
Renewable Energy Project (FFP TON 49450-012) 
 

CLIMATE CHANGE ASSESSMENT 
 

I. BASIC PROJECT INFORMATION 
 

Source: Asian Development Bank 

 
II. SUMMARY OF CLIMATE CHANGE FINANCE 

 

ADF = Asian Development Fund. 
Source: Asian Development Bank 

 
III. SUMMARY OF CLIMATE RISK SCREENING AND ASSESSMENT 

 

Project Title: Tonga Renewable Energy Project (TREP) 

Project Cost: US$53.2 million 

Location: Kingdom of Tonga (various sites) 

Sector: Energy 

Theme: Inclusive economic growth, environmentally sustainable growth.  

Brief 
Description: 
 

Tonga is a small island developing state, remotely situated with a fragile 
economy and is highly vulnerable to climate change and to changes in the 
global economy. Tonga has limited energy security, with a high 
dependence on imported fuels and inadequate access to energy for many 
of the population.  
 
In response, the Government of Tonga (government), with support from 
development partners, the Green Climate Fund (GCF) and the 
Government of Australia, is implementing the Tonga Energy Road Ma p – 
to which this TREP project is an important contributor. The stated Outcome 
of TREP is “expanded access to clear, resilient and affordable energy for 
the population of Tonga”. TREP will also significantly reduce Tonga's 
dependency on imported fuels and contribute to Tonga Nationally 
Determined Contribution (NDC) objectives. 
 
The TREP Outputs are: (I) battery storage on Tongatapu; (ii) grid 
connected renewable energy generation on ‘Eua and Va’vau island groups; 
(iii) renewable energy hybrids and mini-grids on outer islands; and (iv) 
capacity building and project management. 
 

Project Financing Climate Finance 

Source 
Amount 

($ million) 
Adaptation 
($ million) 

Mitigation 
($ million) 

Asian Development Bank    

 Sovereign Project Grant (ADF grant) 12.2 0 12.2 

Cofinancing    

 Government Counterpart    5.6 0   5.6 

 GCF 29.9 1.776 28.124 

 Government of Australia   2.5 0   2.5 

 Tonga Power Limited (TPL)   3.0 0   3.0 

TOTALS 53.2 1.776 51.424 

A. Sensitivity of Project Component(s) to Climate or Weather Conditions and the Sea Level 
 
Project components 
The project Outputs are:  
 

http://www.adb.org/Documents/RRPs/?id=49450-012-2
http://www.adb.org/Documents/RRPs/?id=49450-012-2
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Output 1: Battery Energy Storage Systems (BESS) on Tongatapu - Installing multiple units of 
BESS with a total installed capacity of 10.1 MW / 19.9 MWh to complement the renewable energy 
systems. This includes BESS for both load shifting and grid stability. This will notably facilitate 
investments in solar and wind energy plants and increase the performance of these renewable 
energy plants. 
 
Output 2: Grid-connected renewable energy generation on ‘Eua and Vava’u islands – 
Installing the on-grid solar PV plants with total capacity of 650 kW, coupled with small BESS with 
total capacity of 1.3 MW / 1.4 MWh on ‘Eua and Vava’u. 
 
Output 3: Renewable-based hybrid systems and mini-grids on outer-Islands - Installing mini-
grid renewable-based hybrid systems consisting of 501 kW solar PV coupled with 4.3 MWh BESS 
in total in five outer islands (O’ua, Tungua, Kotu, Mo’unga’one, Mo’unga’one and Niuafo’ou). 
 
Output 4: Strengthening of capacity building and project management – (i) improve capacity 
to assess renewable energy technologies and set off-take tariffs; (ii) create power purchase 
agreements for private sector funded investments; (iii) develop capacity of executing entities to 
manage assets and undertake operations and maintenance and improve community engagement; 
(iv) support the implementing agencies to provide project management in line with international 
standards and best-practices; and (v) support experts on both the design and procurement 
activities, construction supervision, and development of operations and maintenance manuals. 
 
Project vulnerability 
 
The following table summarizes the climate hazards to which the project may be exposed.  
 

