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I. IMPACT OF CLIMATE CHANGE ON TRANSPORT INFRASTRUCTURES 

A. General 

1. The global climate change is expected to cause significant impacts on transport 
infrastructure. The Inter-governmental Panel on Climate Change (IPCC) (2007) predicted that 
climate change will: 

 
 cause a rise in mean sea level; 
 increase in atmospheric temperature; 
 increase in frequent heat waves and heavy rainfalls; and 
 increase in droughts, tropical storms, extreme high tides and storm surges (such as 

tsunamis). 
 
2. The transport sector is vulnerable to changes in climate variables and expected changes 
in the frequency and intensity of extreme weather events as well as increased sea level. For 
example: 
 

 Changes in temperature (both a gradual increase in temperature, and an increase in 
extreme temperature) are likely to impact road pavements (such as heat-induced 
heaving and buckling of joints); 

 Changes in temperature will also impact the behavior of permafrost and thus the 
infrastructure lying on permafrost;  

 Extreme weather events such as stronger and/or more frequent storms will affect the 
capacity of drainage and overflow systems to deal with stronger or faster velocity water 
flows; 

 Increased salinity levels will reduce the structural strength of pavements and lead to 
precipitated rusting of the reinforcement in concrete structures.  

3. Typhoons and hurricanes resulting in tsunamis and floods have occurred more 
frequently particularly in Pacific island countries, and caused significant damages to roads, 
bridges and wharfs. Many of these infrastructures were constructed several years ago and, 
although not yet reached their design life due to traffic loading, have been severely damaged 
due to climate change and lack of maintenance. The phenomena of weather change pattern, 
plus years neglect in maintenance have reduced their serviceable life prematurely. Especially 
developing nations that can least afford to allocate a large proportion of their annual budget to 
rehabilitate the damaged infrastructure due to climate change must consider preventive 
measures to minimize the impact of climate change. These measures should include a better 
design methodology and more importantly, a sustainable maintenance effort. 
 
4. The impacts of climate will impose additional burdens on development. The 2009 ADB 
report “The Economics of Climate Change in Southeast Asia – A Regional Review”1 estimates a 
potential equivalent to 6.7% of combined GDP per year by 2100 for four countries in Southeast 
Asia, including Indonesia’s West Papua region. Although the Solomon Islands is not included in 
the study, the implication is evident. 
 

                                                 
1 ADB, April 2009. The Economics of Climate Change in Southeast Asia: A Regional Review. 
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5. This assessment intends to meet the terms of reference requirements of the technical 
assistance (TA)2 on climate change considerations and has developed a framework 
methodology for the risk assessment of infrastructure subprojects in terms of impacts of climate 
change. This text also discusses adaptation options and principles of selecting appropriate 
options. 
 
6. Within the Solomon Islands Road Improvement (Sector) Project,3 work has been carried 
out in order to assess the climate change impacts and needed adaptation in the project, 
especially in reference to a North West Guadalcanal Road subproject (rehabilitation) along the 
north-western coast of the Guadalcanal Island. This work (presented in a report entitled: 
‘Preliminary Climate Change Assessment for North West Guadalcanal Road – Poha to Naro 
Hill’)4 includes vulnerability and risk assessment and identification of climate change adaptation 
for individual sections of the assessed road, and produces cost estimates for the proposed 
adaptation. 
 
7. The ADB Working Paper5 includes useful rationale on climate change adaptation options 
in the transport sector, and on developing an adaptation strategy. It also discusses project 
design and implementation issues related to climate change adaptation.        
 
B. Implications on Engineering Design and Constructions 

8. The impact of climate change on existing transport infrastructures which have been 
designed and maintained to current standards are generally considered to be moderate with 
adaptation requiring minor to moderate investment. Action may be required for specific 
mitigations in areas where for example roads and bridges are subject to severe flood damage 
and airstrips and wharfs situated in low lying area vulnerable to sea level rising. 
 
Increase in temperature and effects of droughts may affect sub-grade moisture content of roads 
and reduce the structural strength of roads, resulting increased need for maintenance actions. 
The relationship between climate change and impacts on infrastructures is depicted in Source: 
Bourque and Simonet “Impacts of Climate Change on Infrastructures and Implications on Engineering” 
 
9. Figure 1Figure 1 below. 
 

                                                 
2 ADB. 2010. Technical Assistance to the Solomon Islands for Preparing the Transport Sector Development Project. 

Manila (TA 7335-SOL). 
3 ADB. 2006. Report and Recommendation of the President to the Board of Directors on Proposed Grants to 

Solomon Islands for the Road Improvement (Sector) Project. Manila (Grant 0048/0049/0050). 
4 ADB SIRIP, May 2010. Preliminary Climate Change Assessment for North West Guadalcanal Road, Poha to Naro 

Hill . 
5 ADB. 2010. Climate Proofing Investments in the Transport Sector. A Technical Note.   
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Source: Bourque and Simonet “Impacts of Climate Change on Infrastructures and Implications on Engineering” 
 
Figure 1: Impacts of Climate Change 
 
 
10. Climate change in tropical nations, particularly in the Pacific Islands nations may result in 
atmospheric and hydrospheric changes including: 
 

 extreme temperature increases;  
 sea level rises; 
 increase in rainfall;  
 more frequent and strong hurricanes and severe storms; and 
 increase in wind speeds. 

