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FOREWORD

The importance of science and technology has been highlighted as tools for mitigation and
adaptation for both developed and developing countries. The latter, in particular, has become more
pressing to develop and acquire key technologies to cope with climate change, including disaster in
various forms and severity. The globalization of environmental protection, in some sense, has increased
enormous pressure on developing countries while trying to continue their economic development, making
it necessary to identify their own technological priorities.

Thailand is no exception, even though there is a certain level of technological research and
development, capabilities and achievement. It is thus an opportune time to assess and prioritize
technological needs for climate change. Various technologies in vulnerable sectors —energy, agriculture,
water resource and modeling — were identified through extensive analyses of data on current and
projected science and technology capabilities, drivers, and barriers in Thailand.

The Ministry of Science and Technology, Thailand, through the National Science Technology and
Innovation Policy Office, has analyzed and prioritized the technologies required for nation-wide mitigation
and adaptation regimes. The “Technology Needs Assessments and Technology Action Plans Report for
Climate Change Mitigation/Adaptation in Thailand” is the first comprehensive report providing the
technology requirements and their subsequent action plans in terms of climate change mitigation and
adaptation. This report is significant for investors, technology developers, scientists, intelligence
communities, analysts and policy makers in facilitating the growth of national prosperity under the impact
of climate change leading to the green growth that are sustainable.

)

(Dr. Plodprasop Suraswadi)
Minister of Science and Technology



PREFACE

Thailand today faces a number of challenges affected by climate change. These include ever-
increasing natural and human-made disaster — such as, extreme weather events, land-slide, flood,
draught, rising sea level, biodiversity loss, and health damage — ,which if not addressed may lead to
catastrophic consequences. Climate change is no longer a mere scientific concept owned by scientists
but moved into our daily lives as more and more people become concerned with the complexity of this
issue. The latest available data on greenhouse gas emissions from Thailand show that emissions
continue to increase, underscoring the need for action while sustaining the economic reinforcement. To
cope with the climate situation, it would be reasonable for Thailand to prioritize its technology strategies
and identify problem areas in terms of policy objectives on mitigation and adaptation.

As a first step, it is necessary for Thailand to assess whether their current efforts in improving
technological capability have been successful in supporting mitigation and adaptation. The review and
analysis of Thai technologies could reflect whether the current technology-related policies and national
research system support mitigation and adaptation and whether they are in harmony with other related
impacts such as social acceptance and economic cost. Appropriate approaches to the technologies that
would best-suit the stage of national development would be desirable. These investigations could provide
a wide range of strategic options for policy-making both in the short and longer terms.

The National Science Technology and Innovation Policy Office (STI) continues to broaden and
deepen its involvements in climate change mitigation and adaptation, particularly, in technology
development and technology transfer policy. However, any technological change does not occur in
isolation. It can have considerable impact on the people, culture, economy, and society in the overall
context. Scientists, investors, economists and policy makers should work together towards developing
technology with full awareness of the complex interactions and relationships within the system. STI's aim
is, therefore, to bridge the cooperation among government agencies, private sectors, academia and
industry in strengthening the policy implementation in a sustainable manner. In responding to the global
and local climate concerns, STI conducts the research project entitled “Technology Needs Assessments
and Technology Action Plans Report for Climate Change Mitigation/Adaptation in Thailand” among one of
the first fifteen countries from Africa, Asia, Latin America, Caribbean, and Europe to conduct the projects
funded by the UNEP Division of Technology, Industry and Economics (DTIE) in collaboration with the
UNEP Risoe Centre.

| believe the results of the well thought out findings in this report could provide Thailand not only
the mitigation and adaptation strategic plan and policy recommendations to the Thai government but also
identifying opportunities for capacity building, research collaborations, private and industrial participations,
and technologies transfer to enhance socio-economic sustainability in the long-term. It is also our belief
that the outcome would benefit not only our own country but the global community as a whole.

P Deghe

(Dr. Pichet Durongkaveroj)
Secretary General
National Science Technology and
Innovation Policy Office
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THAILAND

TNA and TAP Report for Climate Change Adaptation in Thailand

1. Background

Many countries are concerned about global warming and have committed to taking action against
the threat. By 2010, one hundred and ninety three parties have ratified the Kyoto Protocol; however, only
37 countries (Annex | countries) have committed themselves to reducing their greenhouse gas (GHG)
emissions to the levels required in the treaty (UNFCCC). Thailand ratified the Kyoto Protocol in August
2002 but has no legal binding target to reduce or to limit its GHG during the first commitment period.
Thailand, however, can become involved in the carbon trading market through the Clean Development
Mechanism (CDM).

In order to cope with climate change, both mitigation and adaptation measures and technologies
are needed. The UN defines mitigation, in the context of climate change, as human intervention to reduce
the sources or to enhance the sinks of greenhouse gases. Adaptation technology, on the other hand, is
defined as finding and implementing promising approaches for adjusting to adverse effects from climate
change. A technology needs assessment (TNA) is an effective process that provides a country the
opportunity to track its need for new equipment, techniques, services, capacities and skills for both
climate change mitigation and adaptation.

The United Nations Environment Programme (UNEP), on behalf of the Global Environment
Facility (GEF), is implementing a new round of TNAs with objectives that go beyond identifying
technology needs narrowly. These TNAs will lead to the development of a national technology action plan
(TAP) that prioritizes technologies, recommends an enabling framework for the diffusion of these
technologies, and facilitates the identification of good technology transfer projects and their links to
relevant financing sources. The TAP will systematically identify the practical actions necessary to reduce
or remove political, financial and technological barriers.

The UNEP Division of Technology, Industry and Economics (DTIE) in collaboration with the
UNEP Risoe Centre provide targeted financial, technical, and methodological support to assist 36
countries to conduct TNA projects. Thailand is one of the first fifteen countries from Africa, Asia, Latin
America and the Caribbean, and Europe being supported in the first round, which began in 2010.

The overall objectives of the Thai TNA and TAP project discussed in this report are as follows:

e To identify, assess, and prioritize technological needs for GHG mitigation and adaptation.

e To access information on technology transfers and increase public awareness on climate change
issues.

e To evaluate the various social issues relevant to the proposed policy, conduct an analysis on the
pros and cons of different control strategy alternatives, and provide estimates of the costs and
impacts of legislative mandates.

2. The uses of TNAs and TAPs

This report provides an assessment of the technology needed for nationwide mitigation and
adaptation actions. The results of the analysis are useful for policy makers to build a roadmap for internal
mitigation and adaptation technologies and to align with the global community. This report helps Thailand
to identify technological needs and reinforce its capacity in the area of climate change.

TECHNOLOGY NEEDS ASSESSMENTS REPORT FOR CLIMATE CHANGE - ADAPTATION 1
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3. Structure of the report

This report is a policy analysis summary and is organized as follows:

e Section | is the TNA report, which focuses on technology prioritization for the agricultural, water
resource, and modeling sectors.

e Section Il lays out the TAPs for the specific sectors selected in Section | through a prioritization
process.

e Section Ill elaborates cross-cutting issues for the TNAs and TAPs of the nation’s different sectors.

TECHNOLOGY NEEDS ASSESSMENTS REPORT FOR CLIMATE CHANGE - ADAPTATION 2
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Section |

Technology Needs Assessment

TECHNOLOGY NEEDS ASSESSMENTS REPORT FOR CLIMATE CHANGE - ADAPTATION 3



THAILAND

Technology needs assessment (TNA)

Executive summary

As one of the six countries in Asia supported by the Global Environmental Facility (GEF) through
the UNEP to prepare climate change technology needs assessments (TNA), the Royal Thai Government
assigned the National Science Technology and Innovation Policy Office (STI) as the Thai TNA
coordinator. The Asian Institute of Technology (AIT) is the regional center under the TNA project for Asia.
This section elaborates the process and result of the TNA intended to identify, to assess the status of,
and to prioritize various adaptation technologies that play a role in defining how Thailand can adapt to the
effects of climate change on the prioritized sectors. The information and assessment in this section is a
fundamental for the section I, Technology Action Plan (TAP).

As climate change affects various sectors and stakeholders in the country, the first step of the
TNA is to identify the highly impacted sectors in urgent need of adaptation technology. Thus, on July 12,
2010, the Office of National Resources and Environmental Policy and Planning (ONEP), under the
Ministry of Natural Resources and Environment, and the STI, under the Ministry of Science and
Technology, launched the first meeting for the Thailand Technology Needs Assessment project to identify
the highly impacted sectors. Experts and stakeholders in climate change technology participated in this
first meeting to discuss their viewpoints and concluded that adaptation technology is needed for the
agricultural sector, water resources management sector, and modeling sector. Subsequently, to develop
a TNA for targeted sectors, the Steering Committee appointed three technology workgroups for the three
sectors including 1) the National Center for Genetic Engineering and Biotechnology (BIOTEC), the
National Science and Technology Development Agency (NSTDA), for the agriculture sector, 2) the Hydro
and Agro Informatics Institute (HAII) for the water resource management sector, and 3) the Center of
Excellence for Climate Change Knowledge Management for the modeling sector. The members of these
workgroups also serve as national consultants. Here we summarize the assessment processes and
findings of each sector as follows:

1. Agricultural Sector

Thailand’s agricultural sector is a large sector consisting of various subsectors. This TNA,
however, will focus only on selected subsectors rather than the entire agricultural sector to ensure that
adaptation technologies of interest can be translated and implemented in the most effective manner.
Thus, first of all, the target subsectors were identified by considering their vulnerability to climate change
and contributions to the country’s economic development and food and energy security. A meeting with
expert consultants and stakeholders held on May 11, 2011, concluded that field crops and aquaculture
are the two subsectors most vulnerable to climate change and need immediate attention in terms of
technology development and transfer. It should also be noted here that while this TNA is being developed
to meet the needs of target sub-sectors, many of these technologies are cross-cutting and can be applied
across many other agricultural sub-sectors as well.

In the development of the TNA, adaptation technology in five areas were initially proposed and
discussed. They are climate forecast and early warning systems, crop improvement, precision farming
practices, post-harvest technology, and animal nutrition and feed technology. The criteria used in the
prioritization of adaptation technologies within the target sub-sectors were 1) impact of technology, 2)
technology capability, 3) policy and regulation, and 4) public perception and farmer acceptance. Based on
the two stakeholder meetings using these four criteria, the experts voted for these following three types of
adaptation technologies: forecasting and early warning systems (37%), crop improvement technology
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(31%), and precision farming technology (17%). Forecasting and early warning systems is to reduce the
risk of damage from extreme climate events and pest/ disease outbreaks as well as to increase the ability
to select the right crops based on specific planting time and crop cycle, while crop improvement for
climate resilience (Marker Assisted Selection (MAS) and genetic engineering) is to reduce the risk of yield
loss while increasing resource efficiency. Finally, precision farming technologies is to enable farmers to
make informed decisions concerning their farming operations as well as to reduce inputs while
maintaining maximum productivity and minimizing the effects on the environment.

MAS has been developed in the country for quite some time and is ready to use as well as
transfer to other countries in a south-south cooperation manner. However MAS is currently limited to
jasmine rice KDML105 and glutinous rice RD6; meanwhile, the other crops have undergone much less
research. Furthermore, crop improvement for climate resilience needs more molecular breeders,
physiologists, plant pathologists and entomologists. In addition to genetic engineering technology,
successful plant transformation has been limited to few plant species due to a lack of government support
and strong opposition from several local NGOs. Today, genetic engineering is heavily covered by patents,
perceived intellectual property issues creating the impression of a barrier to technology transfer.

Precision farming in Thailand is at a nascent stage of development. Even though some
technologies such as drip irrigation system, customized fertilizer and closed system for aquaculture have
already been transferred to pioneer farmers, the number of technology recipients is quite limited. Most
projects and initiatives are still at a pilot/ prototype-building stage.

Forecasting and early warning systems are being used to monitor and predict weather patterns
as well as soil conditions. The software supporting these systems is typically imported. Furthermore, the
use of simulation models to predict pest/disease patterns is still rare, with several research institutes only
beginning the preliminary development work, therefore requiring technology and knowledge transfer from
more technologically advanced countries.

2. Water Resource Management Sector

Thailand has encountered a variety of water resource management problems ranging from floods
to droughts. Thailand’s water resource management is facing both natural and management challenges.
The natural challenges are from natural variability. For example, there is great spatial and temporal
rainfall variability. Some areas suffer from both drought and floods repeatedly, sometimes, in the same
year. In addition, disasters such as storms are recently more severe and more unpredictable. On the
other hand, the management challenges include the lack of flexibility and buffering capacity of the current
infrastructure. Also, infrastructure and stream channels are not properly maintained. Drought and flood
are handled separately. So, in places where both problems arise, redundant investments are inevitable.
Land use change, particularly deforestation and mono-crop plantation in the headwater streams, alters
watershed runoff characteristics. Communication breakdown and lack of awareness of governmental
agencies and the public are also critical.

Consequently, the changing water situation in Thailand and the current situation of water
infrastructure management were the two primary facts used to analyze the country’s top challenges and
goals in water resource management. These help define objectives of technology transfer and diffusion.
Water security and agriculture security is pinpointed as Thailand’s goals for water resource management
and six objectives for technology transfer and diffusion are as follows: 1) Increasing security in terms of
capital water supply, 2) building flexibility for management in all types of supply and demand scenarios, 3)
minimizing damage from disasters, 4) maximizing water usage efficiency, 5) including all sectors in the
management, and 6) building knowledge/know-how and data for management. In short, the prioritized
technologies must be able to alleviate problems or increase efficiency of the infrastructure management
system, as well as develop the competency of the domestic human resources.
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Technology prioritization comprised three major steps, which were taken with stakeholder
engagement during three focus group sessions and one national public hearing on the technology needs
assessment for water resource management. The first step involved reviewing the possible technology
groups and listing the technology options. A preliminary list of technologies as well as their contributions
to the water resource management objectives of Thailand previously mentioned were prepared,
discussed, and summarized after the focus group sessions with experts from the academic,
governmental, and private sectors. The preliminary list was then publically reviewed in the national public
hearing workshop to obtain feedback from all stakeholders and to ensure that all of the relevant
adaptation technologies were included. The final list of possible adaptation technologies include (1)
environmental observation, (2) weather and hydrological modeling, (3) flood and drought risk
management, (4) operation of water infrastructures, (5) community water resource management: CWRM,
(6) integrated urban water resource management (IUWRM), and (7) early warning systems.

Two categories of criteria including impact and capacity assessments were used to prioritize
adaptation technologies based on the multi-criteria decision analysis. Impact assessment judges the
importance of technologies from the outputs and outcomes of technology implementation, while capacity
assessment evaluates Thailand’s current state of technology and readiness for technology
implementation through SWOT analysis. Stakeholders participated in the criteria review and in the
scoring of all technology groups and technologies. The high-impact technologies that Thailand is not
ready to develop and to implement were then selected and prioritized as “technology needs.” The
rankings are: 1) networking (via pipes or canals) and management of infrastructures (including zoning)
under the technology group#4 (the operation of water infrastructure), 2) seasonal climate prediction under
the technology group# 2 (weather and hydrological modeling), and 3) sensor web using observation
and/or modeling data under the technology Group # 7 (the early warning).