Component (a) Flooding 
risk 

(b) Tropical 
cyclones and 

storms 

(c) Sea level rise (d) Wind 
speed 

increase 

(e) Changes in 
solar radiation 

Outputs 1, 2 
and 3 
(infrastructure 
construction) 

All sites are 
exposed to sea 
flooding from 
storm surge. 
 
None of the 
propose sites, 
even on 
Tongatapu, are 
exposed to rain 
driven flooding. 

Infrastructure 
may be 
vulnerable to 
storms. 

Sea level rise 
exacerbates 
threat of flooding, 
and threats of 
coastal erosion, 
and threat of 
permanent 
inundation. 

Risk 
covered 
under (b), 
TCs and 
storms. 

Project economic 
and technical 
performance 
would be 
affected by major 
changes in solar 
radiation. 

Output 4 No risk to the Output, but some activities (e.g. developing capacity or improving 
maintenance) will help TPL to manage all risks, including climate risks. 

 
The following sections describe how the risks posed by the above hazards were screened, 
assessed and the mitigation measures that were taken.  
 

B. Climate Risk Screening 
 
Climate and climate change. 
 
Climate risk screening was carried out using AWARE. Climate change risk was identified as 
medium, with following categories of risk (see Appendix): 

• Sea level rise: high 

• On-shore category 1 storms: high 

• Temperature increase: medium 

• Wind speed increase/decrease: medium 

• Solar radiation increase: medium. 
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1 Source: (CSIRO/BOM, 2014) Climate Variability, Extremes and Change in the Western Tropical Pacific: New Science and 

Updated Country Reports 

All other categories were classified as low risk.  
 
Previous assessments of projected climate and climate change can be summarized as follows1 
(compared to 1995 average levels): 

• Warmer overall climate and extremely hot days, with average temperatures projected to rise 
by 1°c by 2030, and up to 4°c by 2090; 

• Annual average rainfall may not change or may only change a little. However, rainfall 
variability (annual, seasonal and sub-seasonal) is projected to increase; 

• The frequency and intensity of extreme rainfall events are projected to increase, by typically 
15-20% for periods of less than 48 hours; 

• Tropical cyclones are projected to decrease in frequency but increase in intensity; 
• Sea levels are projected to rise by up to 35cm by 2050 and up 88cm by 2090; 
• SLR, together with increases in swells, storms and decreases in atmospheric pressure are 

projected to lead to even greater storm surges;  
• Sea temperature will increase similarly to temperature and sea acidity will increase. 

 

Climate Risk Classification: Climate risk screening was carried out using AWARE for projects and 
the overall climate change risk was identified as medium (see Appendix). 
 

C. Climate Risk and Adaptation Assessment 
 
The project design team undertook an assessment of how each potential climate hazard could 
potentially impact each project component. Where necessary, mitigation measures were 
incorporated into the project design. The findings and the mitigation measures are summarized in 
the following table.  
 

Climate 
hazard 

Impact Likelihood Risk level Mitigation 
measure 

Mitigated 
Risk level 

Output 1:Tongatapu BESS 

Sea level rise 
and storm 
surge 

Potential 
inundation of 
sites damages 
equipment or 
increases 
corrosion  

Power station 
BESS: High 
(Site within 30m 
of lagoon and 
approx. 2m 
above sea 
level)  

Load shifting 
BESS: Low 
(inland site) 

Power 
station 
BESS: High 

Load shifting 
BESS: Low 

 

Increase 
foundation height 
of BESS and 
transformers 
above expected 
water depth 
(1.5 m for Power 
station; 0.5 m for 
load shifting) 

Power 
station 
BESS: Low 

Load shifting 
BESS: Low 

 

More intense 
cyclones and 
more 
frequent 
storms  

Strong / 
damaging 
winds; 
increased salt-
laden air and 
sea spray 

Power station 
BESS: Medium  

Load shifting 
BESS: Medium 

 

Power 
station 
BESS: 
Medium 

Load shifting 
BESS: 
Medium 

 

Specify highest 
level of corrosion 
protection and 
very high ingress 
protection. 
Application of 
Tongan building 
code including 
70 m/s wind 
speed rating 
requirement 

Power 
station 
BESS: Low 

Load shifting 
BESS: Low 

 