 
11. Impacts of these changes on transport infrastructures6 related to the proposed sub-
projects are summarised in Table 1. 
 
Table 1: Summary of Impacts 

Climate change 
Impacts on Transportation Infrastructure 

Roads and bridges Wharves Airstrips 

Temperature 
increases resulting 
in very hot days and 
heat waves  

Deterioration of pavement e.g., 
softening, rutting, migration of 
liquid asphalt for bitumen roads 
and loss of pavement binding 
materials for gravelled 
pavements. 

Corrosion of reinforced 
concrete sub-structures due 
to increase in salt levels 

Cracking of deck surface. 

Similar to road 
pavements 

Sea level rises Damage to roads, tunnels and 
bridges due to flooding, 
inundation in coastal areas, and 

Damage to wharf deck and 
sub-structure due to prolong 
submerge in salt water and 

Similar to road 
pavements 

                                                 
6 National Research Council. 2008. Potential Impacts of Climate Change on U.S. Transportation. Transportation 

Research Board Special Report 290.  
http://onlinepubs.trb.org/onlinepubs/sr/sr290.pdf?bcsi_scan_7823DFCE46415F3E=0&bcsi_scan_filename=sr290.pdf.   
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Climate change 
Impacts on Transportation Infrastructure 

Roads and bridges Wharves Airstrips 

coastal erosion. 

Severe damage due to landslides 
and subsidence. 

increase in salt levels. 

Increase in rainfall Severe damage to road 
pavements due to increase in soil 
moisture content and inadequate 
drainage provision to cope with 
increase in precipitation. 

NA Similar to road 
pavements 

Cyclones/hurricanes 
and frequent strong 
storms 

Increase probability of road 
failures due to inadequate design 
provisions to withstand changes. 

Damage to roadside furniture. 

Increased threat to stability of 
bridge decks and to bridge 
approaches by washing away 
embankments. 

Increase probability of 
structural failures due to 
inadequate design 
provisions to withstand 
changes. 

Similar to road 
pavements 

Increase in wind 
speeds 

Fallen trees roadside furniture 
onto roads causing safety risks to 
vehicles and pedestrians and 
possible road closures. 

 

Structural damage to 
wharf/jetty structures which 
have not been designed to 
withstand severe wind 
loads. 

Trees seldom 
close-by. 

 
C. Assessments of Climate Change in the Solomon Islands 

12. The Solomon Islands experiences a hot and humid tropical climate with large variations 
in temperature and rainfall over short distances due to topography and locations of different 
islands. The climate is controlled largely by seasonal movement of equatorial trough (low 
pressure belt) which migrates between the northern and southern hemispheres resulting in two 
distinct periods of wet seasons: January to March subject to north and north-west monsoon 
winds and May to October subject to south-east trade winds. The maximum and average 
temperatures and rainfall statistics of the country are summarised below: 
 

 Temperatures 
o Average maximum: 31 degrees Celsius (oC)   
o Average minimum: 22 degrees Celsius (oC)   

  
 Humidity 

o High, frequently reaches 90% 
 

 Rainfall 
o Average annual rainfall: within the range from 3,000 mm to 5,000 mm, with majority 

monthly rainfall exceeding 200 mm. 
o Maximum rainfall in southern sides of the larger islands occurs between June and 

September. 
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o Extreme rainfall occurs between December and April. 
 
13. There have been some studies carried out to assess the climate changes in Pacific 
Island countries including the Solomon Islands. Some of these studies have been in relation to 
specific projects in a specific country or region. Most assessments carried out in previous 
studies have concentrated on the following parameters: 
 

 Change in onset and intensity of seasonal rains; 
 Change in very hot days and heat waves; 
 Sea level rises; 
 Change in intensity of and frequency of precipitation events, and flood patterns; and 
 Change in cyclone intensity, frequency and duration, and associated storm surge and 

wave action. 
 
14. Climate change projections for these island countries have been carried out based on 
observational records. Results from observational records indicate: 
 

 Significant increases in annual number of hot days and warm nights; 
 Significant decreases in annual number of cool days and cool nights; 
 Increases in extreme hot days; 
 Decrease in extreme cold days; 
 Increase in mean annual rainfall in South Pacific Convergence Zone; and 
 Annual and seasonal ocean surface and island air temperatures have increased by 0.6-

1.0 oC since 1910. 
 
15. The IPCC Fourth Assessment Report7 made the following climate change projections for 
the Pacific Region: 
 

 An increase in annual mean temperature of 1.98 oC (+/- 0.41 oC) in the in the Pacific 
Ocean by 2050, and 2.99 oC by 2080s. 

