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Glossary and Abbreviations 

Term Definition 

Adaptation Changes made in response to the likely threats and opportunities arising from climate 
variability and climate change. 

ADB Asian Development Bank 

ARI Average Recurrence Interval 

Asset(s) Something that has potential or actual value to an organization. 

BOM Australian Bureau of Meteorology 

BOS Nauru Bureau of Statistics 

Climate Average weather based on the statistical description in terms of the mean and variability of 
relevant quantities, such as temperature, precipitation and wind, over an extended period of 
time. 

Climate change A statistically significant variation in either the mean state of the climate or in its variability, 
persisting for an extended period (typically decades or longer). 

Climate change 
scenario 

Difference between a climate scenario and the current climate. 

CO2 Carbon Dioxide 

Consequence  Outcome of an event affecting objectives. Consequences can be certain or uncertain and can 
have positive or negative effects. May be expressed quantitatively or qualitatively.  

CSIRO Australian Government Commonwealth Scientific Industrial and Research Organisation 

EEZ Economic Exclusive Zone 

ENSO El Niño-Southern Oscillation 

GHG Greenhouse gas 

HAT Highest Astronomical Tide 

HRWL Highest Recorded Water Level 

Impact A threat or an opportunity that may arise as a result of either the weather or climate change 
both in the short and long term, and represents the fact that the issue is one that is constantly 
evolving. 

Infrastructure Assets and systems of assets that support our society. 

NOTE: This includes buildings, open space systems, public domain areas and associated landscape 
infrastructure, and transport, water, power and communications assets. 

IPCC AR5 Intergovernmental Panel on Climate Change Fifth Assessment Report  

LAT Lowest Astronomical Tide 

Level of risk Magnitude of a risk or combination of risks, expressed in terms of the combination of 
consequences and their likelihood. 

Life cycle Time interval that commences with the identification of the need for an asset and terminates 
with the decommissioning of the asset or any associated liabilities. 

Likelihood Chance of something happening. 

NOTE: In risk management terminology, the word ‘likelihood’ is used to refer to the chance of something 
happening, whether defined, measured or determined objectively or subjectively, qualitatively or 
quantitatively, and described using general terms or mathematically (such as a probability or a frequency 
over a given time period). 
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Term Definition 

LWRL Lowest Recorded Water Level 

MHWN Mean High Water Neap 

MHWS Mean High Water Springs 

MJO Madden-Julian Oscillation 

Mitigation Reducing causes of climate change. 

MLWN Mean Low Water Neap 

MLWS Mean Low Water Springs 

Monitoring  Continual checking, supervising, critically observing or determining the status in order to 
identify change from the performance level required or expected. 

MSL Mean Sea Level 

NCD Nauru Chart Datum 

NSDS National Sustainable Development Strategy 

PAN Port Authority of Nauru 

PCCSPP Pacific Climate Change Science Partnership Program 

ppm Parts per million 

PPTA Project Preparatory Technical Assistance 

QPA Qualified project activities 

RCP Representative Concentration Pathway 

Residual risk Risk remaining after risk treatment. 

Resilience Adaptive capacity of an organisation to a copmlex and changing environment. 

Risk Effect of uncertainty on objectives. 

Risk analysis Process to comprehend the nature of risk and to determine the level of risk. 

Risk assessment Overall process of risk identification, risk analysis and risk evaluation. 

Risk management Coordinated activities to direct and control an organization with regard to risk. 

Risk management 
framework 

Set of components that provides the foundations and organizational arrangements for 
designing, implementing, monitoring, reviewing and continually improving risk management 
throughout the organization. 

SOI Southern Oscillation Index 

SPCZ South Pacific Convergence Zone 

Vulnerability Degree to which a system is susceptible to, or unable to cope with, adverse effects of climate 
change, including climate variability and extremes.  
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1 Introduction 

The Government of the Republic of Nauru (the government) has requested the assistance of the Asian 

Development Bank (ADB) for a project preparatory technical assistance (PPTA) for preparing  a project to 

improve the port facilities and operations at Aiwo (refer Figure 1-1). The  scope of  the project  includes the 

construction of a wharf for berthing vessels and a breakwater, a berth pocket, an approach causeway from 

shore to wharf, demolition and safe removal of existing derelict port buildings and their replacement with new 

buildings, secure fencing and a heavy-duty industrial pavement in a container storage yard. The project will 

also include capacity building and institutional strengthening of Port Authority of Nauru (PAN) to enhance the 

efficiency of port operations, port security, asset management, occupational health and safety, and various 

reforms including  tariff re-structuring. 

The aim of the project  is to   provide Nauru with a port that minimizes downtime due to weather, removes 

dependence on time-consuming and dangerous at-sea cargo transfers, reduces freight costs through lower 

demurrage and faster turnaround for container and general cargo vessels, and provides a more reliable 

transfer of fuels to the island. 

Figure 1-1 Nauru and Nauru Port 

 

 

 

Figure 1-2  Source: NearMap, 2016 

1.2 Scope of this Report 

The ADB has committed to assisting its developing member countries in climate proofing projects (including 

those financed by ADB) to ensure their outcomes are not compromised by climate change and variability or 

by natural hazards in general.  Due to their location, ports and seaports are particularly exposed to sea level 

rise and the expected intensification of storm surges (ADB, 2014a). 

The purpose of this climate risk vulnerability assessment (CRVA) is to understand  the climate and assess 

climate change threats to the new port, to assess the adaptation measures that are proposed in the port design, 

to determine to what extent the performance and design of port is vulnerable to climate change, and to 

recommend measures that will improve the climate resilience of the port of Nauru. 
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This has been prepared in accordance with the Terms of Reference, and includes: 

> An overview of the project background and context, including description of the existing and proposed 
port (Section 2);  

> Details of the methodology adopted for the CRVA (Section 3); 

> A review of the exposure of Nauru to climate and other natural hazards (Section 4); 

> An assessment of the vulnerability and risk of the project to the identified hazards (Section 5.1-5.3);  

> Identification of measures to improve the climate resilience of the port (Section 5.4-5.5); and 

> Review of the key findings of the report and next steps (Section 6). 
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2 Background and Project Context 

2.1 Existing Port Infrastructure and Operations 

The Republic of Nauru is a small, isolated, coral capped island, which is 21 km2 in area and has a circumference 

of 20 km. It is located in the central Pacific Ocean at 0° 55S, 166° 91E, 42 km south of the equator and 1287 

km west of the International Date Line.  As at 2015, the population of Nauru was 11,288 people (Nauru BOS, 

2017).   

As Nauru imports over 95% of its goods by sea transport, the port facilities are a vital link for the country’s 

current and potential exports. The effective and safe operations of the port are central to maintaining trade and 

commerce with the region and the world. The island of Nauru has no protected port to facilitate international 

trade.  All shipping operations are limited to two harbors, one on the west coast at Aiwo and one on the east 

coast at Anibare.  

Anibare is on the eastern side of the island and thus fully exposed to the prevailing trade winds for about six 

months of the year, rendering port operations from this location unworkable. The port at Anibare is a fishing 

port, and has not been designed for the type of operations required for the new port in Nauru. There is limited 

storage for containers and there is no facility for phosphate or fuel transfers. Given the limitation of the existing 

infrastructure and the exposure to trade winds, Anibare was not considered a viable location for the new port 

and the project has focussed on Aiwo port. 

2.1.1 Existing Port Infrastructure 

Aiwo port is the only outer harbor that can be used for bulk container handling and unloading fuel. The port 

comprises a small-boat harbor that was constructed in 1907 and anchorage with a mooring system consisting 

of eight buoys. 

General cargo and container unloading is conducted by the transfer of individual containers by ship’s gear into 

small self-propelled pusher barges which are then unloaded by a crane in the safety of the small harbor. Fuel 

imports and phosphate exports are handled at a separate facility, which comprises two cantilevered loading 

arms.  In rough weather, the transfer from vessel to barge is a dangerous operation, which is often suspended 

until seas abate. Consequently, the unloading of a container vessel can take several weeks to complete. 

Conversely, the back loading of empty containers occurs in a reverse operation also  requires significant time 

to achieve.  

The complex system of anchored buoys and mooring chains is the only facility capable of berthing ships visiting 

Nauru, enabling vessels to be held off the reef during transfer operations. The mooring system is limited by 

the weather and in particular wind direction and velocity. During adverse weather conditions,  vessels are  

moved off the mooring system to prevent damage and/or grounding. When the mooring system is damaged 

and requiring repair, ships are forced to off-load while drifting in the open sea. The current practices pose 

significant safety issues to personnel, as well as presenting great challenges to the efficient transfer of cargo. 

The existing port buildings at Aiwo are in very poor condition and have capacity limitations, making them 

vulnerable to adverse weather. These buildings are in danger of falling down, with serious safety 

consequences for PAN personnel.  

In addition to the high cost of maintenance, the inadequate port facilities and high cost of handling freight result 

in  high cost of consumables in the domestic market. At times, there can be shortages of food and/or fuel, and 

fuel rationing is enforced on occasion.  

2.1.2 Operability of the Existing Port 

The limiting factors for the existing port operations include the inefficiencies in cargo handling and the wave 

climate, which affects mooring and unloading of ships.  The present day operations are subject to downtime 

resulting from wave activity form the westerly sector.  There is limited information available concerning 

downtime due to weather in port operations.  The most complete data comes from JICA (2014) and indicates 

the number of days of operation lost through heavy weather (refer Table 2-1). These are significant periods of 

interruption to the supply chain of essential supplies for Nauru. 

The data presented in Table 2-1 show that 2002 was an exceptional year for downtime, particularly the second 

half of the year.  
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Table 2-1 Number of Days of Port Operation Lost to Heavy Weather  

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

2001 0 1 0 0 3 5 1 4 0 2 3 23 42 

2002 8 10 0 3 2 4 14 8 19 20 8 18 114 

2003 15 5 0 3 3 5 2 1 0 2 1 1 38 

2004 21 3 7 5 0 7 4 8 0 0 0 11 66 

2005 - - - - - - - - - - - - No data 

2006 - - - 5 0 1 6 12 2 27 13 5 71 in 9 months 

2007 - 5 4 0 2 0 0 0 0 0 4 5 20 

2008 - - - - - - - - - - - - No data 

2009 - - - - - - - - - - - - No data 

2010 - - - - - - - - - - - - No data 

2011 2 0 1 0 1 0 0 1 1 - - - 6 in 9 months 

Total 46 24 12 16 11 22 27 34 22 51 29 63  

Source: JICA (2014) 

The existing infrastructure and operations are therefore not sustainable, particularly given the potential for 

increased risk of damage to infrastructure and increased incident of port closures due to the impacts of climate 

change.  

2.2 Design Philosophy for the New Port 

An important feature of any proposed port development is how often, and for how long,  vessels will be able 

to use the port and transfer cargo. The climate resilience of the port and how sensitive it is to change in the 

environmental conditions is, therefore, a critical consideration in the design process.  

At present there is very little climate resilience in the marine logistics for Nauru, with container traffic relying 

on ship-to-barge transfer at sea, fuel transfers using the mooring buoy system and a cantilevered pipeline, 

possibly with the assistance of a tug, and phosphate exports also using the mooring buoy system and the 

existing cantilever loader.  The mooring buoys are very expensive to maintain and the cantilevers are also very 

expensive and difficult to maintain.  The mooring buoys and floating pipeline have a very low resilience to 

changes in wind and wave climate in particular. 

When determining how climate change may influence a project, a standard approach is to determine current 

climate parameters, to examine how they are likely to change through global climate change, to determine 

how this may impact the project assets, and then determine how to adapt the project specifications. This CRVA 

implements this standard approach to the extent possible. However, incomplete data made this approach 

problematic. For that reason, the design team for the new port of Nauru has adopted a holistic, “climate- 

resilient” philosophy. This is intended to capture both existing and future climate resilience, noting that a 

conservative approach is required due to the high levels of uncertainty in the climate change projections and 

the high rates of natural variation in climate for Nauru.  

2.3 Description of the Proposed Port 

The government  is now seeking to develop a port in Nauru  that will: 

> Minimise downtime due to adverse weather and complex interactions of infrastructure; 

> Remove dependence on time-consuming and dangerous at-sea cargo transfers; 

> Remove reliance on aging infrastructure, including the mooring buoy system and cantilever loaders; 

> Reduce freight costs through lower demurrage and faster turn-around times for container and general 
cargo vessels; and 

> Provide a safer and quicker transfer of fuels to the island.  
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Several studies have been undertaken since 2009 to investigate feasible options for improving the port 

facilities.  Reference is made to the Japan International Cooperation Agency report (JICA, 2014) which 

provides a broad assessment of the initial options and provided the basis for the Pacific Region Infrastructure 

Facility study (PRIF, 2015) which focussed on the three most feasible options for the port. The preferred option 

comprises a rock fill causeway connecting a wharf located along the edge of the reef, adjacent to the existing 

Aiwo harbor (PRIF, 2015).  

Cardno was engaged by the ADB to assist preparing the project. Having reviewed the preferred option, two 

additional options were developed with a view to providing improved stability under high wave impacts and 

vessel mooring loads.  