Change in air 
temperature 

Slight 
degradation in 
thermal 

Both: negligible 
impact on 
BESS due to 

Low Performance 
guarantees for 

Low 
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performance of 
solar modules 
and battery cells 

active climate 
control of 
enclosure. 

efficiency in place 
for BESS 

Change in 
solar 
resource 

No direct 
impacts on 
BESS 
equipment. 
Available solar 
generation from 
other plant may 
be impacted  

Medium Low Performance 
guarantees for 
efficiency 

Low 

Outputs 2 and 3: Vava’u, ‘Eua and outer islands 

Sea level rise 
and storm 
surge 

Potential 
inundation of 
sites damages 
equipment or 
increases 
corrosion  

Low 

Sites are above 
sea level (>2m) 
and inland 
(‘Eua: 800 m; 
Vava’u 500 m; 
Niuafo’ou 
500 m; Tungua 
150 m; Kotu: 
130 m; ‘O’ua: 
200 m; 
Mo’unga’one: 
100 m) 

Low 

 

Include minimum 
foundation heights 
and equipment 
mounting heights 
for external 
electrical 
equipment in 
specification. 

Low 

 

More intense 
cyclones and 
more 
frequent 
storms  

Strong / 
damaging 
winds; 
increased salt-
laden air and 
sea spray 

Wind damage: 
High 

Corrosion: 
Medium 

 

Wind 
damage: 
High 

Corrosion: 
Medium 

 

Application of 
Tongan building 
code including 
70 m/s wind 
speed rating 
requirement 

Specify very high 
level of corrosion 
protection and 
ingress protection.  

Wind 
damage: Low 

Corrosion: 
Low 

 

Change in air 
temperature 

Slight 
degradation in 
thermal 
performance of 
solar modules 
and battery cells 

Low Low Consider 
temperature 
change in 
performance 
modelling 

Low 

Change in 
solar 
resource 

Impacts solar 
generation  

Medium  Low Consider 
sensitivity of -10% 
solar resource 

Low 

 
The project design team then concluded: “As the mitigated risk for each of the projects is low, no 
further risk assessment is required. Most mitigations are required to be applied during preparation 
of the detailed specifications for procurement, and monitored through contractor selection and 
implementation.” 
 
Additional Observation:  
The project is to construct load shifting BESS (accounting for $14.48 million of the investment) in 
Popua, Nuku’alofa. Recent studies suggest that significant parts, if not all, of Popua currently lie 
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IV. CLIMATE ADAPTATION PLANS WITHIN THE PROJECT 

 
Only responding to medium and high risk levels. 
 

ADB = Asian Development Bank, GHG = greenhouse gas. 
a Energy savings/year x emission factor = GHG emissions reduction. 

Source: Project Feasibility Study Report. 

                                                
2  For example, the report Disaster Risk Assessment for Tonga Integrated Urban Resilience Sector’ (Tonkin and Taylor, 2017) 

identified that all land in Popua lies in inundation zones 2, 3 or 4. Further, the (draft) CRVA (prepared by Russell, M. in 
August 2018) prepared for the Tonga Integrated Urban Resilience Project provides maps that clearly show that all of Popua 
is naturally below maximum high tides, and illustrates how this situation will deteriorate by 2050. 

below average high tide levels.2 Hence, during maximum high tides and storm surges, potentially 
all of Popua is exposed to sea flooding. This situation will worsen with climate change. To respond, 
all construction in this area is generally preceded by land-filling. It is noted that land-filling for some 
badly implemented construction in the past has blocked water drainage and aggravated the flooding 
risk.  
 
It is noted that the proposed mitigation measure, i.e. to raise the foundations by 1.5 m, should be 
sufficient to protect the BESS from sea-flooding for at least 50 years. Further, the proposed location 
for the BESS is sheltered from storms. Hence the proposed construction is climate proof. 
 

D. Climate Risk Screening Tool and/or Procedure Used 

• AWARE; 

• Climate and climate risk assessed by project design team, using climate projections 
provided from external source (CSIRO/BOM). 

Mitigation Activity 

Estimated 
GHG 

Emissions 
Reduction 

(tCO2e/year)a 

Estimated 
Mitigation 

Costs 
($ million) 

Mitigation Finance Justification 

Installation of 
renewable energy 
generation 
capacity. 
 
