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Glossary and Abbreviations 

Term Definiion 

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

ADB Asian Development Bank 

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

BoM Australian Bureau of Meteorology 

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. 

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.  

CRVA Climate Risk and Vulnerability Assessment 

CSIRO Australian Government Commonwealth Scientific Industrial and Research Organisation 

ENSO El Niño-Southern Oscillation 

GHG Greenhouse gas 

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). 

MHWN Mean High Water Neap 

MHWS Mean High Water Springs 

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 

ppm Parts per million 

PPTA Project Preparatory Technical Assistance 

Residual risk Risk remaining after risk treatment. 
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Term Definiion 

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. 

SPCZ South Pacific Convergence Zone 

TMS Tuvalu Meteorological Service 

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 report forms a Climate Vulnerability Risk Assessment (CVRA) for Outer Island Maritime Infrastructure 

Project, Tuvalu. The purpose of the CRVA is to provide sufficient information to ensure that the intended 

outcomes of investments are not compromised by climate change.  

1.1 Project Information 

Project Title: Outer Island Maritime Infrastructure Project 

Location: Tuvalu 

Sector: Rural transport infrastructure 

Sub-sector: Ports - coastal 

Theme: Inclusive Economic Growth and Connectivity 

Project Description: The objective of the project is to improve Tuvalu’s outer island maritime infrastructure 

and enhance capacity of relevant government agencies. The resulting investment will result in rehabilitation 
and improvement to infrastructure in the outer islands and provide support to increase the capacity of the 

Department of Marine and Port Services, part of the Ministry of Communication and Transport, to operate 

and maintain the rehabilitated facilities.  

1.2 Project Context 

The Government of Tuvalu has agreed with Asian Development Bank (ADB) for assistance in improving its 

outer Island maritime facilities. 

The proposed Outer Island Maritime Infrastructure Project will:  

> Rehabilitate and improve maritime infrastructure in selected outer islands of Tuvalu, some of which were 

damaged by tropical cyclone Pam in March 2015; and  

> Improve safety, efficiency, and sustainability of maritime transportation between Funafuti, the capital, and 

outer islands. 

The project will help Tuvalu overcome connectivity problems that constrain its economic and social 
development. The challenge results from Tuvalu’s dispersed geography:  

> A small country (land area of 26 km2) comprising nine islands, stretching over 680 km;  

> Small and dispersed population – 10,800 as of 2012, with less than 1,600 people on each of the outer 

islands; and  

> Decreasing outer island population.  

Tuvalu consists of four reef atolls and five table atolls with a total land mass of some 26 km2 extending over 

560 km within an exclusive economic zone of over 1 million km2. More than 50% of the population lives on 

the outer islands. The small land mass combined with the infertile soil means that there is a heavy reliance 

on the sea. The primary economic activities are fishing and subsistence farming. 

The only form of transport between islands is inter-island ships. At present there are three passenger / cargo 

ships and all goods must come onto and leave each island by ship. Some of the key challenges with this 
service include: 

> Two government-owned ships (and a new third ship that has just commenced operation) travel from 

Funafuti to outer islands and Fiji, and therefore each island has access to these ships once in 2–3 weeks;  

> No outer island has a docking facility for the government ships, and passengers and cargo are transferred 

by small workboats from and to the ship floating off-shore;  

> Except for Vaitupu, Nanumea, and Nukufetau, the outer islands have no docking facilities even for the 

workboats, and passengers have to get on and off board laboriously and cargo has to be manually 

carried; and  
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> Workboats have to go through channels to reach the shores of outer islands, which is dangerous 
depending on the sea conditions, and serious accidents occur, resulting in loss of lives and economic 

values. These days, the transfer operations are not done when the sea is rough or after dark, which 

reduces the efficiency of ship operations. 

As an island nation, Tuvalu is highly vulnerable to impacts of climate change. Infrastructure facilities, 

including wharves, breakwaters and other maritime infrastructure are always vulnerable against sea level 

rise and frequent extreme weather events. Tropical cyclone Pam in March 2015 caused flooding and erosion 
of the west coasts and damaged maritime infrastructure. In Nanumaga, a ramp that had been helpful in 

loading and unloading cargo from the ships was washed away. In other outer islands such as Niutao and 

Nui, channels were silted up with boulders and sand. 

Facing these difficulties, the government is committed to improving the maritime transportation network as 

articulated in the National Strategy for Sustainable Development – Te Kakeega II and the Infrastructure 
Strategic Investment Plan 2011–2015. By making maritime transportation more efficient and safer, Tuvalu 

envisages achieving the following objectives:  

> Economic development including fisheries; 

> Improved livelihoods and safety conditions in the outer islands; and  

> Reduced migration from the outer islands to Funafuti, which currently faces problems with overcrowding, 

pollution, and spread of diseases. 

1.3 Background 

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, 2014a). 

There is therefore a requirement to consider the potential impacts of climate change on the infrastructure 
proposed under the Outer Island Maritime Infrastructure Project. 

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 1-1. 

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 CRVA is required (refer Figure 1-1). 

Risk screening was undertaken for the Outer Island Maritime Infrastructure Project using the Aware Project 

tool consistent with the project concept phase of the Climate Risk Management Framework. The assessment 

identified that the Project was at high risk from wind speed increase, offshore Category 1 storms, and sea 
level rise (refer Figure 1-2). All other risk topics were deemed to be low risk. 

The risk screening report is provided in Appendix A. 

These risk screening results have triggered the requirement for the preparation of a CRVA for the Project. As 

outlined in ADB (2014b), the CRVA 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.   
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Figure 1-1 Climate risk management process, with red box showing current stage of the Project 
(Source: ADB, 2014b) 

 

Figure 1-2 Project climate risk screening results (refer Appendix A) 
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1.4 Purpose and Structure of the Climate Risk and Vulnerability Assessment 

The Terms of Reference for the Project Climate Change Specialist require a CRVA of the sub-projects and 
design options. This CRVA has been prepared at the options assessment phase during the PPTA (Project 

Preparatory Technical Assistance). It focusses on the following sub-projects (refer Figure 1-3 for sub-project 

locations): 

> Nukulaelae wharf, dredged approach channel and associated facilities; and 

> Flex-mats (acting as boat ramps) for Niutao and Nanumaga. 

 

Figure 1-3 Map of Tuvalu showing Project sites circled in red (source: Tuvalu Government, 2005) 

The CRVA has been structured as follows: 

> Section 2 – Sub-project descriptions and design criteria; 

> Section 3 – Climate overview, including historical climate change observations and relevant climate 
change projections; 

> Section 4 – Describes the risk assessment methodology; 
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> Section 5 – Presents the risk assessment findings; 

> Section 6 – Climate risk management response; and 

> Section 7 – Details the assumptions and limitations of the CRVA. 
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2 Sub-Project Descriptions 

2.1 Nukulaelae Sub-Project 

2.1.1 Overview of Design Requirements 

The key design requirements for the Project  

> Landing area that has universal access (e.g. for people with disabilities, children, the elderly, etc); 

> Accessible deck connecting the shore to the landing area; 

> Short term mooring arrangement for the work boats; 

> Sheltered harbor environment for the landing area and a distance out along the access channel; 

> Boat harbor’s access channel and turning basin should be navigable for the work boats (aluminium 
landing barges with a length of 9 m and 4 m beam); 

> Decking and landing area able to cater for a truck with a two tonne crane; 

> Ramp for fishing vessels; 

> Rehabilitation of cargo sheds; 

> Road access to this shed; and 

> Lighting along the structure, for night unloading when necessary. 

The preliminary concept designs developed during the PPTA are provided in Appendix B and described 

below. A design life of 50 years has been adopted for each of the sub-projects. 

A more comprehensive description of the concept options can be found in the other supplementary reports 

for the PPTA, which includes details of: 

> Existing infrastructure and site conditions; 

> Cost estimates and procurement strategy; 

> Social environment and the community’s desired Project outcomes; and 

> Summary of economic assessment outcomes of the options.   

2.1.2 Nukulaelae Details 

At Nukulaelae, the reef width is around 500 m (refer Figure 2-1) and the reef level estimated at 0.2 m Lowest 

Astronomical Tide (LAT) (Cardno, 2016). Due to the width of the reef, the reef itself provides some level of 

protection against the wave environment. 

The preliminary concept design for the Nukulaelae project (refer drawing no: AC84900-004 in Appendix B) 
incorporates the following elements: 

> A new dredged channel at -1.5 m MSL (mean sea level). Nukulaelae currently has only a partial access 

channel with a considerable distance of un-dredged reef flat to reach the shoreline. The dredge channel 

will need to be extended for a reasonable distance; 

> Dredging of a turning basin for boats; 

> A new wharf landing / approach jetty on the southern side of the basin. The base structure scheme is for 
the jetty to comprise discretely spaced caissons with an ‘open’ aluminium or stainless steel deck between 

the smallish discrete caissons;  

> A jetty breakwater on the northern side of the jetty; 

> A breakwater on the southern side of the basin; and 

> A breakwater north-western side of the dredged channel.  
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The drawing also shows a 4 m wide fleximat ramp, however, after further consideration by the project team it 
has been determined that this element would not form part of the project. 

