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I.
Introduction

 AUTONUM 
The Pacific islands region has long been faced to increasing environmental and socioeconomic pressures. One of the major environmental issues is the global climate change and climate variability.
 Under the United Nations Framework Convention on Climate Change (UNFCCC), small island developing states are recognized as being particularly vulnerable to climate change. Even without climate change, Pacific island countries are already severely affected by climate variability and extremes, and they remain extremely vulnerable to any future changes in the regional climate that could increase the risks. Therefore, countries in the region clearly recognized the need to (i) reduce their vulnerability to these increasing risks through adaptation processes, and (ii) strengthen their human and institutional capacities to assess, plan, and respond to these challenges. 

 AUTONUM 
The South Pacific Forum Leaders has identified Climate change as a priority issue through their annual Forum Communique in the early 1990s. In October 2000, the South Pacific Forum’s leaders endorsed the Pacific islands framework for action on climate change, climate variability, and sea level rise. The framework forms the basis for effectively addressing issues related to climate change and variability (CCV). There have been many activities in the region addressing climate change issues involving multilateral as well as bilateral financial institutions, and other environmental institutions active in the region, particularly the South Pacific Regional Environment Program (SPREP), South Pacific Applied Geoscience Commission (SOPAC), etc. 

 AUTONUM 
The impacts of climate change are already being experienced through the occurrence of climate extremes such as unusually intense and/or unseasonal cyclones, flooding, droughts, among others, although uncertainties remain. Recent scientific evidence indicates that climate change will increase the frequency and/or intensity of some extreme events in the decades to come, although precise locations and degrees remain unquantified. While the costs of disasters and disaster management are generally quantifiable, the identification of the cost of adaptation (the incremental costs) to climate change is recognized as a more difficult task. 

 AUTONUM 
Adaptation to climate change is a complicated issue, involving holistic risk reduction strategy. The adaptation through integrated risk reduction framework comprises for a number of key elements; (i) capacity building and awareness to understand sources of risk and knowledge on adaptation; (ii) development of tools for the assessment of risks and vulnerabilities; (iii) the undertaking of required multi-scale assessments; (iv) mainstreaming adaptation into development plans, policies, and strategies based upon these assessments, including the prioritization of options; socioeconomic evaluations, and (v) implementing the adaptation options through development plans, programs, and projects. 

 AUTONUM 
Realizing the serious consequences of climate change to the Pacific developing member countries, the Asian Development Bank (ADB) launched a regional technical assistance (TA) project: Climate Change Adaptation Project for the Pacific (CLIMAP). The TA assists the Pacific developing member countries (PDMCs) of ADB adapt to CCV. The main objective of the TA is to mainstream climate change adaptation in development planning of selected PDMCs and in ADB operations. The TA was funded by the Canadian Cooperation Fund for Climate Change – GHG Abatement, Carbon Sequestration and Adaptation, at $800,000. It began in November 2002 and will be completed in December 2004. This paper is based on final report produced under the TA. 

II.
Climate Change Adaptation Program for the Pacific

 AUTONUM 
The TA comprises of two level of studies: (i) At the ADB level: mainstreaming adaptation through integrated risk reduction into program and project operations to better respond to country needs; and (ii) At the country level: undertaking mainstreaming of adaptation on a pilot basis in two ADB member countries, i.e. the Cook Islands and the Federated States of Micronesia (FSM). This paper will present examples of the results of country case studies in FSM. It focuses on “climate proofing” of the following components. 

· The FSM National Strategic Development Plan (infrastructure, human health and environment components) 

· A roading infrastructure project in Kosrae 

· Sapwohn - a coastal community in Pohnpei 

 AUTONUM 
The case studies that demonstrate a risk-based approach to adaptation to climate change, including the mainstreaming of adaptation have been implemented under the project. The case studies designed to assist the country to adapt to current and future climate risks through use of the Climate Change Adaptation through Integrated Risk Reduction (CCAIRR) framework and methodology to demonstrate a risk-based approach to adaptation, and to mainstreaming adaptation at three levels: national development planning, sector (regulation and compliance, short- and mid-term policy-making, and planning at sub-national level), and project. The case studies were chosen to highlight the range of levels at which adaptation takes place, and the linkages between them. The studies demonstrated the importance of mainstreaming adaptation, including strengthening the enabling environment for adaptation in order to increase the likelihood of successful adaptation at project and community levels.

