Geomechanics is the study of how soil, rock, and Earth materials behave, forming a critical 

foundation for the design and performance of modern infrastructure. It enables engineers and 

planners to develop safe, efficient, and sustainable structures, such as buildings, tunnels, roads, 

and dams, by providing accurate ground models and an understanding of how the ground 

responds to natural and human-induced changes. Geomechanics also contributes to public 

safety by helping identify and manage geohazards such as landslides, sinkholes, and ground 

instability, supporting climate resilience, sustainable development, and the global energy 

transition. Through proactive ground assessment and risk evaluation, geomechanics helps 

prevent infrastructure failures, reduce project delays, and lower financial and social costs. 

Careers in geomechanics span a wide range of roles, including field investigations, laboratory 

testing, data analysis, and engineering design, with entry pathways commonly through geology, 

civil engineering, and environmental science. Alternative routes, such as experience in 

construction, surveying, or environmental monitoring, also provide effective foundations for 

moving into the field. Professionals develop skills in technical analysis, communication, critical 

thinking, and multidisciplinary collaboration, supporting informed decision making across 

infrastructure and environmental projects. 
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Background

Climate change is increasing sea levels and storm intensity, which increases the 
energy impacting coastlines and accelerates erosion. This can threaten 
infrastructure, ecosystems, and communities.

Coastal erosion and cliff instability



Background (continued)

Nature-based solution 
(mangroves)



Background (continued)

Coastal protection structures (left: armourstone; right: geotextile sand 
containers)



Traditional hard engineering
(seawall)

Background (continued)



Aim

To model how wave energy causes coastal erosion and compare the effectiveness 
of natural systems and engineered structures in reducing erosion and improving 
coastal stability.



Materials

Per small group:
• Large tray or clear container
• Sand (to form a beach/slope) 
• Water
• Flat object to create waves
• Natural materials (e.g. sticks & leaves) 

to represent nature-based solutions
• Toy houses (e.g., lego)
• Rocks or lego blocks to represent hard 

engineering



1. Students create a sloped “beach” using sand in a tray and add water to represent the ocean. Optional: add 
toy houses (e.g., Lego). 

2. Students generate waves by gently pouring or pushing water toward the shore
3. Students record how the shoreline changes (e.g. sand movement, slope retreat).

Unprotected coastline



Nature-based solution (mangroves)

4. Students test different erosion control methods:
• Natural: vegetation (sticks & leaves), dunes



Nature-based solution (mangroves)

4. Students test different erosion control methods:
• Coastal protection structures: armourstone (lego)



Hard engineering (seawall)

4. (continued) Students test different erosion control methods:
• Engineered: seawall

5. Students evaluate which methods reduce erosion most effectively.



Discussion
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