 

Figure 2-1 Nukulaelae Atoll (left) Showing Inset (right) of Proposed Landing Location (Image 
Source: Nearmap, captured 16 January 2016) 

Due to the preliminary nature of the concept design, design criteria such as crest levels, deck heights and 

armour unit sizing have not yet been determined. Australian Standard AS 4997-2005 Guidelines for the 

design of maritime structures require adoption of the 500 year Average Recurrence Interval (ARI) design 

criteria for normal maritime structures. The Standard also requires the incorporation of sea level rise (based 

on the mid-range climate change projections) into the design criteria for maritime structures. 

For the breakwaters, a rock or rubble mound breakwater concept is not considered feasible given the lack of 

materials on the island. 

The breakwater on the southern side of the basin and the breakwater adjacent to the dredged channel have 

been shown as concrete caissons for the preliminary concept design. The breakwater would be a continuous 

structure to minimize wave transmission. 

2.2 Nanumaga Sub-Project 

The reef width at Nanumaga is around 70 m and the reef level estimated at 0.2 m Lowest Astronomical Tide 

(LAT) (Cardno, 2016). Nanumaga has an existing dredged main channel approximately 8 m wide (refer 

Figure 2-2).  

The preliminary concept design for the Nanumaga project (refer drawing no: AC84900-001-004 in Appendix 

B) incorporates the following elements: 

> A 4 m wide fleximat ramp that connects to the existing road. 
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Figure 2-2 Nanumaga Atoll (left) Showing Inset (right) of Proposed Landing Location (Image Source: 
Nearmap, captured 16 January 2016) 

2.3 Niutao Sub-Project 

The reef width at Niutao is around 120 m and the reef level estimated at 0.2 m Lowest Astronomical Tide 

(LAT) (Cardno, 2016). The existing dredged main channel can be seen in Figure 2-3.  

The preliminary concept design for the Niutao project (refer drawing no: AC84900-002-002 in Appendix B) 

incorporates the following elements: 

> A 4 m wide fleximat ramp that connects to the existing road.  

  

Figure 2-3 Niutao Atoll (left) Showing Inset (right) of Proposed Landing Location (Image Source: 
Nearmap, captured 16 January 2016) 
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3 Climate Overview for Tuvalu 

3.1 Literature Review 

The key resources consulted for information on existing and potential future climate for Tuvalu include: 

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

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

Science and Updated Country Reports 2014. Pacific-Australia Climate Change Science and Adaptation 

Planning Program; 

> TMS, BoM & CSIRO (2011) Current and future climate of Tuvalu. Pacific Climate Change Science 

Program. International Climate Change Adaptation Initiative.  

This climate overview has focussed on sea level rise, wind-waves (which are influenced by wave climate) 

and tropical cyclones, consistent with the findings of the preliminary screening of risks conducted for the 

project using the Aware tool (refer Section 1.3).  

3.2 Climate Change Scenario Selection 

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. 

 

Figure 3-1 Global monthly mean CO2 concentrations as at July 2016 (source: NOAA, 2016b) 

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 3-1). The red line in Figure 3-1 shows the annual variability in CO2 

concentrations, and the black line shows average annual concentrations. The rate of increase in CO2 
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concentrations as at 2015 was 2.9 ppm/year (NOAA, 2016b). Assuming the 2015 rate of increase does not 
change, CO2 concentrations will meet 503.8 ppm by 2050 and 648.8 ppm by 2100, noting that this trajectory 

is unlikely to be linear. 

In the context of the commitments made by a number of nations to reduce GHG emissions under the Paris 

Agreement, it is it is considered that the RCP6.0 climate change scenario would be appropriate to adopt for 

this CRVA.  

Keeping in mind also that the intended design life of the wharf at Nukulaelae is 50 years, the climate change 
projections to be used in the risk assessment should ideally be the 2066 projections for RCP6.0, or if 

unavailable, the nearest earlier projections (e.g. 2070 or 2050 planning horizon). 

3.3 Dominant Climatic Features of the Region 

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

The South Pacific Convergence Zone (SPCZ; refer Figure 3-2) drives a seasonal cycle, and is strongest 

during the wet season (from November to April) (TMS, BoM & CSIRO, 2011). The SPCZ is a band of heavy 
rainfall located where the winds converge, leading to thunderstorm activity. The West Pacific Monsoon can 

also influence Tuvalu, bringing heavy rainfall during the wet season. 

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 3-2 Average Positions of the Major climate Features in November to April (Source: TMS, BoM 
& CSIRO, 2011) 

Inter-annual variability is strongly influenced by the El Niño-Southern Oscillation (ENSO). Compared to 
normal (neutral) years, Funafuti experiences wetter, warmer conditions during El Niño years, and drier, 

cooler conditions during La Niña years (TMS, BoM & CSIRO, 2011).  

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). 
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3.4 Mean Sea Level 

3.4.1 Existing Sea Level 

Ocean still water levels at Tuvalu vary depending on a range of meteorological and oceanographic 

processes operating over different time scales. The trends in mean sea level in Funafuti over a 35 year 

period are shown in Figure 3-3.  

The British Admiralty provides tide tables for the Pacific region. The tidal planes for Funafuti derived by the 

Admiralty are: 

> Mean High Water Springs (MHWS) – 1.8 m LAT; 

> Mean High Water Neap (MHWN) – 1.3 m LAT; 

> Mean Low Water Neap (MLWN) – 0.7 m LAT; and 

> Mean Low Water Springs (MLWS) – 0.2 m LAT. 

It is noted that these tidal planes are likely to been derived based on analysis of short time series of data, 

and are therefore unlikely to have taken into account the range of natural variability. They should be used 

with caution. 

More elevated water levels are experienced during storm events or cyclones. Storm tide levels (including 

wind set-up and the inverse barometer effect) have been estimated as being around 3.1 m LAT (Cardno, 
2016).  

Inter-annual variation in mean sea level is high. The major influence on sea levels in this area is the ENSO, 

with variation between peak sea levels of up to 45 cm depending on the ENSO condition (Church et al., 

2006). 

 

Figure 3-3 Mean Sea Level at Funafuti, Tuvalu (middle line) (Source: Webb and Kench, 2010)  

3.4.2 Sea Level Rise 

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 mean sea level rise. It is noted, however, that the rate of sea level 
rise can vary over time, and for the period 1993-2010 the rate of rise was 3.2 mm/yr (IPCC, 2013), indicating 

an acceleration of the rate of rise over the two previous decades. 

A study of observed sea level rise in the Pacific Ocean found an average rate of rise of 1.6 mm/y over a long 

time series of data up to the year 2000 (Church et al., 2006). 
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Figure 3-4 shows sea level rise projections for Tuvalu, including the 5-95% uncertainty range shown as the 
shaded area of the graph (BoM & CSIRO, 2014). The 2070 sea level rise projections for the RCP6.0 (relative 

to 1986-2005 MSL) are 33 cm (ranging from 20-47 cm). There is a very high level of confidence in these 

projections. 

 

Figure 3-4 Sea Level Rise Projections for Tuvalu (Source: BoM & CSIRO, 2014) 

3.4.3 Recommendation 

It is recommended that the CRVA adopt a sea level rise benchmark of 47 cm, being the upper limit of the 

projection for the year 2070.  

3.5 Wave Climate 

The project sites are located on the north-western shorelines of these islands, away from the frequently 
occurring southeast trade wind that causes the prevailing wave conditions. The sites are, however, exposed 

to cyclonic winds and waves. For purposes of this project, we would generally be concerned with usability of 

the shore-based facilities under the prevailing wave conditions, noting that ship to shore transfers and other 

boating activities are unlikely to take place during a cyclone. The more extreme waves that are observed 

during cyclones are more important in terms of the ability of the structures to withstand the wind and wave 

forces, and the implications for maintenance of the assets. 

It is noted that the nearshore wave climate will differ significantly to the offshore wave climate due to the 

attenuation of waves as they travel across the reef, with more attenuation occurring the greater the distance 

that the wave travels from the reef edge (refer Cardno, 2016).  

The potential wave height will also be limited by the available depth of water in the nearshore zone. For 

these reasons, it is important to adopt the nearshore wave climate when assessing the potential impacts of 
coastal processes on the assets. This should include wave set-up, which can be considerable under cyclonic 

waves over a reef platform. 

3.5.1 Existing Wave Climate 

For Funafuti (near Nukulaelae) the wave climate has a strongly seasonal element, with slightly larger waves 

from the east and southeast due to the trade winds, with a small south-south-westerly component associated 

with storm events in the Southern Ocean (BoM & CSIRO, 2014). Slightly smaller waves are typical during 

December to March, coming from the north-east due to the trade winds and storm waves from the north. 

Inter-annual variation occurs in relation to ENSO and the strength and location of the SPCZ. 

The mean annual cycle of wave height and wave direction in Funafuti are presented in Figure 3-5.  

It is noted that the data presented in Figure 3-5 represents an average monthly wave climate, and does not 

reflect the rarer or more extreme wave heights that can be experienced at the project site, such as during a 
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cyclone. Maximum significant wave heights on top of the reef and in the main channel at Nukulaelae have 
been estimated at 5.1 m (Cardno, 2016). 

 

 

Figure 3-5 Mean Annual Cycle of Wave Height (grey) and Wave Direction (blue) at Funafuti from 
1979– 2009 (Source: BoM & CSIRO, 2014) 

3.5.2 Future Wave Climate 

Wave heights and direction for a range of projections are compared to the mean of historical models for 

Tuvalu in Figure 3-6. 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. 