All of the selected technologies are vital adaptation technologies for increasing the capacity and
efficiency of water resource management and disaster management in Thailand. In addition, they are
appropriate tools for driving the country toward its national policies and strategies. Furthermore, while
individual technology needs and technology development are important, the development of a system
that integrates all of the technologies to support decision making is the most crucial part of the success of
Thailand’s water resource management. The hard or structural technologies need to consider systematic
engineering and a multi-objective approach in order to ensure a long-life cycle and to maximize flexibility
to cope with all scenarios of water supply and demands in the face of climate change.

3. Modeling Sector

The modeling sector is working at the interfaces between climate change and other affected
sectors, including the agricultural sector and water resource management sector. It provides adaptive
tools for coping with undesired consequences of climate change. Modeling tools are recognized as
needed technology for both the agricultural and water resource management sectors. The goal of the
Thailand modeling sector is to provide effective tools and integrated systems that enable other affected
sectors to develop reliable assessments and strategic plans for mitigation and adaptation purposes. The
affected sectors include the climate sector, water resource management sector, natural disaster sector,
transportation sector, industrial sector, energy sector, agriculture sector, social sector, economic sector,
and health sector. Special attention is placed on the water resource management and agricultural sectors
because of their national relevance discussed previously.
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The process for technology prioritization comprises of five major steps that involve stakeholder
engagement through focus group sessions and a national public hearing on technology needs
assessments. The first step involved reviewing possible technology categories and brainstorming
technology options. Three categories of modeling sector needs resulted from the brainstorming including
hardware, software, and database management. Then, in the 2™ step, we identified the modeling tools
used in various sectors and looked at them as candidates for use in an integrated, cross-sectoral
modeling tool for Thailand. Then, the modeling candidates and technology options of each category were
evaluated during the focus group sessions by experts of the affected sectors from academic,
governmental, and private parties. Next, the preliminary list of selected technology options resulting from
the focus group meetings was then publically reviewed at the national public hearing workshop to obtain
feedback from all the stakeholders and to ensure that all relevant adaptation technologies were included.
The criteria, weights, and scores were proposed by the national consultants and commented by the
stakeholders during the stakeholder consultation. Performance efficiency, cost worthiness, and
acceptability were the three categories of criteria considered in the MCDA. The performance efficiency
was judged by the ease of use and the forecastability, while cost worthiness was evaluated by
considering the further development and the transferability of the technologies. The acceptability
evaluates the level of international and national acceptability of the technologies. Each criterion had equal
weight for scoring, and three levels of scores, good, fair, and poor available for evaluation. Finally, a final
focus group was held to listen to the experts’ comments about the technology options revised after the
public hearing. The top-priority technology need in each category was then selected for technology action
plan (section II).

According to the technology prioritization process, the national data center ranked the highest
among the technologies in the hardware category, while the national data transfer/management process
ranked the highest among the technologies in the database management category. Finally, the WRF
(ARW) model ranked the highest among the candidate models in the integrated model category.

A data center contains the essential hardware, a large collection of data from various relevant
and creditable sources. In addition, it also serves as a data distributor to users and organizations that can
benefit from using the network. Without a reliable data center, it is difficult to obtain a meaningful
modeling result. Because modeling climate change impacts can be useful for the adaptation of various
sectors, ranging from the climate sector to the health and economic sectors, an integrated data center is
highly desirable. Such a data center would make it easy for users to access all of the data required for
cross-sectoral modeling efforts. Although Thailand has a few data centers, these data centers only store
data dedicated to specific purposes to comply with the authority and responsibilities of their
corresponding governmental agencies, making it more difficult to obtain data for cross-sectoral modeling
efforts. In other words, unlike several other countries, Thailand does not have an integrated national data
center. The benefits of having a national data center include enhancing the efficiency of domestic and
international data collection and exchange, providing a data network for all the stakeholders and
responsible parties, and serving as an official information distributor to all the stakeholders and
responsible agencies. A national data center can promote both data collection, data application, and
research in the short term and long term.

Several governmental agencies in Thailand, for example, the Department of Meteorology, Royal
Irrigation Department (RID), and Pollution Control Department (PCD), daily monitor and record observed
data regarding the weather, water, and air quality, respectively. Typically, these data are used to develop
the domestic weather forecast. However, climate change is a global phenomenon; thus, its impact cannot
be modeled by using only the observed data of our country. As a minimum requirement, data from other
countries in Southeast Asia must be considered as inputs of climate change modeling. Yet, Thailand has
no official and effective means of data collection, data transfer, and database management on a regional
level. Only a few research institutes in Thailand have attempted to collect and manage data from other
sources, domestically and regionally, for such a modeling effort. Thus, national data transfer/management
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is required to equip the national data center with creditable and intensive data. The data needed include
GCM data, climate data, weather data, and observation data of Southeast Asia.

Last but not least, although various governmental and public stakeholders in Thailand utilize
several modeling tools, each sector uses a specific model favorable for the application of interest, and we
do not see the use of an integrated model, which allows for climate change impact estimations across the
sectors. To be more effective, Thailand should utilize an integrated model, which allows for the analysis of
climate change impacts across the sectors. An integrated model can also help to assess how a climate
change impact from one sector consequently affects another sector. From the expert opinion in a group
meeting, the WRF (ARW) model ranked the highest among the candidate models in the integrated model
category addressed the need of agricultural sector and water resource management sector.
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1. Introduction

1.1 Overall Objectives of the TNA

The purpose of a TNA is to assist in identifying and analyzing high-priority technology needs to
facilitate the transfer of environmentally sustainable technologies and programs to a country (UNFCC
2011). A TNA provides a country the opportunity to track its need for new equipment, techniques,
services, capacities and skills for mitigating GHG emissions and reducing the vulnerability of sectors and
citizens’ livelihoods to climate change. In addition, a TNA is one of the key elements used to enhance
technology transfer. Technology transfer refers to a set of processes covering the flow of know-how,
experience and equipment for mitigating and adapting to climate change across different stakeholders
such as governments, private sector entities, financial institutions, NGOs, and research and education
institutions (IPCC 2002). It is designed to promote the transfer of clean technology from developed
countries to developing countries.

When mentioning the term technology, most people often think of the application of science and
scientific methods and machines to achieve a goal. The term techno, however, also means “art, skill, and
craft.” Thus, the term technology, in this report, includes not only scientific knowledge and applications
such as machines, infrastructure and equipment but also the art and management such as domestic
wisdom and practices. We reviewed various technologies from simple, local management practices to
sophisticated, advanced technology. Here, we begin section Il with the nation’s climate change
circumstances and rationally journey to the conclusion of this TNA.

1.2 National circumstances on climate change

GHG emissions in Thailand have increased by approximately 4.7% per year from 2000 to 2008.
The largest source of emissions is the electricity generation sector (78 million tons, MT), followed by the
industrial sector (67 MT) and the transportation sector (51 MT) (Figure 1) (International Energy Agency

2010).
250

200 -
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Million tons of CO; in 2008

Fig 1 GHG emissions by sector in 2008 (million tons)
Source: IEA (International Energy Agency 2010)
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An analysis from the Intergovernmental Panel on Climate Change (IPCC) projected that Thailand
will experience an increase in temperature of 1.4 to 5.8 °C over the period from 1990-2100(IPCC 2001).
The projected climate condition of Thailand under this global warming threat is being studied by various
researchers. A few general circulation models (GCMs) have predicted that the current average
temperatures in Thailand of 21.5-27.5 °C may increase to 25-32 °C. Fig 2 illustrates an example of such a
simulation, suggesting temperature increases in all regions, especially in the eastern and southern parts
of Thailand(Thongtanakul 2009). Similarly, two studies by Chinvanno (Chinvanno 2009; Chinvanno 2009)
concluded that the hot season, defined as days with a maximum over 33 °C, would be longer by 2-3
weeks.
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Fig 2 Trend of future changes in average maximum temperature in Southeast Asia

The impacts from climate change are not proportionally distributed among the GHG producers. In
other words, the impacts are unavoidable and unpredictable for Thailand even though Thailand is not a
major GHG producer. Global warming causes changes to the seasons, such as in the pattern and
intensity of rainfall. Moreover, it can increase the intensity of El Nino and La Nina, which typically occur in
Thailand every 4-10 years. Temperature changes and rising sea levels threaten to decrease fishery,
agriculture, and aquaculture yields. Corals might suffer more severe bleaching due to the continual rising
of the ocean temperature. Several sectors—including agriculture, water and coastal resources, and land
use—are vulnerable to climate change and require adaptation technologies. The two national priority
sectors facing direct impacts are the agricultural and water resource sectors.

Agriculture is still a fundamental part of the Thai economy and social structure. Global climate
change could affect agriculture in various ways. The effects of climate change introduce 1) more frequent
extreme events likes floods, droughts, and storms, 2) abnormally severe weather, and 3) a rise in
temperature (Rerkasem 2011). The adaptive capacity of farms and farmers in the country is an important
element of the country’s food and economic security and should be regarded as a national priority. The
Office of Agricultural Economics (OAE) regards rice, sugar cane, cassava, and palm oil as major national
economic crops and has called for governmental support to acquire sufficient climate change adaptation
technology (ONEP and UNDP 2010).

Thailand has 25 river basins in total and many sub water systems throughout the country. Over
the past several decades, Thailand has encountered a variety of water resource management problems,
ranging from flooding to droughts; some parts of Thailand experience both flooding and drought in the
same year. These water resource management issues severely interrupt the social and economic growth
of the country. Due to the nature of Thailand’s agricultural-based economy, proper management of its
water resources is imperative.
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1.3 National sustainable development strategies for climate change

The Office of Natural Resources and Environmental Policy and Planning (ONEP), under the
Ministry of Natural Resources and Environment (MONRE), is the core agency responsible for the national
climate change plan, strategy, activity, and the nation’s cooperation internationally in climate change
negotiations. ONEP works under the National Committee on Climate Change Policy and serves as the
national agency to the UNFCC(ONEP and UNDP 2010). ONEP developed National Strategies for Climate
Change (2008-2012) aimed at mitigation and adaptation activity promotion. The strategies contained in
this first national plan can be divided into six approaches.

1. Building capacity to adapt and reduce Thailand’s vulnerability to climate change impacts: This
strategy aims to protect and conserve natural resources as well as to improve adaptability in the natural
resource, agricultural, and industrial sectors.

2. Promoting greenhouse gas mitigation activities based on sustainable development: Its goal is to
promote clean technology in the various sectors. Mitigation activities could include, for instance,
increasing energy efficiency, promoting the use of renewable energy, minimizing solid waste and
chemical use in farms, recycling material, as well as increasing carbon sinks.

3. Supporting R&D to better understand climate change and its impacts as well as adaptation and
mitigation options: This approach aims to provide useful information to policy makers via technical and
academic support from climate change researchers.

4. Raising awareness and promoting public participation: The objective of this approach is to
motivate public awareness and to promote common understanding on the roles of the local community on
climate change issues.

5. Building the capacity of relevant personnel and organizations to establish a framework for
knowledge and technology coordination and integration: This strategy aims to promote collaboration
between personnel and organizations involved in climate change to transfer and share knowledge,
technology, and experience.

6. Supporting international cooperation to accomplish the common goal of climate change
mitigation and sustainable development: This approach promotes international cooperation to transfer
and share knowledge, technology, and experience.

To enable the implementation of the National Strategy for Climate Change, ONEP transformed
these strategies into the “National Master Plan on Climate Change 2010-2019.” The ten-year master plan
consists of three approaches:

Strategy 1: Creating adaptability to respond and reduce the impacts of climate change.

Strategy 2: Supporting GHG reduction and increasing carbon sinks under sustainable

development schemes.

Strategy 3: Integrating knowledge, databases, and tools on climate change management.

The government has also established new institutes to cooperatively work within the national frameworks.
A description of these new institutions follows.

The National Committee on Climate Change (NCCC)

The National Climate Change Sub-committee was first established under the National
Environmental Board after the country ratified the UNFCCC in 1992. In 2007, the government upgraded
the National Climate Change Sub-committee to the National Committee on Climate Change (NCCC),
chaired by the prime minister. The committee comprises of experts and high-level officers from related
ministries. The committee formulates climate change policy and provides guidance/framework for
negotiations in international forums.
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The Thailand Greenhouse Gas Management Organization (TGO)

The TGO was established in 2007 as a public organization. While the NCCC sets policy, the TGO
serves as the Thai Designated National Authority for the Clean Development Mechanism (DNA-CDM).
The main role of the TGO is to screen, approve, and monitor CDM projects as well as to promote CDM
projects and the Certified Emission Reduction Market. The organizational structure of Thailand’s climate
change institutes is shown in Fig3.

The ministries mentioned above also work cooperatively with government agencies (see Table 1).
For example, the NCCC’s committee members are from the Ministry of Energy, Ministry of Industry,
Ministry of Science and Technology, Ministry of Finance, Ministry of Agriculture and Cooperation, Ministry
of Transport, Ministry of Public Health, Ministry of Foreign Affairs, and Ministry of Information
Communication and Technology. In addition to governmental efforts, there are several climate change
initiatives and activities performed by active private agencies, academic institutes, civic societies, and
NGOs.

Policy formulation level

Prime Minister (Chairman)

I

v v
National Committee on Climate Change National Environment Board

I

y
Technical Sub-committee Negotiation Sub-committee

Ministry of Natural Resources and Environment

A 4 A 4

Office of Natural Resources and Thailand Greenhouse Gas Organization
Environmental Policy and Planning

Fig3 The organizational structure of the climate change institutes of Thailand
Source: adapted from ONEP and the UNDP (2010) (ONEP and UNDP 2010)
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Table 1 List of government agencies participating in the climate change issue

Government agency

Missions

Ministry of Natural Resources and Environment

Department of Water Resources

Integrated water resource management

Ministry of Energy

Office of Energy Policy and Planning

National energy policy

Department of Alternative Energy Development
and Efficiency

Development and promotion of clean energy such
as renewable energy, biofuel, and energy efficiency

Ministry of Agriculture and Cooperatives

Land Development Department

Land preservation through the prevention of soil
erosion and land degradation

Department of Agriculture

Agricultural productivity

Department of Agricultural Economics

Economic information source for crop adaptation,
planning, and assessment of the implications

Department of Fisheries

Promotion and control of fishery practices

Royal Irrigation Department

Water supply for agricultural

Ministry of Industry

Department of Industrial Works

Pollution control, promotion of GHG reduction
through energy saving and clean technology

Thai Industrial Standards Institute

Industrial standards and manufacturing standards

Ministry of Public Health

Department of Health

Information source on the health impacts from
climate change, the spreading of insects, pests and
infectious diseases

Ministry of Education

Ministry of Education

Climate change education in schools and
universities

Ministry of Science and Technology

National Research Council of Thailand

R&D on climate change

Thai Meteorological Department

Weather forecast and climate observation

Geo-informatics and Space Technology
Development Agency (GISTDA)

Monitoring of geographical changes, satellite
imaging, GIS maps, remote sensing

Climate Impact Science and Technology (CIST)

Research organization on the impacts of climate
change

Office of the Council of State

Involvement with natural resources and
environmental legislation

Ministry of Interior

Department of Public Works, Town and Country
Planning

Land use planning and urban management

Local government authorities

Management and protection of local natural
resources and the environment

Department of Disaster Prevention and Mitigation

Natural disaster prevention and climate change
mitigation and adaptation
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1.4 National climate change adaptation policies and actions

This section reviews the national climate change adaptation policies and attempts related to the
nationally relevant sectors (i.e., water resource management and agricultural sections) to be discussed
next. This information will be used as the basis for the TNA process and technology prioritization process
discussed in Section 3.