 Annual mean precipitations expected to increase by 5.5% (+/- 2.5) by 2050 and 7.6% by 
2080s. 

 
16. For smaller Island nations: 
  

 Tropical cyclones intensities could increase 5-10% by 2020. 
 Peak rainfall rates are likely to increase by 25%. 
 Overall average sea level rise is +0.77 mm per year. 
 Sea level rises 18-50 cm by 2100. 

 
17. Table 2 below shows the conservative projection of changes in air temperature and 
precipitation relative to 1961-1990 for the Southern Pacific region made by the IPCC Fourth 
Assessment Report: 
 
 
 
                                                 
7 IPCC. 2007. Climate Change 2007. Fourth Assessment Report.  
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Table 2: Projected temperature and precipitation changes 

 2010-2039 2040-2069 2070-2099 
Air Temperature (oC) +0.45 to +0.82 +0.80 to +1.79 +0.99 to +3.11
Precipitation (%) -3.9 to +3.4 -8.2 to +6.7 -14.0 to +14.6

 
18. A number of proposals were made in a report by the World Bank on the climate change 
assessment of the Solomon Islands.8 These include: 
 

 Reviewing Hazard and establish volcano monitoring early warning system; 
 Establishing integrated hazard information system and tools (with GIS capability); 
 Developing Guadalcanal flood plain management regime and warning system; 
 Supporting the Climate Change Division for development of a climate change adaptation 

policy, governance arrangements and action plans; 
 Supporting the implementation and integration of a new institutional framework of the 

National Disaster Council including climate change adaptation; and  
 Undertaking disaster risk reduction activities and investment within priority sectors and at 

the country level. 

19. Some of these proposals have been or are being implemented with funding from various 
development partners. In time to come there should be an effective mechanism to forecast more 
accurately the climate change pattern and formulate policies and guide lines to manage the 
climate change risks. 
 
20. General conclusions of various studies on climate change can be summarized as 
follows: 
 

1. Tropical Cyclones and Major Storms 

21. Studies indicate that there is evidence of more frequent occurrence of severe tropical 
storms and cyclones and tsunamis in the Pacific Region of which the island countries such as 
the Solomon Islands are particularly vulnerable. Consideration of the impacts based on the 
“likelihood” of increase in storm intensity should be given to infrastructures (e.g., coastal roads, 
wharfs located in less sheltered coastal areas) subject to these impacts with an adaptation 
capacity requiring moderate investments. 
 

2. Sea Level Rises 

22. Despite prediction of sea level rises of up to 18 cm by 2050, the likelihood of any 
significant impacts on transport infrastructures would be those in low coastal areas with 
adaptation capacity requiring significant investments. These may include some wharfs and 
roads which have not been designed to accommodate the predicted changes. 
 

3. Floods 

23. Likelihood is assessed as between “likely” and “possible” with generally minor 
consequences except in areas where drainage capacity is considered poor. These may include 

                                                 
8 World Bank. 2008. Reducing the Risk of Disasters and Climate Variability in the Pacific Islands – Solomon Islands 

Country Assessment. 
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rural roads which were not constructed to appropriate standards. Major investment in improving 
drainage capacity is considered necessary for majority of the roads in this country. 
 

4. Extreme Temperatures 

24. There is evidence in gradual temperature rises in the Solomon Islands (see Figure 2 for 
East Guadalcanal). The consequences for transport infrastructures are considered minor, 
except where bituminous road surfaces may be subject to bleeding and softening, causing 
surface deterioration and accident risks. 
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Figure 2: Temperature Changes in East Guadalcanal  

 
 

5. Other Events – Droughts and Bushfires 

25. These unlikely events may not have significant impacts on transport infrastructures in the 
Solomon Islands. 
 
 

II. RISK ASSESSMENT AND ADAPTATION FRAMEWORK 

A. General 

26. Depending on the design life of an infrastructure project, to cater for climate change 
could be very costly in the short term, although in the long term the return would justify the initial 
costs. In recent years government agencies in developed countries have made significant 
efforts in developing methodologies for adaptation and risk management. There are many 
definitions of adaptation to climate change. Two strategies have been recognised as necessary 
to reduce the impacts of climate change on transport infrastructures: 
 

(i) Mitigation – remove the risks of climate change by reducing carbon emission 
(ii) Adaptation – managing the risks of climate change through engineering assessment 

 
27. The first strategy requires global and national efforts through research, education and 
co-operations among nations and is a continuing process with little or no results in the short 
term. The more immediate and practical strategy is adaptation to climate change through 
effective management of risks.  
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B. Adaptation Options 

28. In the transport sector, there are two adaptation options as follow:9 
 

(i) Engineering Options 
(ii) Non-engineering Options 

 
1. Engineering Options 

29. The adaptation process through engineering options will include the following:  
 

(i) Assess the suitability of the  location of the proposed infrastructure (existing for 
rehabilitation or new development) and determine whether it is subject to impacts of 
climate change (e.g., sea level rise, flooding due to increasing storm frequency, over-
exposure to heat and wave etc.). 