The model projections are also summarised in Table 3-1. 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 5th to 95th percentile range of uncertainty. 
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Table 3-1 Wave Projections Summary for Tuvalu Relative to a 1986-2005 Historical Period (Source: 
BoM & CSIRO, 2014)  

Variable Season 2035 2090 
Confidence 

Level  

Wave height 

change (m) 

December- March 

(wet season) 

-0.0 (-0.1 to 0.1) 

-0.0 (-0.2 to 0.1) 

-0.1 (-0.2 to 0.0) 

-0.1 (-0.2 to 0.0) 
Low 

June-September 

(dry season) 

+0.0 (-0.2 to 0.2) 

+0.0 (-0.2 to 0.2) 

+0.0 (-0.2 to 0.3) 

+0.1 (-0.2 to 0.3) 
Low 

Wave period 

change (s) 

December- March 

(wet season) 

-0.0 (-1.1 to 1.2) 

-0.1 (-1.2 to 1.1) 

-0.1 (-1.4 to 1.4) 

-0.1 (-1.6 to 1.4) 
Low 

June-September 

(dry season) 

+0.0 (-1.1 to 1.1) 

+0.0 (-1.1 to 1.4) 

+0.0 (-1.3 to 1.4) 

0.0 (-1.4 to 1.4) 
Low 

Wave direction 

change 

(°clockwise) 

December- March 

(wet season) 

+0 (-20 to +20) 

+0 (-20 to +20) 

+0 (-20 to +20) 

+0 (-20 to +20) 
Low 

June-September 

(dry season) 

+0 (-10 to +10) 

+0 (-10 to +10) 

+0 (-10 to +10) 

+0 (-10 to +10) 
Low 

 

Figure 3-6 Projected Future Wave Climate for Tuvalu (Source: BoM & CSIRO, 2014) 

For the period to 2100, December–March wave heights are projected to decrease slightly, and the height of 

larger waves occurring in June-September to increase (Figure 3-6; BoM & CSIRO, 2014). There is a low 

level of confidence in these projections.  
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3.5.3 Recommendation 

Given the low level of confidence in the projections for changes in wave climate, coupled with the relatively 

small amount of change in mean wave heights, it may be infeasible to apply any potential future changes in 

wave heights for the CRVA. If, however, it is intended to adopt a precautionary approach, an estimated 

increase of 0.2 m may be appropriate. 

It is noted that wave heights inside the reef edge are currently depth limited, and the increase in depth of 
water associated with sea level rise may result in an increase in the height of waves propagating over the 

reef edge and to the nearshore zone. This should be considered in development of the design criteria for the 

infrastructure.  

3.6 Tropical Cyclones 

3.6.1 Existing Cyclonic Activity 

Cyclonic activity is generally concentrated around latitude 10°S (refer Figure 3-8). Tropical cyclones affect 

Tuvalu mainly between November and April. An average of eight cyclones per decade developed within or 

crossed the Tuvalu Exclusive Economic Zone between the 1969/70 to 2010/11 seasons (BoM & CSIRO, 

2014). Based on this analysis, there is around an 80% chance of Tuvalu being affected by a cyclone in any 
given year.  

Only three of the 24 tropical cyclones that intercepted Tuvalu EEZ (13%) between the 1981/82 and 2010/11 

seasons were severe events (Category 3 or stronger) (BoM & CSIRO, 2014).  

Tropical cyclones were most frequent in El Niño years (12 cyclones per decade) and least frequent in La 

Niña years (three cyclones per decade) (BoM & CSIRO, 2014).  

 

Figure 3-7 Tropical Cyclone Tracks for 1980-2005. The red circle shows the approximate location of 
Tuvalu. (Source: Public Domain, 
https://commons.wikimedia.org/w/index.php?curid=1724645) 

3.6.2 Future Activity 

The frequency of cyclone formation is projected to decrease (high confidence; BoM and CSIRO, 2014). 

Conditions for cyclone formation are predicted to become less favourable in this region with about half of 

projected changes indicating decreases between 10% and 40% in formation frequency.  



Climate Risk and Vulnerability Assessment 
Tuvalu Outer Island Maritime Infrastructure Project (48484-001) 

8 August 2016 Cardno 16

With respect to cyclone intensity, the models are generally in agreement that there will be an increase mean 
maximum wind speeds in the order of 2-11% globally, and an increase in rainfall of 20% within 100 km of the 

cyclone centre (medium confidence; BoM & CSIRO, 2014). 

3.6.3 Recommendation 

It is recommended that the likelihood of cyclones be decreased for purposes of the CRVA. Adopting a 

precautionary approach, it is recommended that the assessment assumes no change in the frequency of 

cyclone formation affecting Tuvalu. 
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4 Climate Risk and Vulnerability Assessment 

4.1 Introduction  

The following standards were consulted to develop the CRVA: 

> 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 overarching methodology for the CRVA follows the process adopted in ISO 31000. This chapter of the 
report works through each of these stages to assess the risk to the Project from climate change. 

4.2 Risk Assessment Context 

The stated aim of the CRVA is to reduce risks resulting from climate change to investment projects in Asia 

and the Pacific (ADB, 2014b).  

For purposes of this report, we have applied the assessment for purposes of: 

> Understanding which elements of the PPTA stage preliminary concept designs may be vulnerable to 
climate change hazards and how this will impact the overarching Project objectives; 

> Characterising the risk to the proposed landing facilities from these hazards; and 

> Identifying potential climate change adaptation measures for consideration in the development of the 

design for the high risks.   

4.2.1 Climate Change Scenario 

As discussed in Section 3.2, the Project has a nominal 50 year design life, which corresponds to a planning 

horizon of around 2066 for the climate change projections (or the closest available projections, e.g. 2070). 

The GHG emissions scenario adopted for the assessment is the RCP6.0 scenario, corresponding to a 

medium range GHG emissions scenario (refer Section 3.2).  

4.2.2 Climate Change Vulnerability 

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). 

The key climate change hazards identified to date (refer to the Aware report, Appendix A) include: 

> Wind speed increase (and resultant impacts on wind waves); 

> Offshore Category 1 storms; and  

> Sea level rise. 

The key design elements for each of the three sub-projects is described in Section 2. Failure mechanisms 

for each of the key design elements is considered below in order to identify those elements that may be 

vulnerable to climate change hazards: 

> Dredged Channel / Basin 

- Sea level rise will increase depth of water over the navigation channel and turning basin. This has 
potential to have a positive impact on the project; 
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- Sea level rise will change sediment transport patterns, resulting in a change to the rate of dredge hole 
infilling. The potential impacts are unclear. For example, the increase in water depth could mean lower 

rates of transport of material on the bed. On the other hand, increase wave heights could result in 

increased transport of material during storms; 

> Wharf / Access Jetty 

- Sea level rise may result in regular tidal overtopping of the structure, including where it connects to the 

shoreline; 

- The combined effect of sea level rise and increased nearshore wave heights results in more regular 

wave overtopping of the structure(s); 

- Increased nearshore wave heights during storms / cyclones leads to damage from wave uplift forces; 

> Ancillary Facilities (access road, car parking, transit shed) 

- Sea level rise results in regular tidal inundation of the land where these assets are located; 

- Increased nearshore wave heights result in more regular and/or extensive wave run-up onto the land 

where these assets are located; 

> Breakwaters 

- The combined effect of sea level rise and increased nearshore wave heights results in more regular 

wave overtopping of the breakwater(s); 

- Increased nearshore wave heights during storms / cyclones leads to dislodgement of the armour units; 

> Fleximat Ramp 

- Sea level rise may result in inundation of the ramp, including the point where it connects to the 

shoreline; 

- Increased nearshore wave heights result in dislodgement or damage of the ramp. 

Given that the impacts of climate change on the dredged channel and basin are unclear, these have not be 
considered further in the CRVA.  

The fleximat ramps are smaller structures that are relatively easy to relocate to higher ground to mitigate the 

risk from sea level rise or storm events. For this reason, these have not been considered further in the CRVA 

and the Nanumaga and Niutao Sub-projects have been excluded from the assessment. 

The design elements that are most vulnerability to these climate change hazards are those associated with 
the Nukulaelae Sub-Project; namely, the wharf, jetty, breakwaters and ancillary facilities. These elements 

have been subject to a more detailed risk assessment in Section 4.3. 

4.2.3 Success Criteria 

A series of success criteria were developed in order to assist in the evaluation of the significance of the risks 

from climate change. That is, they are used to identify when the impacts of climate change on the landing 

wharf proposed for Nukulaelae become unacceptably high. They have been formulated in consultation with 

the project team based on the overarching Project objectives and the end-user requirements for the assets.  

The success criteria are listed in Table 4-1. 
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Table 4-1 Nukulaelae Landing Wharf Success Criteria 

Operational 
Aspect 

Success Criteria 

Utilisation / 
serviceability 

The down-time of the asset, namely those periods during which the asset cannot be used due 
to poor weather conditions, is minimised. The workboats are able to safely access the wharf for 
the transfer of goods and people on almost all occasions. 

Functionality The asset is "user-friendly", and meets the needs of the local people. This functionality is 
maintained over the lifetime of the asset. 

Maintenance The regularity and/or cost of maintenance of the asset does not increase over time, beyond the 
capacity of the asset owner to maintain it. 

Public Safety The risk to public safety associated with the use of the asset does not unduly increase over 
time. 

4.3 Risk Assessment 

4.3.1 Methodology 

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 4-2). For the CRVA, 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 4-2 Likelihood of Risk 

Likelihood Category Description 
Recurrent or 

Event Risks 
Long term risks 

L1 
Almost 
Certain 

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. 