The national policies and actions related to climate change adaptation on water resource
management can be summarized as follows:

1. Study of the National Water Policy Framework (Ad Hoc Committee considering the study for solving
water problems 2008) (in the subsection on risk-type and area-based policies for risk reduction)

Target 1: Reduce both flood and drought risks.

« Strategy 1: Develop a water network system connecting water resources,
flood areas, and drought areas.
« Strategy 2: Increase the capital water supply and storage capacity.

Target 2: Reduce drought risks.

« Strategy 1: Develop a water network system connecting water resources,
flood areas, and drought areas.

« Strategy 2: Increase the capital water supply and storage capacity.

* Strategy 3: Promote community involvement and participation in water

resource management.

Target 3: Reduce flood risks.

« Strategy 1: Develop a water network system connecting water resources,
flood areas, and drought areas.
« Strategy 2: Increase the capital water supply and storage capacity.
2. All-area policies for risk reduction

Target 1: Build the capacity of water resource management.

« Strategy 1: Build the capacity for water resource management by supporting

IT uses in data collection and the maintenance of infrastructures.

Target 2: Conserve and rehabilitate water resources and the environment.

« Strategy 1: Increase the capital water supply and storage capacity using
nonstructural measures.

Target 3: Promote community involvement in water resource management.

« Strategy 1: Promote community involvement and participation in water
resource management.
« Strategy 2: Build the capacity for water resource management.
3. Study of the crisis of decreasing the water level of the Mekong River(Committee on the Crisis of Low
Water Level in Mekong River 2010)
Strategies for international cooperation
« Strategy 4: Increase the country’s ability to manage water resource by
- Measure 1: Cooperative management of water infrastructures.
- Measure 3: Installing rainfall, water-level, and runoff sensors on
tributaries at the merging point on the mainstream Mekong River for monitoring and
warning.

Strateqies for domestic management of water and energy

« Strategy 2: Manage the water infrastructures on the tributaries of the

Mekong River.
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« Strategy 3: Increase the water supply inventory and storage capacity.
« Strategy 4: Increase the ability to distribute water.

« Strategy 5: Promote community involvement and participation in water
resource management.

2. Institutional arrangement for the TNA and stakeholder involvement

As one of the six countries in Asia supported by the Global Environmental Facility (GEF) through
the UNEP to prepare climate change technology needs assessments, the Royal Thai Government
assigned the National Science Technology and Innovation Policy Office (STI) as the Thai TNA
coordinator. With the Asian Institute of Technology (AIT) as the regional centre for Asia, the present
institutional arrangement for the Thai TNA project followed the UNEP RIS@ centre-recommended
structure is illustrated in Fig 4 with the details discussed below.

In Country Global
Na!ional Steering }

- Committee
o

National TNA Committee

{ LH TNA
\ Coordinator
\ ini Civil Society /

UNEP/ URC

= Regional
Sectoral / Technology | Centre
Work Groups
*
X [ National TNA
e Team
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L Stakeholders

—— Analytical Inputs

--+* Resources

+— Close cooperation
—— OQutputs

Fig 4 Institutional arrangement for the TNA project as suggested the UNEP RIS@ centre.

Various stakeholders from government agencies, academic institutes, and private sectors are
engaged in the national structure at various levels. The national TNA committee has Naksitte
Coovattanachai (Senior Advisor to Secretary-General, STI) as its chairman, and its committee members
are representatives from (1) the Department of Industrial Work, the Ministry of Industry; (2) the Health
Systems Research Institute, the Ministry of Public Health; (3) the Energy and Environment Cluster, the
National Science Technology Development Agency; (4) the Thailand and Environment Institute (an
NGO); (5) the Energy Policy and Planning Office, the Ministry of Energy; (6) the Joint Graduate School of
Energy and Environment, King Mongkut's University of Technology Thonburi; (7) the Joint Standing
Committee on Commerce, Industry, and Banking; (8) the Thailand Greenhouse Gas Management
Organization (a public organization); (9) the Department of Alternative Energy Development and
Efficiency, the Ministry of Energy; (10) the Thailand Research Fund; (11) the Office of Natural Resources
and Environmental Policy and Planning; and (12) the National Science Technology and Innovation Policy
Office. The National Steering Committee has the permanent secretary of the Ministry of Natural
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Resources and Environment as its chairman, and the Steering Committee contains representatives from
(1) the Ministry of Foreign Affairs, (2) the Ministry of Agriculture and Cooperatives, (3) the Ministry of
Transport, (4) the Ministry of Energy, (5) the Ministry of Science and Technology, (6) the Ministry of Public
Health, (7) the Ministry of Industry, (8) the National Economic and Social Development Board, (9) the Thai
Meteorological Department, (10) the Pollution Control Department, (11) the Royal Forest Department,
(12) the Department of Water Resources, (13) the Department of Marine and Coastal Resources, (14) the
Thailand Greenhouse Gas Management Organization (a public organization), (15) the Thailand Research
Fund, (16) the Federation of Thai Industries, (17) academia, and (18) the Office of Natural Resources and
Environmental Policy and Planning (as the secretariat). The working groups (which also serve as national
consultants) for selected sectors (as described next) were appointed by the National Steering Committee
as discussed in detail in Section 3.1 (see “Process and criteria of sector selection”). Various stakeholders
of each selected sector were engaged during focus group meetings and national public hearings as
discussed in detail in Section 4.

3. Sector prioritization

3.1 Process and criteria of sector selection

On July 12, 2010, the Office of National Resources and Environmental Policy and Planning
(ONEP), under the Ministry of Natural Resources and Environment, and the National Science Technology
and Innovation Policy Office (STI), under the Ministry of Science and Technology, launched the first
meeting for the Thailand Technology Needs Assessment project. Fifty-four experts and stakeholders in
climate change technology participated to discuss their viewpoints and to identify the highly impacted
sectors. The meeting concluded that mitigation technology is needed for energy efficiency and the
renewable energy sector while adaptation technology is needed for the agricultural sector, water
resources management, and modeling sector. The four selected sectors are also in line with the National
Strategy on Climate Change Management (A.D. 2008 — A.D. 2012(Natural Resources and Environmental
Policy and Planning 2008)) and the 1* National Policy and Plan on Science, Technology, and Innovation
(A.D. 2012 — A.D. 2022(National Science Technology and Innovation Policy Office 2012)) . The energy
sector and the agricultural sector are the main focus of Pillar 1: building capacity for climate change
adaptation, Pillar 2: promoting GHG mitigation, and Pillar 3: promoting research and development on
adaptation and mitigation of the national strategy on climate change management. Similarly, the climate
change adaptation using the modeling sector and the adaptation of the agricultural sector are
incorporated in Strategy 3.1 of the 1* National Policy and Plan on Science, Technology, and Innovation
while the GHG mitigation for the energy sector and the adaptation for the water resource management
sector are planned in Strategy 3.2 and 3.4 of the same plan. In addition, the results of UNFCC research
concurs: according to one study of the UNFCC (United Nations Framework Convention on Climate
Change 2006), agriculture and water resource are the top two sectors vulnerable to climate change. The
study showed that among various sectors, experts chose agriculture the most vulnerable sector (83
countries), followed by the water resources (76 countries), and coasts and marine sectors (59 countries)

(Fig 5).
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To develop a TNA for targeted mitigation technology and adaptation technology, the Steering
Committee appointed four technology workgroups composed of members from the following institutions:
(1) Science and Technology Research Institute, Chiang Mai University for the energy efficiency and
renewable energy sector, (2) the National Center for Genetic Engineering and Biotechnology (BIOTEC),
the National Science and Technology Development Agency (NSTDA), for the agriculture sector, (3) the
Hydro and Agro Informatics Institute (HAII) for the water resource management sector, and (4) the Center
of Excellence for Climate Change Knowledge Management for the modeling sector. The members of

these workgroups also serve as national consultants.

3.2 An overview of the selected sectors

This section provides an overview of the current and projected circumstances of the selected
sectors. The information in this section will be used in technology selection and prioritization, which are
discussed in Sections 4 and 5.

3.2.1 Agricultural sector

Agriculture is a very important sector of Thailand because the country relies on its agricultural-
based economy. There are approximately 13-14 million farmers in Thailand (NSO 2011), over 40% of the
current Thai workforce. Large amounts of various agricultural products including rice, cassava,
sugarcane, and shrimp are exported annually, producing a lot of revenue to the country, approximately
31,000 million USD annually, as averaged from 2009-2010 (Ministry of Commerce). Thailand plays a
crucial role in global food security according to the fact that Thailand has a one-third share of the global
rice market, and rice is a staple food for over half of the world's population (FAO 2004), accounting for
over 20% of the global caloric intake. In addition to rice, shrimp production, an aquacultural activity, is one
of the country’s major economic activities and a main source of export revenue. It involves a great
number of shrimp farmers as well as those working in related industries. Besides food, Thailand’s
agricultural products such as cassava and sugarcane have the potential for also serving as sources for
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alternative energy, although currently the amount of cassava and sugarcane produced is just enough for
consumption and not quite sufficient for producing biofuel.

Agriculture greatly depends on nature and is undeniably affected by global climate change. The
impacts of climate change on agriculture include temperature rises, increasing carbon dioxide
concentrations, and climatic variability, which causes more frequent extreme events such as floods,
droughts, storms and abnormally cold years as discussed in the Water Resource Section. Similarly,
latitudinal and altitudinal shifts in ecological and agro-economic zones, land degradation, rises in the sea
level, and soil salinity are also greatly affecting agricultural activities and yields (FAO 2004). In addition,
indirect consequences of climatic variability are the outbreaks of new pests and diseases as well as the
spreading and shifting of the ranges of existing ones.

The Intergovernmental Panel on Climate Change AR4 (2007) estimated that just a 1-3 °C rise in
temperature would bring about a higher agricultural yield in temperate zones but have a reverse effect in
the tropic ones, making developing countries in the tropical region, particularly Asia, vulnerable (AR4
2007). This could mean that subsistence agriculture, coffee and banana crops, and tropical biodiversity
could wither in places such as Ecuador, Colombia, northern Indonesia and Thailand(Sachs 2011). To be
precise, a 2.5-10% drop in agricultural yields in Asia is expected by the year 2020 due to climate change.
Similarly, a climate change simulation model has predicted that by 2080, without any interfering
measures, the average cereal crop yield in Thailand will have decreased by 2.5-5% (Easterling 2011). As
mentioned above, the agriculture section of Thailand has important roles, both as a global food supplier
and a local economic driver. Unless measures are undertaken to deal with the effects of climate change,
Thailand’s agricultural-based economy, its food security, and the food security of the world (as supplied
by Thailand) will be under threat. Below, we elaborate on the current and the projected national
circumstances of the agricultural sector, with a specific focus on rice crops, cassava, sugarcane, and
aquaculture as well as Thailand’s national climate change adaptation policies for the agricultural sector.

Rice crops

It is estimated that in the year 2010 roughly 3 billion people in the world consumed rice. In the
same year, the world produced a total of 441.03 million tons of rice. China is the world’s largest rice
producer, followed by India and Indonesia (Table 2). However, Thailand is the world’s largest rice
exporter, holding about 29% of the global market share. Surprisingly, the rice productivity in Thailand is
still relatively low (only ~ 5% of the world’s total rice) mostly due to biotic and abiotic stresses. Climate
change can both directly and indirectly cause biotic and abiotic stresses. As discussed in the Water
Resource Management Section, various climate simulation models indicate that the northeastern part of
Thailand has a great tendency for drought and changes in rainfall patterns, temperature, and sunshine
exposure. All of these will directly affect agricultural practices in the region (OAE 2011). Rice, while with
relatively tolerant at the vegetative stage, is very sensitive to high temperatures during the reproductive
stage, particularly during flowering. In addition, a study by Endo et al. (2009) showed that temperatures
greater than 35 °C can damage rice crops in the pollination and reproduction stage, causing them to stop
flowering, resulting in poor pollination and slow growth rates (Endo 2009). Yamakawa et al. (2007) also
showed in their experiment that high temperatures can affect the grain-filling metabolism of developing
rice, Nipponbare, during the milky stage (Yamakawa 2007). Therefore, ripening under high temperature
can result in the occurrence of grains with various degrees of chalky appearance and decreased weight.
Furthermore, climate change has an effect on soil salinity (LDD 2007). Currently, Thailand has about 3.36
million hectares with a saline soil problem, making former rice croplands unfarmable. This problem is
aggravated in the northeast of Thailand by salt content in groundwater being pulled to the soil surface.
Although this process has been happening slowly, overtime it will become a major problem in agriculture
(LDD 2007). Several attempts to remediate saline areas in Thailand have been made, but a lot remains
for further amendment. Biotically, high temperature is one of the factors leading to the outbreak of brown
plant hoppers in 2009, affecting approximately 0.3 million hectares of paddy fields and destroying
approximately 1.1 million tons of rice paddy, worth about 1.1 billion baht (Meerod, Tipphong et al. 2011).
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In brief, climate change causes productivity losses both in quantity and quality, affecting the long-term
competitiveness of the country’s rice export as well as global food security.

Table 2 The world’s major rice producers and exporters

Production Export (million tons)
Country -~ . L
(million tons) Production (%) (million tons) Market share (%)

China 136.6 31 0.6 2
India 89.1 20 2.2 7
Indonesia 37.1 8 0.0 0
Bangladesh 31.0 7 0.0 0
Vietnam 24.6 6 6.2 21
Thailand 21.2 5 8.5 29
Other 101.4 23 12.0 41
Total 441.0 100 29.5 100

Source: Office of Agricultural Economics, 2010 (Office of Agricultural Economics 2010).

Cassava

Over the last five years (from 2004-2009), Thailand produced about 25 to 30 million tons of
cassava roots annually. However, in 2010, productivity decreased to 22 million tons (OAE 2010) due to a
drought that catalyzed an outbreak of pink aphids/mealy bugs. This caused a shortage of cassava in the
market as the demand that year was as high as 29 million tons. As a short-term solution, the amount of
cassava exported was decreased to avoid an impact on domestic consumption. Consequently, in 2010,
only 3% of cassava roots were used for ethanol production (Fig 6). As a matter of fact, in Thailand,
cassava is mostly cultivated in dry areas, resulting in substantially lower yields per area than in India,
where cassava crops receive the benefits of proper irrigation systems (Table 3). Currently, the area for
cassava cultivation in Thailand is limited to approximately 1.2 million hectares. Therefore, to increase
productivity without increasing the farming area, resource management technology is an attractive
solution. For example, cassava farms using drip irrigation systems produces twice to three times as much
crops as those without. If Thailand can increase cassava productivity, several industries, including starch,
animal feed, and ethanol production, will benefit.

