
Enhancing Safety, Security, and Sustainability of Apia Port Project (RRP SAM 47358) 
 

CLIMATE CHANGE ASSESSMENT 
 
 

I. BASIC PROJECT INFORMATION 
 
Project Title: Enhancing Safety, Security and Sustainability of Apia Port Project 
Project Cost ($ million): 74.16 
Location: Apia 
Sector: Transport 
Theme: Maritime 
Brief Description: 
 

The project assessed as medium risk based on a climate risk screening. A 
climate risk and vulnerability assessment (CRVA) has been prepared. 
Particularly sea level rise and intensity and frequency of cyclone events are 
relevant for the breakwater component, and flooding due to sea-level rise, storm 
surges and extreme rainfall events are relevant for the port terminal component. 
Adaptation measures for these impacts have been considered in the preliminary 
design.  

Source: Asian Development Bank. 
 

II. SUMMARY OF CLIMATE CHANGE FINANCE 
 

Project Financing Climate Finance 

Source 
Amount 
($ million) 

Adaptation 
($ million) 

Mitigation 
($ million) 

Asian Development Bank    
 Special Funds resources (ADF grant) 62.26 22.87 N/A 
    

ADF = Asian Development Fund. 
Source: Asian Development Bank 
 

III. SUMMARY OF CLIMATE RISK SCREENING AND ASSESSMENT 
 
A. Sensitivity of Project Components to Climate or Weather Conditions and the Sea Level 
 
Output 1: Rehabilitation of the existing breakwater  
1. Sea-Level. The wave climate and the sea level are key design inputs and affect the hydraulic 
stability and overtopping design of the breakwater. In areas where waves are limited by depth, such as in 
the vicinity of the Apia breakwater, any increase in still water level results in a corresponding increase in 
wave energy. The percentage increase in energy is more pronounced in shallower water and diminishes to 
zero in deep water. 
2. Intensity and frequency of cyclone events. Port operations are currently disrupted by high winds. 
These winds also result in storm surges raising the sea level locally. 

Output 2: Improvement of port terminal  
3. Flooding of the landside terminal. The flooding risk of the terminal is be affected by (1) Sea-level 
and storm surges; and (2) the Vaisagano River banks overtopping due to extreme rainfall events, especially 
if associated with storm surge which further increases the water level at the mouth of the river. The effects 
of flooding of the terminal from storm surge include inoperability of the cargo handling operation, and 
damage to cargo stored in the port. While the Vaisagano River has flooded the area around the port 
entrance in the past, it is assumed that the river training works that are currently under construction will 
mitigate that risk. 

 

http://www.adb.org/Documents/RRPs/?id=47358-002-2
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B. Climate Risk Screening 
4.         Breakwater. The two effects of climate change that impact the breakwater are: (1) Sea-level rise; 
and (2) Changes in intensity and frequency of cyclone events. The existing breakwater has been assessed 
to be able to withstand waves of approximately 7 m with armour in good condition (equivalent to 
approximately a 1 in 40-year ARI). However, as there are some 35-50 broken units identified above sea 
level, the actual hydraulic capacity of the breakwater is lower than this.  Without climate change effects, the 
1 in 100-year ARI design wave is approximately 7.8m for a design standing water level (SWL) of 1.63m 
CD.  In this wave climate the existing breakwater is likely to suffer significant armour damage and reshaping 
which will compromise port operations in normal wave climate conditions.  
 
5. Terminal area. The principal effects of climate change that will impact the terminal area are (1) 
change in the incidence of high winds, and (2) flooding due to the combination of sea-level rise and surge 
during a storm event; as well as the Vaisagano River banks overtopping due to extreme rainfall events, 
especially if associated with storm surge which further increases the water level at the mouth of the river. 
The CRVA was inconclusive on the risks of changes in the intensity and frequency of cyclone events and 
flooding. It was noted that Vaisigano River training works should partially mitigate the rainfall flood risk. 

 
Climate Risk Classification: Medium 
 
C.          Climate Risk and Adaptation Assessment 
Design methodology and climate risk assessment  

1. Design working life of 50 years and design wave return period of 1 in 100-year ARI were selected 
based on BS 6349-1-2:2016, according to the port function and risk of encounter probability. 

2. Sea level rise: For the project, the adopted forecast sea level rise is (1) 0.4 meter (m) for a 50-year 
design life, and (2) 0.8m for a 100-year design life.  

3. Intensity and frequency of cyclone events: The recommended extreme storm surge water levels 
are: (1) 1.5m CD for a 50-year return period, and (2) 1.63m CD for a 100-year return period. Due to the 
uncertainty in the climate change projections, the CRVA did not consider potential increases or decreases. 
However, recognizing the uncertainty, potential risk and that it is intended that the infrastructure will be 
useable beyond 2060, sensitivity assessment has been undertaken to check that the structure is functional 
to 2100.  

4. To understand sensitivity of the breakwater component, three scenarios were compiled utilising the 
1 in 100-year ARI extreme water level (1.63m CD) allowing for (1) no sea level rise, (2) 50-year sea level 
rise of 0.4m and (3) 100-year sea level rise of 0.8m. The design wave at the breakwater site has been 
assessed for each scenario by numerical modelling using the offshore cyclonic wave climate for the 1 in 
100-year ARI.  These inputs were used to assess armour size (primary, secondary and scour armour) and 
overtopping performance (based on wave height, freeboard (difference between SWL and crest), crest 
level, crest width and slope geometry) of the breakwater structure. Other factors considered in the design 
process are the breakwater geometry and constructability.  