As a result of wave studies and ship simulation investigations undertaken by Cardno, the preferred option was 

revised to comprise: 

> A 170 m long by 30 m wide wharf; 

> An adjacent berth pocket dredged into the reef to a depth of 11m; 

> A 140 m long breakwater on the north-western side providing protection from waves; 

> Workshops with offices; 

> Storage building with offices; 

> Generator and amenities buildings; 

> Security offices, x-ray and weigh-bridge building; 

> Container storage area; and 

> Internal roads and parking for trucks, cars and bikes. 

2.4 Policy Context 

2.4.1 National Sustainable Development Strategy 2005-2025 

The government  has articulated within the National Sustainable Development Strategy (NSDS) 2005-2025 

(2009 update) the vision for development as “A future where individual, community, business and government 

partnerships contribute to a sustainable quality of life for all Nauruans”, or more simply, “Partnerships for quality 

of life.” 

The transport sector goal is to “improve transport infrastructure and provide reliable and affordable public 

transport service.” The list of specific strategies includes “Refurbish and develop port infrastructure for vessel 

handling”.  The project contributes directly to the achievement of this strategy, and also indirectly supports a 

range of other strategies by providing more reliable, efficient and cost-effective freight handling, thereby 

improving the reliability of other services (aviation, water supply, etc.), improving government revenue, and 

promoting economic development.  

2.4.2 Framework for Climate Change Adaptation and Disaster Risk Reduction (RONAdapt) 

The Republic of Nauru Framework for Climate Change Adaptation and Disaster Risk Reduction (RONAdapt)  

represents the government’s  response to the risks to sustainable development posed by climate change and 

disasters. It identifies priorities relating to climate change adaptation and disaster risk reduction, and provides 

a general framework for longer term planning and programming of relevant activities.  

As the NSDS highlights, Nauru struggles with the challenge of ensuring sustainable social and economic 

development. A scarcity of arable land and fresh water resources, geographic isolation, dependence on 

imports for meeting basic food and energy needs, environmental degradation and the emergence of chronic 

health problems all make achieving sustainable development a difficult task, and at the same time create 

vulnerability to other stresses, such as those brought on by climate change and disasters.  Against this 

background, climate variability and climate change have the potential to make Nauru’s efforts to secure 

sustainable development even more challenging. 

The priorities outlined in RONAdapt contribute to the achievement of the NSDS by increasing Nauru’s 

resilience to climate change and disasters by targeting the following goals: 

> Water security; 

> Energy security; 
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> Food security; 

> A healthy environment;  

> A healthy people; and 

> Productive and secure land resources.  

Infrastructure is important as it can play an important role in improving economic productivity and/or reducing 

community vulnerability, and thus in making Nauru more resilient.  Priority actions of the RONAdapt framework 

under the Infrastructure and Coastal Protection Sector include: 

> Reduce coastal risks to key infrastructure; and  

> Reduce flooding occurrence and intensity.  

It is recognised in the RONAdapt framework that infrastructure needs to be designed and managed with future 

conditions in mind; it needs to be “climate –proofed.” Accordingly, a key design principle that underlies this 

project is to develop a port for Nauru which not only has improved resilience to present day coastal hazards, 

but also for future climate conditions. 

2.4.3 Nauru National Disaster Risk Management Plan 2008 

The government has developed a National Plan to support the Disaster Risk Management Policy. It is intended 

to assist the process of effectively managing hazards and risks in Nauru. The National Disaster Risk 

Management Plan (RON, 2008) provides the overarching framework to support national disaster risk reduction 

and disaster management planning for the mitigation of, preparedness for, response to and recovery from the 

impact of hazards that have the potential to become national disasters.  

The Plan notes that disaster risk management is a process designed to motivate societies at risk to engage in 

the conscious management of risk as an ongoing process to strengthen resilience and reduce vulnerability to 

hazards. 

The hazards listed below have been identified as having the potential to create national emergencies or 

disasters in Nauru: 

> Economic decline/civil unrest – high 

> Public health crisis – high 

> Fire (structure and non-structure) – high 

> Tsunami – high 

> Transport accidents (air, sea and land) – high 

> Fuel storage accident – high 

> Environmental degradation – high 

> Animal disease – high 

> Lifeline failure (power, water & communications) – high 

> Oil Spill (land and sea) – high 

> Pollution (land and sea) – high 

> Drought – medium 

> Storm surge – medium 

> Terrorist attack – low. 

The Plan outlines the roles and responsibilities of lead and support agencies in Nauru in terms of disaster 

management (including preparedness, response and recovery). It is of relevance to the project due to the role 

of the new port in reducing disaster risk, but also in that the port will be exposed to risk of disaster. 
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3 Approach to the CRVA 

3.1 Requirement for the CRVA 

Since 2014 the ADB has required all investment projects to consider climate risk and incorporate adaptation 

measures in projects at risk from climate change impacts. This is consistent with the ADB’s commitment to 

scale up support for adaptation and climate resilience in project design and implementation articulated in the 

Midterm Review of Strategy 2020: Meeting the Challenges of a Transforming Asia and Pacific (ADB, 2014b). 

Further information on the methodology for conducting climate risk and vulnerability assessments is provided 

in Climate Proofing ADB Investment in the Transport Sector Initial Experience (ADB, 2014a). 

Figure 3-1  Climate risk management process 

 

Source: ADB (2014a) 

There is, therefore, a requirement to consider the potential impacts of climate change on the infrastructure 

proposed under the project. 
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The ADB has established a Risk Management Framework aimed at reducing risks associated with climate 

change on investment projects by providing for climate risk assessments and inclusion of adaptation measures 

into projects at the design phase. The process to be undertaken on a project-by-project basis is illustrated in 

the flow chart provided in Figure 3-1. 

The first stage in the climate risk management framework is the initial screening of the project, which aims to 

identify whether the project may be vulnerable to climate change hazards. If the risk screening identifies any 

medium or high risks, a climate risk and vulnerability assessment is required (refer Figure 3-1). 

As outlined in ADB (2014a), the climate risk and vulnerability assessment aims to quantify risks and identify 

adaptation options that can be integrated into the project design, noting that the level of detail to which the 

assessment goes are generally dictated by the complexity of the project, available information on the Project, 

and the available information on climate change projections for the Project site.   

3.2 Overarching Methodology 

When determining how climate change may influence a project, a standard approach is to determine current 

climate parameters, identify how they will change due to global climate change, assess how this these climate 

hazards may affect the project design or impact the project assets, and then determine how to adapt the project 

specifications. This CRVA implements this standard approach to the extent possible, noting the limitations 

listed in Section 3.4. 

The overarching methodology for the CRVA has involved: 

> Engagement with key stakeholders (e.g. Port of Nauru); 

> Review of the literature on:  

– Climate in Nauru and climate change projections, 

– Previous technical investigations and design reports, 

– The impacts of climate change on ports; 

> Analysis of available data on water levels, wind and waves; 

> Internal workshops on the existing issues at port of Nauru, proposed design philosophy, strategic 
options evaluation, engineering feasibility, and proposed approach to climate resilience;  

> Assessments of climate vulnerability and risk for the existing and the proposed port to identify which 
elements of the design required specific consideration; 

> Incorporation of adaptation measures into the design and assessment of residual climate risk (e.g. 
due to uncertainty in projections);  

> Consideration of the total cost of the climate-resilient components of the project design; and 

> Preparation and review of this CRVA report in consultation with PPTA team members and ADB climate 
specialists. 

3.3 Inputs to the CRVA 

This CRVA has used inputs from a range of sources, including the technical studies prepared by the PTTA, 

such as the MetOcean Design Criteria report (Cardno, 2017). There is no measured current data or wave data, 

and limited rain measurements.  

The key data input to this assessment have been the available tide gauge and wind data (see Section 4.2.4) 

from the port monitoring station, which has been collected from 1993 to the present day, and is a limited data 

set. The other key input is wave data from hindcast based on re-analysis of wind fields from 1979 to 2013, 

prepared under the Collaboration for Australian Weather and Climate Research project undertaken by the 

Australian Bureau of Meteorology and the CSIRO.  

Very little data was available on the climate resilience of the existing port, and the impact of climate on port 

operability. The information provided (e.g. on port downtime) is anecdotal. 

Key references used in this report include: 

> AS 5334:2013, Climate change adaptation for settlements and infrastructure – a risk based approach; 

> BOM (2009) SOPAC Member Countries National Capacity Assessment: Tsunami Warning and Mitigation 

Systems; 
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> BOM & CSIRO (2014) Climate Variability, Extremes and Change in the Western Tropical Pacific: New 

Science and Updated Country Reports 2014; 

> Intergovernmental Panel on Climate Change Fifth Assessment Report (IPCC AR5);  

> ISO 31000:2009, Risk management – Principles and guidelines; 

> PCCSPP (2011) Current and future climate of Nauru;  

> Stewart et al. (2012) Climate change adaptation for corrosion control of concrete infrastructure;  

> Subramanian et al. (2014) The MJO and global warming: a study in CCSM4; and 

> Thomas, C., and Burbidge, D. (2009) A Probabilistic Tsunami Hazard Assessment of the Southwest Pacific 

Nations. 

3.4 Limitations  

There are a number of limitations to this assessment: 

> The incompleteness of the available data on existing climate and port operations; and 

> The high levels of uncertainty in the climate change models, particularly for the key climate hazards. 

These constraints have greatly limited the ability to undertake economic analysis of the impacts of climate 

change and of adaptation measures.  
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4 Climate and Other Natural Hazards 

4.1 Regional Drivers of Climate 

The meteorological and oceanographic climate in Nauru is driven by strong intra- and inter-annual cycles. The 

South Pacific Convergence Zone (SPCZ) and the El Niño-Southern Oscillation (ENSO) are discussed in detail 

below. 

Nauru experiences two main seasons, the wet season from November to October Nauru has consistent 

monthly average temperatures throughout the year which are strongly tied to the surrounding ocean 

temperature. The wet season usually starts in November and continues to April of the next year, while drier 

conditions occur from May to October. 

4.1.1 South Pacific Convergence Zone (SPCZ) 

The SPCZ (refer Figure 4-1) drives a seasonal cycle, and is strongest during the wet season (usually from 

November to April) (BOM & CSIRO, 2014). The SPCZ is a band of heavy rainfall located where the winds 

converge, leading to thunderstorm activity. The West Pacific Monsoon can also influence Nauru, bringing 

heavy rainfall during the wet season. 

An important feature of the SPCZ is its seasonal migration. In the southern hemisphere’s mid-winter (July), it 

moves towards a more southerly position by mid-summer (January). This seasonal north-south shifting and 

alternate weak and strong activity of the SPCZ are reflected in the distinctly seasonal patterns of the annual 

rainfall across the islands of the South Pacific. A wet-dry season is experienced by all tropical islands in the 

Southwest Pacific 

BOM & CSIRO’s (2014) review of the climate model results indicate a high degree of uncertainty in the 

behaviour of the SPCZ under climate change conditions.  

Figure 4-1 Average Positions of the major climate features in November to April 

 

 Source: BOM & CSIRO (2011) 

4.1.2 El Niño-Southern Oscillation  

ENSO is a major climate influence in the South Pacific. Under normal conditions, low pressure at the Equatorial 

Trough and high pressure in the eastern Pacific establish a pressure gradient that keeps the south-east trade 

winds blowing strongly. The combination of the south-east trade winds and the south equatorial ocean current 
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flowing east to west below the Equator generates a large body of warm water in the western equatorial Pacific, 

centred north of Australia and Papua New Guinea. For reasons not fully understood by climate scientists, at 

intervals of about 5-7 years there is a major disturbance to the coupled Pacific Ocean atmosphere system 

called the positive ENSO anomaly or “El Niño” event, which can last for more than a year (Terry, 2007). 

Inter-annual variability is strongly influenced by the ENSO. Compared to normal (neutral) years, Nauru 

experiences wetter, warmer conditions during El Niño years, and drier, cooler conditions during La Niña. 

Delayed onset of the wet season and drier than normal conditions, often resulting in drought, are associated 

with La Niña events (BOM & CSIRO, 2014). ENSO events are expected to continue to occur under climate 

change conditions (very high confidence), but there is also little consensus on whether these events will 

change in intensity or frequency (BOM & CSIRO, 2014). 

4.1.3 West Pacific Monsoon 

In some years, Nauru’s climate can be affected by the West Pacific Monsoon. This occurs when the persistent 

monsoon westerly winds reach as far east as western Kiribati. The West Pacific Monsoon is driven by large 

differences in temperature between the land and the ocean. It moves north to mainland Asia during the 

Northern Hemisphere summer and south to Australia in the Southern Hemisphere summer (PCCSPP, 2011). 

The influence of the West Pacific Monsoon on Nauru generally varies with the phase and strength of the ENSO 

and is usually associated with strong El Niño events (BOM & CSIRO, 2014) 

4.2 Existing Climate  

4.2.1 Temperature 

Nauru has consistent monthly average temperatures throughout the year, which are strongly tied to the 

surrounding ocean temperature (Figure 4-2). Trends in temperature are difficult to present for Nauru because 

of inadequate data records (BOM & CSIRO, 2014). Based on nearby trends it is likely the average 

temperatures in Nauru have increased by around 0.15 – 0.25°C per decade since 1950 (BOM & CSIRO, 2014). 