L2 Likely 
Will probably occur in 
most circumstances. 

May occur about 
once per year. 

Has a 60–90% chance of occurring in 
the identified time period if the risk is not 
mitigated. 

L3 Possible 
May occur at some 
time. 

May arise once in 
25 years. 

Has a 40–60% chance of occurring in 
the identified time period if the risk is not 
mitigated. 

L4 Unlikely 
May occur at some 
time, but is 
considered unlikely.  

May arise once in 
25 to 50 years. 

Has a 10–30% chance of occurring in 
the future if the risk is not mitigated. 

L5 Rare 
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 4-3. 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 change hazards.  

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 4-4).  
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Table 4-3 Consequence of Risk 

Consequence Category Description 

C5 Extreme Major irreversible impact. 

C4 Major Significant impact, long term, potentially irreversible. 

C3 Moderate Medium impacts, potential to reverse. 

C2 Minor Low impact, localised. 

C1 Negligible Insignificant impact. 

Table 4-4 Risk Assessment Matrix 

  
  
  

 L
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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 

4.3.2 Risk Assessment Findings 

The risk assessment findings are documented Table 4-5. The risk statements were formulated based on the 

success criteria and identified climate change vulnerabilities.  

Those risks that are high or extreme are considered unacceptably high levels of risk. As expected, these 

include those risks for which there is a high level of confidence in the climate change projections (e.g. sea 

level rise) and/or for which there is a risk to public safety or the serviceability or economic feasibility of the 

project.   

The extreme risk is associated with the risk to human life associated with the combined effects of sea level 
rise and increased wave heights for users of the landing facility (Risk D).  

Table 4-5 Risk Assessment Findings 

Climate 
Change Hazard 

Design 
Element 

Risk Statement / Impact 
Risk Category 

L C R 

Sea level rise 

Wharf / jetty 

Risk A: Sea level rise results in regular tidal overtopping of 
the wharf and/or jetty, making it unsafe or less desirable for 
use by the community. 

L1 C3 H 

Risk B: Sea level rise results in regular or permanent tidal 
inundation of the shoreline such that the approach jetty is 
submerged, and the wharf cannot be accessed by the 
community. 

L1 C3 H 

Ancillary 
facilities 

Risk C: Sea level rise results in regular tidal inundation of the 
transit shed, car park and/or access road, reducing their 
serviceability. 

L1 C3 H 

Sea level rise & 
increased 
nearshore wave 
heights 

Wharf / jetty 

Risk D: The combined effect of sea level rise and increased 
nearshore wave heights results in more regular wave 
overtopping of the breakwaters, making the wharf and 
dredged approaches unsafe for use by the community. 

L1 C4 E 

Increased 
nearshore wave 

Wharf / jetty 
Risk E: Increased nearshore wave heights result in more 
regular overtopping of the wharf and/or jetty, making it 
unsafe or less desirable for use by the community. 

L3 C3 M 
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Climate 
Change Hazard 

Design 
Element 

Risk Statement / Impact 
Risk Category 

L C R 

heights, day to 
day conditions 

Risk F: Increased nearshore wave heights result in increased 
frequency and/or duration of occasions on which the 
workboat cannot safely access the wharf, and goods and 
people cannot be transferred between the island and the 
ship. 

L3 C3 M 

Ancillary 
facilities 

Risk G: Increased nearshore wave heights result in more 
regular wave run-up on to the access road and car park 
making it unsafe or less desirable for use by the community. 

L3 C2 L 

Increased 
nearshore wave 
heights during 
storm/cyclones 

Wharf / jetty 

Risk H: Increased nearshore wave heights during 
storms/cyclones lead to an increase in damage to the wharf 
and/or jetty, resulting in an increased cost of maintenance 
over the life of the asset. 

L2 C4 H 

Ancillary 
facilities 

Risk I: Increased nearshore wave heights during 
storms/cyclones lead to an increase in damage to the transit 
shed, resulting in an increase cost of maintenance over the 
life of the asset. 

L2 C3 M 

Breakwaters 

Risk J: Increased nearshore wave heights during a 
storm/cyclone result in increased incidence of damage to the 
breakwater (eg dislodgement of units), resulting in increased 
cost of maintenance over the life of the asset. 

L2 C4 H 

4.4 Climate Risk Management Response 

The next stage of the CRVA is to consider measures that reduce the level of climate risk to the Project, and 
assess if these can be cost-effectively incorporated into the project.  

4.4.1 Potential Adaptation Measures 

There are a range of potential adaptation measures that could be incorporated into the design of the 
Nukulaelae facilities to reduce the risk of climate change to the assets. These measures are summarised in 

Table 4-6, which also discusses the pros and cons of each measure, as relevant. 

Table 4-6 Potential Adaptation Measures 

Issue Measure Pros Cons 

Storm surge and/or sea 
level rise Inundation of 
the wharf / jetty. 

Option A: Raise the 
level of the deck above 
the storm surge and/or 
future sea level. 

 Avoids or minimises the 
risk of inundation. 

 Improved user safety. 

 May reduce the 
functionality of the wharf / 
jetty for users. 

Sea level rise 
inundation of the 
access jetty connection 
with the land. 

Option B: Extend the 
access jetty further 
landward, above the 
future sea level.  

 Avoids risk of inundation. 

 Improved user safety. 

 Opportunity to retrofit this 
option when trigger level 
exceeded. 

 If stairs are introduced to 
the access way, this may 
reduce accessibility for 
users with limited mobility 
(e.g. wheelchair users). 

Sea level rise and/or 
storm surge inundation 
of the ancillary facilities. 

Option C: Locate these 
assets above the future 
sea level and/or storm 
surge level. 

 Avoids or minimise risk of 
inundation. 

 Improved user safety. 

 Opportunity to delay 
implementation until trigger 
level is exceeded. If 
adopted, this would require 
consideration during 
design of the transit shed. 

 Increased distance 
between the access road, 
car park and transit shed 
and the access jetty, 
reducing functionality. 

Wave overtopping of 
the breakwaters. 

Option D: Raise the 
crest level of the 
breakwaters. 

 Improved wave 
attenuation. 

 Improved user safety. 

 May be emergent in 
present days, resulting in 
visual impacts. 
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Issue Measure Pros Cons 

 Opportunity to delay 
implementation until trigger 
level is exceeded. 

Damage to the wharf / 
jetty due to wave uplift 
forces. 

Option E: Adopt 
permeable decking to 
dissipate wave forces. 

 Can attenuate transmission 
of wave energy by up to 
60%, reducing risk of 
damage. 

 Reduced maintenance 
costs both now and under 
climate change conditions. 

 

Damage to the 
breakwater by waves 
(e.g. dislodgement of 
armour units). 

Option F: Adopt larger 
armour units. 

 Reduces risk of wave 
overtopping. 

 Opportunity to delay 
implementation until trigger 
level is exceeded. 

 Reduced maintenance 
costs both now and under 
climate change conditions. 

 The associated increase in 
the height and footprint of 
the breakwater may have 
additional impacts (e.g. on 
visual amenity). 

Other potential adaptation measures that could be considered in the design, but are not considered here 

further, include materials selection for those that have lower risk of decay or damage under increased 

exposure to coastal hazards under climate change conditions. 

4.4.2 Assessment of Residual Risk 

The risk assessment 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 4-7). The assessment 

shows that the measures have potential to reduce the level of risk from climate change to an acceptable 

level.  

Table 4-7 Assessment of Residual Risk 

Risk Statement / Impact 
Inherent 
Risk 

Risk Treatment 
Residual Risk 

L C R 

Risk A: Sea level rise results in regular tidal 
overtopping of the wharf and/or jetty, making 
it unsafe or less desirable for use by the 
community. 

H 
Option A: Raise the level of the 
deck above the storm surge 
and/or future sea level. 

L2 C3 M 

Risk B: Sea level rise results in regular or 
permanent tidal inundation of the shoreline 
such that the approach jetty is submerged, 
and the wharf cannot be accessed by the 
community. 

H 
Option B: Extend the access 
jetty further landward, above the 
future sea level. 

L2 C3 M 

Risk C: Sea level rise results in regular tidal 
inundation of the transit shed, car park 
and/or access road, reducing their 
serviceability. 

H 
Option C: Locate these assets 
above the future sea level 
and/or storm surge level. 

L3 C3 M 

Risk D: The combined effect of sea level rise 
and increased nearshore wave heights 
results in more regular wave overtopping of 
the breakwaters, making the wharf and 
dredged approaches unsafe for use by the 
community. 

E 
Option D: Raise the crest level 
of the breakwaters. 

L4 C4 M 

Risk H: Increased nearshore wave heights 
during storms/cyclones lead to an increase in 
damage to the wharf and/or jetty, resulting in 
an increased cost of maintenance over the 
life of the asset. 

H 
Option E: Adopt permeable 
decking to dissipate wave 
forces. 

L2 C2 L 
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Risk Statement / Impact 
Inherent 
Risk 

Risk Treatment 
Residual Risk 

L C R 

Risk J: Increased nearshore wave heights 
during a storm/cyclone result in increased 
incidence of damage to the breakwater (eg 
dislodgement of units), resulting in increased 
cost of maintenance over the life of the 
asset. 

H 
Option F: Adopt larger armour 
units. 