Adaption measures  

5. Breakwater. Six alternative design options to strengthen the climate and disaster resilience of the 
breakwater were considered. The preferred (most cost-effective) option will reconstruct the existing 
breakwater by reshaping the existing breakwater core, replacing the quarry layer and rock underfill, 
replacing the 8 tonne (t) and 20t dolos units with larger 48t units. The resultant design will increase the 
breakwater height by 2.5m, and increase the width by 32m.  

6. The consequences of sea-level rise for the design are (1) the incident wave will be higher as the 
water depth will be greater, which may increase the size of the components in the breakwater; and (2) the 
volume of material to construct the breakwater will increase. The wave assessment considers 0.4m and 
0.8m sea level rise and due to the transitional water depths in front of the breakwater the highest wave 
climate occurs at the 0.4m increase and slightly lower at 0.8m. This process is attributed to the depth 
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limitation for extreme waves in front of the breakwater whereby wave shoaling increases have height locally.  
As sea level continues to rise the magnitude of wave shoaling decreases and the wave climate comes less 
sensitive to sea level rise effects, to a point where there is no effect in deep water.  For lower water levels 
waves are more affected by depth limited breaking affecting a greater proportion of the incoming wave 
climate whereby the increase in wave height is proportional to the sea level increase.  For the breakwater 
location the critical water depth that results in the highest wave energy for design is with a 0.4m increase.  
Considering this in context of a range of sea level scenarios the engineering design considers the most 
likely wave climate for the range of expected sea levels over the breakwater design life. Taking into 
consideration a 50-year sea level rise (0.4m), the proposed breakwater rehabilitation is designed for a 1 in 
100-year AEP design wave of approximately 8.1m and a design SWL of 2.03m CD. 

7. Terminal area. Port operations are impacted during high winds, but this is unchanged from the 
existing and standard practice is to halt operations during a cyclone. For sea level rise and rainfall runoff 
floods the terminal which may damage cargo and ground floor of buildings, the only technically feasible 
adaption measure for general flooding of the terminal area is to raise the levels by a suitable amount, 
probably 0.5 to 1.0m. This is not possible as: (i) It is cost prohibitive, because, as well as raising all the 
paved areas, most of the buildings would have to be lifted; (ii) it would impact operations for smaller vessels, 
as the wharf decks would be too high for efficient cargo transfer; and (iii) The existing wharf structures may 
not be able to support the additional dead load. Vaisigano River training works should partially mitigate the 
rainfall flood risk. The new paving areas are being designed to drain towards the existing stormwater 
drainage system results in a small degree of mitigation of the flooding risk. The paved surfaces will also 
drain quicker and be able to be brought back into use quicker as a result. This is not a direct adaption or 
risk reduction measure, but an additional advantage resulting from the upgrade works. 

8. Raising the design breakwater level to allow for 50-year sea level rise and 100-year storm event 
will mitigate the risk of significant damage during major cyclone events. The preliminary design includes 
construction of an equipment maintenance facility and requires removal of the existing wave wall. As the 
new building would typically be steel frame and clad, it would be at risk from wave damage in the event of 
waves entering the site from the adjacent low area. This risk can be mitigated by construction the lower 
portion of the walls in concrete. Site grading in the area can also be designed to improve the drainage of 
this area. 

D. Climate Risk Screening Tool and/or Procedure Used 
An initial climate risk screening was conducted using the AWARE tool, which determined that the project 
was at medium risk from climate change. The high and medium risks identified in the AWARE report were 
used as initial framing for the more comprehensive CRVA undertaken in this study. 

Sources: Asian Development Bank. 

 
IV. CLIMATE ADAPTATION PLANS WITHIN THE PROJECT 

 

Adaptation Activity Target Climate Risk 

Estimated 
Adaptation Costs 

($ million) Adaptation Finance Justification 
Reconstruct the 
existing breakwater 
by reshaping the 
existing breakwater 
core, replacing the 
quarry layer and rock 
underfill, replacing the 
breakwater primary 
armour units.  

Design wave return 
period of 1 in 100-
year ARI 

 

21.1 The breakwater rehabilitation for a 
1 in 100-year ARI design wave 
without considering sea-level rise 
would cost approximately $25.4 
million. The estimated cost of 
patch repairs to restore the 
condition of the existing 
breakwater would be about $4.3 
million, and this amount is 
deducted from the reconstruction 
cost in order to estimate the 
incremental cost. 
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Adaptation Activity Target Climate Risk 

Estimated 
Adaptation Costs 

($ million) Adaptation Finance Justification 
Increase breakwater 
primary armour unit 
size 

Sea level rise 
resulting in 
increased wave 
height and hydraulic 
loading 

1.5 Taking into consideration sea level 
rise, the adequately sized armour 
units have an incremental cost of 
$1.5 million. 
  

Increase breakwater 
crest height 

Sea level rise 
resulting in 
increased 
overtopping 

0.2 Incremental cost of designing the 
breakwater to accommodate sea-
level and achieve a stable crest 
and rear slope. 

Source: Asian Development Bank 
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