 AUTONUM 
Five principles underscored preparation of the case studies to ensure stakeholder buy in and sustained uptake: i) all activities to be undertaken in an inclusive, transparent and participatory manner; ii) the use of existing information and other resources; iii) local experts work along side and at times lead their international counterparts; iv) all outcomes should have high relevance to key stakeholders, they should add value to current and planned initiatives, and they should be sustainable; and v) selection of the case studies in accordance with criteria established by ADB and expanded through consultation with stakeholders (governments, nongovernmental organizations, private sector and communities). Considerable effort was devoted to a key dimension of adaptation, namely capacity building, including awareness raising and action, and institutional strengthening.
 AUTONUM 
The assessments cover both the risks arising from current climate variability and extremes and from the future, incremental changes in those risks as a result of longer-term changes in climate extremes and variability. The case studies also demonstrate methods for prioritizing adaptation strategies and specific measures in terms of both their costs and benefits. A major goal, and challenge, was to determine, in a rigorous and quantitative manner, the incremental costs of adaptation to climate change. 
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Figure 1. The case studies that demonstrate a risk based approach to adaptation to CCV and the mainstreaming of adaptation at three levels: national development planning, sector (regulation and compliance, short- and mid-term policy-making), and reflecting climate change adaptation at project level.
III.
Findings

 AUTONUM 
Climate-related risks facing both the infrastructure projects and the communities are already substantial, but in all cases are projected to increase substantially as a result of increases in climate extremes and variability. For infrastructure projects it is possible to avoid most of the damage costs attributable to climate change, and to do this in a cost effective manner if climate proofing is undertaken at the project design stage. Cost effectiveness can be further enhanced if “climate proofing” is part of best practice (e.g. as part of the environmental assessment procedures). Climate proofing communities can also be cost effective if planning and regulatory measures take into account both current and future climate-related risks.

A.
Climate Proofing the Infrastructure, Human Health and Environment Components of the FSM’s National Strategic Development Plan

 AUTONUM 
In early 2003 FSM began the process of preparing a National Strategic Development Plan (NSDP) that outlines the county’s broad economic strategy and sectoral development policies. In addition to being the primary national economic planning mechanism of the country, the NSDP is also a requirement under the Amended Compact of Free Association with the United States. An Infrastructure Development Plan (IDP) is also a requirement under the Amended Compact. The IDP is the FSM’s long-term planning document for public investment in infrastructure. Together the NSDP and IDP provide a comprehensive economic strategy for FSM as an increasingly self-reliant nation. The ADB provided technical assistance to the Federated States of Micronesia for the preparation of both the SDP and the IDP. 

 AUTONUM 
A critical step in the preparation of the NSDP and IDP was the convening of the third FSM Economic Summit from March 28 to April 2, 2004. For the Summit nine sector committees were established. Climate proofing at the national policy level is one of the major ways to mainstream adaptation. It helps to strengthen the enabling environment for adaptation while also integrating adaptation planning and implementation into existing and new development policies, plans and actions. Climate proofing both the NSDP and the IDP was assisted by the preparation of Adaptation Mainstreaming Guidelines for FSM. The Project Liaison Committee and other stakeholders suggested to focus on sectors known to face risks related to climate variability and change, including extreme events. Therefore climate proofing was focused on three sectors – health, environment and infrastructure, for instance, requirement to conduct assessments of climate-related health risks, and risk assessments for new infrastructure projects, with the influence of climate change on risk levels being part of the assessment. 

 AUTONUM 
At the Third Federated States of Micronesia Economic Summit, held between March 28 and April 2, 2004, the “climate proofed” NSDP was endorsed by participants. Subsequently the NSDP was approved by the National Congress. It has now become the primary national economic planning mechanism of the Federated States of Micronesia. Implementation of the “climate proofing” called for in the NSDP will be guided by the National Guidelines for Mainstreaming Adaptation to Climate Change. These Guidelines were approved at the final Tri-partite Review Meeting held in the Federated States of Micronesia in June, 2004.

B.
Climate Proofing a Roading Infrastructure Project in Kosrae, FSM

 AUTONUM 
The infrastructure development plan for Kosrae includes completion of the circumferential road – currently there is a 16 km gap. Funds for the roading project will be provided under the Compact of Free Association with the United States of America. Construction of at least 10.6 km northern portion of the road is scheduled for 2004. The primary purpose of this development is to complete the road around the island of Kosrae and provide all-weather land access to the remote Walung in the southwest. It is the only community without reliable links to the other Municipalities. Part of the planned route will need to traverse or circumnavigate a large freshwater swamp which is dominated by an endemic species Terminalia carolinensis. The swamp is officially designated as an area of biological significance as it is the largest remaining stand of the species. 