22 Millipn tons

=55% | =42% =3%
- Ethanol
s Cassava ships [ Pellets -
12.1 million tons 9.24 million tons 0.85 Million tons

Fig 6 Supply of cassava root in 2010
Source: Office of Agriculture Economics, 2010(Office of Agricultural Economics 2010)
and Denworalak, 2010(Denworalak 2010)
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Table 3 Average yields of cassava per hectare by country in 2008

Country Average yield (tons/hectare)
India 33.6
Thailand 21.3
Indonesia 18.1
Vietham 16.9
Brazil 14.1
Global average 125

Source: Office of Agricultural Economics, 2009 (Office of Agricultural Economics 2009)

Major issues in cassava production throughout the world are pests and diseases (Jarvis,
Upadhyaya et al.). Climate change can stimulate such biotic stress. Mealybugs, a well-known cassava
pest in Latin America and Africa but rarely problematic in Southeast Asia, have spread over about
200,000 hectares in the eastern and northeastern parts of Thailand this year (2011), damaging as much
as 50% of total productivity. Apart from pests and diseases, just like in the case of rice, climate change
can also bring about abiotic stress such as flooding, leading to a shortage of cassava both for domestic
consumption and export. One simulation predicted that the cassava productivity in 2090-99 will have
decreased by 43% in comparison to the amount produced in 1980-89 (base year) due to climate change
and decreased soil properties (OAE 2011). Another model, built to simulate cassava farming under
different climatic conditions, showed that in the future, up to 37% of the country’s total cassava farm
coverage (i.e., the critical areas) may give a yield below 70% of the average vyield in the base year
(Pannangpech, Buddhaboon et al. 2009).

Sugarcane

Annually, Thai farmers typically cultivate approximately 1.12 million hectares of sugarcane,
producing ~70 million tons of sugarcane and exporting ~1.4 billion USD. As in the case of rice and
cassava, climate change can both directly and indirectly cause biotic and abiotic stresses. For example,
from 2005 to 2006, the annual sugarcane yield of Thailand declined to only ~47 million tons mainly due to
drought. During the harvest season from February and March 2010, Thailand experienced a sharp
temperature rise, especially during the daytime, in many areas including sugarcane fields. This reduced
both sugarcane productivity and quality, leading to a 4.3% decrease in the amount of raw materials
available for sugar mills. Droughts were expected to continue to trouble the sugarcane harvest season
this year (2011) (OAE 2011). A study on the potential impacts of climate change on sugarcane
production, using the DSSAT-CANEGRO model along with the climate scenarios from the regional
climate model CCAM, reveals that climate scenarios may have positive influences on the fresh sugarcane
yield, but not as much on the sugar yield per ton of fresh sugarcane (Jintrawet and Pramanee 2005).
However, the model does not take into account other factors such as weeds, insects, diseases, and
flooding. As a matter of fact, sugarcane farmers do face the risks of disease outbreaks, catalyzed by
climate variability.

Aquaculture

Aquaculture is a major agricultural subsector in Thailand. In 2009, Thailand yielded approximately
765,000 tons of aquacultural production for domestic consumption and export, of which shrimp
represented the country’s main aquaculture export and generated an income of over 2,660 million USD.
In the same year, the shrimp industry also hired over 0.7 million workers (Research 2009). As of 2010,
Thailand had approximately 32,000 shrimp farms (Fisheries 2010), covering a total area of 30,000
hectares (Office of Agricultural Economics 2009) and producing approximately 540,000 tons of shrimp.
This represents a 16% increase from the previous year in response to the relatively high global price of
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shrimp in the second half of 2009 (due to epidemics of shrimp diseases and unfavorable climate
conditions for shrimp farming in many competing countries).

As in the other cases, climate change can bring about direct and indirect biotic and abiotic
stresses. In 2011, for example, around 500 kg of shrimp in farms located in Surat Thani, a coastal
province in the South, were seriously damaged by flooding. In addition, changes in water temperature can
greatly affect the overall health and growth of farm-raised shrimp by stimulating conditions for shrimp
diseases such as bacterial infections and viral attacks. Some of the viral diseases including IMNV disease
and white spot syndrome are uncommon in Thailand because they usually spread in low-temperature
conditions. However, a sharp temperature drop in 2011 caused an outbreak of white spot disease. Both
flooding and white spot disease in 2011 are expected to decrease shrimp productivity for the year by
170,000 tons or 30% from that of the previous year (Yodpinij 2011).

3.2.2. Water resource management sector

Thailand is located at the center of Southeast Asia. The climate is tropical and is characterized by
seasonal monsoons. The average annual precipitation of Thailand is 1,374 millimeters, which is higher
than the global average of 1,050 millimeters according to Global Precipitation Climatology Project (GPCP)
data. Over the past several decades, Thailand has encountered a variety of water resource management
problems ranging from floods to droughts. At different periods of the year, some regions face water
scarcity while others suffer from flooding and water pollution. Unfortunately, several parts of Thailand
experience both flooding and drought in the same year. For example, in 2010, floods damaged more than
1.76 million hectares. During the same period, from November 2010 to June 2011, over 39 provinces
experienced droughts, causing the government to allocate a budget of more than 550 million USD and 13
million USD to relieve the problems and help flood and drought victims, respectively (DDPM 2011).

These water resource management issues severely interrupt the social and economic growth of
the country. Due to the nature of the agricultural-based economy of Thailand, proper management of
water resources is imperative. Climate change alters the weather patterns and accentuates the weather
extremes. Undoubtedly, these stresses affect the types of water resource management practices and
strategies that are required; adaptive technologies are needed to allow us to live harmoniously and
sustainably in the changing environment. In sum, climate change might be responsible for 1) greater
spatial and temporal rainfall variability and 2) more severe and unpredictable meteorological disasters,
both of which lead to flooding, drought, and coastal erosion problems, requiring improvements to current
water management practices. Below, we elaborate the current and the projected national circumstances
regarding rainfall variability, meteorological disasters, floods, droughts, and coastal erosion as well as
national climate change adaptation policies for water resource management.

Rainfall variability

Statistical records on both rainfall and climate projection analysis agree upon a trend toward
greater spatial and temporal rainfall variability in Thailand. A statistical analysis of the annual precipitation
rate of Thailand using a 56-year record (1951-2006) reveals an obvious contrasting between the low
precipitation rates (lower than normal value) of the latest 30 years with the high precipitation rates (higher
than normal value) of the first 20 years. This suggests that, overall, the precipitation rate over the past 56
years in Thailand has been decreasing (Kornrawee 2007). While the precipitation rate has been
decreasing annually, the intensity of the rainfall, calculated by dividing the total annual precipitation with
the number of rainy days, has been increasing in every region of the country. Fig 7 illustrates the
increasing trend of the annual rainfall intensity over the last 10 years. On average, the intensity of the
total rainfall of the country has increased by around 0.6 mm per day over the past 10 years.

Annual regional precipitation trends vary substantially. On average, annual rainfall totals for the
central and eastern regions of Thailand are decreasing, while in the northern and the northeastern
regions, they are increasing (Limchilakarn 2010). Total rainfall generally increases from November to April
and decreases from May to October. The number of rainy days in the central, the eastern, and the
northern regions is decreasing (by about 67% at all stations) at a rate of 0.05-1.3 days per year. From
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November to April, the number of rainy days is decreasing in the central region (by 0.3 days per year) and
the eastern region (by 0.4 days per year), while during the same period, the number of rainy days is
increasing in the lower northern and the northeastern regions (by 0.8 days per year).
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Fig 7 Rainfall deviation from 2001-2010 in comparison to the base line, the average from 1950-1997
(Thanapakpawin 2011)

In addition to the observed data discussed above, several climate projection analyses support the
trend of the greater spatial and temporal rainfall variability in Thailand. Koontanakulvong and Chaowiwat
(2011) utilized downscaled GCM data in CCCMA3.0, PRECIS ECHAM4, and MRI to produce water
situations of the present (1979-2006), the near future (2015-2039), and the far future (2075-2099)
(Koontanakulvong and Chaowiwat 2011). Their analyses predicted decreased rainfall in the northern,
central, northeastern, and southwestern regions and increased rainfall in the western and southeastern
parts of Thailand in the near future. For the far future, all of the models showed increased rainfall for all
regions except for CCCMA3.0, which projected decreased rainfall in the South. These overall results are
in good agreement with the climate projection analysis by Chiwanno et al. (2010) cited in
(Koontanakulvong and Chaowiwat 2011), which suggests that the annual precipitation in every part of
Thailand will probably increase, especially in the central region (by 15-25%) and the upper northeast (by
25-50%), by the end of the century. The results of Thongtanakul (2009) (Thongtanakul 2009), as depicted
in Fig 8, concur.
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Fig 8 Trend of future changes in annual precipitation in Southeast Asia

In the future, the number of rainy days is not expected to change from the present very much,
except the in the northeastern and the eastern regions, which may experience 1-2 weeks and 2-4 weeks
of additional rainy days per year, respectively. Several projection analyses also suggest the potential for
greater intensity and the higher frequency rainfall in the future (Kundzewicz 2004; Kundzewicz 2007),
which might lead to greater risks of flash floods and inundation floods, which are discussed next.

Meteorological Disaster

A precipitation anomaly in this region is generally caused by oscillations in both the Pacific and
Indian Oceans, examples of which include the EI Nifio Southern Oscillation (ENSO), Indian Ocean Dipole
(IOD), and Pacific Decadal Oscillation (PDO). Recent data show that these oscillations are becoming
more frequent (Fig 9), which is hypothesized to be the cause of several disasters including the severe
drought in the early 2010 due to a strong El Nino, the severe flooding in the late 2010 due to the abrupt
change to a strong La Nina, increased tropical cyclone intensities, and the increased Asian summer
monsoon precipitation variability (Zhao 2005; IPCC 2007). However, this hypothesis is still under debate
and is the subject of intensive research (Singhrattna, Rajagopalan et al. 2005; IPCC 2007; Ray, Garfin et
al. 2007; Lebel, Snidvongs et al. 2009).
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Fig 9 Multivariate ENSO index for 1955-2010
Source: Climatic Data Center/NESDIS/NOAA (National Center for Atmospheric Research (NCAR) 2011,
The National Environmental Satellite Data and Information Service (NESDIS) 2011)
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Flood

The Land Development Department (LDD 2005) conducted a statistical analysis based on the
frequency of floods in Thailand and characterized flood prone area into three groups based on the risk of
flood occurrence. The first group is the high risk area, as specified by the flood occurrence of 8-10 times
in 10 years. The high risk areas cover 20 provinces with 3,100 sg.km. or 0.6% of the entire area of
Thailand. Most are located in the northern region (~2,137 sq.km) and the northeastern region (~960
sq.km), while only a small fraction is in the central region (~2 sg.km.). The second group is the medium
risk area, as specified by the flood occurrence of 4-7 times in 10 years. The medium risk areas cover 23
provinces with 4,759 sq.km. or 0.93% of the entire area of Thailand. Most are located in the northern
region (~2,836 sg.km.) and the northeastern region (~1,889 sqg.km.), while some are in the central region
(=34 sg.km.). The last is the low risk area, as specified by the flood occurrence of less than 3 times in 10
years. The low risk areas cover 70 provinces with 33,007 sg.km. or 6.43% of the entire area of Thailand.
They are distributed throughout the country, comprising of 10,684 sg.km in the northern region, 8,347 sq.
km. in the northeastern region, 6,608 sg.km in the central region, 4,466 sq. km. in the southern region,
and 2,902 sq.km. in the eastern region. The losses from flooding statistics of Thailand are summarized in
Table 4.

Table 4 Losses from floods in Thailand

Year Number Numl?er of Losses
of events | provinces Injury (person) Dead (person) | Value (million THB)

2002 5 72 0 216 13,385.31
2003 17 66 10 44 2,050.26

2004 12 59 3 28 850.65

2005 12 63 0 75 5,982.28

2006 6 58 1,462 446 9,627.41

2007 13 54 17 36 1,687.86

2008 6 65 0 113 7,601.79

2009 5 64 22 53 5,252.61

Source: DDPM, 2011 (DDPM 2011)

Koontanakulvong and Chaowiwat (2011)(Koontanakulvong and Chaowiwat 2011) utilized
downscaled Global Climate Model data (GCM) in CCCMA3.0, PRECIS ECHAM4, and MRI models to
project the areas prone to flooding in the near future (2015-2039) and the far future (2075-2099) due to
climate change (Koontanakulvong and Chaowiwat 2011). Their analysis shows that, in the near future,
the flood prone areas in the Chao Phraya Tachin basin group, Mae Khong basin group, and East
Southern basin group will be affected by climate change. Around 18.76% of the current flood prone areas
might decrease, in size, significantly, 8.49% of these areas may only decrease slightly, and around
26.68% is predicted to remain unchanged. On the other hand, around 18.74% of the current flood prone
areas might increase in size slightly, while 27.33% of flood prone areas will increase substantially. As for
the far future, the analysis shows that the flood prone areas in the Chao Phraya Tachin basin group, Mae
Khong basin group, and West Southern basin group will be affected. Around 19.41% of the current flood
prone areas might decrease in size significantly and 6.34% of flood prone areas may decrease only
slightly, while around 25.16% is predicted to remain unchanged. On the other hand, around 11.91% of the
flood prone areas might increase slightly, while 37.19% of areas prone to flooding may increase
substantially.
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For the flood-prone areas in Bangkok and its surrounding suburban areas, Babel et al.
(2009)(Babel 2009) projected the effects of climate change. They revealed that, by 2050, the flood-prone
areas of Bangkok and Samut Prakan will have expanded by approximately 180 km? due to climate
change. This change represents about a 30% increase in the flood-prone area from its size in 2008.
Furthermore, 7% of the area of these provinces may remain inundated for over a month. Much of the
areas prone to increased flooding will be located in the western part of Bangkok where existing and
planned flood protection infrastructures (dykes and pumps) may be inadequate for dealing with the higher
flood levels predicted for the future. The flood volume will increase by the same percentage as the
precipitation, but the peak flood discharge will increase even more. This observation corresponds to
unequal travel times of floods from upstream catchments. Storm surge is important, but will have less of
an effect on flooding. It is estimated that the flood-prone areas in Bangkok and Samut Prakan will
increase by about 2% due to the effects of storm surges striking the western coast of the Gulf of Thailand.

Drought

Droughts typically occur during the dry season, from January to March, but sporadically occur
during the rainy season, from June to July (Fig 10). Droughts have a great impact on the agricultural
sector and the livelihood of rural communities, especially on the 204,800-sq.km rain-fed agricultural areas
(~ 40% of the country), most of which are in the Northeast. In the past decade, severe droughts have
occurred, such as in 2004, 2005, 2009 and 2010. The 2005 drought caused a water shortage that
affected the industrial sector in the Eastern Seaboard. This raised the water supply price for industry to as
high as4.8 USD per 1 m?® (usually 0.4 USD per 1 m3).