Installation of 
BESS to 
complement and 
facilitate use of 
renewable energy. 
 
Capacity 
development to 
ensure efficient 
operations and 
management of 
renewable energy. 

 
13,616 

 
51.424 

In line with the Guidance Note on Counting 
Climate Finance in Energy (ADB, January 2017) 
the entire project is focused on shifting energy 
production in Tonga from fossil-fuel based to 
renewable energies. This includes the supportive 
capacity development, technical assistance and 
management activities in Output 4. Hence, in line 
with above-mentioned Guidance Note (Appendix 
1), the entire project falls into Category 
Renewable Energy, and the following two sub-
categories electricity generation (solar power) and 
measures to facilitate integration of RE into grids 
(storage systems). Hence, the entire project costs 
could be considered mitigation finance. 
 
However, in line with “Guidance Note on Counting 
Climate Finance” (ADB, 2017) “Eligible financing 
may be counted as climate mitigation or climate 
adaptation but not both.” And, as $1.776 million is 
counted as adaptation finance, only the remaining 
$51.424 is counted as mitigation finance.  
 



6 
 

 
 
 

V. CLIMATE MITIGATION PLANS WITHIN THE PROJECT 
 

Adaptation Activity 
Target 

Climate Risk 

Estimated 
Adaptation 

Costs 
($ million) 

Adaptation Finance Justification 

Output 1: Increase foundation 
height of BESS and transformers. 

Sea level rise 
and storm 
surge 

$1.776 This is the estimated additional 
costs of increasing foundation 
height of BESS and transformers 
above expected water depth (1.5 m 
for Power station; 0.5 m for load 
shifting). 

Output 1: Specify highest level of 
corrosion protection and very high 
ingress protection, and 
application of Tongan building 
code including 70 m/s wind speed 
rating requirement 

More intense 
cyclones and 
more frequent 
storms. 

n/a  

Output 2 and 3: Specify highest 
level of corrosion protection and 
very high ingress protection. 
Application of Tongan building 
code including 70 m/s wind speed 
rating requirement 

More intense 
cyclones and 
more frequent 
storms. 

N/a  



 
 

Appendix - Report of “AWARE for Projects” 
(Also available as PDF). 

Aware for Projects 
 
Section 1 of 18 

 

01 
Introduction  

This report summarises results from a climate and geological risk screening exercise. The project information 

and location(s) are detailed immediately below. 

 The screening is based on the Aware
TM

 geographic data set, compiled from the latest scientific information on 

 current geological, climate and related hazards together with projected changes for the future where available. 
 These data are combined with the project’s sensitivities to hazard variables, returning information on the current 

 and potential future risks that could influence its design and planning. 

 Project Information  

 PROJECT NAME: Tonga Renewable Energy Project 

 SUB PROJECT: - 

 PROJECT NUMBERTON 49450-012 

 / REFERENCE:  

 SECTOR: Energy 

 SUB SECTOR: Renewable energy generation - solar 

 DESCRIPTION: Tonga is a small island developing state, remotely situated with a fragile economy and is 

  highly vulnerable to climate change and to changes in the global economy. Tonga has 

  limited energy security, with a high dependence on imported fuels and inadequate access 

  to energy for many of the population. 
 

In response, the Government, with support from development partners is implementing the 

Tonga Energy Road Map – to which this TREP project is an important contributor. The stated 

Outcome of this TREP project is “expanded access to clear, resilient and affordable energy 

for the population of Tonga”. TREP will also significantly reduce Tonga's dependency on 

imported fuels and contribute to Tonga NDC objectives. 
 

The TREP Outputs are: (I) battery storage on Tongatapu; (ii) grid connected renewable 

energy generation on Eua and Vavua island groups; (iii) renewable energy hybrids and 

mini-grids on outer islands; and (iv) capacity building and project management.  
 