(ii) Determine life cycle of the proposed development. 
(iii) Determine the need for changes in design and construction parameters, including: 

 Subsurface conditions 
 Materials specification 
 Cross sections for roads and standard dimension for structural elements 
 Drainage provision and erosion control 
 Protective structures (e.g., gabions, retaining walls etc.) 

(iv) Adopt appropriate action (e.g., reselect locations, adopt a design that overcomes the 
impact of climate change). 

(v) Reduce uncertainties in climate design and enforce engineering codes and 
standards to ensure design allowance for climate change impacts. 

(vi) Strictly adhere to the maintenance schedule and requirements. 
 

2. Non-Engineering Options 

30. These options include: 
 

(i) Research information and assess of climate change pattern. Identify risks to a 
development project and provide advice on these risks which can be minimized in 
the project planning process, including maintenance planning, location or alignment 
planning, land use planning and master planning. 

(ii) Select locations for new development of infrastructure projects in areas less 
vulnerable to climate change impacts. This requires clear decisions in the planning 
and design phase of the project. 

(iii) Provide better planning, better policies and regulations and standards, and improve 
expertise in climate change research and technology. 

(iv) Raise awareness of the effect of climate change through educational and publicity 
process, such as workshops and seminars, and develop methodologies to cope with 
their negative impacts. 

(v) Develop bio-engineering systems to reduce the erosion of soils and risks of flooding 
in proximity to road infrastructure. 

                                                 
9 ADB. 2010. Climate Proofing Investments in the Transport Sector: Road Infrastructure (Draft).   
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(vi) Improve land management systems that will focus on the combination of mitigation, 
adaptation, and long term sustainability (e.g., catchment reforestation). 

 
C. Risk Assessment 

31. An internationally recognized methodology for conducting risk assessment of 
infrastructure projects has been developed for the evaluation of impact and adaptation capacity 
of infrastructure in Australia10 and can be adapted for use in projects in the Solomon Islands. 
The essential elements of the methodology for the risk assessment are: 
 

 L – Likelihood; 
 C – Consequence; and 
 R – Risk. 

32. The terms, based on AS/NZS 4630-2004 Risk Management, are defined as follows: 
 

1. Likelihood L 

33. The likelihood of an event has five levels from A “Almost Certain” to E “Rare” as shown 
in Table 3. 
 
Table 3: Likelihood Descriptors 
Level Descriptor Description Indicative Frequency 

A 
Almost 
certain 

The event will occur at least on an annual basis Once a year 

B Likely 
The event has occurred several times in your 
career 

Once in 3 years 

C Possible The event might occur a  few times in your career Once in 10 years 

D Unlikely 
The event does occur somewhere from time to 
time 

Once in 30 years 

E Rare Heard of the similar event occurring elsewhere Once in 100 years 
 

2. Consequence C 

34. Five consequences resulting from interaction between the event and the infrastructure 
being considered are defined in Table 4 ranging from Level 1, being insignificant to Level 5, 
catastrophic. 
 
Table 4: Consequence Descriptors 
Level Descriptor Description 

1 Insignificant The event would attract no attention or resources 
2 Minor The event may have minor impact requiring maintenance attention 
3 Moderate The event does require some attention in repairs and maintenance 
4 Major The event results in major damages and require significant resources 
5 Catastrophic The event causes a complete structural failure and require replacement 

 

                                                 
10 See AS/NZS 4630-2004. 
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3. Risk R 

35. Four levels of risks, ranging from level 1 (low) to level 4 (extreme) are defined as shown 
in Table 5. 
 
Table 5: Risk Descriptors 

Level Descriptor 
1 Low 
2 Medium 
3 High 
4 Extreme 

 
36. The assessment matrix applicable to a generic infrastructure under consideration is 
defined according to both the likelihood level and consequence level is given in Table 6 below. 
 
Table 6: Risk Level Determination 

Likelihood 
Level 

Consequence Level 
1 

Insignificant 
2 

Minor 
3  

Moderate 
4 

Major 
5  

Catastrophic 
A  Almost certain Medium Medium High Extreme Extreme 
B  Likely Low Medium High High Extreme 
C  Possible Low Medium Medium High High 
D  Unlikely Low Low Medium Medium Medium 
R  Rare Low Low Low Low Medium 
 
D. Adaptation Capacity Assessment 

37. Following the assessment of risk, it is necessary to assess the ability of the infrastructure 
to be adapted to the impact of climate change event under consideration. Table 7 below shows 
the adaptation capacity level and example of resources that may be required. 
 
Table 7: Adaptation Capacity Assessment 

Level Descriptor Example Descriptions 
1 No Action required  
2 Minor investment required <5% of the capital cost of infrastructure 
3 Significant investment 

required 
<20% of the capital cost of infrastructure 

4 Major investment required >20% of capital cost of infrastructure 
5 External initiative required Extreme measures or emergency management 

required. This action may need to be combined 
with one other level of investment. 