The Land Development Department (LDD 2005) also conducted a statistical analysis based on
the occurrence of droughts in Thailand and characterized repetitious drought areas into three groups. The
first group contains the high risk areas as specified by having a drought every 13 years. The high risk
areas cover 61 provinces and 69,452.34 sq.km. Most are located in the northeastern region (42,516.28
sq.km), the northern region (16,831.35 sqg.km), the central region (7,608.48 sg.km), and the eastern
region (2,336.23 sq.km). The second group contains the moderate risk areas, as specified by having a
drought every 45 years. The moderate risk areas cover 22 provinces and 14,871.64 sq.km. Most are
located in the northeastern region (13,416.77 sq.km), the eastern region (1,217.49 sqg.km), the northern
region (124.79 sqg.km.), the central region (111.44 sqg.km), and the southern region (1.15 sq.km). The last
is the low risk area group, as specified by having a drought every 6-10 years. The low risk areas are
spread across 21 provinces and 11,718.28 sq.km. Most are located in the northeastern region (9,133.21
sq.km), the eastern region (2,293.38 sq.km), the central region (135.30 sq.km), and the northern region
(49.90 sg.km). The losses from drought statistics of Thailand are summarized in Table 5 (DDPM 2011).
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Source: DDPM, 2011 (DDPM 2011)

Koontanakulvong and Chaowiwat (2011)(Koontanakulvong and Chaowiwat 2011) utilized
downscaled GCM data in CCCMA3.0, PRECIS ECHAM4, and MRI models to project the areas prone to
drought in the near future (2015-2039) and far future (2075-2099) due to climate change. Their analysis
shows that, in the near future, the drought areas in the Chao Phraya Tachin basin group, Mae Khong
basin group, and Western coast basin group will be affected by climate change. Around 6.72% of the
current drought areas might decrease in size significantly, while 16.01% may slightly decrease, and
around 64.15% will remain unchanged. On the other hand, around 10.31% of the current drought-prone
areas might increase in size slightly, while 3.80% of the areas will increase substantially. As for the far
future, the analysis shows that the drought areas in the Chao Phraya Tachin basin group, Western coast
basin group and Salawin basin group will be affected by climate change. Around 7.19% of the current
drought-prone areas might decrease in size significantly, while 39.50% have a slight chance of
decreasing, and around 41.99% will probably remain unchanged. On the other hand, around 8.06% of the
drought areas might increase slightly, while 3.26% might increase substantially. Similarly, Chiwanno et al.
(2010) cited in (Koontanakulvong and Chaowiwat 2011)) projected the impact of the climate conditions
and revealed that the dry season in a year will be 2-3 month longer for the entire drought area by the end
of the century.
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Table 5 Losses from droughts in Thailand

Losses
Year Number of province i () agr:?:irlr':S?:grea Value
. (million THB)
(rai)
2002 66 12,841,110 2,071,560 508.78
2003 63 5,939,282 484,189 174.32
2004 64 8,388,728 1,480,209 190.66
2005 71 11,147,627 13,736,660 7,565.86
2006 61 11,862,358 578,753 495.27
2007 66 16,754,980 1,350,118 198.30
2008 61 3,531,570 524,999 103.90
2009 62 17,353,358 594,434 108.34

Source: DDPM, 2011 (DDPM 2011)

Coastal Erosion

Sea level rises promoted by climate change place coastal areas under threat of severe coastal
erosion and seawater encroachment. The rate of sea level change due to climate change varies
according to the latitude. It is generally accepted that glacial melting substantially causes sea level rises
in high- and middle-latitude areas but not in low-latitude areas, which means the sea level of Thailand
should not rise much. However, the Gulf of Thailand appears to be an exception. It is reported that the
sea level at Sattahip Bay in the eastern part of the Gulf of Thailand increases, on average, around 2.5
mm per year, while the sea level at Koh Lak decreases, on average, around 0.4 mm per year. This is in
good agreement with a study by Trisirisatayawong et al. (2011)(Trisirisatayawong, Naeije et al. 2011),
which reports that the sea level in the Gulf of Thailand and South China Sea rises around 0.40-2.38 mm
per year, except at Koh Lak where the sea level reduces by 1.41 mm per year (Trisirisatayawong, Naeije
et al. 2011). In addition to the sea level rise, another important cause of coastal erosion in Thailand,
especially for muddy and sandy coastlines, are land use problems, including the changing of mangrove
forests to shrimp farms in muddy coastal areas and inappropriate uses of some sandy coastal areas.

Infrastructure

The current infrastructure for water resource management in Thailand is facing serious flexibility,
capacity, and maintenance problems. The primary means for water collection are large and medium sized
reservoirs, which are mostly located in the upper parts of watersheds, and only a few are chained or
cascaded. Therefore, when it rains in the lower part of a watershed, that rainwater cannot be collected
and stored for a future use in the dry season. As shown in
, while the water budget of Thailand is amply supplied by a large amount of rainfall, only 6% of it is
collected by the current infrastructure. Presently, only 17% of the all agricultural areas (approximately
246,400 sq. km.) are irrigated (Figure 11). Most of the irrigated areas are in the central part of the country.
However, it is unpractical to develop new large or medium reservoirs to irrigate all agricultural areas
because of the uncertainty of collectable water, topographical feasibility, and social restrictions. Thus, a
secondary system of numerous small reservoirs, community ponds, and distribution networks is an
alternative to alleviate the flexibility and capacity problems in those areas. Furthermore, the current
infrastructure and stream channels are not adequately maintained. Stream bank erosion and sediment
deposits greatly reduce the storage capacity of reservoirs and streams. Pipe leakage greatly
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compromises the efficiency of the distribution system. Drought and flood matters are handled separately;
therefore, in places where both problems arise, redundant investments are inevitable. On top of these
infrastructure issues, land use changes, particularly deforestation and mono-crop plantation near the
headwater streams alters watershed runoff characteristics, which affect the performance of the existing
water reservoirs.

Table 6 Recent (2005-2010) rainfall variability and inflow variability of large reservoirs

Region Rainfall Rainfall Inflow Inflow Inflow
Mm3 variability Mm3 (% of Rainfall) | Variability (%)
Central & West 122,239 3% 13,988 114 29%
North 167,783 15% 14,708 8.8 20%
Northeast 243,605 10% 8,783 3.6 26%
South 139,352 6% 5,847 4.2 26%
East 64,356 10% 978 15 32%
Nation-average 745,338 6% 44,303 5.9 19%
Region Agricultural area (km2) %
L) § Total Irrigated  Rain- Irrigated
) il area fed area agricultural
. > area
! , North 45936 6,080 39,856 13.2%
t 58 - ! Northeast 106,704 6,384 100,320 6.0%
-— East 8,832 656 8,176 7.5%
Central 46864 24432 22432  521%
South 38,896 4784 34,112 12.3%
Total 247,232 42,336 204,896 17.1%

Fig 11 Irrigated and rain-fed agricultural areas in Thailand

3.2.3 Modeling Sector

The modeling sector is working at the interfaces between climate change and other affected
sectors, including the agricultural and water resource management sectors. It provides adaptive tools for
coping with undesired consequences of climate change; as will be seen later in this report, modeling tools
are recognized as needed technology for both the agricultural and water resource management sectors.
Three main technological components of the modeling sector include hardware, database management,
and software. Here, we provide an overview of the data centers (hardware), database management, and
software available in Thailand.

e —
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Data Center

A data center contains the essential hardware, a large collection of data from various relevant
and creditable sources. In addition, it also serves as a data distributor to users and organizations that can
benefit from using the network. Without a reliable data center, it is difficult to obtain a meaningful
modeling result. As data are crucial in modeling, a data center must keep a high standard for assuring the
integrity and functionality of its hosted computer environment. Because modeling climate change impacts
can be useful for the adaptation of various sectors, ranging from the climate sector to the health and
economic sectors, an integrated data center is highly desirable. Such a data center would make it easy
for users to access all of the data required for cross-sectoral modeling effort. Table 7 gives examples of
national and international data centers from several countries throughout the world. These data centers
are integrated data centers, which provide data for multidisciplinary and cross-sectoral modeling. On the
other hand, Table 8 summarizes the data centers in Thailand. These data centers only store data
dedicated to specific purposes to comply with the authority and responsibilities of their corresponding
governmental agencies, making it more difficult to obtain data for cross-sectoral modeling efforts. In other
words, Thailand does not have an integrated national data center.
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Table 7 International data centers for climate change modeling

and Climate Center
(NWCC)

planning support, data acquisition and
management, technology innovation,
partnerships and joint ventures, and technology
transfer.

Institution Country Feature Contact
1.National Climatic USA The world’s largest active archive of weather Address: N.61t|.onal Climatic Data Center
Data Center (NCDC) information. Federal Building
. . . 151 Patton Avenue
NCDC partqers mclgde regional climate centers, Asheville NC 28801-5001
and state climatologists. USA
NCPC is part of the Department gf Comrngrce,' 828-271-4800
National Oceanic anq Atmospherlc Admlnlstratllon FAX: 828-271-4876
(NOAA), and the National Environmental Satellite,
Data and Information Service (NESDIS). Webpage: http://www.ncdc.noaa.gov/oa/ncdc.html
2. The National USA NCAR is a federally funded research and Address: The National Center for Atmospheric
Center for development center devoted to service research | Research
Atmospheric an_d education in the atmospheric and related P.O. Box 3000, Boulder, CO 80307-3000
Research (NCAR) sciences.
A primary NCAR activity is creating models that | USA
enhance human understanding of the )
atmosphere, the Earth system, and the Sun. Email: http://ncar.ucar.edu/
Its efforts help scientists worldwide to better
understand and continually refine the knowledge
of how the Earth's systems work. Other parties,
such as national and regional leaders, also use
this information to make decisions ranging in
scale from local to international.
3. The National Water USA The functions of the NWCC are natural resource | Address: Natural Resources Conservation Service

National Water and Climate Center

1201 NE Lloyd Blvd., Suite 802

Portland, Oregon 97232-1274 USA
Webpage: http://www.wcc.nrcs.usda.gov/
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Organization (WMO)

interaction with the oceans, the climate it produces,
and the resulting distribution of water resources.
WMO promotes cooperation in the establishment of
networks for making meteorological, climatological,
hydrological and geophysical observations, as well
as the exchange, processing and standardization
of related data, and assists technology transfer,
training and research.

It also fosters collaboration between the national
meteorological and hydrological services of its
members and furthers the application of
meteorology to public weather services, agriculture,
aviation, shipping, the environment, water issues
and the mitigation of the impacts of natural
disasters.

Institution Country Feature Contact
4. World Data Center Germany Data for climate research are collected, stored and | Address: World Data Center for Climate
for Climate (WDCC) disseminated. Deutsches Klimarechenzentrum - DKRZ
No raw data storage for example from satellites or | World Data Centre for Climate
climate models is housed in the WDCC itself BundesstralRe 45a
because raw data storage on a global scale is 20146 Hamburg
beyond the scope of the available facilities. Germany
Close cooperation with thematically corresponding | Tel: +49 (40) 46 00 94 - 105
data centers like Earth observation, meteorology, Fax: +49 (40) 46 00 94 - 119
oceanography, pale climate and environment is Webpage: http://mud.dkrz.de/wdc-for-climate/
planned in order to establish a complete network
for climate data.
The WDCC is maintained by Model and Data
(M&D), which is hosted at the Max-Planck-Institute
for Meteorology, in cooperation with the German
Climate Computing Center (DKRZ).
5. World Switzerland It is the UN system's authoritative voice on the Address: World Meteorological Organization, 7bis,
Meteorological (UN) state and behavior of the earth's atmosphere, its avenue de la Paix, Case postale No. 2300, CH-

1211 Geneva 2, Switzerland

Tel.: + 41(0)22 7308111

Fax: 7308181

Webpage:
http://www.wmo.int/pages/index_en.html
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Pacific Research
Center (IPRC)

center, with a focus on the Asia-Pacific region.
The mission of IPRC is to provide an
international research environment dedicated to
improving mankind’s understanding of the
nature and predictability of climate variations
and changes in the Asia-Pacific region, and to
developing innovative ways to utilize knowledge
gained for the benefit of society.

The Asia-Pacific Data-Research Center
(APDRC) is building towards a vision of one-
stop shopping for climate data and products for
the users.

Institution Country Feature Contact
6. Japan Japan JMA is a core member in the implementation of Address: Japan Meteorological Agency, 1-3-4
Meteorological a number of scientific and technical WMO Otemachi, Chiyoda-ku, Tokyo 100-8122, Japan
Agency (JMA) programs, with many experts contributing to Webpage: http://www.jma.go.jp/jma/indexe.htm|
technical commissions and associated working
bodies of the organization.
JMA is also actively involved in international
programs organized by the Intergovernmental
Oceanographic Commission (I0C) of the United
Nations Educational, Scientific and Cultural
Organization (UNESCO), the International Civil
Aviation Organization (ICAO) and others.
7. Center for Norway CICERO’s mission is to conduct research and Address: CICERO P.O. Box. 1129 Blindern, N-
International Climate provide reports, information and expert advice 0318 Oslo, Norway
and Environmental about issues related to global climate change Telephone: +47 22 85 87 50
(CICERO) and international climate policy with the aim of Fax: +47 22 85 87 51
acquiring knowledge that can help mitigate the E-mail: admin@cicero.uio.no
climate problem and enhance international Webpage:
climate cooperation. http://www.cicero.uio.no/home/index_e.aspx
8. The International USA IPRC is an international climate research Address: Pacific Ocean Science and Technology

Bldg., Room 401

1680 East-West Road, University of Hawai'i
Honolulu, Hawai‘i 96822 USA

Telephone: +1 808.956.5019

Fax: +1 808 956.9425

Webpage: http://iprc.soest.hawaii.edu/
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Meteorological
Department (MMD)

center providing excellent services nationally
and internationally.

It provides effective meteorological and
seismological services to improve the protection
of life property and the environment; increase
safety on land; sea and in the air; and enhance
quality of life and sustainable economic growth.
It participates in international programs on
research, data collection and exchange, and
other related activities in meteorology.

It provides training in meteorology.

Institution Country Feature Contact
9. Center for Climate Indonesia CCROM — SEAP is a research center at Bagor | Address: Gedung Fisik dan Botani Lantai
Risk and Opportunity Agriculture University. Its mission is to enhance | 2 Kampus IPB Baranangsiang
Management in the capability of society in Southeast Asia and Jalan Pajajaran Bogor 16143
Southeast Asia the Pacific to better understand the impacts of Jawa Barat, Indonesia
Pacific (CCROM — climate variability and climate change and to Telephone: +62 251 8313709
SEAP) manage the risks and opportunities of those Fax: +62 251 8310779
events to improve human welfare and the E-mail: ccromseap.ipb@gmail.com
environment. Webpage: http://ccromseap.ipb.ac.id/
It specializes in research and activity regarding
1) the formulation of tools, methods, and
approaches for managing climate risks across
spatial and temporal scales, 2) the generation
of demand driven bio-physical, socioeconomic
and impact data, 3) information and knowledge
for managing climate risks at various spatial
scales, and 4) education and training to support
increased climate risk manage efforts.
10. Malaysian Malaysia It aims to be a world-class meteorological Address: Malaysian Meteorological Department,

Jalan Sultan,

46667 Petaling Jaya,

Selangor Darul Ehsan.

Malaysia

Telephone: 6(03) 7967 8000

Fax: 6(03) 7955 0964

E-mail: pengurusan@met.gov.my
Webpage: http://www.met.gov.my/index.php
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THAILAND

Regional Center (SEA
START RC)

Southeast Asia Regional Committee for START
(SARCS).

Established under a memorandum of
understanding between Chulalongkorn University,
the National Research Council of Thailand, and
International START.