 
 
 
  



 
 

 

 

02 Chosen Locations 
 

1) Tonga (various islands) 
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03 
Project Climate Risk Ratings 

Below you will find the overall climate risk level for the project together with a radar chart presenting the level of 

risk associated with each individual climate risk topic analysed in Aware
TM

. 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 climate risk ratings 

 

Medium Risk 
 

 
Breakdown of climate risk topic ratings  

) 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 
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04 
OFFSHORE CATEGORY 1 STORMS 

ACCLIMATISE COMMENTARY 
HIGH 

• Our data suggest that the project is located in RISK 

 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 and the joint SOPAC/SPC, World Bank and ADB Pacific 

 Catastrophe Risk Assessment and Financing Initiative (PCRAFI). 

 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? 

 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 for the latest news and information relating to storms and climate change.  
 

I have acknowledged the risks highlighted in this section.  

http://pcrafi.sopac.org/
http://preview.grid.unep.ch/index.php?preview=map&lang=eng
http://pcrafi.sopac.org/
http://pcrafi.sopac.org/
http://www.acclimatise.uk.com/?s=storm
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05 
SEA LEVEL RISE 

ACCLIMATISE COMMENTARY 
HIGH  

RISK   
You have indicated that the project is located in 

a Low Elevation Coastal Zone (LECZ), which 

could be affected by sea level rise. 

 
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 Elevation Coastal Zones (LECZs) 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 trends in sea level rise around the world, please refer to: NOAA's Sea 

Level Trends 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 for the latest news and information relating to sea level and climate change. 
 

I have acknowledged the risks highlighted in this section.  

http://preview.grid.unep.ch/index.php?preview=map&lang=eng
http://tidesandcurrents.noaa.gov/sltrends/sltrends.html
http://tidesandcurrents.noaa.gov/sltrends/sltrends.html
http://www.acclimatise.uk.com/?s=sea%20level
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06 
 
MEDIUM 

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 

 
Yes - a little. 

 
The design of the project may have to be slightly modified to cope with the impact of increased 

temperature. 

 
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 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 

annual average temperature increase will reach 

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 RCPs please refer to USGS's 
CMIP5 Global Climate Change Viewer for 
detailed maps.  

 
4. What next? 

 
1. See the section "Further reading" in "Help and glossary" at the end of this report which lists a 

http://regclim.coas.oregonstate.edu/visualization/gccv/cmip5-global-climate-change-viewer/index.html


 
 

selection of resources that provide further information on a changing climate.  
2. Click here for the latest news and information relating to temperature and climate change. 

 

I have acknowledged the risks highlighted in this section.  

http://www.acclimatise.uk.com/?s=heat
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07 
 
MEDIUM 

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 little. 

 
The design of the project may have to be slightly modified to cope with the impact of increased 

wind speed. 

 
ACCLIMATISE COMMENTARY 

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

 
• The project is considered to have high sensitivity to wind and 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 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. 

http://en.openei.org/apps/SWERA/


 
 

2. Click here for the latest news and information relating to wind and climate change. 
 

I have acknowledged the risks highlighted in this section.  

http://www.acclimatise.uk.com/?s=wind
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08 
 
MEDIUM 

RISK 

 
 

 
WIND SPEED DECREASE 
 
Would a decrease 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 little. 

 
The design of the project may have to be slightly modified to cope with the impact of decreased 

wind speed. 

 
ACCLIMATISE COMMENTARY 

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

 
• A change in wind related risks may lead to incidences where current design standards will not be met 

and also for ‘over designing’ for risks that might diminish. 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 reduced wind speed as well as potential future changes. 

 

 

2. How could reductions in wind speed 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. 

 

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

 
• Climate change could alter the geographic distribution and/or the seasonal variability of 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. 
• 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 for the latest news and information relating to wind and climate change. 
 

I have acknowledged the risks highlighted in this section.  

http://en.openei.org/apps/SWERA/
http://www.acclimatise.uk.com/?s=wind


 
 

Aware for Projects 

 
Section 9 of 18  
 
 
 

09 
 
MEDIUM 

RISK 

 
 

 
SOLAR RADIATION CHANGE 
 
Would a change in solar radiation require modifications to the design of the project in order to 

successfully provide the expected services over its lifetime?  

 
Chosen Answer 

 
Yes - a little. 

 
The design of the project may have to be slightly modified to cope with the impact of changes in 

solar radiation. 