This is similar to the trend in sea surface temperature for the Nauru region, which shows an increase of 0.15 

– 0.20°C per decade since 1950 (BOM & CSIRO, 2014). 

Figure 4-1 Seasonal Rainfall and Temperature for Nauru 

 

(Source: Pacific Climate Change Science Program Partners (2011) 
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4.2.2 Rainfall 

Review of rainfall data for Nauru collected since 1927 shows significant interannual variation associated with 

the ENSO (refer Figure 4-3). Due to incomplete historical daily rainfall records, observed extreme rainfall trends 

are not available (BOM & CSIRO, 2014). 

Figure 4-3 Annual Rainfall for Nauru 

 

 Key:  neutral (grey), El Niño (light blue) and La Niña (dark blue) yearsSource: BOM & CSIRO (2014) 

4.2.3 Extreme Weather 

4.2.3.1 Drought 

Being so close to the equator, Nauru does not experience tropical cyclones, although it is subject to strong 

winds and sea swells from cyclones in other parts of the region. The main climate extreme experienced by 

Nauru is drought, lasting as long as 36 months (PCCSPP, 2011). Droughts usually occur during La Niña events 

when the surrounding sea temperature is lower, resulting in less cloud and rainfall. Prolonged droughts affect 

the underground freshwater lens, resulting in water supply problems and severe stress on natural ecosystems 

(PCCSPP, 2011). 

4.2.3.2 Tropical Cyclones 

Tropical cyclone formation within the Nauru exclusive economic zone (EEZ) is highly unlikely due to the islands 

proximity to the equator (B-OoM & CSIRO, 2014). There are no events on record, based on tropical cyclone 

data available from 1969/70 for the Southern Hemisphere and from 1977 for the Northern Hemisphere (BOM 

& CSIRO, 2014). 

4.2.4 Mean Sea Level 

The Nauru Port Pre-Feasibility Study (PRIF, 2015) states that the tidal planes for Nauru are not available.  

Water level data is, however, available from the Nauru tide gauge station operated by the Australian Bureau 

of Meteorology under the South Pacific Sea Level and Climate Monitoring Project for AusAID 

(http://www.bom.gov.au/pacific/projects/pslm/index.shtml). The tide gauge and other sensors are located in 

the port area on Nauru (refer Plates 4-1 a and b). 

  

http://www.bom.gov.au/pacific/projects/pslm/index.shtml
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Plates 4.1 a & b: (a) mount for tide gauge sensors and anemometer and 
recorder/transmitter cabinet and (b) SEAFRAME tide gauge system on Nauru 

 

High quality data have been available since July 1993 and the datum of the tide gauge is regularly checked 
by surveyors as part of the monitoring project and related to a benchmark, which is levelled by geodetic 
survey (BOM, 2016). Based on statistics of hourly values of sea level and a tidal-harmonic analysis of the 
data for calendar year 2012, tidal planes and other reference levels are shown in Figure 4-5.   

The elevation of the reef flat at the port site is estimated from levels from hydrographic survey (Aquamap, 
2016) which includes part of the reef, combined with observations made during the site visit. The elevation 
of the reef flat is estimated at around 1 m NCD or around -0.3 m below mean sea level (MSL). 

Table 4-1 Nauru Tidal planes 

Abbreviation Reference 
Water Level Relative to: 

Nauru Chart Datum (m NCD) Mean Sea Level (m) 

HRWL 
Highest Recorded Water Level 

(14/12/2001) 
3.069 1.670 

HAT Highest Astronomical Tide 2.630 1.231 

MHWS Mean High Water Springs 2.250 0.851 

MHWN Mean High Water Neaps 1.638 0.239 

MSL Mean Sea Level 1.399 0.000 

MLWN Mean Low Water Neaps 1.161 -0.239 

MLWS Mean Low Water Springs 0.548 -0.851 

LAT Lowest Astronomical Tide 0.229 -1.171 

NCD Nauru Chart Datum 0.000 -1.399 

LRWL 
Lowest Recorded Water Level 

(27/02/1998) 
-0.081 -1.480 

The monthly maximum sea level, based on hourly values from the Nauru SEAFRAME tide gauge is shown in 

Figure 4-4.  Examination of the recorded sea level shows that there are relatively rare events with elevated 

water levels.  The most common monthly maximum sea level is about 2.6 mNCD.  Over the period since 1993, 

there were five events with sea levels greater than 2.9 mNCD and one greater than 3 mNCD.  
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There is insufficient data to calculate the 100-years Average Recurrence Interval (ARI) water level, and so for 

the purposes of this report, a 100-years ARI water level of 3.25 mNCD has been adopted.  

Figure 4-4  Monthly maximum sea-level (hourly values) from Nauru SEAFRAME tide gauge 

 

4.2.5 Coastal Processes 

4.2.5.1 Ocean Currents 

Ocean currents can be important in port design if they impinge on the berths and thus increase mooring loads, 

or if they flow past the berth or the entrance to the berth, where they can complicate navigation and vessel 

manoeuvring.  There are no measurements of the currents in the vicinity of the port area at Nauru; however, 

the Nauru Harbormaster reported that he has experienced tidal currents sometimes reaching two knots.  These 

currents were parallel to the shore and flowed to the north around high tide and to the south around low tide. 

The results of hydrodynamic modelling presented in Cardno (2017) support these observations, demonstrating 

that relatively strong currents can be experienced off the port site.  

Two knots is a relatively high current speed. Ship simulations undertaken for the project showed that currents 

are a limiting factor on the available options for the port configuration. For example, the risks associated with 

trying to hold a ship in position under strong currents were a significant factor in the optioneering for the new 

port. The chosen concept design provides shelter from currents, a significant improvement over the existing 

condition, and allows vessel movements to be timed for period of low currents, improving navigational safety. 

4.2.5.2 Wind and Wave Climate  

The wind climate is very important for the port as it is the wind, which generates the waves, which limit 

operations at the port. The wave climate in the vicinity of Nauru is dominated by waves from the east, generated 

by the north-east and south-east trade winds. Generally speaking, the wind-wave climate of Nauru is strongly 

characterised by the seasonal trade winds. During the dry season (June – September) waves are directed 

from the south-east, whereas during the wet season (December – March) they are directed from the north-

east, and are slightly larger with higher wave-periods (BOM & CSIRO, 2014; refer Figure 4-5). 

Swell waves are generated by extra-tropical storms during the dry season, and are incident from the south, 

whereas in the wet season swell waves may come from the west due to monsoon systems or from the north 

due to extra-tropical storms in the North Pacific (BOM & CSIRO, 2014). The highest waves typically occur 

during the wet season in relation to North Pacific extra-tropical storms and observed as long, northerly and 

north-westerly swell. Some large westerly waves, thought to be generated by Philippine typhoons based on 

their wavelength and direction, have been observed in other months (August and November) (BOM & CSIRO, 

2014). 
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Figure 4-5 Mean Annual Cycle of Wave Height and Wave Direction at Nauru from 1979– 2009 

 

Key:  Wave Height (grey) and Wave Direction (blue) Source: BOM & CSIRO (2014) 

There is, however, significant variation from one year to the next, as discussed in the analysis of wind and 

wave climate provided in the MetOcean Design Criteria report prepared for the project (Cardno, 2017). In many 

years, there are almost no winds from the westerly sector; however in others, winds from this sector are 

relatively frequent and tend to be stronger than those from the east. 

Data on wind speed and direction are available from measured data from the Nauru tide gauge station operated 

by the Australian Bureau of Meteorology under the South Pacific Sea Level and Climate Monitoring Project for 

AusAID (BOM, 2017).  The anemometer is among the port buildings and may be shielded from certain 

directions, and therefore has limitations (refer Section 4.5).  An alternative is to use the wind speed and 

direction from a re-analysis of meteorological data. This wind data was used by the BOM and CSIRO as an 

input the hindcast modelling. This was used to undertake an analysis of extreme wind speeds for Nauru, which 

fed into the analysis of design wave heights (Cardno, 2017). Wind speeds for select design events are as 

follows: 

> 11.8 m/s for the 1 year ARI; 

> 13.8 m/s for the 5 year ARI; 

> 16.1 m/s for the 20 year ARI; 

> 16.8 m/s for the 100 year ARI; and 

> 18.2 m/s for the 500 year ARI. 

The port location at Aiwo is situated on the western side of the island of Nauru and is sheltered from waves 

from directions between north-north-east, through east to south.  The fringing reef has an elevation of 

approximately -0.3 m relative to MSL.  The outer edge of the reef drops steeply into water depths of 20 m or 

more and the sea bed then slopes rapidly into deep water.  As a result there is very little loss of wave energy 

through bottom friction and minimal shoaling.  Refraction is also limited, and for practical purposes the wave 

climate can be assumed to be the same as in deep water, subject to the effects of sheltering by the island. 

The wave climate would be expected to reflect the wind climate, but with the added influence of winds remote 

from the site generating swell which propagates to the study area.  Further analysis of the CSIRO’s wave 

hindcast data was undertaken to determine design wave heights off the reef. The most frequent wave 

diurection is from the east south-east, followed by the east north-east (Cardno, 2017). As previously discussed 

with reference to wind climate, there is also important inter-annual variability in the wave climate. In particular, 

the wave roses presented for 1997 and 2002 in Cardno (2017) show a marked increase in waves from the 

west.   
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Based on the outcomes of the hindcast analysis, the significant wave height at the port site can be expected 

to be below 1.5 m for 90% of the time and below 1.0 m for 84% of the time.   

The only historical data available for determining the design conditions for waves are hindcasts, and the BOM 

and CSIRO hindcast provides the best data available.  Based on analysis of the full 35 years of data available, 

the highest values of significant wave height have been extracted and plotted as a wave rose in Figure 4-6. 

Figure 4-6  Wave Rose for Significant Wave Heights Exceeding Two Metres 

 

Source: Cardno (2017) 

Figure 4-6 shows that the highest waves come from the west, most likely due the westerly monsoon and 

tropical cyclones (typhoons). These westerly waves are therefore of critical importance for the design of the 

new port. Significant wave heights at the site for select design events are as follows (Cardno, 2017):  

> 2.67 m for the 1 year ARI; 

> 3.35 m for the 5 year ARI; 

> 4.38 m for the 50 year ARI;  

> 4.70 m for the 100 year ARI; and 

> 5.45 m for the 500 year ARI.  

The distribution of mean wave period (Tm02) with wave height shows that the highest waves are associated 

with a mean wave-period of 7-8 s.  It is recommended that this period be used for design purposes. 

4.2.5.3 Effect of Regional Climatic Factors on Wave Climate 

As discussed in Section 4.2.5.2, the wind and wave climate are significant influences on port operability. A 

review of the hindcast analysis found that 2002, the worst year on record for port downtime (refer Section 2.2), 

had significantly more time with significant wave heights above 1 m, occurring 32% of the year in 2002 

compared with an average of 16% for the 35 year data set (Cardno, 2017). In addition, these events occurred 

over long periods of time. These are significant periods of interruption to the supply chain of essential supplies 

for Nauru. 
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The identified years were therefore investigated in more detail to examine the characteristics of the climate in 

those years. The interaction between the ENSO and the Madden-Julian Oscillation (MJO) appears to be 

correlated with these periods over which increased incidence of higher, westerly waves. A review of the State 

of the Climate in 2002 (AMS, 2003) noted that 2002 was characterised by a strengthening El Niño over the 

boreal summer (July to September), which was linked to strong westerly wind anomalies associated with the 

MJO. AMS (2003) observe that another MJO event in late October also contributed to amarked increase in the 

strength of low-level westerly anomalised across the east-central equatorial Pacific.  

The key finding of relevance to this project is that one of the features of an MJO event in the Pacific is an 

increase in westerly winds and increased convection activity and rainfall.  

4.3 Climate Change Projections 

4.3.1 Review of Scenarios 

The Intergovernmental Panel on Climate Change Fifth Assessment Report (IPCC AR5; IPCC, 2013) produced 

climate change projections for a range of representative concentration pathways (RCPs) based on different 

greenhouse gas (GHG) emissions scenarios developed to capture uncertainty of the scale of future economic 

activity and the global response to reducing emissions. The four scenarios are: 

> RCP2.6 – Major GHG mitigation scenario (421 ppm CO2 by 2100);  

> RCP4.5 – Some GHG mitigation, stabilisation scenario (538 ppm CO2 by 2100); 

> RCP6.0 – Some GHG mitigation, stabilisation scenario (670 ppm CO2 by 2100); and 

> RCP8.5 – Very high GHG emissions scenario, little effort to reduce emissions (936 ppm CO2 by 2100).  

RCP8.5 is otherwise referred to as the “business as usual” scenario, whereas both the RCP4.5 and RCP6.0 

scenarios both assume some reductions in GHG emissions. RCP2.6 is quite an ambitious scenario, and while 

it is considered “plausible”, it is not considered realistic for strategic planning purposes. 