Institution Province Feature Contact
1. Thai Meteorological BKK Monitors and analyzes regional weather Address: Thai Meteorological
Department; Climatological situations in Thailand and evaluates and reports Department 4353, Sukhumvit Rd.,
Center the impacts of the weather. Bangna, BKK 10260
Forecasts the weather and the weather Telephone: (662) 399-4566 , (662)
fluctuation; promotes research and the 399-4568-74
development of appropriate technologies for E-mail: webmaster@tmd.go.th
Thailand. Webpage: http://www.tmd.go.th/en/
Cooperates with domestic and foreign
organizations to follow up with the progress and
development of long term weather forecast.
Serves as the official source of data and news
regarding the weather in Thailand.
2. Thailand’s National Nontaburi Serves as the data center for natural disaster. Address: NDWC Rattanathibet Road,
Disaster Warning Center Has the authority to command in a critical Bang Kra Sor, Muang, Nontaburi
Thailand (NDWC) situation and warn about the natural disaster in | 11000
an accurate and precise manner. Telephone: +662 279 0430
Provides updates about natural disasters and Webpage: http://www.ndwc.or.th/
public warnings.
3. The Southeast Asia Start BKK Serves as the regional research node of the Address: Southeast Asia START

Regional Center, 5th Floor Chulawich
Building, Chulalongkorn University,
Bangkok 10330

Telephone: +66 2 2189464-7

Fax: +66 2 2519416

E-mail: webmaster@start.or.th
Webpage: http://www.start.or.th/
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Data Collection and Database Management

Several governmental agencies in Thailand, for example, the Department of Meteorology, Royal
Irrigation Department (RID), and Pollution Control Department (PCD), daily monitor and record observed
data regarding the weather, water, and air quality, respectively. Typically, these data are used to develop
the domestic weather forecast. However, climate change is a global phenomenon; thus, its impact cannot
be modeled by using only the observed data of our country. As a minimum requirement, data from other
countries in Southeast Asia must be considered as inputs of climate change modeling. Yet, Thailand has
no official and effective means of data collection, data transfer, and database management on a regional
level. Only a few research institutes in Thailand have attempted to collect and manage data from other
sources, domestically and regionally, for such a modeling effort (as shown in Table 9).

Table 9 Status of data collection in Thailand

Thai research Data sources Weather data
institute/organization
Department of Mathematics, Thai Meteorological Department | Weather data as model inputs
Faculty of Science, King and National Centers for
Mongkut's University of Environmental Prediction

Technology Thonburi (KMUTT)

Atmospheric Physics Research National Center for Atmospheric | Wind components, vertical

Unit, Faculty of Science, Chiang | Research (NCAR) motion, temperature, relative
Mai University humidity, tropospause
temperature, surface pressure,
surface pressure, surface
temperature, sea surface
temperature, precipitable water,
tropopause pressure

National Disaster Warning Asia Disaster Preparedness Disaster forecasting such as

Center (NDWC) Center (ADPC) earthquakes, typhoons,
landslides and floods.

The Southeast Asia Start Asia-Pacific Network for Global Weather forecasting data

Regional Center (SEA START Change Research (APN)

RC)

Modeling Software

As mentioned earlier, the modeling sector is working at the interfaces between climate change and other
affected sectors. As a result, there are various choices of modeling software capable of estimating climate
change impacts for a particular sector. In addition, some kinds of software are capable of estimating the
impact for various sectors. Table 10 summarizes modeling tools used by different sectors in Thailand. It
should be noted that each sector uses a specific model favorable for the application of interest, and we do
not see the use of an integrated model, which allows for climate change impact estimations across the
sectors.
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Table 10 Modeling tools used by various sectors in Thailand

Sector Model/Technology Producer/Developer Name of
Organizations
Thai Metrological
WRFWRW NCAR Department, CCKM
Royal Irrigation
Department, Water
DHI, Sutus Weesakul, | Department, Land
. Pro. Supat (AIT), Mr. Development
Mike model Sin Sinsakul Department, Bangkok
University, GISTDA,
Hydrographic
Department
Hydrographic
Coastal erosion Department and Prince of Songkla
/remote sensing model | GISTDA, Mr. Adul University and GISTDA
Bennui
Land Development,
Royal Irrigation
Department,
Flood /landslide / Department of Disaster
) N Prevention and
arid areas (Weighting Reference theory from e
Rating)/Potential geographic information Mitigation, GIST[.)A
. Surface Analysis Department of Mlneral
Disaster Resources, Office of the

National Economic and
Social Development
Board

Drought of E-san

Dr. Charat
Mongkolsawat
(Director of the
Geographic
Information Center,
Khon Kaen University)

Khon Kaen Univeristy

Tsunami: modeled by

Used the theory from

Department of Disaster

mathematical the numerical method Prevention and

equations subject Mitigation

Collapsed hole and Department of Mineral

. N/A
landslide Resources
Department

Department P
of Meteorolo of Meteorology,

WAM 9y Department
Department

of Hydrology

of Hydrology
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Sector

Model/Technology

Producer/Developer

Name of
Organizations

Decadence of natural

Soil erosion:

the universal soil loss
equation (USLE), and
revised universal soil
loss equation

USDA

Land Development and
Educational Institution,
Pro. Nipon Tungtam

resource (RUSLE)
M. Pramote, Marine
Science
RMA2 ' N/A
Chulalongkorn /
University
: : D f
Crop simulation: ICASA.net, Dr. epartment of Ground
- s Water Resources
Decision support Auttachai Jintawate,
. . Department of Land
system for agro- Dr. Methi Eksing,
. L . Development
technology transfer Chiang Mai University . .
(DSSAT) Kasetsart University
Chiang Mai University
Aaricult Land Development
gricuiture Land Evaluation Mr. Kamron Saifak Department
Model (FAO) FAO 1975,1983 Office of Agricultural
and Economics
Plant Research
International B.V.
FARMMIN . -
(Wageningen, The
Netherlands)
Dr. Boontiam,
Cropwat Ubonratchathani -
University, FAO
Aqua crop FAO -
USDA Agrlcultgral Dr. Kampanat
Research Service at
Pakdeekul, Faculty of
the Grassland, ;
SWAT Soil and Water Envronment, Mahidol
Water University ,START,
Research Laboratory Do
. Royal Irrigation
in Temple, Texas, Department
USA P
Royal Irrigation
USDR 1975 USDA Department, Office of

Agricultural and
Economics
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Sector Model/Technology Producer/Developer Name of
Organizations
Faculty of Economics,
Chulalongkorn
University and
Thammasat University,
Fiscal Policy Research
Purdue University Inst[itute Foupdation,
GTAP ' Office of Agricultural
USA .
Economics,
Center for International
Trade Studies.
Economics University of the Thai
Chamber of Commerce
/TDRI
TDRI-CGE Thailand Deve_lopment Thailand Devglopment
Research Institute Research Institute
International Trade
QTEM Center/University of University of the Thai
the Thai Chamber of Chamber of Commerce
Commerce
(Weighting
Ratmg)/Potent@I It is a geographic Department of Health
Surface Analysis . .
. information theory
Information system
Geography
Health Dr. Pim Martens

Modeling Framework
for the Health Impact
Assessment of Man-
Induced Atmospheric
Changes (MIASMA)

International Centre for
Integrated Assessment
and Sustainable
Development (ICIS),
Maastricht University,
Netherlands

Urban Planning

The city plan

Dr. Jariya

START

The California Urban
and Biodiversity
Analysis (CURBA)

University of
California, Berkeley

TECHNOLOGY NEEDS ASSESSMENTS REPORT FOR CLIMATE CHANGE - ADAPTATION

38



THAILAND

Sector

Model/Technology

Producer/Developer

Name of
Organizations

PRECIS SEA START RC SEA START RC
RegCM3 JGSEE KMUTT JGSEE KMUTT
MM5 Chiang-Mai University | Chiang-Mai University
Climate change
SEA START RC, SEA START RC,
WRF Department Department of Marine
of Hydrology, HAII. Hydrology
Department .
WAM of Hydrology and 3eg?orltg1ent of Marine
Marine y 9y
Stockholm
Energy LEAP Environment Institute JGSEE KMUTT
The Development
Industrial DRCSC's Research Centre :

(DRC) of China’s State
Council

Communication

Program CUBE:
Program uses for
NAM, e-BUM model
analysis

CITILABS, USA

Ministry of
Communications
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4. Technology Prioritization for the Agricultural Sector

The impact of climate change on the agricultural sector is unavoidable. Efforts must be made to
ensure that Thailand can adapt to the changing climate. Thailand’s agricultural sector is a large sector
consisting of various subsectors. This project, however, will focus only on selected subsectors rather than
the entire agricultural sector to ensure that adaptation technologies of interest can be translated and
implemented in the most effective manner. Thus, first of all, the target subsectors were identified by
considering their vulnerability to climate change and contributions to the country’s economic development
and food and energy security as shown in Fig 12.

b oy, 50N _
Fooy Watey Al -
2olrin, Pt i
'Indirect | | Direct =
| Effects | Effects |

Vulnerability

Competitiveness

Sectorl
Crops Horticulture &
other cash

crops

Fig 12 Schematic diagram conceptually representing subsector identification

The identification process consists of two steps. First, a climate change vulnerability analysis for
each subsector was conducted. Both the direct and indirect impacts of climate change were considered.
Direct impacts include factors like temperature rises, seasonal changes, and natural disasters that can
damage productivity, while indirect impacts involve the specification of resource optimization in terms of
water and carbon footprints, as a non-tariff barrier. A meeting with expert consultants and stakeholders
was held on May 11, 2011, and it was concluded that field crops and aquaculture are the two subsectors
most vulnerable to climate change (Table 11). Then, as the second step, the selected subsectors were
further prioritized according to their impact on the economy as well as food and energy security (Table
12).
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Table 11Summary of the rationale behind subsector selection

Sub-sectors Level of impacts Rationale

Field crops High Field crop production is sensitive to climate change
(rice crop, as it is difficult to control temperature as well as
cassava, diseases and pests in open spaces. Climate change
sugarcane) consequences (such as high temperature, photo

periods, droughts, floods, storms, and pests) are
most likely to have wide and deep impacts on crop

farming.
Aquaculture High Water temperature, water conditions and flooding
(shrimp) have dramatic effects on aquaculture production.
Vegetables Low Vegetables are sensitive to climate extremes.

However, in Thailand vegetables are grown in
irrigated areas with sufficient water supply. Some
are also grown in a closed system.

Fruit trees Low Yield loss will only occur in the case of long-term
flooding, high temperature fluctuation, and extreme
weather  conditions. Irrigation and  water
management are the key means for reducing such
risks.

Source: Brainstorming Session (11" May, 2011)

Table 12 Summary of the impact analysis of the selected agricultural subsectors

Contribution to Thailand Contribution to the World
Income Energy security Food security

Rice 4 - 4

Cassava 4 4 -

Sugarcane 4 4 -

Shrimp 4 - -

Table 12 summarizes the results of the impact analysis. In conclusion, based on the two criteria,
field crops including rice, cassava, and sugarcane_and aquaculture including shrimp are the top priority
subsectors for further TNA. Thus, an assessment of adaptation technologies that match the needs of
these sub-sectors is essential. Technology options have been derived from literature reviews and experts’
opinions. The five identified options have to do with the following: weather forecast and early warning
systems, crop technology improvement, precision farming practices, postharvest technology, and animal
nutrition and feed technology. These technology options were then prioritized by brainstorming,
discussing, re-identifying, and re-ranking them by the experts until they reached an agreement. Below, we
discuss the details of the technology overview, technology prioritization process, and results for the
agricultural sector.

TECHNOLOGY NEEDS ASSESSMENTS REPORT FOR CLIMATE CHANGE - ADAPTATION 41



THAILAND

4.1 Overview of possible adaptation technology options and their adaptation benefits

Adaptation technology in five areas were initially proposed and discussed. They are climate
forecast and early warning systems (including sensor technology, decision support system, simulation
modeling, and early warning system), crop improvement (including marker assisted selection and genetic
engineering), precision farming practices (including Remote sensing, drip irrigation, soil sensor, bioplastic
soil cover, bioplastic tunnel/pests), post-harvest technology (including packaging, logistics, food safety),
and animal nutrition and feed technology (including alternative protein source, high protein source). The
details of each technology are described in Annex 1.

4.2 Criteria and process of technology prioritization

4.2.1 Process

Next, a stakeholder meeting was held on June 17, 2011. Thirty-seven experts (see in Annex 3)
and stakeholders from the governmental, private, and academic sectors were gathered to prioritize
technologies best matching the adaptive needs of the targeted subsectors using the four criteria
discussed in the next section. Technology options identified included the five groups of technologies
mentioned above: (1) forecasting and early warning technology, (2) crop improvement technology, (3)
precision farming/resource management technology, (4) post-harvest technology, and (5) animal nutrition
and feed technology. The prioritization process consisted of two steps. First, technologies were identified
and ranked, using a card technique (as shown in Fig 13 on the right hand side). With this card technique,
each expert obtained three cards and he/she could propose one preferable technology option per one
card. Thus, each could propose the maximum of three technologies. The proposed technologies would
be categorized into the five groups of technology above. The percentage of which the proposed
technologies fell into each group of technology was calculated, and the five groups of technologies were
ranked accordingly. Then, the top-ranked technologies were discussed through a brainstorming process.
At the end of the meeting, the preliminary results were concluded, while the details were left to be filled in
later. Consequently, a public hearing was held on June 24, 2011 to further elaborate on the prioritized
technologies.

Fig 13 Stakeholder meeting for technology prioritization on June 17, 2011
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4.2.2 Criteria

Figure 14 shows the four criteria used for ranking the adaptation technologies of each targeted
subsector. The four criteria included the impact of the technology, technology capability, policy and
regulation, and public perception, which included farmer acceptance. The rational and definition of these
criteria can be described as follows. The impact of the technology refers to the potential benefits of each
adaptation technology, measured by the net reduction of loss (incurred by climate change), as well as the
cost effectiveness of technology development and utilization. Technology capability refers to the country’s
ability to develop, adopt, and use each adaptation technology within a 10-year timeframe. This will include
both technologies that require the transfer of knowledge and know-how from abroad and those that can
be researched and developed domestically. There are three sub-criteria for technology capability: R&D
and technology capability, technology absorption, and technology diffusion. R&D and technology
capability refers to the country’s R&D readiness in terms of the existing research at varying stages,
number of researchers, quality of researchers, and R&D infrastructure in both the public and private
sectors. This includes the readiness to transfer possessed technology to less developed countries as
well. Technology absorption represents the capability of human resources in the public and private
sectors to acquiesce new technologies. This also includes research network, technology development
and technology transfer. Technology diffusion refers to the readiness of supporting systems to facilitate
the transfer of technology and knowledge to farmers. Policy and regulation criteria here refers to the
alignment of each technology with existing policy and regulations that can facilitate the success of such
technology in terms of the research and development, production, application, and consumption of
products related to that adaptation technology. If a high potential technology is currently not supported by
any government policy, policy research should be conducted to explore the possibility of such technology
and to recommend the introduction or modification of policy to reflect the country’s level of technological
development. Last but not least, a good technology option must be accepted by the pubic and farmers for
effective implementation.