 
1. Infrastructure/Climate Risk Assessment of Subprojects 

38. Table 8 shows an assessment matrix of risk and adaptation capacity on various climate 
change events to occur for specific projects. This matrix is applied to the sample subprojects in 
this TA. 
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Table 8: Risk and Adaptation Assessment Matrix 
Assessment 
Description 

L Likelihood C Consequence R Risk A Adaptation 

 A: Almost certain 
B: Likely 
C: Possible 
D: Unlikely 
E: Rare 

1: Insignificant 
2: Minor 
3: Moderate 
4: Major 
5: Catastrophic 

1: Low 
2: Medium 
3: High 
4: Extreme 

1: No action 
2: Minor investment 
3: Significant investment 
4: Major investment 
5: Extreme initiatives 

Sector/Event 
Tropical 
Cyclones 

Major Storms 
Sea level Rise Floods 

Temperature 
Change 

Other  
(Drought, Bush 

fire) 
Project/Option L C R A L C R A L C R A L C R A L C R A 
Airstrip                     
Road                     
Wharf                     
 
39. Applying the adaptation assessment matrix on the selected sample subprojects, the 
following climate parameters, which may impact on the subproject, are identified: 
 

 Increase in mean precipitation and intensity including more intense rainfalls in the wet 
seasons, resulting more frequent flooding of the roads 

 Increase of tropical cyclones 
 Average sea level rise in Pacific Region (+0.77 mm per year - IPPC data) 
 Increase in annual number of hot days 
 Increase in frequency of hot extremes 

 
Table 9: Risk and Adaptation Assessment as per the Sample Subprojects   

*A wharf sample subproject initially selected for assessment was later excluded because the Ministry of Infrastructure 
Development (MID) has experiences in wharf’s feasibility studies. However, risk assessment and adaptation 
assessment is done also for a wharf. 

 
2. Road Sample Subproject – St. Martin Road 

40. As climate change parameters are assessed for St. Martin Road rehabilitation under the 
likelihood and consequence descriptors, the overall risk level appears low and does not justify 
more than minor additional investments due to climate change adaptation. 

Assessment 
Description 

L  Likelihood C Consequence R Risk A  Adaptation 

 A: Almost    certain 
B: Likely 
C: Possible 
D: Unlikely 
E: Rare 

1: Insignificant 
2: Minor 
3: Moderate 
4: Major 
5: Catastrophic 

1: Low 
2: Medium 
3: High 
4: Extreme 

1: No action 
2: Minor investment 
3: Significant investment 
4: Major investment 
5: Extreme initiatives 

Sector/Event 

Tropical 
Cyclones 

Major 
Storms 

Sea level Rise Floods 
Temperature 

Change 
Other 

(Drought, Bush fire) 

Project/Option L C R A L C R A L C R A L C R A L C R A 
St Martins 
Rd 

B 2 2 2 D 1 1 1 B 3 3 3 A 1 1 1 E 1 1 1 

Gizo Airstrip B 2 3 3 C 2 1 2 D 4 1 2 A 2 2 3 E 1 1 1 
Wharf* B 2 2 2 A 3 1 2 D 2 1 1 A 1 1 1 E 1 1 1 
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41. The preliminary design has made provisions for improving drainage by providing proper 
catch drain channels and masonry box drains for access roads which will significantly reduce 
the impacts of severe storms and flash flooding. 
  

3. Airfield Sample Subproject - Gizo Airstrip 

42. The preliminary design for upgrading the Gizo airstrip includes provision of bituminous 
surfacing that will significantly reduce the impacts of most major climate change events, as the 
new surface will be more tolerant towards impacts by water. 
 
 

III. ADAPTATION PRINCIPLES FOR TSDP SUBPROJECTS 

43. This section discusses in general the principles in considering appropriate adaptation 
options in relation with road, wharf or airstrip rehabilitation or upgrading subprojects to be 
implemented in the Transport Sector Development Project (the Project). It is important to 
identify necessary adaptation measures especially with the rehabilitation, upgrading, 
reconstruction subprojects in their design stage, so that best benefits of the long term 
investments will be secured. Certain considerations should also be made concerning the 
maintenance subprojects, through screening/checklists in the scoping and contracts preparation 
stage.       
 
44. The relevant climate changes expected and to be considered are based on the 
discussion in the previous sections of this document, are the following:  
 

 Decrease or increase in mean precipitation 
 Increase in intensity of peak rainfall leading to more intense flooding in low lying areas    
 Increase in frequency of tropical cyclones and in maximum cyclone intensities 
 Sea level rise of 0.6-0.8 mm/year 
 Significant increases in the annual number of hot days and warn nights 
 Significant decreases in the annual number of cool days and cold nights 
 Increases in the frequency of hot extremes 

 
45. Table 10 below summarises the potential impacts of climate change issues relevant to 
the Solomon Islands in relation to various types of transport infrastructure.     
 