In early 2016 the average global concentration of CO2 passed 400 ppm reaching 402.3 ppm at Mauna Loa in 

Hawaii (NOAA, 2016a; refer Figure 4-7). The rate of increase in CO2 concentrations as at 2015 was 2.9 

ppm/year (NOAA, 2016b). Assuming the 2015 rate of increase does not change, CO2 concentrations will reach 

503.8 ppm by 2050 and 648.8 ppm by 2100, noting that this trajectory is unlikely to be linear. 

Adopting a conservative approach, it is considered that the RCP8.5 climate change scenario would be 

appropriate to adopt for this risk and vulnerability assessment. Keeping in mind also that the intended design 

life of the port is 50 years, the climate change projections to be used in the risk assessment should ideally be 

the 2066 projections for RCP8.5, or if unavailable, the nearest relevant projections (e.g. the 2070 planning 

horizon). 

It is noted that there a number of factors that may influence the future emissions pathway, such as: 

> Changes in population growth rates; 

> Changes in economic activity;  

> Potential for adoption of lower emissions energy soures or for carbon sequestration; 

> Potential phasing out of higher emissions energy sources; and 

> Unanticipated climate response to higher CO2 concentrations in the atmosphere. 

The RCPs adopted in AR5 effectivey reflect four possible emissions pathways based on some combination of 

these factors. There is therefore a degree of uncertainty in selection of a specific future pathway, as the actual 

future emissions may vary from the current path to another, or somewhere in between.  
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Figure 4-7 Global monthly mean CO2 concentrations as at July 2016 

 

Source: NOAA (2016b)  
Red line shows annual variability and black line shows average annual concentrations. 

. 

4.3.2 Temperature 

Projections for all emissions scenarios indicate that the annual average air temperature and sea surface 

temperature will increase in the future in Nauru. Under all RCPs, warming of up to 1.2°C by 2030 is predicted 

(BOM & CSIRO, 2014). Temperature projections after 2030 vary widely with each emissions scenario. Under 

a low emissions scenario (RCP2.6), warming of 0.6 to 1.5 is projected by 2090, however, under a high 

emissions scenario (RCP8.5), warming of 2.0 to 4.5°C is projected by 2090 (BOM & CSIRO, 2014).  

There is medium confidence in the model average temperature change because sea-surface temperatures 

near Nauru are too cold in most climate models (BOM & CSIRO, 2014), which is a major influence on Nauru’s 

surface temperature. However, there is a very high level of confidence that temperatures will continue to rise 

at Nauru under climate change conditions (BOM & CSIRO, 2014).  

The majority of climate models project that there will be an increase in the frequency and intensity of hot days, 

and a decrease in the frequency and intensity of cool days. A 20-years ARI hot day is projected to increase by 

between 0.6°C (RCP2.6) and 0.9°C (RCP8.5) by 2030, and by between 0.8°C (RCP2.6) and 0.3°C (RCP8.5) 

by 2090 (BOM & CSIRO, 2014). With respect to the magnitude of projected change in extreme temperature is 

less certain and has a low level of confidence. 

4.3.3 Rainfall 

Almost all global climate models project an increase in long-term average rainfall, with most models predicting 

increased rainfall for both the dry and wet seasons (BOM & CSIRO, 2014), although it is noted that the current 

range of interannual variation in rainfall is greater than all but the upper range of projections for the highest 

emission scenario by 2090. There is medium confidence in these projections. One of the reasons is that the 

future behaviour of ENSO is unclear, and ENSO is a strong influence on rainfall variability from year-to-year. 

There is a high level of confidence that the frequency and intensity of extreme rainfall events is projected to 

increase in a climate change scenario. The majority of models project that the current 20-years ARI daily 

rainfall event will become a 10-years ARI event for RCP2.6 and a 5-years ARI for a RCP8.5 by 2090 (BOM & 

CSIRO, 2014). With respect to the magnitude of projected change in extreme rainfall is less certain and has a 

low level of confidence. 
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4.3.4 Extreme Weather 

4.3.4.1 Drought 

The overall proportion of time spent in drought is expected to decrease under all scenarios. The drought 

projections for Nauru under RCP 8.5 indicate the frequency and duration of events in all drought categories is 

projected to stay approximately the same (BOM & CSIRO, 2014). Under RCP2.6, the frequency of mild drought 

is projected to increase slightly while the frequency of moderate, severe and extreme drought is projected to 

remain stable and the duration of events in projected to slightly decrease (BOM & CSIRO, 2014). 

There is low confidence in the projections of drought frequency and duration because there is low confidence 

in the magnitude of rainfall projections, and no consensus about projected changes in the ENSO, which directly 

influence the projection of drought (BOM & CSIRO, 2014). 

4.3.4.2 Tropical Cyclone 

While tropical cyclones do not directly affect Nauru, the waves generated by tropical cyclones occurring 

elsewhere in the region do reach the island on occasion, and it is these events that cause the most extreme 

waves in Nauru. 

The design wave conditions and climate change predictions are based on numerical wave models driven by 

re-analysis of wind data.  The accuracy of the wave modelling is crucially dependent on the accuracy of the 

wind fields used to drive the model, and these models are not able to properly resolve tropical cyclones 

(typhoons in the western Pacific).  However, it is tropical cyclones, which cause the most extreme waves in 

Nauru. Trenham et al. (2013) state that “the predicted extreme values are underestimates due to not fully 

resolving tropical cyclones.” Due to the uncertainty in future wave climate predictions, it is important that the 

design for the port in Nauru is resilient and robust, that is not critically sensitive to changes in wave conditions, 

particularly potential increases in extreme wave heights outside the range of values experienced to date.  

It is recommended that the port design should consider the uncertainty in the effects of tropical cyclones on 

the wave climate in Nauru, particularly the extreme values and, where possible, build in resilience to cope with 

increases in extreme wave conditions should they occur. 

4.3.5 Mean Sea Level 

The IPCC AR5 (2013) reported an average rate of global sea level rise of 1.7 mm/yr over the period 1901 to 

2010, corresponding to 0.19 m of relative MSL rise. It is noted, however, that the rate of sea level rise can vary 

over time, and for the period 1998-2010 the rate of rise was 3.2 mm/yr (IPCC, 2013), indicating an acceleration 

of the rate of rise over the two previous decades. 

Table 4-2 and Figure 4-9 shows sea level rise projections for Nauru, including the 5-95% uncertainty range 

shown as the shaded area of the graph (BOM & CSIRO, 2014). The 2070 sea level rise projection for the 

RCP8.5 (relative to 1986-2005 MSL) is 42 cm. There is a medium level of confidence in these projections. 

The Australian Bureau of Meteorology states the average rate of sea-level rise from 1993 to 2016 is 5.8 mm/yr 

(BOM, 2016).  This is a higher rate than might be expected from climate modelling projections.  For example, 

taking the centre of the reference period in Table 4-2 as 1996, a rise of 18 cm over 35 years (i.e. for 2030 in 

the very high emissions scenario) yields a rate over that period of 5.1 mm/yr.  This is less than the observed 

rate and demonstrates that sea level rise is a significant potential hazard to port operations in Nauru.  

Design of facilities such as the port must consider the possibility of greater levels of sea-level rise and/or an 

increease in the rate of sea-level rise. For this reason it is recommended that the risk and vulnerability 

assessment adopt a sea level rise benchmark of 58 cm, being the upper limit of the projection for the year 

2070. 

Figure 4-8  Sea Level Rise Projections for Nauru 
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Source: BOM & CSIRO (2014) 

Table 4-2  Sea Level rise projections in centimetres (5-95% confidence interval in brackets) 

Emissions 
Scenario 

2030 2050 2070 2100 

RCP2.6 12 (8 - 17) 22 (14 – 30) 32 (19 - 45) 42 (24 – 60) 

RCP4.5 12 (7 - 17) 22 (14 – 31) 35 (22 - 48) 48 (29 – 68) 

RCP6.0 12 (7 - 16) 22 (14 – 30) 34 (21 - 48) 49 (30 – 69) 

RCP8.5 13 (8 – 18) 25 (17 – 34) 42 (28 - 58) 63 (41 – 89) 

BOM & CSIRO (2014) 
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4.3.6 Coastal Processes 

4.3.6.1 Ocean Currents 

There are no detailed predictions on the impact of climate change on the ocean currents in the vicinity on 

Nauru.  In part, this is due to the lack of detailed understanding of the mechanism of generation of the currents; 

however, given that it is regional currents, which drive the local currents adjacent to the port, some inferences 

can be drawn.  The equatorial current which is observed in the Tropical Atmospheric Ocean Project mooring 

data and which appears to drive the local currents, is in turn driven by the trade winds and changes in water 

temperature between the east and west Pacific Ocean.  Specific changes in the trade winds are not included 

in climate forecasts for Nauru, however the effects of changes in the winds are reflected in changes in the 

wave climate and these are forecast to be small.  Changes in the water temperature are a function of ENSO 

(El Nino/La Niña) and the future behaviour of ENSO is “unclear” (BOM & CSIRO, 2014).   

These results suggest that there will not be any major change in the current system around Nauru due to 

climate change, however there is significant uncertainty in this conclusion.  This means that the selected option 

for the port must be as resilient as possible with regard to ocean currents.  

4.3.6.2 Wind and Wave Climate 

There are no projected changes to the wind regime of Nauru in the results of climate modelling available at 

present.  It is therefore not possible to make any meaningful allowance for climate change in the specification 

of winds for design; however it is important to note that this represents a factor of uncertainty and designs 

should be checked for sensitivity to changes in the wind climate, both speed and direction. As discussed in 

Section 2.2, this is an important consideration in making the new port climate-resilient. Wave heights and 

direction for a range of projections are compared to the mean of historical models for Nauru in Figure 4-9. The 

legend for the graph is as follows: 

> Blue bars show the 2035 RCP4.5 low emissions scenario projections; 

> Red bars show the 2035 RCP8.5 very high emissions scenario projections; 

> Green bars show the 2090 RCP4.5 low emissions scenario projections; and 

> Purple bars show the 2090 RCP8.5 very high emissions scenario projections. 

Figure 4-9  Projected Future Wave Climate for Nauru 

 

Source: BOM & CSIRO (2014) 

  



22 
 

 

The model projections are also summarised in 0. The blue text corresponds to the RCP4.5 emissions scenario, 

and the red text corresponds to the RCP8.5 emissions scenario. The values in brackets represent the 5 th to 

95th percentile range of uncertainty. 

The BOM and CSIRO (2014; refer Table 4-3) state that there will only be very small changes in the wave 

climate due to climate change.  During December–March at Nauru, projected changes in wave properties 

include a decrease in wave height accompanied by a decrease in wave period and a possible small 

anticlockwise rotation (more northerly waves) (low confidence). This change is only statistically significant by 

the end of the century in a high emission scenario and only in March, with a projected decrease in wave height 

of approximately 0.15 m. 

In June–September, there are no statistically significant projected changes in wave properties (a prediction 

with low confidence). Non-significant changes include a possible increase in wave height, a small decrease in 

period, and a clockwise rotation of direction (more southerly waves). A projected decrease in the height of 

larger waves is also suggested with low confidence. 

Table 4-3 Wave Projections Summary for Nauru Relative to a 1986-2005 Historical Period  

Variable Season 2035 2090 
Confidence 

Level 

Wave height 

change (m) 

December- March 

(wet season) 

-0.0 (-0.2 to 0.2) 

-0.1 (-0.3 to 0.1) 

-0.1 (-0.2 to 0.1) 

-0.2 (-0.3 to -0.1) 
Low 

June-September 

(dry season) 

+0.0 (-0.1 to 0.1) 

+0.0 (-0.1 to 0.1) 

+0.0 (-0.1 to 0.1) 

+0.0 (-0.1 to 0.1) 
Low 

Wave period 

change (s) 

December- March 

(wet season) 

-0.0 (-1.1 to 1.0) 

-0.1 (-1.1 to 1.0) 

-0.1 (-1.2 to 1.1) 

-0.2 (-1.3 to 1.0) 
Low 

June-September 

(dry season) 

+0.0 (-0.6 to 0.7) 

+0.0 (-0.6 to 0.6) 

+0.0 (-0.7 to 0.7) 

+0.1 (-0.8 to 0.6) 
Low 

Wave direction 

change 

(°clockwise) 

December- March 

(wet season) 

+0 (-10 to 10) 

+0 (-10 to 10) 

+0 (-10 to 10) 

+0 (-10 to 10) 
Low 

June-September 

(dry season) 

+0 (-10 to 20) 

+0 (-10 to 20) 

+0 (-10 to 20) 

+10 (-10 to 30) 
Low 

Source: BOM & CSIRO (2014)  

The design wave conditions and climate change predictions are based on numerical wave models driven by 

reanalysis winds in the case of the design and by climate models for future predictions.  The accuracy of the 

wave modelling is crucially dependent on the accuracy of the wind fields used to drive the model.  These 

models are not able to properly resolve tropical cyclones (typhoons in the western Pacific).  However it is 

tropical cyclones which cause the most extreme waves in Nauru.  Trenham et al. (2013) states: “Note the 

predicted extreme values are underestimates due to not fully resolving tropical cyclones.” 