 
ACCLIMATISE COMMENTARY 

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

 
• There is a potential for incidences where current design standards will not be sufficient or met. 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 fluctuating solar radiation as well as potential future changes. 

 
2. How could changes in solar radiation affect the project even without future climate 

change? 
 
 
 

Medium (yearly, seasonal) or longer term 

variations in solar radiation at the Earth’s 

surface can affect for example: 

• Agricultural yields. Rates of photosynthesis 
(and therefore growing season) are 
proportional to the surface solar radiation. • 
Solar power potential.  
• The rate of degeneration of building materials. 

 
 
 

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

 
• Future projections of regional ‘dimming’ or ‘brightening’ are difficult to predict. This is due largely to 

the large uncertainty surrounding cloud formation under climate change conditions. 

• Given future uncertainty it is advisable to carefully assess past levels of solar radiation 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 solar radiation 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 for the latest news and information relating to water and climate change. 
 

I have acknowledged the risks highlighted in this section.  

http://en.openei.org/apps/SWERA/
http://www.acclimatise.uk.com/?s=solar
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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 annual average 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 RCPs please refer to USGS's CMIP5 Global Climate Change Viewer for detailed maps. 

 
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 for the latest news and information relating to water and climate change. 
 

I have acknowledged the risks highlighted in this section.  

http://regclim.coas.oregonstate.edu/visualization/gccv/cmip5-global-climate-change-viewer/index.html
http://www.acclimatise.uk.com/?s=water
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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 reduced 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 annual average 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 RCPs please refer to USGS's CMIP5 Global Climate Change Viewer for detailed maps. 

 
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 for the latest news and information relating to water and climate change. 
 

I have acknowledged the risks highlighted in this section.  

http://regclim.coas.oregonstate.edu/visualization/gccv/cmip5-global-climate-change-viewer/index.html
http://www.acclimatise.uk.com/?s=water
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The sections above will provide details on all high and medium climate hazard risks from Aware

TM 

where these are suggested by the climate sensitivities of the project and / or the underlying data. 

Selected Low risks may also be 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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Project Geological Hazard Risk Ratings 

Below you will find the overall geological hazard risk level for the project together with a radar chart presenting 

the level of risk associated with each individual geological risk topic analysed in Aware
TM

. Projects with a final 
“High risk” rating are always recommended for further more detailed geological 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 

geological 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 geological risks at the design stage. Links are 

provided to recent case studies, relevant data portals and other technical resources for further research. 
 
 

 
Final project geological hazard risk ratings 

 

Low Risk 
 

 
Breakdown of geological hazard risk topic ratings  

A) Earthquake 
 

B) Seismic landslide 
 

C) Tsunami 
 

D) Volcano 
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The sections above will provide details on all high geological hazard risks from Aware

TM
  where 

these are suggested by the underlying data. 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.  
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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 make 
use of GCM ensemble percentiles to determine: for temperature increase, whether 75% of CMIP5 

GCM ensemble agree on a magnitude of change; for precipitation increase and decrease, whether 
75% of CMIP5 GCM ensemble agree on the direction 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: 

 
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 below, 

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.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
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].  
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 

http://accounts.acclimatise.uk.com/awareforprojects/index.php


 
this change, adaptation is needed – in this case, one adaptation measure is to increase the height of 

the flood defence. 

 
Further reading and resources:  

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

 
 
 
 
 
 

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: 

Climate Change 2014: Impacts, Adaptation, and 

Vulnerability 

 
 

 
IFC report on climate-related risks material to 

financial institutions: 

Climate Risk and Financial Institutions.  
Challenges and Opportunities. 

 
 

 

Nationally Determined Contributions (NDCs) 

submitted under the COP21 Paris Agreement: 

NDC Registry. 

 
 
 

ADB report on investment in disaster resilience:  
Investing in Resilience: Ensuring a Disaster-

Resistant Future. 
 
 
 

 

UNISDR's report on disaster risk success stories: 

Disaster risk reduction: 20 examples of good 

practices from Central Asia. 

 
 

 
UNISDR's review and analysis of data and 

information on disaster risk patterns and trends: 

 
Global Assessment Report on Disaster Risk  
Reduction. 

 
CRED's International Disasters Database:  
EM-DAT. 