Table 10: Summary of Potential Climate Change Impacts in the Solomon Islands to Transport 
Infrastructure  

Climate Change 
Impacts of Transport Infrastructure in the Solomon Islands 

Roads 
Wharves (and 

Bridges) 
Airstrips 

Decrease or increase 
in mean precipitation 

Not an impact to be 
considered 

Not an impact to be 
considered 

Not an impact to be 
considered 

Increase in intensity 
of rainfall 

Inadequacy of drainage 
capacity, increase in 
damage by scouring/ 
runoff, road structural 
damage caused by 
flooding and stagnant 

Increase in damage to 
concrete structures, 
abutments, gabions, 
even river beds etc. by 
scouring, erosion. 
Increase in debris 

Inadequacy of drainage 
capacity, increase in 
damage by scouring, 
runway structural 
damage caused by 
flooding and stagnant 
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Climate Change 
Impacts of Transport Infrastructure in the Solomon Islands 

Roads 
Wharves (and 

Bridges) 
Airstrips 

water (i.e. moisture 
content increase), 
landslides, washouts,  
slope failures.  

getting stuck at bridges 
blocking water flow.    

water (i.e. moisture 
content).    

Increase in frequency 
of tropical cyclones 
and in maximum 
cyclone intensities 

Damages (erosion, 
scouring, softening, 
washouts, and 
landslides) to road 
structures and roadside 
elements, like furniture. 
Falling of trees due to 
winds. 

Threat to stability of 
bridges, wharf 
structures, structural 
failures, washouts. 

Damages (erosion, 
scouring, softening) to 
airstrip pavement,  

Sea level rise Damages (inundation, 
scouring, erosion, 
softening of structures) 
to roads in coastal 
areas.     

Damages to structures 
(decks, support 
structures) and 
abutments due to 
submerge, exposure to 
increased salinity.   

Damages (inundation, 
scouring, erosion, 
softening of structures) 
to airstrips in low 
areas.     

Increases in annual 
number of hot days 
and warm nights  

Deterioration of 
bituminous wearing 
course integrity 
(softening, rutting). 

Cracking of deck 
surface. 

Deterioration of 
bituminous runway 
wearing course 
integrity. 

Decreases in annual 
number of cool days 
and cold nights 

Not an impact to be 
considered 

Not an impact to be 
considered 

Not an impact to be 
considered 

Increases in the hot 
extremes 

Deterioration of 
bituminous wearing 
course integrity 
(softening, rutting). 

Not an impact to be 
considered 

Deterioration of 
bituminous runway 
wearing course 
integrity (softening, 
rutting). 

 
46. It is obvious, that some of the potential impacts are to be taken very seriously and 
adaptation measures are needed to be considered when designing new construction and 
rehabilitation, while some of the potential impacts are so minor that they do not require specific 
extra adaptation measures to be taken. 
 
47. The ADB Working Paper entitled “Climate Proofing Investments in the Transport Sector; 
A Technical Note,” January 2010, discusses how in overall, the adaptation options towards 
climate change in relation to transport infrastructure may be grouped into engineering options 
and non-engineering options as per the figure presented in that document (Figure 3). 
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Figure 3: Nature of Climate Change Adaptation Options in the Transport Sector        
 
48. Appendix 1 presents the adaptation measures that should be considered during 
feasibility studies, and detailed design stage of the rehabilitation, upgrading and reconstruction 
activities selected for implementation in the Project. The adaptation measures that will be 
decided upon will have to be costed through project-specific considerations, stemming from the 
costs of any additional work quantities, use of more expensive materials, etc.     
 
49. For the maintenance activities to be implemented under the Project (and actually to be 
applied by MID in all maintenance works) the approach for climate change adaptation 
considerations should be ‘lighter’ but yet comprehensive. A feasible approach would be to 
create and apply checklists during maintenance contract preparations, and if needed to plan for 
adaptation measures that would then be included in bidding and contract documents. As part of 
normal and necessary considerations in any maintenance contract preparation, experience and 
observations of any issues related to climate change should be fed into the preparation of new 
contracts. 
 
50. A tentative checklist to be used during maintenance contract preparation (roads, 
wharves, airstrips) is attached as Appendix 2. The aim of using such checklists is to make sure 
that the climate change adaptation issues are considered during the maintenance preparation 
stage, and necessary measures are included in the maintenance contracts. The checklists 
would benefit planning of such measures on long-term also, as it is not always possible feasible 
to include major activities (that need to be properly designed) in the maintenance contracts.                   
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51. The maintenance contract preparations in general should include review of past 
experience concerning the road, its maintenance needs and specific problem areas and 
sections. Persons dealing with maintenance usually have good understanding of the road 
history and which specific considerations should be made in future maintenance preparation. A 
good source of information are also the members of communities residing along the road, as 
they usually can provide exact information regarding typical damages and other problems. 
Concerning the climate change related issues the communities usually have relevant 
information, like which areas have become prone to flooding, which locations experience 
capacity or scouring problems during heavy rains, which bridges and other structures have been 
affected, which rivers or streams carry tree trunks and other debris etc.   
            