Due to the uncertainty in future wave climate predictions, it is important that the selected design option for the 

port in Nauru is resilient and robust, that is not critically sensitive to changes in wave conditions, particularly 

increases in extreme wave conditions.   

4.3.6.3 Effect of Regional Climatic Factors on Wave Climate 

It was shown in Section 4.2.5.3 that regional climatic factors such as ENSO and MJO can have a significant 

impact on the wind and wave climate, and therefore the operability of the port. It is therefore important to 

consider how these factors may change under a climate change scenario. 
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Subramanian et al. (2014) examine changes in the MJO under a climate change scenario using a climate 

change model, they included the following in their conclusion: “The response of the MJO to climate change is 

studied using the CCSM4 model by comparing a current climate run to an extreme global warming scenario. 

Changes in the mean tropical climate support higher amplitude MJO events. Yet the MJO occurs less 

frequently in the warmer simulation. The MJO also tends to propagate further into the central and eastern 

Pacific in a warmer world.” This suggests the port of Nauru is likely to experience stronger westerly wind 

episodes in future, leading to an increase in extreme wave heights. 

The MJO is also associated with increases in extreme rainfall events and these have been predicted to impact 

on Nauru (PCCSPP, 2015).  It is likely that the cause of this increase is the MJO, although this is not stated in 

the published report.  There is uncertainty in the causative effects of climate change impacts, but the MJO is 

one mechanism which has been demonstrated to have serious implications for port operations in Nauru and 

which is predicted to increase in amplitude with climate change.  Much more research is required in this area 

to reduce the uncertainty and better define the linkages and interactions in this complex system.  It is essential 

that port operations in Nauru are resilient and robust to climate change impacts which are well within the 

bounds of the existing limits of uncertainty on predicted effects. 

4.3.7 Ocean Acidity 

As discussed in Stewart et al. (2012), “the climate-related deterioration of concrete structures is mostly caused 
by the infiltration of deleterious substances from the environment, such as carbon dioxide and chloride, which 
causes reinforcement corrosion”. Therefore any changes in air and water temperatures, salinity and pH can 
impact rates of corrosion. 

 One of the predicted impacts of climate change (PCCSPP, 2015) is an increase in ocean acidity.  The 

magnitude of this change is not quantified and thus any effects on the port facilities cannot be predicted in 

detail.   

It is noted that the design of maritime infrastructure typically considers risk of corrosion in the harsh marine 

environment, and there is little opportunity to provide further protection against a future increase in ocean 

acidity. The design specification for the concrete requires very durable concrete (specification C2) and cathodic 

protection is also provided for in the design. As recommended in Stewart et al. (2012), coatings can to some 

extent counteract the impacts of climate change, and it is recommended that a silane coating be adopted in 

the deisgn. 

4.4 Other Natural Hazards 

Nauru is located in a seismically inactive area but is surrounded by the Pacific “Ring of Fire”. The Ring of Fire 

is an extremely active seismic zone capable of generating large earthquakes and major tsunamis. The 

country’s National Disaster Risk Management Plan (RON, 2008) identifies the tsunami hazard in Nauru as 

being a high level of risk. This risk rating reflects Nauru’s own perception of the tsunami risk, potentially based 

on oral history of wave inundation events (thought to most frequently due to atmospheric elevation of sea level) 

(BOM, 2009).  

Nauru generally has a long lead-time for tsunami warnings. The typical tsunami travel times from the South 

Solomon’s and New Hebrides trenches are between 2.5 to 3 hours.  

As Nauru is an atoll it is somewhat protected from tsunamis due to the steep drop off in which ocean depths 

increase very rapidly with distance from the fringing reef. This steep drop off minimises tsunami shoaling (the 

process by which tsunami wave heights increase as they approach the shore) and subsequent inundation 

(BOM, 2009). 

A report Thomas and Burbidge (2009) states that  Nauru’s has a “relatively low [tsunami] hazard” (compared 

to other Pacific Island Countries) with maximum amplitudes computed at about 1 m for a return period of 2000 

years and about 0.2 m for a return period of 100 years. Thomas and Burbidge (2009) state that the tsunami 

hazard for a 2000 year return period “originates predominately from the Solomon’s, New Hebrides and Kurils 

trenches, with smaller contributions from the Mariana, Philippines and Peru trenches”.  

Tsunami wave heights of less than 10 cm on most occasions have been recorded in Nauru in recent times 

(BOM, 2009). If combined with extreme water levels and sea level rise, a small tsunami could adversely impact 

Nauru, in particular, the unloading of fuel and cargo (BOM, 2009).  
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4.5 Summary of Relevant Climate Change Hazards 

This review of existing and future climate for Nauru has identified a number of threats to the port of Nauru: 

> Increased air temperatures; 

> Sea level rise; 

> Changes in wind and wave climate, resulting in potential increases in extreme wave heights; 

> Increase in both average annual rainfall and the intensity of extreme rainfall events; and 

> Ocean acidity. 

The metocean design criteria for the proposed port, along with provisions in these criteria for climate change 

and uncertainty where needed, are included in Table 4-4. 

Table 4-4  Design Criteria for the Port and Allowances for Climate Change 

Parameter 
Design Condition -  

Present Day 
Climate Change Impact 

Waves 
100 year ARI 4.7 + 0.8 m 

500 year ARI 5.5 + 1.1 m 

Test design with 6.6 m  

(500 year ARI + 95% confidence interval) 

Sea Level 

3.02 m LAT + 0.1 m 

(3.25 m tide gauge datum; analysis of 

recorded data 1992-2016) 

Sea level rise of 0.58 m by 2070 

(high range prediction for RCP8.5) 

Wind 100 year ARI 16.8 + 0.9 m/s No change for design purposes 

Currents  Up to 2 knots alongshore No change 

Other  
Consider effects of increased ocean acidity on 

corrosion and long-term durability of concrete. 

Source: Cardno (2017) 

 

It is noted that there is limited data to describe existing climate conditions and high rates of annual and 

interannual variability (refer Section 3.4). The port is at risk from climate threats, particularly wind and extreme 

rainfall, water levels and waves, all of which are expected to increase under climate change. While there is 

little availabale information on the impact of climate on port operability, it is apparent that the climate resilience 

of the existing port is very low, rendering it and the people of Nauru vulnerable to adverse climatic conditions. 

Compounding this issue is the significant uncertainty associated with the impacts of climate change, and it is 

reasonable to assume there will be residual climate change threats. This is a major constraint on the 

development and adoption of specific adaptation measures and practices for the new port.  

What is clear is that there is a strong driver to design a port for Nauru that is climate-resilient, and in particular 

robust to potential changes in future climate. The overarching design philosophy of climate resilience is 

considered appropriate, being based on the best available information and in the context of the precautionary 

principle.  

The PPTA design team has assessd the climate risks to the port by observing past impacts of climate using 

the best available data, and by reviewing the current literature on the potential impacts of climate change (refer 

Cardno, 2017). In response to the identified need for a robust port, the need for the port to be climate resilient 

has been viewed as critical to the success of the project.   
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5 Vulnerability to Climate Risks and Risk Assessment 

This report adopts a risk management approach to characterise the vulnerability of the project to natural 

hazards in both the present day and under climate change conditions. The risk assessment was conducted in 

accordance with the following standards: 

> ISO 31000:2009, Risk management – Principles and guidelines. This standard provides principles, 

framework and a process for managing risk. It can be used by any organization regardless of its size, 

activity or sector. Using ISO 31000 can help organizations increase the likelihood of achieving objectives, 

improve the identification of opportunities and threats and effectively allocate and use resources for risk 

treatment; 

> AS 5334:2013, Climate change adaptation for settlements and infrastructure – a risk based approach. The 

standard provides guidance on managing climate change risks and includes implementation plans for 

suitable and effective adaptation (treatment). It follows the International Standard, ISO31000:2009.  

The stated aim of the climate risk and vulnerability assessment is to reduce risks resulting from climate change 

to investment projects in Asia and the Pacific (ADB, 2014a).  

Chapter 5 runs through the process adopted in ISO 31000, and includes the following steps: 

> Understanding which elements of the design may be vulnerable to present day and climate change hazards 

(see Section 5.1); 

> Establishing success criteria based on the project objectives to assist in the evaluation of the significance 

of the risks (see Section 5.2); 

> Characterising the risk to the port from the identified climate hazards (Section 5.3);  

> Identifying potential climate change adaptation measures (Section 5.4); and 

> Re-evaluation of the residual risk following adoption of the adaptation measures (Section 5.5).   

5.1 Initial Screening and Vulnerability Assessment 

Vulnerability to climate change is defined as the “degree to which a system is susceptible to, or unable to cope 

with, adverse effects of climate change including climate variability and extremes” (after AS 5334-2013). 

This section presents an initial screening of potential impacts of, and vulnerability to, the identified climate 

hazards for the port of Nauru. 

For each of hazard the potential impacts on the port have been identified, and discussion provided as to 

whether or not the port is likely to be vulnerable to these hazards (refer Table 5-1). Where it is considered that 

the port would be vulnerable to a potential impact, it is carried through to more detailed risk assessment in 

Section 5.3. 

Table 5-1  Initial Screening and Vulnerability Assessment for the Port 

Hazard Potential Impact Description Vulnerable? 

Present Day Hazards   

1. Temperature / 
heat wave 

High temperatures for 
workforce 

May slow down freight handling times. Y 

2. Extreme rainfall 
events 

Flooding of port land 
&/or buildings 

The port lands are currently thought to be unaffected 
by flooding, although they may occasionally 
experience nuisance drainage issues. 

Y 

3. Drought Water shortages 
Unlikely to significantly affect port operations; no 
further assessment required. 

N 

4. Waves / mean 
sea level 

Navigability / access to 
port 

Significantly reduces accessibility for both ships and 
pusher barges. Some potential to remain an issue 
for the proposed port. 

Y 
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Hazard Potential Impact Description Vulnerable? 

5. Wave 
overtopping 
&/or storm 
surge 

Overtopping of the 
wharf &/or breakwater 

These structures are proposed in the port upgrade 
concept design. May impact operation of equipment, 
vehicle movements and worker safety (proposed 
port only, not features of existing port). 

Y 

Overtopping of the 
shoreline 

Issue for worker safety. Y 

Inundation of port land 
&/or buildings 

May negatively impact buildings, goods in storage, 
operation of equipment, vehicle movements and 
worker safety. 

Y 

Wave forces on 
structures 

May damage structures. Y 

6. Cyclone 

Wind & wave forces on 
structures 

Nauru is not directly affected by cyclones. N 

Inundation of port land 
&/or buildings 

Due to transmission of wave activity to Nauru. Refer 
to point 5 above; no further assessment required. 

Y 

7. Seismic activity 

Earthquake damage to 
structures 

Nauru is not significantly affected by earthquakes, 
being located outside the Ring of Fire. 

N 

Change in bathymetry 
&/or landform 

Nauru is not significantly affected by earthquakes 
being located outside the Ring of Fire. 

N 

8. Tsunami Inundation of port land 

If occurs coincident with elevated water levels, there 
is a small chance the land could be inundated, 
causing damage to structures and goods in storage, 
and impacting worker safety. Refer to points 4 and 5; 
no further assessment required. 

N 

Climate Change-Related Hazards  

9. Increased 
temperatures / 
incidence of 
heat waves 

High temperatures for 
workforce 

May slow down freight handling times. Y 

10. Increased 
intensity & 
frequency of 
extreme rainfall 
events 

Flooding of port land 
&/or buildings 

Port lands currently unaffected by may in future be 
affected by flooding and/or nuisance drainage 
issues, or experience more severe flooding than in 
the present day. 

Y 

11. Sea level rise / 
waves 

Corrosion of structures 
Currently an issue affecting structures, noting 
increase in height of splash zone under sea level 
rise conditions will increase vulnerability. 

Y 

Navigability / access to 
port 

No change over existing level of vulnerability for the 
existing port, although increased water depths under 
sea level rise may improve access for ships to the 
proposed port. 

Y 

12. Wave 
overtopping 
&/or storm 
surge 

Overtopping of the 
wharf &/or breakwater 

Increased incidence of overtopping under higher sea 
levels (proposed port only). 

Y 

Overtopping of the 
shoreline 

As above – existing and proposed port.  Y 

Inundation of port land 
&/or buildings 

As above – existing and proposed port. Y 

Wave forces on 
structures 

Increased forces due to increased sea level. Y 

13. Changes in 
ocean currents 

Navigability / access to 
port 

Potential for changes in ocean currents to occur 
unknown. No further assessment proposed.  

N 

14. Changes in 
cyclonic activity 

Wind & wave forces on 
structures 

Nauru is not directly affected by cyclones. N 
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Hazard Potential Impact Description Vulnerable? 

Inundation of port land 
&/or buildings 

Due to transmission of wave activity to Nauru. Refer 
to point 11 above; no further assessment required. 

Y 

Based on the initial screening and vulnerability assessment, the following hazards will require further 

consideration in a detailed risk assessment: 

> High temperatures / heat waves; 

> Extreme rainfall events; 

> Elevated water levels and waves; and 

> Sea level rise. 

5.1.1 Strategic Measures to Improve Climate Resilience 

The optioneering undertaken for the port of Nauru considered a range of strategic options, including: 

> Upgrading the existing port; or 

> Providing a new port at the current location. 