 
 
 

 
DesInventar Project's historical disaster impact 

catalogues: 

DesInventar. 

https://accounts.acclimatise.uk.com/uploaded_dir/wmo_1119_en.pdf
http://www.ipcc.ch/report/srex/
http://www.ipcc.ch/report/srex/
http://www.ipcc.ch/report/srex/
http://www.ipcc.ch/report/ar5/wg2/
http://www.ipcc.ch/report/ar5/wg2/
http://www.ipcc.ch/report/ar5/wg2/
http://www.ifc.org/wps/wcm/connect/topics_ext_content/ifc_external_corporate_site/sustainability-at-ifc/publications/publications_report_climateriskandfis-fullreport__wci__1319578190360
http://www.ifc.org/wps/wcm/connect/topics_ext_content/ifc_external_corporate_site/sustainability-at-ifc/publications/publications_report_climateriskandfis-fullreport__wci__1319578190360
http://www4.unfccc.int/ndcregistry/Pages/All.aspx
https://www.adb.org/sites/default/files/publication/30119/investing-resilience.pdf
https://www.adb.org/sites/default/files/publication/30119/investing-resilience.pdf
https://www.adb.org/sites/default/files/publication/30119/investing-resilience.pdf
https://www.unisdr.org/we/inform/publications/2300
https://www.unisdr.org/we/inform/publications/2300
http://risk.preventionweb.net/capraviewer/download.jsp
http://risk.preventionweb.net/capraviewer/download.jsp
http://www.emdat.be/
http://www.desinventar.org/en/


 
 

National progress reports to UNISDR on DRM 

commitments: 

HFA National Progress Reports. 
 

National documents DRM policy and strategy 

documents and studies: 

Disaster risk reduction in the world. 
 

National-level factsheets based on the Global 

Assessment Report: 

Country Profiles. 

 
GEM NEXUS Building and population inventory : 

GED4GEM database. 
 
 

 
GAR analysis tool of exposure including 

population, capital stock and economic 

indicators:  
Risk Data Platform CAPRAViewer. 

 

 
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 (Meehl et al., 2007) and 5 (CMIP5) multi-model dataset (Taylor et al., 

2012), were resampled to a 0.5 degree grid.  
[Taylor, K.E., R.J. Stouffer, G.A. Meehl (2012) "An Overview of CMIP5 and the experiment design.” 

Bulletin of the American Meteorological Society, 93, 485-498.  
[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 – precipitation induced 
• Earthquake 
• Landslides – seismic induced 
• Volcano 
• Tsunami 

 
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": for temperature, defined as 75% of CMIP5 GCM ensemble 

members agreeing that annual average temperature increase will reach 2°C; for precipitation increase 

or decrease, defined as 75% of CMIP5 GCM ensemble members agreeing on the direction of annual 

average precipitation change. 
 

"Climate model projections do not agree": for temperature, defined as only 25% of CMIP5 GCM 

ensemble members agreeing that annual average temperature increase will reach 2°C; for precipitation 

increase or decrease, defined as only 25% of CMIP5 GCM ensemble members agreeing on the 

direction of annual average precipitation change.  
The overall climate risk score for the project (high, medium or low) is based on a count of high risk 

topic scores. A project scores overall high climate risk if greater than or equal to 3 individual risk topics 

score high. A project scores overall medium climate risk if between 1 and 2 individual risk 

http://www.preventionweb.net/english/hyogo/progress/reports/
http://www.preventionweb.net/countries/map
http://www.preventionweb.net/english/hyogo/gar/2015/en/home/data.php?iso=
https://www.nexus.globalquakemodel.org/ged4gem/posts
http://risk.preventionweb.net/capraviewer/main.jsp?tab=1&mapcenter=13081127.270789,1869368.5554314&mapzoom=3


 
topics score high. A project scores overall low climate risk if none of the individual risk topics score 

high.  
The overall geological risk score for the project (high, medium or low) is based on a count of high risk 

topic scores. A project scores overall high geological risk if greater than or equal to 2 individual risk 

topics score high. A project scores overall medium geological risk if 1 individual risk topic scores high. 

A project scores overall low geological risk if none of the individual risk topics score high.  
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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.  
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