A. Climate Change Adaptation Costs 

52. An essential part of planning of climate change adaptation measures is to estimate the 
costing of additional measures required because of the ongoing and expected climate change. 
Sometimes it is not that easy to distinguish clearly the additional costs of adaptation to the no-
climate-change situation, and more important indeed than getting the additional cost 
calculations right is that the selected choices in design are correct.    
 
53. The additional costs have to be estimated case by case, and they will depend on the 
measures that are taken in addition to a situation where there was no climate change ongoing.  
 
54. When thinking of the road and airstrip rehabilitation and upgrading subprojects as well as 
the wharf reconstruction subprojects likely to be implemented by the Project, it is envisaged that 
the climate change adaptation costs will in general be:  

 15-20% of overall costs with coastal road subprojects; 
 0-10% of overall costs with inland road subprojects; 
 5-15% of overall costs with wharf subprojects; and 
 0-5% of overall costs with airstrip subprojects.    

55. With maintenance and repair contracts, the costs will depend on the adaptation 
measures to be included in the contracts, but are usually expected to be minor.  
 



 

APPENDIX 1 

Proposed Adaptation Options for consideration in Rehabilitation/ Upgrading/Reconstruction Subprojects under the Project 
 
Infrastructure 

Type 
Measures 

Evaluation 
Cost Applicability Longevity  

Roads Increased drain sizes from existing standards to drain 
efficiently and avoid saturation of the road structure. 

Low/medium Simple Long 

Protection against scouring by selecting suitable 
materials, sloping, measures to slow down water flow 
etc.  

Low Simple Medium 

Design of necessary countermeasures based on the 
assessment of probability of flood occurrence. 

Low/medium Simple Long 

Bituminous surface treatment compatible with the 
expected temperature projections.  

Low Simple Medium 

Assessment and implementation of needed structural 
protection if there is risk of landslides.  

Medium Complex Long 

Assessment and implementation of needed structural 
protection (e.g., seawalls, raising road level) if road 
sections are situated low on coastal areas. 

High Medium/complex Long 

Cutting trees to avoid falling down to the road in storms 
in advance.  

Low Simple Long 

Wharves and 
Bridges 

Suitable structure allocation for sea level rise during the 
design life (wharves deck lifted 20-30cm).  
(Finding a suitable location for the wharf site may be an 
issue, as the sea level rise may affect areas currently 
above sea level.)  

Medium/high Medium Long 
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Infrastructure 
Type 

Measures 
Evaluation 

Cost Applicability Longevity  

Increased bride heights/span widths necessary to 
accommodate increased flows in peak rainfalls, and for 
avoidance of debris getting stuck to the bridge.  

Medium Medium Long 

Suitable materials (aggregates, reinforcement steel, and 
cement) selected for protection against scouring of 
structures or abutments, water salinity.  

Low/medium Medium Long  

  

Airstrips Designed bituminous surface treatment compatible with 
the expected temperature projections. [cost implication: 
low, applicability; simple, longevity: medium life] 

Low Simple Medium  

Increased drain sizes from existing standards to drain 
efficiently and avoid saturation of the airstrip structure.  

Low/medium Simple Long  

Assessment and implementation of needed structural 
protection if there is risk of landslides.  

Medium/high Medium/complex long 

Assessment and implementation of needed protection 
measures (e.g., seawalls, raising airstrip level) if airstrip 
is situated low on coastal areas or islands.  

Medium/high Medium Long  
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APPENDIX 2  

Tentative Checklists to be used in Assessing Climate Change Adaptation Measures when 
Planning for Maintenance Activities 
 
 
Checklist – Roads, Climate Change Considerations, Maintenance Preparation Stage   

 
Date: _______/________ Year: __________      Filled by: __________________ 
 
Road Identification 

Road Name/ Number:  

Contract Name/Ref. No.  

Island:  

Province:  

 
 

No 
Issue related to 
Climate Change 

Question Answer 

1 Increased rainfall 
intensity – 
drainage capacity 
 
 

a) Have problems been 
experienced or are these 
expected with drainage capacity 
during heavy rainfall along the 
road or on certain sections? b) If 
so, which measures should be 
included in maintenance 
contracts or planned for in 
longer term?   

a) 
  
 
b) 

2 Increased rainfall 
intensity – 
scouring/erosion 
 
 

a) Have problems been 
experienced or are these 
expected with heavy rainfall 
causing scouring/ erosion/ 
landslides along the road or on 
certain sections? b) If so, which 
measures should be included in 
maintenance contracts or 
planned for in longer term?   

a) 
 
 
 
b) 
 

3 Increased risk of 
flooding 
 
 

a) Are there sections of the road 
that have been affected or are 
prone to increased flooding? b) 
If so, which measures should be 
included in maintenance 
contracts or planned for in 
longer term?   

a) 
 
 
b) 
 

4 Increase in 
frequency and 
intensity of 
cyclones 

a) Are there sections of the road 
that are especially vulnerable to 
cyclone damages? b) If so, 
which measures should be 

a) 
 
 
b) 
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included in maintenance 
contracts or planned for in 
longer term?   