It was determined that the first approach, upgrading the existing port, would not achieve the project objectives 

and would fail to address the requirement for making the port climate-resilient. These issues are supported by 

the assessment of risk to the existing port in Section 5.3.1. 

The preferred strategy was to provide a new, climate-resilient port. The design of the new port achieves this 

by providing a dredged channel, breakwater, and wharf with a berth. These elements of the design have been 

chosen to improve resilience to waves and were selected (in part) to adapt to climate change. That is, without 

these measures, the port would not be resilient to climate change. It is noted that these measures provide 

considerable benefits for safety and operability, in addition to climate-proofing the design. 

5.1.2 Specific Design Elements to Improve Climate Resilience 

Once the overarching design strategy was selected, it was necessary to ensure that each individual element 

was designed to be adapted to climate change, or “climate proofed”. The elements of the strategic design that 

require further consideration were identified via the risk assessment in Section 5.3.2.  

The range of available measures for climate change adaptation of these individual elements are identified in 

Section 5.4. The residual risk for the design is then considered in Section 5.5. 

5.2 Risk Assessment Framework 

Risk is assessed by considering both the likelihood and consequences of an event occurring. Likelihood is 

used as a general description of probability or frequency, that is, how likely it is that something will occur. A 

consequence is the outcome or impact of an event (AS/NZS ISO 31000:2009, AS 5334:2013).  

A qualitative risk assessment assesses the likelihood of a hazard (Table 5-2). For the climate risk and 

vulnerability assessment, likelihoods have been assigned based on consideration of both the historical 

occurrence, and the level of confidence associated with the climate change projections, for the key hazards. 

Table 5-2  Likelihood of Risk 

Likelihood Description 
Recurrent or Event 

Risks 

Long term risks 

(under climate change scenario) 

Almost 

Certain 

(L1) 

Expected to occur in 

most circumstances. 

Could occur several 

times per year. 

Has a greater than 90% chance of occurring in the 

identified time period if the risk is not mitigated. 

Likely  

(L2) 

Will probably occur in 

most circumstances. 

May occur once 

every year. 

Has a 60–90% chance of occurring in the identified 

time period if the risk is not mitigated. 

Possible 

(L3) 

May occur at some 

time. 

May arise once in 5 

years. 

Has a 40–60% chance of occurring in the identified 

time period if the risk is not mitigated. 
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Likelihood Description 
Recurrent or Event 

Risks 

Long term risks 

(under climate change scenario) 

Unlikely 

(L4) 

May occur at some 

time, but is 

considered unlikely.  

May arise once in 5 

to 50 years. 

Has a 10–30% chance of occurring in the future if the 

risk is not mitigated. 

Rare  

(L5) 

Could occur in 

exceptional 

circumstances. 

Unlikely during the 

next 50 years. 

May occur in exceptional circumstances (i.e. less 

than 10% chance of occurring in the identified time 

period) if the risk is not mitigated. 

The potential consequences of the hazard are defined as per the criteria in Table 5-3. The consequence criteria 

consider the potential for the success criteria to not be realised, and take into account potential changes in the 

magnitude of the key climate hazards.  

In this case the success criteria are based on the key aspects that will affect the operation of the proposed 

port, and are consistent with the overarching aims of the project (refer Section 2.3). The success criteria for 

the risk assessment include: 

> Accessibility / Navigation – Remove the dependence on at-sea cargo transfers and minimise downtime 
due to adverse weather. As discussed in Cardno (2016), adverse conditions due to strong wind, high 
swell and heavy rain impact the availability of the port for cargo handling. For the worst year on record, 
2002, the port was able to handle cargo on an average of 35-100% of each month. This translates to 
a downtime of around 30% over the course of that year. 

> Efficiency – Provide faster turn-around times for container and general cargo vessels, and a quicker 
transfer of fuels to the island. The current infrastructure is sub-standard which leads to inefficiencies 
in the ability to transport and store cargo and other goods. There are also relatively high rates of loss 
and damage of cargo as a result. 

> Maintenance requirements – Reduce reliance on aging infrastructure. In addition to addressing 
existing issues, there is a need to consider the ongoing cost of maintenance of port infrastructure, 
including repairs to any infrastructure damaged due to adverse weather, particularly under climate 
change conditions.  

> Safety – Human and environmental safety is a significant concern at present. At-sea transfers of cargo 
are dangerous for port personnel, and increase the risk of environmental damage through loss of 
cargo, ship grounding and/or accidental spills. Safety is also concern for the shore-based operations 
and may be impacted by climate-related hazards such as flooding or wave overtopping. 
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Table 5-3 Consequence of Risk 

Consequence Accessibility / Navigation Efficiency of Port Operations Maintenance Requirements Safety 

Extreme 

(C5) 

Ships are regularly unable to 
access the port.  

On average, less than one ship can be 
loaded / unloaded each month. 

There significant losses due to damage 
to cargo in any given year. 

There is a significant increase in 
maintenance requirements over 
existing. 

Damage to infrastructure due to 
adverse weather events exceed 
capacity to conduct repairs. 

Fatality occurs due to adverse weather 
conditions. 

Major 

(C4) 

Ships are often unable to 
access the port. 

On average, only one ship can be 
loaded / unloaded each month. 

There major losses due to damage to 
cargo in any given year. 

There is a significant increase in 
maintenance requirements over 
existing. 

Major damage to critical infrastructure 
due to adverse weather events at least 
once over the next 50 years. 

Multiple major injuries or permanent 
disabilities due to adverse weather 
conditions. 

Moderate 

(C3) 

Ships can access the port, 
except on the odd occasion. 

At least two ships can be loaded / 
unloaded each month.  

There moderate losses due to damage 
to cargo in any given year. 

There is an increase in maintenance 
requirements over existing. 

Major damage to non-critical 
infrastructure or minor damage to 
critical infrastructure due to adverse 
weather events over next 50 years. 

Single major injury or several minor 
injuries due to adverse weather 
conditions. 

Minor 

(C2) 

Ships can access the port on 
the majority of days. 

At least three ships can loaded / 
unloaded each month. 

There minor damages to cargo in any 
given year. 

There is no change in maintenance 
requirements over existing. 

Minor damage to infrastructure due to 
adverse weather events over next 50 
years.  

Minor injury due to adverse weather 
conditions. 

Negligible 

(C1) 

Ships can access the port 
every day. 

Ships can be unloaded in 2-3 days. 

There are negligible damage or losses 
of any cargo. 

There is a reduction in maintenance 
requirements over existing. 

Negligible damage to infrastructure due 
to adverse weather events during life of 
asset. 

There is minimal risk of injury to port 
personnel. 
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Each risk event was assigned an overall level of risk determined as a function of the probability (or likelihood) 

of the event occurring and the consequence if the event occurred (Table 5-4).  

Table 5-4 Risk Assessment Matrix 
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 Consequence 

  C1 C2 C3 C4 C5 

L1 Low Moderate High Extreme Extreme 

L2 Low Moderate Moderate High Extreme 

L3 Low Low Moderate High Extreme 

L4 Low Low Moderate Moderate High 

L5 Low Low Low Moderate Moderate 

 

The outcomes associated with the C4 and C5 consequences as described in Table  5-3 are generally 

considered unacceptably high due to their impact on the project ojbectives. A consequence rating of C4 or C5, 

or a higher likelihood occurrence of a C3 consequence, would tend to lead to levels of risk rated High or 

Extreme. Hence, those risks ranked High or Extreme have been considered “unacceptable” for the purposes 

of this CRVA. 

5.3 Assessment of Climate Risk to the Port 

The risk assessment findings are documented this section of the CRVA. The risk statements were formulated 

based on the success criteria and identified climate change vulnerabilities.  

5.3.1 Existing Port 

The climate risks to the existing port are assessed in Table 5-5. 

The assessment identified the following high and extreme risks in the present climate: 

> Adverse wave conditions and/or currents mean ships are unable to hold position, which means good 
cannot be loaded or unloaded; 

> Adverse wave conditions prevent the transfer of cargo between ship and barge, and increase the 
potential for damage to cargo; and 

> Adverse weather conditions result in damage to the moorings or the fuel transfer system, which results 
in closure of the port. 

It is noted that the risk assessment for the proposed port failed to identify any unacceptable climate risks in 

the present day, highlighting that it much more climate-resilient than the existing port. The key issue is the lack 

of a protected berth for vessels. 

In future, there are a number of additional high and extreme risks due to climate change: 

> High temperatures negatively impact on the workforce, reducing efficiency by increasing cargo-
handling times; 

> Higher water levels and sea spray corrode structures, resulting in the need for regular maintenance; 
and 

> Where increased wave overtopping results in inundation of the port lands there is a reduction in 
efficiency (or prevents) shore-based activities at the port and results in increased incidence of loss or 
damage of cargo. 

These findings highlight that the existing port is not climate-resilient in the present day or under climate change 

conditions.  
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Table 5-5 Risk Assessment Findings – Existing Port 

Hazard Risk Statement  
Risk Category 

L C R 

Existing (Present Day) Risk  

Temperature / heat 
wave 

High temperatures negatively impact on the workforce, reducing 
efficiency by increasing cargo-handling times. 

L2 C2 M 

Extreme rainfall 
events 

Heavy rainfall causes flooding of port land and/or buildings, reducing 
efficiency and increasing handling times. The flooding may also result in 
damage to cargo, and can represent a risk to workplace safety. 

L3 C2 L 

Waves / mean sea 
level  

Waves and sea spray corrode structures, resulting in the need for regular 
maintenance. 

L1 C2 M 

Adverse wave conditions and/or currents mean ships are unable to hold 
position, which means good cannot be loaded or unloaded.  

L1 C3 H 

Adverse wave conditions prevent the transfer of cargo between ship and 
barge, and increase the potential for damage to cargo. There is also an 
increased safety risk for port workers. 

L1 C4 E 

Adverse weather conditions result in damage to the moorings or the fuel 
transfer system, which results in closure of the port. 

L2 C4 H 

Wave overtopping / 
storm surge 

Wave run-up and/or overtopping of the shoreline leads to inundation of 
buildings, and results in increased incidence of loss or damage of cargo. 
There is also an increased safety risk for personnel working at the port. 

L3 C3 M 

Where wave overtopping results in inundation of the port lands there is a 
reduction in efficiency (or prevents) shore-based activities at the port (e.g. 
transport of cargo/containers within the port), and results in increased 
incidence of loss or damage of cargo. There is also an increased safety 
risk for personnel working at the port. 

L2 C2 M 

Wave overtopping causes damage to shore-based infrastructure, which 
may result in inability to (or less efficient) transfer of cargo between ship 
and shore. 

L2 C3 M 

Future (Climate Change) Risk  

Increased 
temperatures / 
incidence of heat 
waves 

High temperatures negatively impact on the workforce, reducing 
efficiency by increasing cargo-handling times. 

L1 C3 H 

Increased intensity & 
frequency of extreme 
rainfall events 

Heavy rainfall causes flooding of port land and/or buildings, reducing 
efficiency and increasing handling times. The flooding may also result in 
damage to cargo, and can represent a risk to workplace safety. 

L2 C2 M 

Sea level rise / waves 

Higher water levels and sea spray corrode structures, resulting in the 
need for regular maintenance. 

L1 C3 H 

Adverse wave conditions and/or currents mean ships are unable to hold 
position, which means good cannot be loaded or unloaded. 

L1 C5 E 

Due to higher water levels under sea level rise, adverse wave conditions 
prevent the transfer of cargo between ship and the barge, and increase 
the potential for damage to cargo. There is also an increased safety risk 
for port workers. 

L1 C5 E 

Adverse weather conditions result in damage to the moorings or the fuel 
transfer system, which results in closure of the port. 

L1 C3 H 

 

Wave overtopping 
&/or storm surge 

 

Wave run-up and/or overtopping of the shoreline leads to inundation of 
buildings, and results in increased incidence of loss or damage of cargo. 
There is also an increased safety risk for personnel working at the port. 

L2 C3 M 
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Hazard Risk Statement  
Risk Category 

L C R 

 

 

Wave overtopping 
&/or storm surge 
(cont) 

Where increased wave overtopping results in inundation of the port lands 
there is a reduction in efficiency (or prevents) shore-based activities at 
the port (e.g. transport of cargo/containers within the port), and results in 
increased incidence of loss or damage of cargo. There is also an 
increased safety risk for personnel working at the port. 

L1 C3 H 

Increased wave overtopping causes damage to shore-based 
infrastructure, which may result in inability to (or less efficient) transfer of 
cargo between ship and shore. 