L2 C2 L 

4.5 Analysis of Cost Effectiveness 

The proposed adaptation options were evaluated through a cost effectiveness analysis.  

The cost effectiveness analysis was based on a weighted multi-criteria analysis of adaptation option benefits 

against estimated upgrade option costs. The following sections details the methodology used in estimating 

the benefits, estimated costs and a ranked prioritisation of adaptation options. 

The four upgrade options assessed were: 

> Option B: Extend the access jetty further landward, above the future sea level; 

> Option C: Locate assets above the future sea level and/or storm surge level; 

> Option D: Raise the crest level of the breakwaters; and 

> Option F: Adopt larger armour units. 

As discussed in Section 2.1.2, the current Australian Standard requires the adoption of mid-range sea level 

rise projections into the design parameters. As such, there is no increase in incremental cost due to the 
adoption of Option A, and it has not been considered further for this analysis of cost effectiveness.  

Option E was also not considered further because it does not add additional cost to the project (refer 

Section 4.5.2). 

4.5.1 Benefits Estimation 

Each option was assessed against a range of seven criteria related to the engineering, performance, safety, 

environmental and social performance of the works. Table 4-8 details the performance criteria, a description 

of the criteria, the applied criteria weighting and an example of its application. The weighting attributed to a 

criterion ranged from 0.0 (low importance) to 1.0 (high importance). For example, Residual Risk / 

Effectiveness was considered to be of high importance as it directly relates to the purpose of the upgrade. 
Conversely, Ease of Implementation was given a weight of 0.4 to reflect that constructability of the upgrade 

option is likely to be minimal in comparison to the overall constructability of the project as a whole.  

Table 4-8 Description of Criteria 

Criteria Description 
Weighting 
(0 – 1) 

Example 

Residual Risk / 
Effectiveness  

The degree to which the 
option is effective in 
minimising the extent of 
potential climate change 
impacts 

1 
Adoption of larger armour units reduce 
damage to the breakwater as a result of 
increased storms and cyclones 

Functionality, 
Accessibility & 
Safety 

The degree to which the 
option affects the safe 
operation of the wharf  

0.8 
Raising the level of the deck above the 
storm surge level could impact the ease 
with which vessels are loaded/unloaded 

Adaptability 

The ease with which the wharf 
/ option may be upgrade in 
respond to realised climate 
change impacts 

0.8 
If sea level rises higher than initial 
projects, the jetty could easily be 
lengthened a few metres further landward 

Complementarity 
The degree to which the 
option addresses more than 
one risk 

0.4 
Raising the crest level of the breakwaters 
would potentially address Risk D along 
with Risk H and Risk J 
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Criteria Description 
Weighting 
(0 – 1) 

Example 

Longevity 
The degree to which the 
option has a long, low 
maintenance life span 

0.4 
Adoption of permeable decking is long 
lasting as it is not heavily impacted by 
strong waves/storm surge 

Ease of 
Implementation 

The constructability of the 
option  

0.4 

There are no engineering or logistical 
issues related to obtaining the materials 
necessary for construction / 
implementation / maintenance 

Environment & 
Social 

The extent to which the option 
has negative environmental or 
social impacts are related to 
the construction and operation 
of the risk treatment 

0.2 
Locating the car park above the future sea 
level may impact of areas of ecological 
value. 

 

Following the weighting of the criteria, each risk treatment was assigned an Effectiveness Score over a given 
range (1-4: higher scores representing preferred performance) against each criteria based on professional 

judgement. The cumulative, weighted score total represents the overall effectiveness of the upgrade option.  

Residual Risk / Effectiveness 

Option F (2) was given a relatively lower score due to the presence of design guidelines already in place 

regulating the design of these assets to withstand sea level rise. As such, the incremental benefit provided 

by these options is minimal. The other options were assigned scores of 3. 

Functionality, Accessibility and Safety 

Those options that maintained full functionality, accessibility and safety of the wharf were given a score of 4. 

Option C received a score of 3 due to the increased distance between the wharf and the assets, reducing the 

functionality and increasing transportation times and distances. Option B also received a score of 3 due to 

the potential need for stairs depending on the design of the jetty, making accessibility more difficult for users 
with limited mobility.  

Adaptability 

Those options that could be easily adapted should climate change predictions be more severe than originally 

forecast were given a high score. For example, Option B was given a high score (4) because extension of 

the jetty would be quite easy in comparison to adopting larger armour, moving the assets or substantially 

raising the deck level.  

Complementarity 

This criteria addresses the ability for options to provide benefit to more than one asset or risk. Option D is the 

only option that received a high score (4) for this criteria. Through raising the crest level of the breakwaters, 

harm to all other structure and infrastructure from storm surge and waves is diminished.  

Longevity 

Those options with a long lifespan and minimal annual maintenance costs received a high score for this 

criteria. Option B received a score of 3 due to the wear and tear that will likely result on the infrastructure, 

resulting in marginally higher annual maintenance costs in comparison to the other options.  

Ease of Implementation 

Options that can easily be implemented were given a high score for this criteria. Substantial logistical 
challenges and resource limitations exist for the implementation of Option D and Option F. However, it 

should be noted that there is an opportunity to delay the implementation of these options until the trigger 

level is exceeded. Their score reflects this benefit. Option C received a relatively lower score (compared to 

Option B) due to the degree of difficulty related to the construction of this option.  

Environment & Social 

This criteria scores each project based on the potential for negative environmental or social impacts. A high 
score was given to options with no environmental or social impacts. Option C received a low score for this 
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criteria due to the potential for social or environmental impacts depending on the site that is chosen for the 
relocation of assets. However, this risk could be easily minimised through design and consultation with the 

community. 

4.5.2 Estimated Costs  

Strategic cost estimates were determined as below: 

> Option A - $48,290: Estimate assumed a 10% increase in pile and pier quantities and installation costs; 

> Option B - $94,300: Estimate assumed a 10% increase in the length of roadway and construction costs 

per square metre; 

> Option C - $29,390: Estimate assumed a 10% increase in foundation and structure costs; 

> Option D - $109,622: Estimate assumed a 10% increase in the breakwater volume required; and 

> Option F - $109,622: Estimate assumed a 10% increase in the breakwater volume required 

Option E was not included in the cost effectiveness analysis as the proposed PPTA design currently adopts 

permeable decking for existing conditions. 

4.5.3 Cost Effectiveness Analysis and Prioritisation 

Upon determining the Effectiveness Score, costs were then incorporated to determine the overall cost-

effectiveness ratio of each option: the Effective Score divided by the option cost and multiplied by a unit 

factor. 

Cost Effectiveness Ratio = Effectiveness Score / Cost Estimate*1000 

Once the cost-effectiveness ratio was determined for each option, they were ranked with the highest ratio 

representing the most cost-effective of the risk treatment options. It is noted that the treatment options are 

not considered to be mutually exclusive and there may exist complementarities between options that are not 

considered as part of the cost-effectiveness approach. 

The results of the cost-effective analysis are displayed in Table 4-9.  

Table 4-10 presents the options in ranked order based on the cost-effectiveness of each option.  

Table 4-9 Cost-Effectiveness Analysis 

Criteria Weight 

Option B Option C Option D Option F 

Assigned 
Score 

Weighted 
Score 

Assigned 
Score 

Weighted 
Score 

Assigned 
Score 

Weighted 
Score 

Assigned 
Score 

Weighted 
Score 

Residual Risk / 
Effectiveness 

1 3 3 3 3 3 3 2 2 

Functionality, 
Accessibility & 
Safety 

0.8 3 2.4 3 2.4 4 3.2 4 3.2 

Adaptability 0.8 4 3.2 1 0.8 3 2.4 1 0.8 

Complementarity 0.4 2 0.8 2 0.8 4 1.6 2 0.8 

Longevity 0.4 3 1.2 4 1.6 4 1.6 4 1.6 

Ease of 
Implementation 

0.4 3 1.2 2 0.8 2 0.8 2 0.8 

Environment & 
Social 

0.2 3 0.6 1 0.2 3 0.6 3 0.6 

Effectiveness 
Score 

   12.4  9.6  13.2  9.8 

Cost    $94,300  $29,390  $109,622  $109,622 

Cost-Effectiveness Ratio  0.13  0.33  0.12  0.09 
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Table 4-10 Cost-effective Analysis Results 

Rank Option 

1 Option C 

2 Option B 

3 Option D 

4 Option F 

 

Option C is the most cost-effective. This option has a relatively low cost and comparably high benefits. 

Locating the assets landward is effective in addressing the susceptibility of the assets to sea level rise and 

storm surge, while still maintaining a high functionality of the wharf. Option B, extension of the jetty landward 
and above sea level rise, is another cost-effective option that will ensure the safety and functionality of the 

wharf. It should be noted that Option F was ranked low, as design requirements already ensure these assets 

meet forecast sea level rise requirements. It is noted that Option F, while generating the third highest 

Effectiveness Score, its high cost lead to it generating the lowest overall cost effectiveness ratio. 
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5 Recommendations 

This CRVA characterises the level of climate change risk to the Project. It has focussed on the preliminary 

concept design for the Nukulaelae Sub-project developed during the PPTA phase. This Sub-project was 

identified as being the most vulnerable to the key climate change hazards of sea level rise, Category 1 

storms and wind speed increase.  

A range of adaptation options were considered, and the assessment of residual risk has demonstrated that 
these options have potential to effectively reduce climate change risk. It is recommended that they are 

considered further during the design development. There are, however, a range of other aspects that will 

need to be incorporated into this process.  