 AUTONUM 
The drainage works for the original road design (both built and yet to be built sections) were based on an hourly rainfall of 178 mm, intended to be the hourly rainfall with a return period of 25 years. An analysis of more reliable data indicated an hourly rainfall with a return period of 25 years is 190 mm. But by 2050 the hourly rainfall with a 25 year return period will have increased to 254 mm as a consequence of climate change. 
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 AUTONUM 
A recommendation that the design of the road be modified so the drainage works could accommodate an hourly rainfall of 254 mm was accepted by the Government of the State of Kosrae and a “climate proofed” design was prepared and costed by State employees. The incremental cost of climate proofing the road design and construction for the yet to be built section is around US$511,000. While the capital cost of the climate proofed road would be higher than if the road was constructed to the original design, the accumulated costs, including repairs and maintenance, would be lower after only 15 years, approximately. This is due to lower repair and maintenance costs for the “climate proofed” road. The internal rate of return was found to be 11%.

 AUTONUM 
A 3.2 km portion of the road section has ready been constructed, including the drainage works. The design for these was also based on an hourly rainfall of 178 mm for a 25 year recurrence interval. Analyses show that it is more costly to “climate proof” retroactively - US$776,184 for a 3.2 km section of existing road (US$243,000 per km) as opposed to US$511,00 to “climate proof” 6.6 km of new road (US$77,00 per km). But a cost benefit analysis revealed that the retroactive climate proofing is still a cost effective investment, with an internal rate of return of 13%. Based on the information available, the Government of the State of Kosrae has decided it will not proceed with construction of the northern section of the new road until additional funds are available to complete the climate proofing. The national and state government are preparing a proposal to the GEF for funding the incremental costs of completing the entire road section. In addition to climate proofing the road, GEF would be requested to meet the incremental costs of biodiversity proofing the road, including ensuring the continued protection of the unique ecosystems. Before proceeding with road construction, all of the government’s environmental assessment requirements would have to be complied with. 


Table 1. Construction Costs of Kosrae Road Section RS4 (6.6 km section to be built).

	
	Original Design
	Climate Proofed Design

	Road Surface
	$1,254,414   
	$1,254,414

	Drainage Works  
	$   640,233
	$1,151,397

	Total
	$1,894,647
	$2,405,811

	Incremental Cost
	
	$511,000



Table 2. Total construction, maintenance, repair costs Section RS4 (6.6 km section to be built)
	
	Original design
	Climate proofed design
	Net Benefit of Climate Proofing

	No climate change
	4,475,000
	
	

	With climate change
	7,803,000
	4,986,000
	2,817,000

	Internal rate of return
	
	
	11%

	
	
	
	



Table 3. Construction costs for the built 3.2 km Section of RS4

	
	As Built
	Climate Proofed Design

	Road Surface
	$  518,000   
	

	Drainage Works  
	$  406,000
	$776,000

	Total
	$ 924, 000
	

	Incremental Cost
	
	$776,000



Table 4. Total construction, maintenance and repair costs of built section of RS4

	
	Original design
	Climate proofed design
	Net Benefit of Climate Proofing

	No climate change
	3,504,000
	
	

	With climate change
	6,833,000
	3,875,000
	2,958,000

	Internal rate of return
	
	
	13%


C.
Climate Proofing Sapwohn - A Coastal Community in Pohnpei, FSM

 AUTONUM 
Te resident community of Sapwohn consists of 776 people occupies 144 dwelling. The village is on Sokehs Island, just separated by small strait with the Pohnpei mainland. Most of the houses, commercial buildings (small stores) and community structures (church and nahs – meeting places) are built on a narrow strip of relatively flat land that runs between the shore and the steep slopes of Sokehs Mountain. Collectively all structures have an estimated replacement value of US$15,063,000. Currently many structures are flooded regularly, as a result of either heavy rainfall events and/or high sea levels.

 AUTONUM 
A simple ‘conceptual model’ was developed, using first principles (including the rational method) to estimate flood depths for different segments of the study area. The estimates were based on 1 hour rainfall intensities for given return periods. The model was validated using observed flooding depths associated with a storm in October 2003. The spatial distributions and depths of flooding for individual and ensemble rainfall events were estimated for the current climate and for scenarios of future climate. Under current conditions the 25 year hourly rainfall (210 mm) results in flooding up to a depth of between 0.4 and 0.6 m for most of the area. A small area is flooded to less than 0.2 m. By 2050 the 25 year hourly rainfall is projected to increase to 393 mm. This results in a substantial increase in flood risk. Maximum flood depths will be over 1 m, with all areas being flooded to at least 0.2 m. 