L2 C3 M 

5.3.2 Proposed Port 

The assessment of the proposed port identified the following high risks under climate change conditions: 

> The increased incidence of high temperatures in future negatively impacts on the workforce, reducing 
efficiency by increasing cargo handling times; 

> Due to higher water levels under sea level rise, adverse wave conditions prevent the transfer of cargo 
between ship and shore, and increase the potential for damage to cargo. There is also an increased 
safety risk for port workers; 

> Increased wave overtopping of the wharf and/or breakwater under sea level rise conditions reduces 
the efficiency (or prevents) the transfer of cargo between ship and shore, and results in increased 
incidence of loss or damage of cargo. There is also an increased safety risk for personnel working on 
the wharf or breakwater; 

> Increased wave run-up and/or overtopping of the shoreline under sea level rise conditions reduces the 
efficiency (or prevents) shore-based activities at the port (e.g. transport of cargo/containers within the 
port), and results in increased incidence of loss or damage of cargo. There is also an increased safety 
risk for personnel working at the port; and 

> Due to higher water levels under sea level rise, there is an increased risk of wave damage to the wharf 
or breakwater. 

The five risks that rated high arise due to increased future risk under climate change conditions. All other risks 

were classified as low or moderate.  The concept design for the proposed port will be significantly more climate-

resilient than the existing port.  

These moderate and low rating risks will not be subject to further detailed consideration. 

It is noted that the risk assessment for the proposed port failed to identify any unacceptable climate risks in 

the present day, or any extreme risks, highlighting that it much more climate-resilient than the existing port. 

Table 5-6  Risk Assessment Findings – Proposed Port 

Hazard Risk Statement  
Risk Category 

L C R 

Existing (Present Day) Risk  

Temperature / heat 
wave 

High temperatures negatively impact on the workforce, reducing 
efficiency by increasing cargo-handling times. 

L2 C2 M 

Extreme rainfall 
events 

Heavy rainfall causes flooding of port land and/or buildings, reducing 
efficiency and increasing handling times. The flooding may also result in 
damage to cargo, and can represent a risk to workplace safety. 

L3 C2 L 

Waves / mean sea 
level  

Waves and sea spray corrode structures, resulting in the need for regular 
maintenance. 

L1 C2 M 

Adverse wave conditions prevent the transfer of cargo between ship and 
shore, and increase the potential for damage to cargo. There is also an 
increased safety risk for port workers. 

L2 C2 M 

 

Wave overtopping / 
storm surge 

Overtopping of the wharf and/or breakwater reduces the efficiency (or 
prevents) the transfer of cargo between ship and shore, and results in 
increased incidence of loss or damage of cargo. There is also an 
increased safety risk for personnel working on the wharf or breakwater. 

L2 C2 M 
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Hazard Risk Statement  
Risk Category 

L C R 

 

 

Wave overtopping / 
storm surge (cont) 

Wave run-up and/or overtopping of the shoreline leads to inundation of 
buildings, and results in increased incidence of loss or damage of cargo. 
There is also an increased safety risk for personnel working at the port. 

L3 C3 M 

Where wave overtopping results in inundation of the port lands there is a 
reduction in efficiency (or prevents) shore-based activities at the port (e.g. 
transport of cargo/containers within the port), and results in increased 
incidence of loss or damage of cargo. There is also an increased safety 
risk for personnel working at the port. 

L3 C2 M 

Wave overtopping causes damage to shore-based infrastructure, which 
may result in inability to (or less efficient) transfer of cargo between ship 
and shore. 

L3 C3 M 

Future (Climate Change) Risk  

Increased 
temperatures / 
incidence of heat 
waves 

High temperatures negatively impact on the workforce, reducing 
efficiency by increasing cargo-handling times. 

L1 C3 H 

Increased intensity & 
frequency of extreme 
rainfall events 

Heavy rainfall causes flooding of port land and/or buildings, reducing 
efficiency and increasing handling times. The flooding may also result in 
damage to cargo, and can represent a risk to workplace safety. 

L2 C2 M 

Sea level rise / waves 

Higher water levels and sea spray corrode structures, resulting in the 
need for regular maintenance. 

L1 C2 M 

Due to higher water levels under sea level rise, adverse wave conditions 
prevent the transfer of cargo between ship and shore, and increase the 
potential for damage to cargo. There is also an increased safety risk for 
port workers. 

L1 C3 H 

Due to higher water levels under sea level rise, there is an increased risk 
of wave damage to the wharf or breakwater. 

L2 C3 M 

Wave overtopping 
&/or storm surge 

Increased wave run-up and/or overtopping of the shoreline leads to 
inundation of buildings, and results in increased incidence of loss or 
damage of cargo. There is also an increased safety risk for personnel 
working at the port. 

L2 C3 M 

Increased wave overtopping of the wharf and/or breakwater reduces the 
efficiency (or prevents) the transfer of cargo between ship and shore, and 
results in increased incidence of loss or damage of cargo. There is also 
an increased safety risk for personnel working on the wharf or 
breakwater. 

L1 C3 H 

Increased wave run-up and/or overtopping of the shoreline reduces the 
efficiency (or prevents) shore-based activities at the port (e.g. transport of 
cargo/containers within the port), and results in increased incidence of 
loss or damage of cargo. There is also an increased safety risk for 
personnel working at the port. 

L1 C3 H 

Where increased wave overtopping results in inundation of the port lands 
there is a reduction in efficiency (or prevents) shore-based activities at 
the port (e.g. transport of cargo/containers within the port), and results in 
increased incidence of loss or damage of cargo. There is also an 
increased safety risk for personnel working at the port. 

L2 C3 M 

Due to higher water levels under sea level rise, there is an increased risk 
of wave damage to the wharf or breakwater. 

L2 C4 H 

Increased wave overtopping causes damage to shore-based 
infrastructure, which may result in inability to (or less efficient) transfer of 
cargo between ship and shore. 

L3 C3 M 
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5.4 Review of Measures Adopted for the Climate Change Adaptation  

There are different types of measures, each of which has different costs and benefits that should be 

considered: 

> Low-regret approach: The costs of making the project climate-proof now (or in the future) may be 
relatively small compared to the expected cost of not climate-proofing, even though the benefits are 
only realised at some point in the future. It is noted that adopting a climate-ready approach, where the 
measure is implemented in future may either be technically infeasible or prohibitively expensive. 

> No-regret approach: The adaptation measure will deliver economic benefits, irrespective of the 
magnitude of climate change.  

> Win-win approach: In this case, the adaptation measure has potential to deliver other social, 
environmental or economic benefits in addition to reducing climate risk to the project.  

The typical engineering considerations should also inform selection of adaptation measures, such as 

engineering feasibility and available resources for implementation.  

A series of adaptation measures are listed in Table 5-7, along with discussion of the pros and cons of each 

measure.  

It is noted that D, E and F effectively address the same hazard, and it would not be necessary to adopt all 

three measures. For example, option D would to a large extent render options E and F uneccessary. 

Table 5-7  Potential Adaptation Measures 

Measure Notes 

Heat waves 

Option A: Develop a policy that 
includes measures to reduce the 
health risk to port workers during heat 
waves.  

▪ Low cost, no-regret option. 

▪ Reduces risk of heat stroke for port personnel. 

▪ Behavioural adaptation required. 

▪ Will require provision of suitable personal protective equipment (hats, 
long sleeve shirts, sunscreen, etc), drinking water and access to air 
conditioned areas for port personnel. 

▪ Recommend implementation from day one. 

Sea level rise / waves AND/OR Wave overtopping / storm surge 

Option B: Adopt a deck level for the 
wharf that takes into account both the 
design wave criteria and sea level 
rise. This would require higher piles 
for the wharf. 

▪ Likely to be a low or no regret option. 

▪ Reduces risk of wave overtopping of the wharf, and hence exposure of 
personnel, equipment, machinery and cargo on the wharf. 

▪ Cost implications due to increase in pile length. 

▪ It is noted the deck height of the wharf also needs to consider the types of 
vessels using the berth and safety in design, and this may render it 
infeasible to increase deck height to the full amount of sea level rise 
projected.  

▪ May be implemented in future following exceedence of a trigger level. 

Option C: Adopt crest level for the 
breakwater that take into account 
both the design water level and sea 
level rise. 

▪ Likely to be a low or no regret option. 

▪ Reduces risk of wave overtopping of the breakwater, and hence exposure 
of personnel, equipment, machinery and cargo on the causeway or the 
wharf. 

▪ Cost implications due to increase in number of armour units. 

▪ Will result in a larger footprint for the breakwater. 

▪ May be implemented in future following exceedence of a trigger level. 

Option D: Adopt crest level for the 
foreshore structure(s) that takes into 
account both the design wave criteria 
and sea level rise. 

▪ Likely to be a low or no regret option. 

▪ Reduces risk of coastal inundation of the port lands, including container 
yard, internal roads, car park and buildings. 

▪ Cost implications due to increase in materials. 

▪ May require incorporation of a revetment into the foreshore treatment and 
potentially some filling. 

▪ May be implemented in future following exceedence of a trigger level. 
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Measure Notes 

Option E: Increase the ground level of 
the port land above the wave run-up 
and/or storm surge level. 

▪ Low regret option. 

▪ Reduces risk of coastal inundation of the port lands, including container 
yard, internal roads, car park and buildings. 

▪ Has cost implications, especially if there is a need to import suitable fill 
material. 

▪ May also provide additional benefit by reducing incidence of catchment 
flooding or drainage issues.  

▪ Would require filling and/or re-contouring of the land. 

▪ Should be implemented from day one. 

Option F: Increase the floor levels of 
the buildings proposed for the new 
port.  

▪ Low regret, relatively low cost option. 

▪ Reduces risk of inundation of the buildings by storm surge and 
floodwaters. 

▪ May be used as an alternative to filling (see above).  

▪ If adopted along with filling (see above), may reduce cost of filling by 
adopting a lower ground level. 

▪ May provide additional benefit due to reduction of risk of damage to 
buildings or their contents.  

▪ Could be adopted on day one. 

▪ Alternatively, could be implemented following exceedence of a trigger 
level. In this instance, the building could only be raised (not suitable for 
slab on ground structures). 

Option G: Design a more robust wharf 
structure. This may involve use of 
deeper piles, thicker/more 
reinforcement, and a thicker concrete 
slab for the deck. 

▪ Low regret option. 

▪ Reduces risk of damage to structure due to wave uplift forces. 

▪ Use of more materials and deeper piles has cost implications. 

▪ Should be implemented on day one. 

Option H: Design a more robust 
breakwater structure. This would 
involve using larger armour units. 

▪ Low regret option. 

▪ May have cost implications.  

▪ Reduces risk of dislodgement of armour units under high wave 
conditions. 

▪ Will depend on the availability of a suitable source of material for use as 
armour units. 

▪ May possibly be implemented in future following exceedence of a trigger 
level. 

 

5.5 Assessment of Residual Risk 

The risk assessment for the preferred option for the port of Nauru has been re-evaluated following adoption of 

the adaptation measures in order to assess their effectiveness in reducing risk and optimising the project (refer 

Table 5-8). The assessment shows that the measures have potential to reduce the level of climate risk to an 

acceptable level (i.e. risk rating of Medium or lower). 
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Table 5-8  Assessment of Residual Risk following Application of Adaptation Measures 

Risk Statement  
Inherent 
Risk 

Risk Treatment 
Residual Risk 

L C R 

High temperatures negatively impact 
on the workforce, reducing efficiency 
by increasing cargo-handling times. 

H 
Option A: Develop a policy that includes 
measures to reduce the health risk to 
port workers during heat waves. 

L1 C2 M 

Due to higher water levels under sea 
level rise, adverse wave conditions 
prevent the transfer of cargo between 
ship and shore, and increase the 
potential for damage to cargo. There 
is also an increased safety risk for 
port workers. 

H 

Option B: Adopt a deck level for the 
wharf that takes into account both 
design water level and sea level rise. 
This would require higher piles for the 
wharf. 

L3 C3 M 

Option C: Adopt crest level for the 
breakwater that take into account both 
the design wave criteria and sea level 
rise. 

L3 C3 M 

Increased wave overtopping of the 
wharf and/or breakwater reduces the 
efficiency (or prevents) the transfer of 
cargo between ship and shore, and 
results in increased incidence of loss 
or damage of cargo. There is also an 
increased safety risk for personnel 
working on the wharf or breakwater. 

H 

Option B – see above.  L3 C3 M 

Option C – see above. L3 C3 M 

Increased wave run-up and/or 
overtopping of the shoreline reduces 
the efficiency (or prevents) shore-
based activities at the port (e.g. 
transport of cargo/containers within 
the port), and results in increased 
incidence of loss or damage of cargo. 
There is also an increased safety risk 
for personnel working at the port. 

H 

Option D: Adopt crest level for the 
foreshore structure(s) that takes into 
account both the design wave criteria 
and sea level rise. 

L3 C2 L 

Option E: Increase the ground level of 
the port land above the wave run-up 
and/or storm surge level. 

L3 C1 L 

Option F: Increase the floor levels of 
the buildings proposed for the new port.  

L3 C2 L 

Due to higher water levels under sea 
level rise, there is an increased risk of 
wave damage to the wharf or 
breakwater. 

H 

Option G: Design a more robust wharf 
structure. This may involve use of 
deeper piles, thicker/more 
reinforcement, and a thicker concrete 
slab for the deck. 

L2 C2 M 

Option H: Design a more robust 
breakwater structure. This would 
involve using larger armour units. 

L2 C2 M 

 

It is noted that not all options would necessarily be adopted in the design of the proposed port. For example it 

is likely that only one of Options D or E would be adopted because both options effectively achieve a similar 

outcome, and if Option D or E are adopted, it may not be necessary to adopt Option F as well. 