 

6 Sea level rise a) Are there sections of the road 
that have been affected or are 
likely to be affected by sea level 
rise? b) If so, which measures 
should be included in 
maintenance contracts or 
planned for in longer term?   

a) 
 
 
b) 
 

7 Increase in 
number of hot 
days and in hot 
extremes  

a) Have higher temperatures 
caused or are they likely to 
cause damages to bituminous 
surfacing? b) If so, which 
measures should be included in 
maintenance contracts or 
planned for in longer term?   

a) 
 
 
b) 
 

8 Increased risk of 
trees falling to the 
road carriageway 

a) Are there trees along the 
roadside that during high winds/ 
severe storms are particularly in 
risk to fall onto the road 
carriageway? b) If so, should 
felling of these trees be included 
in the maintenance contract?    

a) 
 
 
b) 
 

9 Erosion with 
bridges and other 
structures like 
culverts 

a) Have there been, or are there 
likely to be damages by erosion 
of abutments etc. with bridges 
or other structures? b) If so, 
which measures should be 
included in maintenance 
contracts or planned for in 
longer term?     

a) 
 
 
b) 
 

10 Washouts of 
bridges and other 
structures like 
culverts  

a) Is there risk of washouts of 
bridges and other structures 
because of excessive water flow 
and/or tree trunks and other 
debris   moving downstream? b) 
If so, which measures should be 
included in maintenance 
contracts or planned for in 
longer term?     

a) 
 
 
 
b) 
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Checklist – Wharves, Climate Change Considerations, Maintenance Preparation Stage   
 
Date: _______/________ Year: __________      Filled by: __________________ 
 
Wharf Identification 

Wharf Name/Number:  

Contract Name/Ref. No.  

Island:  

Province:  

 
 

No 
Issue related to 
Climate Change 

Question Answer 

1 Increased rainfall 
intensity  
 
 

a) Have problems been 
experienced or are these 
expected with heavy rainfall 
causing scouring/erosion with 
the wharf structure or sub-
structure? b) If so, should 
measures be included in 
maintenance/repair contracts or 
planned for in longer term?   

a) 
  
 
b) 

2 Sea level rise a) Has the wharf or the 
surrounding area been or going 
to be affected by sea level rise? 
b) If so, should measures be 
included in maintenance/repair 
contracts or planned for in 
longer term?   

a) 
  
 
b) 

3 Increase in 
frequency and 
intensity of 
cyclones 

a) Is the wharf especially 
vulnerable to cyclone damages? 
b) If so, should measures be 
included in maintenance/repair 
contracts or planned for in 
longer term?   

a) 
  
 
b) 

4 Increased 
corrosion due to 
higher 
temperatures,  
sea level rise, 
increased salinity  

a) Has the wharf been affected 
or is it likely to be affected by 
reinforced concrete corrosion? 
b) If so, should measures be 
included in maintenance/repair 
contracts or planned for in 
longer term?   

a) 
  
 
b) 
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Checklist – Airstrips, Climate Change Considerations, Maintenance Preparation Stage   

 
Date: _______/________ Year: __________      Filled by: __________________ 
 
Road Identification 

Road Name/ Number:  

Contract Name/Ref. No.  

Island:  

Province:  

 
 

No 
Issue related to 
Climate Change 

Question Answer 

1 Increased rainfall 
intensity – 
drainage capacity 
 
 

a) Has the airstrip experienced 
problems or are these expected 
with drainage capacity during 
heavy rainfall? b) If so, which 
measures should be included in 
maintenance contracts or 
planned for in longer term?   

a) 
  
 
b) 

2 Increased rainfall 
intensity – 
scouring/erosion 
 
 

a) Has the airstrip experienced 
problems or are these expected 
with heavy rainfall causing 
scouring/ erosion/ landslides? b) 
If so, which measures should be 
included in maintenance 
contracts or planned for in 
longer term?   

a) 
 
 
 
b) 
 

3 Increased risk of 
flooding 
 
 

a) Has the airstrip been affected 
or is it prone to increased 
flooding? b) If so, which 
measures should be included in 
maintenance contracts or 
planned for in longer term?   

a) 
 
 
b) 
 

4 Increase in 
frequency and 
intensity of 
cyclones 

a) Is the airstrip especially 
vulnerable to cyclone damages? 
b) If so, which measures should 
be included in maintenance 
contracts or planned for in 
longer term?   

a) 
 
 
b) 
 

6 Sea level rise a) Is the airstrip location and 
elevation such that is has been 
or will be affected by sea level 
rise? b) If so, which measures 
should be included in 
maintenance contracts or 
planned for in longer term?   

a) 
 
 
b) 
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7 Increase in 
number of hot 
days and in hot 
extremes  

a) Have higher temperatures 
caused or are they likely to 
cause damages to bituminous 
surfacing? b) If so, which 
measures should be included in 
maintenance contracts or 
planned for in longer term?   

a) 
 
 
b) 
 

 
 