 AUTONUM 
Calculations show that over the next 50 years damage costs without and with climate change will be US$10 and 16 million, respectively, after applying a discount rate of 3 percent. While the area is already experiencing high damage costs as a result of extreme rainfall events, it is apparent that these will be exacerbated dramatically by climate change, even in the next few decades. A number of adaptation measures being identified as potential ways to reduce the flood risk to acceptable levels. Community leaders and residents of the study area prefer a “no regrets” options. The flood modeling confirmed that runoff from the steep slopes above the community is a major contributor to flood risk. Accordingly, the effectiveness of drainage works that would divert this runoff away from the built up areas was explored. The effectiveness of changes to the building practices, and to land use planning and environmental impact assessment regulations, was also investigated. This included provisions to reduce flood risks when new buildings are constructed, or existing buildings are substantially renovated. 

 AUTONUM 
For the selected scenarios both the diversion works and the regulatory measures qualify as “no regrets” interventions, including being cost effective. Over the next 50 years, runoff diversion works capable of diverting 50 percent of the runoff from the 25 year storm would bring incremental benefits (i.e. reducing the additional damage costs) of US$5 million, at an incremental cost of US$0.75 million. While climate change will impose significant additional costs on the community, the incremental benefits coming from adaptation interventions are larger, by at least a factor of four. 

 AUTONUM 
The study area is also subject to coastal flooding resulting from high tides. The damage costs arising as a result of the ensemble of high sea level events projected to occur over a future time period were calculated using similar methods. Over the next 50 years damage costs without climate change will be US$6 million, after applying a discount rate of 3 percent. Climate change will increase the costs by a relatively insignificant amount. A comparable value for the period to 2100 is US$7 million. High sea levels (including high tides) present a significant risk to structures, infrastructure and other assets, and the community in the study area. Several realistic regulatory and voluntary measures were identified, some of which residents of Sapwohn Village are already implementing on a voluntary basis. These measures are capable to reducing damage costs by between 11 and 35 percent over the next 50 years. Due to the high damage costs without climate change all measures qualify as “no regrets” adaptation initiatives, including being cost effective.

IV.
Concluding Remarks

 AUTONUM 
Climate change will manifest largely as changes in the frequency and consequences of extreme events and inter-annual and similar variations, rather than as long-term trends in average conditions. 

 AUTONUM 
Adaptation should focus on reducing both present and future risks related to climate variability and extremes. Moreover, adapting to current climate extremes and variability prevents precious financial resources being squandered on disaster recovery and rehabilitation. 

 AUTONUM 
Many players are usually involved in the risk- and cost benefit-based assessments, therefore the approach should provide a framework that facilitates coordination and cooperation, and sharing of information that might otherwise be retained by information “gate keepers”. 

 AUTONUM 
Adaptation costs (including incremental costs) and benefits can be quantified. Typically adaptation is a cost effective intervention, especially when implemented at the design stage of a project. Retrospective adaptation incurs far greater costs. 
 AUTONUM 
New and upgraded development projects should be climate proofed at the design stage. This should be part of good practice, with national and state climate risk profiles being used as the basis for climate proofing infrastructure, community and other development projects. Compliance with this requirement should be assessed as part of enhanced environmental impact assessment procedures. Cost benefit analyses of all major development projects should include determining the incremental costs and benefits. 

 AUTONUM 
Ensuring integration and mainstreaming of adaptation across time scales and three levels of intervention, i.e. (i) national policy (National Strategic Development Planning), (ii) sector policy (regulation and compliance, short- and mid-term policy-making, and planning at sub-national level), and (iii) project activity level. These actions can be facilitated by developing and implementing National Guidelines for Mainstreaming Adaptation to Climate Change.
� 	Paper presented at the Assessment of Impacts and Adaptations to Climate Change (AIACC) – 2nd Asia and the Pacific Regional Workshop. Manila, 2-5 November 2004. 


� 	Global climate change refers to a significant long-term change in the earth’s climate system, whereas climate variability refers to short- to medium-term fluctuations in the climate system, and usually includes extreme weather events such as hurricanes, floods, droughts, and other related disasters caused by weather phenomena.


� 	Climate Proofing – A Risk-based Approach to Adaptation is shorthand for reducing, to acceptable levels, the risks due to climate variability and change, including extreme events.


� 	The innovative methodologies and tools, as well as the findings, are applicable to all Small Island Developing States, and even to larger developing and developed countries.