“ acvody
ot 1e°
‘_ﬁ\va + Potential Benefit /
Opportunity loss
+ Cost-benefitf
Cost-effectiveness

Criteria for Technology capability

3 iz + R&D and technolo
pnontlzn!g based capability v
technologles + Technology absorption

+ Technology diffusion

Policy and Regulation
Pubjj
C P,
F. erCe -
Armer-s accg;mn -
Nce

Fig 14 Prioritization criteria for the agricultural sector

TECHNOLOGY NEEDS ASSESSMENTS REPORT FOR CLIMATE CHANGE - ADAPTATION 43



THAILAND

4.3 Results of technology prioritization
Using the four criteria described in Section 4.2 as a guideline, experts and stakeholders identified,

ranked, and discussed adaptation technologies for the agricultural sector. The experts voted for these
following three types of adaptation technologies: forecasting and early warning systems (37%), crop
improvement technology (31%), and precision farming technology (17%). The results are shown in Table

13.
Table 13 Results of technology prioritization

. nd
Adaptation Technology 1Stmeeting % ACEEIE) 2.
Technology meeting %
Forecasting and early warning
Crop modeling, forecasting, Early warning system,
warning, tele-metering, data 37 long-term weather
management forecasting system 41
Crop improvement technology
Drought tolerance, flood Marker assisted
tolerance , water selection and genetic 33
optimization, disease and engineering for drought
pest resistance 31 and flood tolerance,
disease and pest
resistance

Precision farming/resource management

Water management, soil Remote sensing, drip
management, simulation, 17 irrigation, soil sensor, 17
green house, bio-security bioplastic soil cover,

bioplastic tunnel/pests
Post-harvest Other 9
Packaging, logistics, food 10 CO, capture in plants
safety
Animal nutrition and feed
Alternative protein source, 5

high protein source
* A = Ready/easy B = Medium C= Difficult

An important issue rose during the prioritizing and brainstorming sessions about the difference of
readiness among the selected technologies. Some technologies such as molecular breeding or MAS
have been developed in the country and are ready to be implemented as well as transferred to other
partner countries, especially those in the Mekong region. Similarly, precision farming technologies, such
as the management of soil, water, and pests/diseases are effortless to implement due to the availability of
resources such as R&D and human resources. On the other hand, forecasting/early warning systems and
genetic engineering are still at the nascent stage of development. For these, it is crucial to effectively
couple national innovation efforts with knowledge transfer from developed countries.

I
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5. Technology prioritization for Water resource management sector
Adaptation technologies for the water resource management sector was prepared by the national

consultants and finalized after several rounds of public hearings. Seven groups of adaptation
technologies were identified: (1) environmental observation, (2) weather and hydrological modeling, (3)
flood and drought risk management, (4) operation of water infrastructures, (5) community water resource
management: CWRM, (6) integrated urban water resource management (IUWRM), and (7) early warning
systems. The details of each option are provided next.

5.1 Overview of possible adaptation technology options and their adaptation benefits

The list of adaptation technologies arranged according to the seven groups, status of technology,
and prioritization criteria are summarized in Table 14. The statuses of technology and prioritization criteria
were determined by the experts. The detailed description of each technology options in each technology
group is available in Annex 1.

e —
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Table 14 Summary of adaptation technologies, the status of the technologies, and their descriptions for water resource management

secondary and emergency water resources
(including conjunctive use)

Objectives
* Status of
Technology c " =~
Availability £ c | 2 2
Lo S| EE g |8 2
Accessibility| o Q5 2 = 5
= o i) (3] <
o] €T = o | 2 = o
b= cx £8 £ g |2 23 Explanation
Technology for Climate Change Adaptation Easy -i—% s> & 2] E £ p
B=Medium | € 3| * & g 5 2 55
e SV 25 S = | 3] S &
C=Difficult | 8 5| = @ S g @ *q:: 2g
2G| 254 | T | ¢ |FE|lBE
vl sao | g N ol € =
sg| =88 | E € AR
O = © c g i~ = o i
SEl =25 = < Sc|l Bw
c 5298 | E a C G| 5§
SEo|lmdco | = = £ Elmo
1. Environmental Observation ° L] L Basic data on water resources such
1.1 Automatic telemetry (e.qg. rainfall, stream flow/water A as rainfall and weather parameters,
level, and water quality) water resources and stream network
1.2 Water resource surveying A map, and satellite images and
1.3 Remote sensing B geographic information system (GIS)
1.4 Mapping and geographic information system (GIS) A for water resource management
and other supporting data
2. Weather & Hydrological Modeling L] L] L] Numerical models for analysis or
2.1 Seasonal climate prediction C forecast of weather, surface and
2.2 Short-range forecasting B groundwater runoffs and levels, and
2.3 Hydrological modeling A water quality used as a tool for
2.4 Hydraulic modeling A operational water management such
2.5 Groundwater modeling B as estimating stream flow rate,
2.6 Water quality modeling B locating inundation areas, and
planning for flood routing
3. Flood and Drought Risk Management L] L] L] L] L] L] Flood and drought risk analysis to
3.1 Risk assessment B prioritize areas based on flood and
3.2 Risk treatment drought risk levels in terms of volume
3.2.1 Structural technologies/practices for risk A of water. Result from the analysis is
reduction (irrigation structure/rubber dam) put forth for strategic planning of
3.2.2 Nonstructural technologies/practices for risk A area-based policy and measures, to
reduction assign priority to risk areas, and for
allocating appropriate budget size for
3.3 Drought risk treatment project implementation.
3.3.1 Strategies for developing and managing B
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Objectives
* Status of
Technollo.gy = " =~
Availability == 0] 2 2
& u“— GE) a % k) <
Accessibility 2 o 5 2 = g
= o i) (3] <
e [ g2 |5 |% |£ |52
: . A= c> EG 2 o = 23 Explanation
Technology for Climate Change Adaptation Easy T8l o > > & 4= < £
B= Medi 22 85 ) - S 3 ©
= Medium | € 2 o © ) = (= R=))
e = 25 = = Q.| ©®
C= Difficult | 8 5| = @ = g el o =
N T 25 » © o = g 2 =
02| Sno [0) @ c S| 8
2Zl28s |8 |2 |08 E5
CSG|l Zaag | E < T & =
S8/ 225 |5 |3 |25/ 2¢
£8 a38|S |= |cs€|ad
3.3.2 Technology for increasing water-use B
efficiency (water demand management by 3R
technologies)
4. Operation of Water Infrastructures L] L] L] L] Water infrastructures such as dams,
4.1 Scenario setting for both supply and demand C reservoirs, and distribution network
4.2 Networking (via pipes or canals) and management B are tools for managing surface water
of infrastructures (including zoning) resources. The use of technology for
4.3 Optimization (e.g. dynamic dam/networking rule C management of such infrastructures,
curve) and decision support system (DSS) both on _|nd|V|duaI basis and f_or
4.4 Monitoring and maintenance B networking structures, helps in
4.5 Automization and SCADA B planning, operation, and maintenance
4.6 Salt water intrusion management B to ensure optimum infrastructure
conditions to serve their purposes in
all scenarios.
5 Community Water Resource Management: CWRM L] L] L] L] L] L] CWRM integrates both supply and
5.1 Data management A demand management of natural or
5.2 Survey and mapping, including developing a A man-made water resources as well as
community stream water flow concept diagram land reform at a community level. The
5.3 Water balance for risk analysis and production B goals are to solve water shortage for
planning drinking, household use, and
5.4 Engineering enhancement to increase efficiency in A agriculture, and to reduce flooding
local water management (including rain harvest and risks based on the community’s
wind break) desire to analyze, identify, and
5.5 Knowledge management A manage its own problems.
Community participation and
5.6 Nonpoint source water pollution management B partnership with local government and

alliances and the integration of
indigenous knowledge and new skills
are keys to success.
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Objectives
* Status of
Technology = " =
Availability £ o 2 2
& u“— GE) a Q k) <
Accessibility 2 o 5 2 = g
E |85 |2 |9 |, |%
A= g > §-<86 g % = é 5 Explanation
Technology for Climate Change Adaptation Easy S8 52 ® g = < £ .
B=Medium | € 2| < & & 5 e 55
e = 25 = = g=| O
C= Difficult | 8 5| = @ = g el @c
nEgl 25, | =2 3 g
v g | § S ol 2o
n_| =0 | B = L o X0
T g aag | g £ Rl -
S8/ 225 |5 |3 |25/ 2¢
£8 a38|S |= |cs€|ad
6. Integrated Urban Water Resource Management L] L] L] L] L] L] IUWRM is the practice of managing
(IUWRM) water supply, wastewater, and storm
6.1 Water supply management B water as components of a basin-wide
management plan. The goal is to have
6.2 Develop an urban water supply and drainage C synergies between water, the
concept diagram environment, and the economy and
6.3 Technology for increasing water-use efficiency B society for sustainable development and
(Water demand management with 3R technologies) to increase resilience to cope with
6.4 Waste & sanitation management A weather extremity.
6.5 Urban flood management B
7. Early Warning L] L] L] L] Warning technology, including
7.1 Sensor web using observation and/or modeling data B database system for integrating data
7.2 Warning criteria based on season, area, and risk B from various agencies, analytical
type processing (forecasting, monitoring,
7.3 Disaster communication A mapping, reporting), and

dissemination of warning notification.
Early warning is necessary to prepare
appropriate response to mitigate
disaster impacts.
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5.2 Criteria and process of technology prioritization

5.2.1 Objective and Framework

The goal of Thailand’s water resource management is to establish water security, both at the macro and
micro levels using a flood and drought risk management framework. Macro-level water management
relies on water-supply and water-distribution infrastructures. Macro-level management serves Thailand’s
irrigated agricultural areas (approximately 42,336 km?), industrial sectors, and urban or municipal areas.
On the other hand, micro-level water management utilizes micro-scale infrastructures to serve ~204,896
km? of Thailand’s rain-fed, non-irrigated agricultural areas. Thus, the focus is on water supply
management that equips the country with the ability to handle all rainfall scenarios, whether it rains above
or below dam catchments or in water-abundant areas or water-stressed areas. In other words, Thailand
needs engineering and management technology options that are flexible enough to reduce its exposure
and sensitivity, while maximizing its adaptive capacity for dealing with climate change risks and impacts.
To achieve water security, adaptation technology options must comply with the following objectives and
strategies (Table 15).
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Table 15 Objectives and strategies for Thailand water resource management

Objectives Strategies

1. To increase security in terms of the capital water supply - Increasing the water supply inventory, storage capacity, and distribution network
- Developing water network systems connecting water resources, flood areas, and
drought areas

2. To build flexibility for managing all types of supply and - Developing water network systems connecting water resources, flood areas, and
demand scenarios drought areas
- Building secondary and emergency water resources for risk management

3. To minimize damages from disasters - Building capacity for water resource management
- Protecting and rehabilitating the ecosystem

4. To maximize water usage efficiency - 3-R techniques (Reduce-Reuse-Recycle)
5. To involve all sectors in the management of water - Sharing and exchanging data and experience across the sectors
resources - Collaborative participation in planning and operations

- Networking

6. To build knowledge/know-how and data for management | - Collecting and managing data systematically

e ——
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5.2.2 Process
Technology prioritization comprised three major steps (Fig 15), which were taken with

stakeholder engagement during three focus group sessions and one national public hearing (Table 16).
The first step involved reviewing the possible technology groups and listing the technology options. A
preliminary list of technologies as well as their contributions to the water resource management objectives
of Thailand previously mentioned were prepared, discussed, and summarized after the focus group
sessions with experts from the academic, governmental, and private sectors. The second step included
specifying the criteria, weights, and scores for the technology assessment. The criteria, weights, and
scores were proposed by the national consultants and commented upon by the stakeholders during a
focus group session. The last step involved prioritizing the technologies from the 1% step using the
process obtained from the 2m step. The last step was done in the national public hearing. Each
participant was asked to provide scores for each possible adaptation technology group according to the
two criteria. Then, the technology prioritization process was performed by ranking the total score of each
technology. High impact technologies that scored the least in the capacity assessment were identified as
the weaknesses of the country and, therefore, were classified as “technology needs” in this report. The
top three technologies in this category were then selected for the technology factsheet preparation and
for the technology action plan.

Review possible
technologies

Multi Criteria

Prioritized
Technology

Fig 15 Framework for technology prioritization for the water resources management sector
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Table 16 Meeting dates, locations and participants of the focus group sessions and the national public
hearing for stakeholder engagement in the water resources management sector

Type Date Place Stakeholder
10 June, 2011 | Meeting Room 2, Floor 8, Hydro | Asian Institute of Technology,
and Agro Informatics Institute. Kasetsart University
Focus group | 14 June, 2011 | Meeting Room 1, Floor 14, Project Manager in Water
session Hydro and Agro Informatics Engineering, ASDECON
Institute. Corporation.
20 June, 2011 | Office of Project Management, Royal Irrigation Department of
Royal Irrigation Department of Thailand.
Thailand
National 24 June, 2011 | Boardroom 1, Queen Sirikit Royal Irrigation Department of
public National Convention Center Thailand, Marine Department of
hearing Bangkok, Thailand Thailand, The National Water

Resources Board, Agriculture,
Natural Resource and Environment
Planning Office (ANEO), Department
of Environment, Bangkok
Metropolitan Administration,
Thailand International Development
Cooperation Agency, Ministry of
Foreign Affairs, Department of
Disaster Prevention and Mitigation,
Ministry of Interior of Thailand, The
Industrial Environment Institute, The
Federation of Thai Industries,
National Science Technology and
Innovation Policy Office, ASDECON
Corporation Co., Ltd, Eastern Water
Resources Development and
Management Public Company
Limited, Charoen Pokphand Group,
DHI Thailand.
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5.2.3 Criteria

Assessments of a technology’s impact and capacity formed the two criteria in the MCDA. The
impact assessment judges the importance of a technology from the outputs and outcomes of the
technology’s implementation, while the capacity assessment evaluates Thailand’s current state of
technology and readiness for its implementation through a SWOT analysis. Each criterion in each
category had equal weight for scoring, and three levels of scores were available for judging as specified
in Table 17. For scoring and ranking, technology groups and technology options with high impact (high
scores in the impact assessment) but low current capability to be domestically implemented (low scores in
the capacity assessment) were identified as the technology needs requiring external funding support
and/or technology transfer.

Table 17 Criteria and scores for technology prioritization in the water resources management sector

Impact assessment Capacity assessment
(Outputs/Outcomes) (SWOT Analysis)
3: Easy S: Readiness in knowledge, | 3: Very ready

Agricultural communities

ain direct benefits 2: Medium human resources, and 2: Medium
g 1: Difficult required infrastructure 1: Not ready
. . 3: Easy 3: Cheap
U;:)nar(;i?;?z::sfiltnsdustnes 2: Medium W: Scale of investment 2: Medium
g 1: Difficult 1: Expensive
Build security for 3: High 3: Fast

O: Time horizon to see

government to cope with 2: Medium . 2: Medium
. tangible success

climate change 1: Low 1: Slow

Beneficial to other sectors | 3: High T: Resistance from other 3: Low

such as agriculture and 2: Medium sectors or conflicts between| 2: Medium

energy 1: Low agencies 1: High

5.3 Results of technology prioritization

Technologies were prioritized based on their impact and capacity. Both criteria had equal weight,
and each had three grades: high, medium, and low. Experts and stakeholders participated in reviewing
the criteria and scoring the impact and capacity of each of the technologies. The results of this
technology prioritization process are summarized in Table 18. The high-impact but low-capacity
technologies were then noted as technologies requiring external funds or technology transfer (left
column). The high-impact and high-capacity technologies were classified as technologies requiring
domestic development (right column). The top three technology groups with high impact but low capacity
are 1) operation of water infrastructures, 2) weather & hydrological modeling, and 3) Early Warning. To
form the technology action plan (TAP), the top-ranked technology option for each of the top three groups
mentioned above were selected. They include the following:

Rank 1. The networking (via pipes or canals) and management of infrastructures (including
zoning) under the technology group “Operation of Water Infrastructures.”