5.1 Development of Design Criteria for Future Climate 

The design criteria for the Nukulaelae Sub-project for the present day have yet to be developed. It is 

recommended that the design criteria consider the proposed life cycle of the asset, namely 50 years, and 
incorporate the relevant climate change projections, as recommended in Sections 3.4-3.6 of this report.  

5.2 Feasibility 

It is noted, however, that some of the options proposed are not complementary. For example, Option A 

(raising of the wharf / jetty deck level), may negatively impact functionality and the user experience, one of 

the success criteria detailed in Section 4.2.3. While raising the deck to reduce risk of inundation and wave 

overtopping would benefit user safety, the height of the deck relative to the typical water levels is of concern. 
If the deck is too high, the workboats will not be able to use the wharf, and access from the land may be 

difficult for those with limited mobility.  

5.3 Materials Selection and Logistics 

As discussed in the Inception Report (Cardno, 2016), there are a range of logistical issues that will place 

limitations on the design and construction of the proposed infrastructure. These include: 

> The Government has recently imposed a ban on the use of local available coral sands and rock based on 

environmental concerns, and hence in principle, most construction materials will need to be imported; 

> The remoteness of the islands and difficulties in sourcing and transporting construction materials, plant 

and machinery to the site; 

> Funds and capacity to undertake ongoing maintenance of the infrastructure are limited; and 

> The issues listed above also have implications for the Project cost and ongoing maintenance of the 

infrastructure. 

5.4 Triggers for Adaptation 

A common concept in climate change adaptation is the use of trigger levels, whereby monitoring of  key 

indicators is undertaken to identify the point at which climate change impacts are beginning to be 

experienced at the subject site. Once the project or site specific trigger level has been reached, a 

management response is initiated. In the case of engineered adaptation options, this approach will only be 

feasible for some options, such as where the option can be retrofitted to the existing infrastructure. 

This approach is also useful where funds are limited and a staged approach to implementation is desirable. 

Some of the options proposed in the CRVA may be implemented following exceedance of an appropriate 

trigger level. These include: 

> Option B, whereby the access jetty connection to the land connections is located further landward to 

higher ground. This might be triggered by the onset of tidal inundation of the access point; 

> Option C, which proposes relocation of ancillary facilities to higher ground. This may be triggered by an 
increase in the incidence and/or depth of tidal or storm surge inundation; 
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> Options D and F, whereby the breakwater(s) are modified to have a higher crest level and/or larger 
armour units. This may be triggered by increasing maintenance requirements and/or increase in 

incidence of wave overtopping.  However, it is noted that this type of modification in the future may be not 

be possible due to the logistical challenges and resource limitations, and therefore the potential to defer 

these options has not been considered further.  

There will generally be a certain point at which the retrofitting of adaptation measures becomes cost 

effective, relative to implementation at time of construction (e.g. see Harison and Cox, 2015). However, given 
the logistical and resource limitations in Tuvalu, it may be preferable to bear the cost of adaptation up-front 

and implement the selected adaptation options at the time of construction. 

5.5 Further Investigations and Actions 

The following further investigations and actions are proposed: 

> It is recommended that this CRVA be updated following consultation with the Project stakeholders 
and refinement of the concept design for the Nukulaelae Sub-project; 

> The design criteria developed for the Nukulaelae Sub-project should adopt the climate change 
projections recommended in this document; 

> The proposed adaptation options should be subject to further review by the Project team of 
engineering feasibility, and environmental and social impacts; 

> More detailed costings of the adaptation options is required to provide a more rigorous assessment 
of cost effectiveness; 

> The outcomes of this CRVA, once finalised, should be used to update the project economic 
assessment; 

> The concept design should consider the relative trade-offs of the proposed climate change 
adaptation options with respect to issues such as functionality and the end user experience;  

> The Project team should also consider the need to develop trigger levels for an adaptive 
management response, such as retrofitting of adaptation options or a change in maintenance 
regime/inspections; and 

> It is recommended that monitoring be undertaken of the local climate conditions (e.g. relative sea 
level change, offshore and nearshore wave conditions, cyclone landfalls and intensities, etc.) for 
purposes of reviewing the climate change projections adopted in this CRVA. 
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6 Assumptions and Limitations 

The following assumptions and limitations apply to this CRVA: 

> The CRVA has been based on the preliminary concept designs developed for the PPTA; 

> The CRVA 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; 

> The risk assessment is largely qualitative in nature and has been prepared based on the information 

available at time of preparation; and 

> The risk assessment does not consider other natural hazards, such as seismic activity or tsunami. 
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01 Introduction
This report summarises results from a climate risk screening exercise. The project information and location(s)
are detailed in Section 02 of this report.

The screening is based on the AwareTM geographic data set, compiled from the latest scientific information on
current climate and related hazards together with projected changes for the future where available. These data
are combined with the project’s sensitivities to climate variables, returning information on the current and
potential future risks that could influence its design and planning.

Project Information

PROJECT NAME: Outer Island Port Development Project

SUB PROJECT: 1

REFERENCE: Outer Island Port Development Project

SECTOR: Rural transport infrastructure

SUB SECTOR: Ports - coastal

DESCRIPTION: Construct port facilities in outer islandds of Tuvalu

02 Chosen Locations

1) Tuvalu

2) Tuvalu

3) Offshore

4) Offshore

Section 1 of 12
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03 Project Risk Ratings

Below you will find the overall risk level for the project together with a radar chart presenting the level of risk
associated with each individual risk topic analysed in AwareTM. Projects with a final “High risk” rating are always
recommended for further more detailed climate risk analyses.
The radar chart provides an overview of which individual risks are most significant. This should be used in
conjunction with the final rating to determine whether the project as a whole, or its individual components,
should be assessed in further detail. The red band (outer circle) suggests a higher level of risk in relation to a
risk topic. The green band (inner circle) suggests a lower level of risk in relation to a risk topic.
In the remaining sections of this report more detailed commentary is provided. Information is given on existing
and possible future climate conditions and associated hazards. A number of questions are provided to help
stimulate a conversation with project designers in order to determine how they would manage current and
future climate change risks at the design stage. Links are provided to recent case studies, relevant data portals
and other technical resources for further research.

Final project risk ratings 

High Risk 

Breakdown of risk topic ratings 
A) Temperature increase

B) Wild fire

C) Permafrost

D) Sea ice

E) Precipitation increase

F) Flood

G) Snow loading

H) Landslide

I) Precipitation decrease

J) Water availability

K) Wind speed increase

L) Onshore Category 1 storms

M) Offshore Category 1 storms

N) Wind speed decrease

O) Sea level rise

P) Solar radiation change

Section 3 of 12
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04
HIGH
RISK

WIND SPEED INCREASE

Would an increase in average and maximum wind speed require modifications to the design of the
project in order to successfully provide the expected services over its lifetime?

Chosen Answer
Yes - a lot.
Major modifications may be required to the design of the project if wind speed increases.

ACCLIMATISE COMMENTARY

1. What does this mean for the design of my project?

• There is a potential for an increase in incidences where current design standards will not be
sufficient. See "Critical thresholds" in the "Help and glossary" section for further details on how a
changing climate can impact on critical thresholds and design standards.

• The design, operational and maintenance standards should be reviewed - take into consideration
current impacts of increasing wind speed as well as potential future changes.

2. How could stronger winds affect the
project even without future climate change?

• The design and operation of certain
infrastructure (e.g. wind turbines) is determined
by the prevailing climatic wind conditions. 
• Given the energy in the wind is the cube of
wind speed, a small change in the wind climate
can have substantial consequences for the
wind energy available. 
• Similarly, small changes could have dramatic
consequences for wind related hazards e.g.

wind storm damage. 
• If our data suggests that there is an existing risk of tropical storms in the region, it will be
highlighted elsewhere in the report.

3. What does the science say could happen in the future?

• Climate change could alter the geographic distribution and/or the seasonal variability of the wind
resource. 
• Climate model projections remain uncertain and it appears unlikely that mean wind speeds will
change by more than the current inter-annual variability. 
• Changes in extreme wind speeds associated with extra-tropical and tropical storm are similarly
uncertain. However, there have been studies that suggest fewer but more intense events. Stronger
storms bring with them an increases risk of coastal storm surge, coastal erosion, wind damage and
flooding.
• Given future uncertainty it is advisable to carefully assess past wind speed in the region, bearing
in mind that it could change in the future. The UNEP Solar and Wind Energy Resource
Assessment SWERA provides a useful global overview of wind information.

4. What next?

1. See the section "Further reading" in "Help and glossary" at the end of this report which lists a
selection of resources that provide further information on a changing climate.
2. Click here or here for the latest news and information relating to wind and climate change.
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http://www.acclimatise.uk.com/search?searchtype=blog&search=wind
http://www.acclimatise.uk.com/search?searchtype=resources&search=wind
http://en.openei.org/apps/SWERA/


I have acknowledged the risks highlighted in this section.

05
HIGH
RISK

OFFSHORE CATEGORY 1 STORMS

ACCLIMATISE COMMENTARY

• Our data suggest that the project is located in
a region which has experienced Category 1
storms in the recent past. A high exposure in
Aware means that between 1968 and 2009
there have been at least one Category 1 storm
in the region. This is based on post-processed
data from UNEP/ GRID-Europe.
• On the Saffir-Simpson Hurricane Scale a
category 1 storm is characterised by sustained
winds in excess of 119 km/hr (33 m/s). 
• Even this least intense storm can still produce
plenty of damage and be life threatening.
• These regions may also susceptible to lower

intensity but more frequent tropical storms as well as less frequent higher-intensity storms.
• Up to date information on storm risk worldwide is widely available online, for example UNEP /
UNISDR's Global Risk Data Platform.