Similarly, there may be other reasons that specific options are not adopted, such as: 

> The cost of implementing the option is considered too high for the relative future benefit accrued;  

> The option negatively impacts the operation of the port, whether in the present day or in future (e.g. 
raising the deck higher may raise other safety in design issues); or 

> The option may otherwise be infeasible (e.g. it is not possible to cost-effectively source larger armour 
units). 

Options B-D, G and H were recommended for for the design. Option A has not been subject to further 

consideration in this section as it is not a structural measure. 
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5.6 Cost of Climate-Reslience Measures 

The first requirement is to consider which activities qualify for consideration as climate change (i.e. determine 

the qualified project activities or QPAs). It has been assumed that wherever a project activity leads to 

‘upgrading’, and wherever this upgrading leads to increased climate resilience, the activity is a QPA and 

qualifies for consideration as climate finance. However, for project activities that ‘restore’ the port to original 

specifications, or that upgrade the existing port but do not lead to increased resilience, the concerned activity 

does not qualify as climate finance. 

The second step involves examination of the QPAs and estimating the increment of these activities that quality 

as climate change adaptation finance. For some QPAs the principal aim of the activities is adaptation or climate 

proofing. Such activities are considered 100% incremental. For other activities, although they are QPAs, they 

are supported as being good practice. Although they increase the climate resilience, that is not the primary 

benefit or objective of the activity. In these instances it would not be considered reasonable to allocate all of 

the budget as climae finance.  

The total cost of the project has been estimated at $70M, based on the concept design prepared by the PTTA 

and as costed by a suitably qualified estimator with experience on similar projects. The QPAs for the port of 

Nauru include both: 

> Strategic measures, namely the adoption in the preferred option of the dredged berth, a breakwater 
and wharf (refer Section 5.1.2); and 

> The specific design elements, namely adaptation options B-D, G and H (refer Section 5.4).  

5.6.1 Cost of Strategic Mesaures 

The construction of the berth, breakwater and wharf to protect the port from waves are the “upgrading” activities 

required to ensure the port remains operable and that downtime is reduced to a minimum. The cost of 

construction of these elements, including a 20% contingency, is estimated at around $42M.  

The incremental cost of these strategic measures (at 100%) is $42M. 

5.6.2 Cost of Specific Measures 

This section of the climate risk and vulnerability assessment provides further consideration of the potential cost 

implications of the proposed specific adaptation measures (see Table 5-9).  

Table 5-9 Potential Adaptation Measures 

Measure Design Criteria / Notes 

Option B: Adopt a deck level for the wharf that 
takes into account both the design water level 
and sea level rise. This would require higher 
piles for the wharf. 

▪ Assume 10% increase in quantities for piles = $200,000 (for 
drilling piles, concrete fill in piles, etc.). 

Option C: Adopt crest level for the breakwater 
that take into account both the design wave 
criteria and sea level rise. 

▪ Assume 10% extra rock underlayer and rock armour layer = 
$300,000. 

Option D: Adopt crest level for the foreshore 
structure(s) that takes into account both the 
design wave criteria and sea level rise. 

▪ Assume similar cost as for increase in breakwater crest level = 
$300,000. 

Option E: Increase the ground level of the port 
land above the wave run-up and/or storm 
surge level. 

▪ Assume existing ground level is around 7 to 7.5 mNCD. 

▪ Assume storm surge corresponds to an extreme water level (e.g. 
during El Niño year) plus remotely generated wave activity due 
to a cyclone. 

▪ Assume fill of up to 0.5 m depth across the site. 

▪ Assume material can be won from the island and transported to 
the site at an estimated cost of $75,000. 

Option F: Increase the floor levels of the 
buildings proposed for the new port.  

▪ Adopt minimum floor level in present day of 6.90 mNCD (see 
above) plus freeboard of 0.5 m = 7.4 mNCD. 

▪ Add sea level rise of 0.58 m = 7.98 mNCD for floor level for 
climate change. 
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Measure Design Criteria / Notes 

▪ Assume additional cost of 5% for the construction of the 
buildings = $200,000. 

Option G: Design a more robust wharf 
structure. This may involve use of deeper 
piles, thicker/more reinforcement, or a thicker 
concrete slab for the deck. 

▪ Assume 10% additional cost for concrete for increase in deck 
depth and pilling works, plus cost of ground anchors = $850,000. 

Option H: Design a more robust breakwater 
structure. This would involve using larger 
armour units. 

▪ The current cost estimates assume 6,614 tonnes of rock 
underlayer with D50=0.2 m and 12,126 tonnes of rock with 
D50=0.4 m. 

▪ Assume 10% increase in cost for larger armour units for the 
breakwater = $300,000. 

The cost of implementing the specific adaptation measures (Options B-D, G and H) into the design is estimated 

at $2M. Additional costs would also be accrued due to any increase in the duration of construction. It is 

assumed that an additional three months would be added to the construction program (cost of accommodation, 

travel for expat crew, site management and site office costs), summing to a total of $3.5M for the individual 

design measures. If a 20% contingency is included, this increases to $4.2M. 

In order to test the assumptions made in developing the cost estimate of the strategic measures, the PPTA 

also considered the cost for re-mobilising back to Nauru to retrofit the adaptation options to the port a future 

point in time when the projected impacts of climate change are being realised. This is estimated to cost a total 

of $50M, which is roughly equivalent to the estimated cost of the strategic measures in Section 5.6.1). This is 

based on: 

> Mobilisation of a construction crew, plant and machinery to the site, and for establishment of the 
construction site; 

> Demolition and re-construction of elements of the wharf to improve strength and increase deck height; 

> Modification of the breakwater to incorporate larger and additional armour units to increase the crest 
level and make it more robust. 

5.6.3 Total Cost of Climate Resilience 

Based on the assumptions details at the start of this section, and the costs provided by the estimator, the total 

cost of QPAs that contribute to the climate resilience of the project is the sum of the cost of the strategic 

measures ($42M) and the specific measures ($4.2M), or $46.2M. 

It should be noted that the project is estimated to provide $3.2 M of climate change benefit, largely through 

fuel savings from reduced vessel time for loading/unloading and waiting.  This is based on the cost benefit 

analysis of the project as proposed. 
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6 Key Findings and Next Steps 

6.1 Need for the Project 

Due to its isolated location, Nauru is heavily reliant on shipping for the import of necessities including fuel, 

food, medical and other supplies. The seaport is also critical in supporting the economy of Nauru by facilitating 

the export of materials. In addition to its day to day function for the import and export of goods, the port is also 

critical in facilitating emergency response and supply; for example, in the event of a drought or disease 

outbreak that requires delivery of relief efforts. It is therefore of great importance that the port operates safely 

and efficiently, with minimal downtime. 

The existing port facility at Aiwo is not meeting the needs of the people of Nauru. The current arrangement of 

at-sea transfers of cargo and containers is unsustainable for a number of reasons including: 

> Navigational safety for ships; 

> Reliability of service, with unacceptably high rates of downtime in port operations occurring due to 
adverse weather conditions and/or repairs to the moorings; 

> Inefficiencies in freight handling, which lead to higher costs of goods and materials in Nauru; 

> Health and safety risks, including to port personnel involved in the dangerous at-sea transfers, as well 
as the broader community who are reliant on the timely supply of fuel and food; and 

> Limited opportunity for expansion or diversification of shipping out of the port.  

There is therefore a demonstrable need to provide a safe, reliable and climate-resilient port to facilitate the 

sustainable development of Nauru and support the health and wellbeing of the population. 

6.2 Existing and Future Climate Risks 

ADB has committed to assisting developing countries in climate proofing projects (including those financed by 

ADB) to ensure their outcomes are not compromised by climate change and variability or by natural hazards 

in general. As part of this commitment, the ADB requires consideration of the impact of natural hazards, and 

in particular climate change, on its infrastructure investments. 

This report, the CRVA for the Port of Nauru, provides a review of the existing and future risks to the project in 

accordance with the requirements of the ADB’s Climate Risk Management Framework (ADB, 2014a). 

The assessment of risk to the existing port demonstrated that it is not climate resilient, particularly with respect 

to the wave climate.  

As discussed in Section 4, the key climate-related hazards identified for the project are: 

> High temperatures; 

> Sea level rise; 

> Increase in both average annual rainfall and the intensity and frequency of extreme rainfall events; 
and 

> Wave climate. 

The climate risk for the proposed port is expected to increase in future under climate change conditions. The 

key vulnerabilities of the port identified in Section 4 are due to: 

> Damage to infrastructure, cargo or containers from wave attack or flooding; 

> Difficulty for ships accessing the port under adverse weather conditions, such as during extreme wave 
conditions; 

> Inefficiencies in operations due to adverse weather conditions that may lead to flooding, ocean 
inundation, or wave overtopping of the port land; and 

> Need to ensure port personnel are provided with a safe working environment. 

6.3 Climate Resilient Measures 

Having considered the potential climate-related risks for the project, the next step was to identify the strategic 

and specific measures to reduce vulnerability and improve the resilience of the port, consistent with the 

requirements of the ADB and the Nauru’s NSDS.  
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The strategic options assessment identified that it would not be possible to upgrade the existing port, and that 

preferred strategic option was construct a new port with a dredged channel and berth, breakwater and wharf.  

The specific measures developed to climate-proof the port incorporated into the design included: 

> Selecting appropriate design criteria for the deck level of the wharf and breakwater crest level that 
take in account existing and future wave climate and sea level rise; 

> Measures to prevent ocean inundation and catchment flooding of the port land, such as providing a 
shoreline revetment, filling of the port land and/or suitable floor levels for buildings; and 

> Adopting a more robust design for the wharf and breakwater to ensure these structures are able to 
withstand the wave forces under sea level rise conditions. 

The total cost of implementing the climate-resilient measures is estimated at around $46.2M. 

High temperatures were also identified as a risk to port operations due to the potential impact on port 

personnel, and it has been recommended that the PAN consider developing a policy to manage this risk (see 

Option A in Section 5.4). The policy should consider measures to manage the risk to workers, such as: 

> Stopping work or working in shifts during very high temperatures; 

> Ensuring personnel have appropriate personal protective equipment such as hats, long-sleeved shirts, 
sunglasses and sunscreen; 

> Providing air-conditioned areas for workers seek respite from the heat if required; and 

> Ensuring personnel drink sufficient volumes of water. 

6.4 Opportunities for Improved Resilience and Sustainability 

6.4.1 Design Options 

There are a range of other design options that could be considered with a view to improving the general 

resilience and sustainability of the port, depending on the engineering feasibility and/or budget available. These 

include: 

> Drainage design - Although flooding due to extreme rainfall was not identified as a ‘High’ risk to the 
port, the climate change projections indicate possibility of large increases in rainfall intensity (refer 
Section 4.3.3), and it may be worth also considering the drainage design for the port. It may be 
appropriate to review the drainage sizing to ensure it can accommodate the future rainfall conditions;  

> Materials selection – The design should also consider carefully the materials selection for the port in 
view of the high risk of corrosion of structures (refer Section 4.3.7), such as use of a silane coating; 
and 

> Sustainability – There is opportunity through the design process to consider value-adds such as 
incorporation of features to reduce consumption of energy (e.g. energy efficiency lighting and/or solar 
panels) and water (e.g. rainwater tanks). This would be consistent with the NSDS. 

6.4.2 Other Options 

It is important at this stage to also consider the range of other options for improving the resilience of the port; 

that is, those that are not structural / engineering options. There is also opportunity for a range of other activities 

that could improve resilience and inform adaptive management, such as: 

> Asset management practices - It may be useful to standardise record keeping with respect to 
monitoring and maintenance of port assets. Some ports elsewhere in the world are using this data to 
track the impact of climate change-related impacts on their infrastructure; 

> Improved knowledge and understanding of local climate - Regular review and statistical analysis of 
data for key climate indicates such as water levels and wind can help track changes in climate and 
mean sea level. This is important in the context of the uncertainty around the climate change 
projections, and the future rate or magnitude of climate change may differ from our current 
understanding; and 

> Emergency management - This is an important way of reducing the impact of emergencies such as 
storms, and ensuring a rapid recovery from such events. Examples include: 

– Understanding how storm events will affect the port, and under what conditions operations should 
cease, 
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– Procedures for preparing for an imminent storm event. For example, it may be appropriate to 
relocating equipment, vehicles or goods away from port locations exposed to floodwaters or 
waves, 

– Ensuring there is provision for emergency access and egress to the port, and 

– Priorities and procedures for clean-up and restoring operations following the event. 

6.5 Assumptions and Limitations of the CRVA 

The following assumptions and limitations apply to this CRVA: 

> The assessment was based on the preliminary concept designs developed for the PPTA; 

> The assessment has assumed a 50 year design life for the assets; 

> The relevant engineering design standards and guidelines would be applied in the design and construction 

of the infrastructure; 

> The environmental and social impacts (e.g. land tenure impacts) of the proposed adaptation options have 

not been considered as part of this assessment; and 

> The risk assessment is largely qualitative in nature and has been prepared based on the information 

available at time of preparation. 
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