Rank 2. Seasonal climate prediction under the technology group “Weather & Hydrological
Modeling.”

Rank 3. Sensor webs using observation and/or modeling data under the technology group
“Early Warning.”
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It should be noted that although the technology option “structural technologies/practices for risk
reduction (irrigation structures/rubber dams” under the technology group “Flood & Drought Risk
Management” has the higher rank than the technology option “sensor webs using observation and/or
modeling data” under the technology group “Early Warning”, the latter is selected for TAP because
Thailand can domestically research and develop the former without the TAP for technology diffusion and
transfer. The technology diffusion and transfer is more useful for the sensor webs. The prioritized
technologies should also be aligned with the direction of national development. In fact, the selected
prioritized technologies in Table 18 very well support Thailand’s national policies, strategies, and
measures, as summarized in Table 19.

The relevant policies are laid out in the “National Strategy on Climate Change Management 2008-
2012,” the “Study of the National Water Policy Framework: Risk-type Area-based Policies and All-area
Policies,” and the “Study of the Crisis of the Decreasing Water Level of the Mekong River.” An
observation made regarding the “National Strategy on Climate Change Management 2008-2012” is that
this national strategy does not have an explicit strategy or measures regarding the operation of existing
water infrastructures.

It should also be noted here that while this TNA is being developed to meet the needs of each
sectors. Many of these technologies are cross-cutting and can be applied across many other agricultural
sub-sectors as well. In the next steps, prioritized technologies in this report will be re-confirmed and re-
analyzed in order to identify barriers/challenges hindering the development, transfer/acquisition,
deployment, and application of such technologies. A Technology Action Plan includes developed
technologies reprioritized within the country.
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Table 18 Prioritized technologies: impact and capacity

Ranking based on the impact assessment
(for external funding/technology transfer)

Ranking based on the capacity assessment
(for domestic development)

Operation of Water Infrastructures

Environmental Observation

1. Networking (via pipes or canals) and
management of infrastructures (including
zoning)

2. Salt water intrusion management

. Telemetry

Weather & Hydrological Modeling

Community Water Resource Management
(CWRM)

3. Seasonal climate prediction

. Surveying and mapping, including conceptual
diagrams of community stream water flow

. Engineering enhancement to increase local water
management efficiency (including rain water
harvesting and wind breaks)

Flood & Drought Risk Management

Flood & Drought Risk Management

4. Structural technologies/practices for risk
reduction (irrigation structures/rubber dams)

. Nonstructural technologies/practices for risk

reduction

. Strategies for developing and managing

secondary and emergency water resources
(including conjunctive use)

Early Warning

Operation of Water Infrastructures

5. Sensor web using observation and/or modeling
data

6. Scenario setting for both supply and demand

Integrated Urban Water Management (IUWRM)

Integrated Urban Water Management (IUWRM)

6. Urban flood management

7. Developing an urban water supply and drainage

conceptual diagram
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Table 19 Prioritized technologies in the context of Thailand’s national policies and strategies

National
policy/strategy/policy study

Strategies and measures

Selected technologies

1. National Strategy on
Climate Change Management
2008-2012

Strategy 1: Building capacity to adapt and reduce
vulnerabilities to climate change impacts

Path 1.1: Building capacity in assessing impacts from climate
change
Measure 1: Developing a weather database and weather
forecast system to accurately forecast weather in all
regions
Measure 4: Developing a geographic database to display
natural resources, ecosystems, biodiversity, important
agricultural areas, industries, cultural and art sites, and
settlements
Path 1.2.1: Preventing and mitigating losses from impacts
on natural resources, ecosystems, and biodiversity
Measure 2: Rehabilitating forests, water resources,
mangroves, shorelines, and soil to retain balanced
ecosystems and biodiversity
Measure 6: Planting vetiver grass to reduce soil erosion and
retain soil moisture
Path 1.2.2: Preventing and mitigating loss from impacts of
disasters and settlements
Measure 5: Developing tools for a warning system
Path 1.2.3: Preventing and mitigating loss from impacts on
agriculture areas, industries, and important heritage, cultural
and art sites
Measure 1: Improving and developing a forecast and
warning system for agriculture
Measure 2: Creating mechanisms to help and mitigate
impacts from disasters on farmers, such as providing
pumps and necessary infrastructures

- Weather & hydrological modeling:

Seasonal climate prediction

- CWRM: Surveying and mapping, including
concept diagrams of community stream water
flow

-Flood and drought risk management:
Nonstructural technologies/practices for risk
reduction

-Early Warning: Sensor web using
observation and/or modeling data

-Weather & hydrological modeling: Seasonal
climate prediction

-Flood and drought risk management:
Structural technologies/practices for risk
reduction (irrigation structure/rubber dam),
nonstructural technologies/ practices for risk
reduction, strategies for developing and
managing secondary and emergency water
resources (including conjunctive use)

- CWRM: Surveying and mapping, including
concept diagrams of community stream water
flow, engineering enhancement to increase
the efficiency of local water management
(including rain harvesting and wind breaks)
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National
policy/strategy/policy study

Strategies and measures

Selected technologies

Strategy 3: Support R&D to better understand climate
change, its impacts, and the country’s adaptation and
mitigation options
e Path 3.2.1: Building knowledge on natural resources,
ecosystems, and biodiversity
Measure 12: Improving the sensor system and
collection of rainfall and runoff data

Environmental observation: Automatic
telemetry

2. Study of the National Water
Policy Framework

2.1 Risk-type area-based
policies for risk reduction

Target 1: Reducing both flood and drought risks

e Strategy 1: Networking reservoirs in the areas affected by
both flooding and drought.

e Strategy 2: Increasing the capital water supply and
storage capacity

Target 2: Reducing drought risks

e Strategy 1: Networking reservoirs in the areas affected by
both flooding and drought.

e Strategy 2: Increasing the capital water supply and
storage capacity

e Strategy 3: Promoting community water resource
management and community participation

Target 3: Reducing flood risks

e Strategy 1: Networking reservoirs in the areas affected by
both flooding and drought

e Strategy 2: Increasing the capital water supply and
storage capacity

-Flood and drought risk management:
Structural technologies/practices for risk
reduction (irrigation structure/ rubber dam),
nonstructural technologies/practices for risk
reduction

2.2 All-area policies for risk
reduction

Target 1. Capacity building for water resource management

e Strategy 1: Building the capacity for water resource
management by supporting IT use for data collection and
the maintenance of infrastructures

Target 2: Conserving and rehabilitating water resources and

the environment

e Strategy 1: Increasing the capital water supply and
storage capacity by non-structural measures

Environmental observation: Automatic
telemetry

- Operation of Water Infrastructures:
Networking (via pipes or canals) and
management of infrastructures (including
zoning)

-Flood and drought risk management:
Nonstructural technologies/practices for risk
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National

selfesEmateaialiog & Strategies and measures Selected technologies

Target 3: Promoting community water resource management | reduction

e Strategy 1: Promoting community water resource - CWRM: Surveying and mapping, including
management and community participation concept diagrams of community stream water
e Strategy 2: Building the capacity for water resource flow, engineering enhancement to increase
management the efficiency of local water management
(including rain harvesting and wind breaks)
3. Study of the Crisis of the Strategies for international cooperation - Operation of Water Infrastructures:
Decreasing Water Level of the | e Strategy 4: Increasing the ability to manage water Networking (via pipes or canals) and
Mekong River resources by management of infrastructures (including
- Measure 1: Cooperative management of water zoning)
infrastructures - Environmental Observation: Automatic
- Measure 3: Installing rainfall, water-level, and runoff telemetry

sensors on tributaries at the merging point with the
mainstream Mekong River for monitoring and warning

Strategies for domestic management of water and energy - Operation of Water Infrastructures:

e Strategy 2: Management of water infrastructures on the Networking (via pipes or canals) and
tributaries of the Mekong River management of infrastructures (including

e Strategy 3: Increasing the water supply inventory and zoning)
storage capacity -Flood and drought risk management:

e Strategy 4: Increasing the ability to distribute water Structural technologies/practices for risk

e Strategy 5: Promoting community water resource reduction (irrigation structures/rubber dams)
management and participation - Community Water Resource Management
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6. Technology Prioritization for the Modeling Sector

Adaptation technologies were prepared by the national consultants for the modeling sector and
finalized after several rounds of focus group meetings and a public hearing. The following three
adaptation technologies were chosen: (1) a national data center, (2) national data transfer/management,
and (3) integrated modeling using the Weather Forecasting Technology (WRF (ARW) Model). The details
of each option are described below.

6.1 Overview of the possible adaptation technology options and their adaptation benefits

As mentioned in the overview of the modelling sector, Thailand needs adaptation technologies in
the area of data center, data transfer, and integrated modelling. All three are discussed in details in
Annex I.

6.2 Criteria and process of technology prioritization

6.2.1 Objectives and Framework

The goal of the Thailand modeling sector is to provide effective tools and integrated systems that
enable other affected sectors to develop reliable assessments and strategic plans for mitigation and
adaptation purposes. The affected sectors include the climate sector, water resource management
sector, natural disaster sector, transportation sector, industrial sector, energy sector, agriculture sector,
social sector, economic sector, and health sector (see Fig 16). Special attention is placed on the water
resource management and agricultural sectors because of their national relevance discussed in the
previous sections.

The modeling sector has three major components which are hardware, data, and software. The
only logical choices for the hardware and the data in the national scale are the national data center and
the national data transfer system, respectively. Thus, these two components need no prioritization. The
technology prioritization process is mainly necessary for choosing the most appropriate integrated
software to serve the needs of various sectors in the country. Thus, the prioritization process and criteria
discussed here are mainly for prioritizing the software candidates.
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Climate sector

Social-Economic
Hydrology sector
& Health sector

Transportation W . Agriculture
sector ” sector

Industrial sector Energy sector

Fig 16 Sectors affected by the modeling sector

6.2.2 Process

The process for technology prioritization comprises of five major steps (Fig 17) that involve
stakeholder engagement through focus group sessions and a national public hearing on technology
needs assessments (Table 20).

Technology Need Assessment

Final Focus Grou
N e P
.. -DataCenter
" PpublicHearing - pata Transfer
— - WRF ARW Model

R Focus Group

= ldéntify Model suitable for Thailand

- Integrated Model For Thailand

- - Model for Forecasting
TNA Start

-Review

-Brainstorm

Fig 17 Technology prioritization process
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The first step involved reviewing possible technology categories and brainstorming technology
options. Three categories of modeling sector needs resulted from the brainstorming; Table 20
summarizes these three broad technology categories. Then, in the 2 step, we identified the modeling
tools used in various sectors and looked at them as candidates for use in an integrated, cross-sectoral
modeling tool for Thailand.

Table 21 summarizes the selected models used in different sectors and the reasons of their
selection. Then, the modeling candidates and technology options of each category were evaluated during
the focus group sessions by experts of the affected sectors from academic, governmental, and private
parties. Next, the preliminary list of selected technology options resulting from the focus group meetings
was then publically reviewed at the national public hearing workshop (Fig 18) to obtain feedback from all
the stakeholders and to ensure that all relevant adaptation technologies were included. The criteria,
weights, and scores (to be discussed next) were proposed by the national consultants and commented by
the stakeholders during the stakeholder consultation. Finally, a final focus group was held to listen to the
experts’ comments about the technology options revised after the public hearing. The top-priority
technology need in each category was then selected for technology action plan.

Table 20 Three broad categories of technology needs for climate change in the modeling sector

Technology Function
Data Base Management Data structure
e Data input-output formats
Input data management
e Database management system
e Standard data format
¢ Data mining
Inter-model data transfers
e Data formats converters
e Data distribution
Hardware Computer
e  Cluster computer
e Distribution computing
e Cloud computing
Storage
e Data center
Network
e Distribution center
e Connection center
Model software Model structure
e Interconnection
e Models connection
e Models transfer
e Data transfer
e Data formats

e —
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Table 21 Selected models used in different sectors and the reasons for their selection

Sector Model/Technology Reason of selection
WRF (ARW) Model fqr short-term, mid-term, long-term
forecasting
: Model for instant flood and coastal erosion
Mike model
Coastal erosion /remote i .
. Utilizing data satellite and data of coastal hydrology
sensing model
Flood /landslide /
Arid areas . .
N . . Analysis by mathematics
(Weighting Rating)/Potential ysis by '
Disaster Surface Analysis

Drought of E-san

Use of geographic information and data satellite

Tsunami: Modeled by
mathematical equations

Physical analysis using a physical model

Collapsed hole and landslide

Physical analysis using a physical model

WAM Modeling from wave prediction
Soil erosion:
Universal soil loss equation | Having complete data and a standard converter
Decadence of (USLE) and which can be used with the experimental data:
natural the revised universal soil loss | ground cover index(C) and soil stability (K)
resource equation (RUSLE)

RMA2 Hydrodynamic model for coastal erosion
Crop simulation: Decision Mechanistic model, capable of modeling growth and
support system for agro- crop yields, to tailor the design of optimal fertilizers

technology transfer (DSSAT) | needed under a climate change scenario

Agriculture Land Evaluation Model (FAO) | Suitable area selection for irrigation planning

FARMMIN

Simulation of nutrient flow (including nutrient losses
such as the leaching of nitrate and volatilization of
ammonia) and profitability.
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Sector Model/Technology Reason of selection
Cropwat Water and crop management
Aqua crop Water and crop management
Water
Int t Is of physical I f t
SWAT ntegrated models of physical landscape for water
management
USDR 1975 Suitable area selection for irrigation planning
Simulation of the effects of international economic
policy changes, especially those of international
GTAP trade policies
Evaluation of the effects of international trade on
Economics pollution
TDRI-CGE Exami.nation of the economic .relatk.)n system and
analysis of the effect of economic policy
Prediction of an economic crisis and its effect,
QTEM especially on international trade, import and export,
and the trade balance
(Weighting Rating)/Potential
Surface Analysis Searching for the area which has latency in
Information system epidemics
Geography
Modeling several health impacts of global
atmospheric change including the following features:
1) Vector-borne diseases, including malaria,
dengue fever, and schistosomiasis.
Health i -
Modeling Framework for the _ 2) Thermal heat mor_tahty and UV_reIated
skin cancer due to stratospheric ozone depletion.
Health Impact Assessment of . .
. 3) The models are driven by population and
Man-Induced Atmospheric climate/atmospheric  scenarios, applied across
Changes (MIASMA) . pher nanos, — app
baseline data on disease incidence and prevalence,
climate conditions, and the state of the stratospheric
ozone layer.
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Biodiversity Analysis

Sector Model/Technology Reason of selection
The city plan Modeling Heat Island effect
The city plan The Californi