1. What the science says could happen in the future and what does this mean for the design
of my project?

• Climate change is projected to influence the frequency and intensity of tropical storms.
• Existing engineering designs may not take into consideration the impact of climate change on the
risks from tropical or extra tropical storms. See "Critical thresholds" in the "Help & glossary" section
for further details on how a changing climate can impact on critical thresholds and design
standards.
• If coastal surges and high winds are identified as a potential problem for the project, it is
recommended that a more localised and in-depth assessment is carried out. This information can
then be used to inform the project design process if necessary.

2. As a starting point you may wish to consider the following questions:

Q1 Would the expected performance and maintenance of the project be impaired by hazards
associated with tropical storms e.g. storm surges and strong winds?
Q2 Are there any plans to integrate climate change factors into a storm risk assessment for the
project?
Q3 Will the project include continuity plans which make provision for continued successful
operation in the event of storm damage?

3. What next?

• See the section "Further reading" in "Help and glossary" at the end of this report which lists a
selection of resources that provide further information on a changing climate.
• Click here or here for the latest news and information relating to storms and climate change.
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http://www.acclimatise.uk.com/search?searchtype=blog&search=storm
http://www.acclimatise.uk.com/search?searchtype=resources&search=storm
http://preview.grid.unep.ch/index.php?preview=map&lang=eng


I have acknowledged the risks highlighted in this section.

06
HIGH
RISK

SEA LEVEL RISE

ACCLIMATISE COMMENTARY

1. What does this mean for the design of my
project?

• There is a potential for an increase in
incidences where current design standards will
not be sufficient. See "Critical thresholds" in
the "Help and glossary" section for further
details on how a changing climate can impact
on critical thresholds and design standards.

• The design, operational and maintenance
standards should be reviewed - take into

consideration current impacts of inundation from the sea as well as potential future changes.

2. How could sea level rise affect the project even without future climate change?

• Low lying coastal regions are particularly prone to local tropical cyclones, mid-latitude storms and
associated storm surges. 
• Erosion of the coastline can exacerbate ‘coastal squeeze’, putting pressure on natural sea
defences, such as salt marshes and mangroves as well as man-made structures.
• Up to date information on coastal storm and flood risk worldwide is available online, for example
UNEP / UNISDR's Global Risk Data Platform.

3. What does the science say could happen by 2100?

• Some recent research suggests that global sea levels could be 0.75 to 1.9m higher by the end of
the century. 
• Local changes in ocean density/dynamics and land movements can also add to, or lessen, the
effects of sea level rise at a given location. 
• Sea level rise has the potential to accelerate the rate of coastal erosion. Changes in erosion
regimes also impact the rate of sedimentation in other areas, particularly in estuarine and other
tidal settings. This could provide problems with access to existing ports and jetties. 
• In tropical regions, increasing ocean acidification and temperatures can lead to coral reef
bleaching and destruction. Such reefs can provide a natural barrier to coastal inundation and
erosion. 
• In addition, sea level rise could cause saline intrusion into aquifers, further depleting useable
water resources.
• Local sea level rise in combination with storm surge and wave height poses a hazard to offshore
fixed assets, such as oil and gas platforms.

If you want to know more about projected changes for the project location across a range of sea
level rise scenarios, please refer to: The University of Arizona's Sea Level Rise Map.

4. What next?

1. See the section "Further reading" in "Help and glossary" at the end of this report which lists a
selection of resources that provide further information on a changing climate.
2. Click here or here for the latest news and information relating to sea level and climate change.
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http://www.acclimatise.uk.com/search?searchtype=blog&search=sea%20level
http://www.acclimatise.uk.com/search?searchtype=resources&search=sea%20level
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http://preview.grid.unep.ch/index.php?preview=map&lang=eng


07
LOW
RISK

TEMPERATURE INCREASE

Would an increase in temperature require modifications to the design of the project in order to
successfully provide the expected services over its lifetime?

Chosen Answer
No - modifications are not required.
The design of the project would be unaffected by increases in temperature.

ACCLIMATISE COMMENTARY

1. What does this mean for the design of my project?

• Even though you have suggested that project designs would not be sensitive to rising
temperatures, it is worth considering existing temperature related hazards in the region where the
project is planned. 
• There is a potential for an increase in incidences where current design standards will not be
sufficient. See "Critical thresholds" in the "Help and glossary" section for further details on how a
changing climate can impact on critical thresholds and design standards.

• The design, operational and maintenance standards should be reviewed - take into consideration
current impacts of high temperatures as well as potential future changes.

2. How could current high temperatures affect the project even without future climate
change?

• Heatwaves put stress on buildings and other infrastructure, including roads and other transport
links. In cities, the ‘urban heat island’ can increase the risk of heat related deaths.
• Warm weather can raise surface water temperatures of reservoirs used for industrial cooling. In
addition, this could impact local eco-systems, improving the growing conditions for algae and
potentially harmful micro-organisms in water courses.
• Heatwaves can have an impact on agricultural productivity and growing seasons. 
• High temperatures can have implications for energy security. Peak energy demand due to
demand for cooling can exceed incremental increases on base load in addition to the risk of line
outages and blackouts.
• Human health can be affected by warmer periods. For example, urban air quality and disease
transmission (e.g. malaria and dengue fever) can be impacted by higher air temperatures.
• Wildfire risk is elevated during prolonged warm periods that dry fuels, promoting easier ignition
and faster spread.
• Permafrost and glacial melt regimes as impacted by warm periods.
• If our data suggests that there are existing hazards associated with high temperatures in the
region, they will be highlighted elsewhere in the report. This may include existing wildfire risks as
well as areas potentially impacted by permafrost and glacial melt.

3. What does the science say could happen by the 2050s?

• Climate model projections do not agree that
seasonal temperature will increase beyond 2 ˚C
in the project location.
• If you want to know more about projected
changes in the project location across a range
of GCMs and emissions scenarios please refer
to The Nature Conservancy's Climate Wizard
for detailed maps and Environment Canada’s
Canadian Climate Change Scenarios Network
for scatter plots of expected changes.
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http://www.cccsn.ec.gc.ca/?page=viz-scatter
http://www.climatewizard.org/


I have acknowledged the risks highlighted in this section.

4. What next?

1. See the section "Further reading" in "Help and glossary" at the end of this report which lists a
selection of resources that provide further information on a changing climate.
2. Click here or here for the latest news and information relating to temperature and climate
change.

http://www.acclimatise.uk.com/search?searchtype=blog&search=heat
http://www.acclimatise.uk.com/search?searchtype=resources&search=heat


I have acknowledged the risks highlighted in this section.

08
LOW
RISK

PRECIPITATION INCREASE

Would an increase in precipitation require modifications to the design of the project in order to
successfully provide the expected services over its lifetime?

Chosen Answer
No - modifications are not required.
The design of the project would be unaffected by increases in precipitation.

ACCLIMATISE COMMENTARY

1. What does this mean for the design of my project?

• Even though you have suggested that designs would not be affected by increased precipitation, it
is worth considering existing precipitation related hazards in the region where the project is
planned.

2. How could current heavy precipitation affect the project even without future climate
change?

• Seasonal runoff may lead to erosion and
siltation of water courses, lakes and reservoirs.
• Flooding and precipitation induced landslide
events.
• In colder regions, seasonal snow falls could
lead to overloading structures and avalanche
risk.
• If our data suggests that there are existing
hazards associated with heavy precipitation in
the region, they will be highlighted elsewhere
in the report. This may include existing flood
and landslide risks.

3. What does the science say could happen by the 2050s?

• Climate model projections do not agree that seasonal precipitation will increase in the project
location which could indicate a relatively high degree of uncertainty (see the section "Model
agreement and uncertainty" in "Help and glossary" at the end of this report). On the other hand,
this could also mean precipitation patterns are not expected to change or may even decrease (see
elsewhere in the report for more details of projections related to precipitation decrease).
• If you want to know more about projected changes in the project location across a range of GCMs
and emissions scenarios please refer to The Nature Conservancy's Climate Wizard for detailed
maps and Environment Canada’s Canadian Climate Change Scenarios Network for scatter plots of
expected changes.

4. What next?

1. See the section "Further reading" in "Help and glossary" at the end of this report which lists a
selection of resources that provide further information on a changing climate.
2. Click here or here for the latest news and information relating to water and climate change.
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I have acknowledged the risks highlighted in this section.

09
LOW
RISK

PRECIPITATION DECREASE

Would a decrease in precipitation require modifications to the design of the project in order to
successfully provide the expected services over its lifetime?

Chosen Answer
No - modifications are not required.
The design of the project would be unaffected by decreases in precipitation.

ACCLIMATISE COMMENTARY

1. What does this mean for the design of my project?

• Even though you have suggested that designs would not be affected by a decrease in
precipitation, it is worth considering existing precipitation related hazards in the region where the
project is planned.

2. How could current heavy precipitation affect the project even without future climate
change?

• Decreased seasonal runoff may exacerbate
pressures on water availability, accessibility
and quality.
• Variability of river runoff may be affected such
that extremely low runoff events (i.e. drought)
may occur much more frequently.
• Pollutants from industry that would be
adequately diluted could now could become
more concentrated.
• Increased risk of drought conditions could
lead to accelerated land degradation,
expanding desertification and more dust

storms.
• If our data suggests that there are existing hazards associated with decreased precipitation in the
region, they will be highlighted elsewhere in the report. This may include water availability and
wildfire.

3. What does the science say could happen by the 2050s?

• Climate model projections do not agree that seasonal precipitation will decrease in the project
location which could indicate a relatively high degree of uncertainty (see the section "Model
agreement and uncertainty" in "Help and glossary" at the end of this report). On the other hand,
this could also mean precipitation patterns are not expected to change or may even increase (see
elsewhere in the report for more details of projections related to precipitation increase).
• If you want to know more about projected changes in the project location across a range of GCMs
and emissions scenarios please refer to The Nature Conservancy's Climate Wizard for detailed
maps and Environment Canada’s Canadian Climate Change Scenarios Network for scatter plots of
expected changes.

4. What next?

1. See the section "Further reading" in "Help and glossary" at the end of this report which lists a
selection of resources that provide further information on a changing climate.
2. Click here or here for the latest news and information relating to water and climate change.
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The sections above detail all High and Medium risks from AwareTM. Selected Low risks are also
detailed. Local conditions, however, can be highly variable, so if you have any concerns related to
risks not detailed in this report, it is recommended that you investigate these further using more
site-specific information or through discussions with the project designers.
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HELP AND GLOSSARY:

Model agreement and uncertainty:
Although climate models are constantly being improved, they are not good enough to predict future
climate conditions with a degree of confidence which would allow precise adaptation decisions to
be made. Outputs from different climate models often differ, presenting a range of possible climate
futures to consider, and ultimately a wide range of possible actions to take. In Aware, climate
projections are described as having potentially higher degree of uncertainty when less than 14 out
of 16 GCMs agree on the direction and / or a pre-defined magnitude of change.
Even with improvements in climate modelling, uncertainties will remain. It is likely that not all the
climate statistics of relevance to the design, planning and operations of a project's assets and
infrastructure will be available from climate model outputs. The outputs are typically provided as
long-term averages, e.g. changes in average monthly mean temperature or precipitation. However,
decisions on asset integrity and safety may be based on short-term statistics or extreme values,
such as the maximum expected 10 minute wind speed, or the 1-in-10 year rainfall event. In such
cases, project designers or engineers should be working to identify climate-related thresholds for
the project (see "Critical thresholds" section below) and evaluate whether existing climate trends
are threatening to exceed them on an unacceptably frequent basis. Climate models can then be
used to make sensible assumptions on potential changes to climate variables of relevance to the
project or to obtain estimates of upper and lower bounds for the future which can be used to test
the robustness of adaptation options.
The key objective in the face of uncertainty is therefore to define and implement design changes
(adaptation options) which both provide a benefit in the current climate as well as resilience to the
range of potential changes in future climate.

Critical thresholds:

The relationship between a critical threshold and a climate change related success criterion
for a project. [Source: Willows, R.I. and Connell, R.K. (Eds.) (2003). Climate adaptation: Risk,
uncertainty and decision-making. UKCIP Technical Report, UKCIP, Oxford].
A key issue to consider when assessing and prioritising climate change risks is the critical
thresholds or sensitivities for the operational, environmental and social performance of a project.
Critical thresholds are the boundaries between ‘tolerable’ and ‘intolerable’ levels of risk. In the
diagram above, it can be seen how acceptable breaches in a critical threshold in today’s climate
may become more frequent and unacceptable in a future climate.
Climate change scenarios can be used to see if these thresholds are more likely to be exceeded in
the future. The simplest example is the height of a flood defence. When water heights are above
this threshold, the site will flood. The flood defence height is the horizontal line labelled ‘critical
threshold’. Looking at the climate trend (in this case it would be sea level or the height of a river) –
shown by the blue jagged line – it can be seen that the blue line has a gradual upward trend
because of climate change. This means that the critical threshold is crossed more often in the
future – because sea levels are rising and winter river flows may be getting larger. So, to cope with
this change, adaptation is needed – in this case, one adaptation measure is to increase the height
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this change, adaptation is needed – in this case, one adaptation measure is to increase the height
of the flood defence.

Further reading:

Report detailing changes in global climate:
The Global Climate 2001 - 2010 (PDF)

IPCC report on climate-related disasters and
opportunities for managing risks:
Managing the Risks of Extreme Events and
Disasters to Advance Climate Change
Adaptation (SREX)

IPCC report on impacts, adaptation and
vulnerability:
Working Group II Report "Impacts, Adaptation
and Vulnerability"

IFC report on climate-related risks material to
financial institutions:
Climate Risk and Financial Institutions.
Challenges and Opportunities.

Aware data resolution:
The proprietary Aware data set operates at a resolution of 0.5 x 0.5 decimal degrees (approximately
50 km x 50 km at the equator). These proprietary data represent millions of global data points,
compiled from environmental data and the latest scientific information on current climate / weather
related hazards together with potential changes in the future. Future risk outcomes are based on
projections data from the near- to mid-term time horizons (2020s or 2050s, depending on the
hazard and its data availability).
Global climate model output, from the World Climate Research Programme's (WCRP's) Coupled
Model Intercomparison Project phase 3 (CMIP3) multi-model dataset (Meehl et al., 2007), were
downscaled to a 0.5 degree grid.
[Meehl, G. A., C. Covey, T. Delworth, M. Latif, B. McAvaney, J. F. B. Mitchell, R. J. Stouffer, and K.
E. Taylor: The WCRP CMIP3 multi-model dataset: A new era in climate change research, Bulletin
of the American Meteorological Society, 88, 1383-1394, 2007]

Aware data application:
In some instances Risk Topic ratings are only based on Aware data, including:
• Flood
• Permafrost
• Landslides

Country level risk ratings:
These are generated from the data points within a country’s borders. For single locations, site-
specific data are used, and for multiple locations or countries, composite data across the portfolio
of locations are used.

Glossary of terms used in report
"Climate model projections agree": defined as more than 14 out of 16 GCMs agreeing on the
magnitude (e.g. temperature warming of 2 °C) and / or direction of change (e.g. seasonal
precipitation).
"Climate model projections do not agree": defined as 14 or fewer out of 16 GCMs agreeing on the
magnitude (e.g. temperature warming of 2 °C) and / or direction of change (e.g. seasonal
precipitation).
“Significant proportion”: defined as at least 25% of locations when multiple locations are selected.
“Large proportion”: defined as at least 75% of locations when multiple locations are selected.

http://www.ifc.org/wps/wcm/connect/topics_ext_content/ifc_external_corporate_site/cb_home/publications/climaterisk_financial_institutions
http://www.ipcc.ch/publications_and_data/ar4/wg2/en/contents.html
http://ipcc-wg2.gov/SREX/
http://www.acclimatise.uk.com/download.php?u=&a=&ref=163&f=wmo_1119_en.pdf


“Large proportion”: defined as at least 75% of locations when multiple locations are selected.
The above thresholds are used as a means of providing a project-wide risk score where a project
may be spread across multiple locations. This requires more than one individual location to be at
risk to begin signifying whether there is a risk at the overall project level. However, it is always
recommended that individual locations are analysed separately for more accurate, site-specific risk
screening. The overall risk score for the project (high, medium or low) is based on a count of high
risk topic scores. A project scores overall high risk if greater than or equal to 3 individual risk topics
score high. A project scores overall medium risk if between 1 and 2 individual risk topics score high.
A project scores overall low risk if none of the individual risk topics score high.



DISCLAIMER:

The Content in Aware and its output report is provided on an “as is” and an “as available” basis and
without warranties of any kind either expressed or implied. To the fullest extent permissible
pursuant to applicable law, Acclimatise disclaims all warranties, express or implied, including, but
not limited to, implied warranties of merchantability and fitness for a particular purpose. Acclimatise
does not warrant that the functions contained in the Content will be uninterrupted or error-free and
does not accept any responsibility for any mistakes, errors or other deficiencies in the Content and
disclaims all liability in respect of your use of the Content to the fullest extent possible in each and
every applicable jurisdiction.
Neither Acclimatise nor any third party content providers shall be liable for any errors, inaccuracies
or delays in content, or for any actions taken in reliance thereon. The Content is for general
information purposes only. The Content is provided by Acclimatise and from sources which
Acclimatise believes to be reliable and whilst every endeavour is made to keep the information up-
to-date, complete and correct, no representations or warranties are made of any kind, express or
implied, about the completeness, accuracy, reliability, suitability or availability with respect to the
Content. Any reliance you place on such information is therefore strictly at your own risk.
The Content does not provide any form of advice (investment, tax, legal) amounting to investment
advice, or make any recommendations regarding particular financial instruments, investments or
products. Acclimatise will not be liable for any loss or damage caused by a reader's reliance on
information obtained in our Content. Users are solely responsible for their own investment
decisions. Acclimatise’s opinions and analyses are based on sources believed to be reliable and
are written in good faith, but no representation or warranty, expressed or implied, is made as to
their accuracy or completeness. Acclimatise is not authorised for the conduct of investment
business (as defined in the UK's Financial Services and Markets Act 2000) and the Content
provided in our services and products are not intended as, and shall not constitute, investment
advice.

Report generated by: , | Date created: 08.05.2015 10:47 | Aware Build Version: 110913rg
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