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Preface 
After an unusual situation of COVID-19 pandemic, the THA 2022 International Conference on 

“Moving Towards Sustainable Water and Climate Management After COVID-19” was organized in 
online format via Zoom platform to make the conference as accessible as possible for participants 
around the world without travel anxiety. This year the THA2022 was held online, from January 26th to 
28th. The event was organized by Chulalongkorn University, in association with 9 national partners, 4 
international collaborative agencies and 1 supportive agency. The 9 national co-organizers are the Thai 
Hydrologist Association (THA), Office of the National Water Resources (ONWR), Royal Irrigation 
Department (RID), Department of Water Resources (DWR), Department of Groundwater Resources 
(DGR), Kasetsart University (KU) Kamphaengsaen Campus, Asian Institute of Technology (AIT), Thailand 
Science Research and Innovation (TSRI), and National Research Council of Thailand (NRCT). The 4 
international collaborative agencies include Kyoto University, National Taiwan University (NTU), Korea 
Water Resources Association (KWRA), Japan International Cooperation Agency (JICA). The supporting 
agency is Electricity Generating Authority of Thailand (EGAT). The objective is to provide a platform for 
researchers, scientists, practitioners, policy makers and private executives to share and present new 
advances, research findings, perspectives, and experiences in water management and climate change, 
new technology, and water management towards SDGs. Special attention will be given to developing 
certain skills, competence, or general upgrading of performance ability for climate change adaptation, 
applied technology for predictions, and sustainable development in the monsoon Asia. The conference 
will bring together leading researchers, engineers, scientists, private executives and officials in the 
domain of interest from around the world. 

 
The THA 2022 international conference was successful according to the main objective of 

serving as the public assembly. Welcome speech of the THA 2022 international conference was given 
by Prof.Dr.Supot Teachavorasinskun, Dean of Faculty of Engineering, Chulalongkorn University. The 
opening remarks was given by Air Chief Marshal Chalit Pukbhasuk, the Privy Council of Thailand. At this 
conference we had three keynote speakers. Over 290 attendees from 16 countries discussed and 
shared the latest in water-related research throughout the three-day long conference.  

 
THA2022 hosted three keynote presentations emphasizing water and disaster management 

under climate change and post COVID-19. Also there were 25 guested papers and 69 technical paper 
selected papers to present under 3 subthemes: Theme A: Water Management and Climate Change, 
Theme B: New Technology in Water and Irrigation Management, and Theme C: Water Management 
Towards SDGs.  

 
Apart from the technical presentations based on the above-mentioned themes, three 

workshops were organized: Workshop A: Training courses for hydrologic analysis using GCM climate 
projection outputs, Workshop B: Training courses for water security index, and Workshop C: Science-
Policy interface dialogue on water and climate change. Applications, opportunities for further research 
direction and collaboration were discussed among the participants. 

 
Virtual exhibition at the THA 2022 International Conference consisted of 5 VDO clips from 

DWR, DGR, ONWR, RID and CU-SIP showing water and disaster management principles, applications, 
models, tools, modern technologies, and research initiatives. 

 
Major outputs obtained from the THA 2022 can be summarized below: 
- Knowledge dissemination and exchange from the presentations. At this conference and 

workshops we had 3 keynote speakers, 290 participants from 16 countries including 
Thailand, Japan, Korea, Switzerland, Myanmar, Cambodia, Taiwan, Lao, India, Malaysia, 
Philippines, Nepal, Vietnam, United States, Australia, Indonesia. 
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- A technical training on “Hydrologic analysis using GCM climate projection outputs”, 
“Water security index”, and “Science-Policy interface dialogue on water and climate 
change”. 

- Virtual exhibition displaying water-related technologies, products and services from 
governmental agencies, universities, research institutions and private companies 

 
Major outcomes are listed below: 

- Creating an opportunity for being a coordinator in research and education regarding 
Water & Disaster Management and Climate Change which has already started. 

- Presenting technologies and water management in Thailand to other countries outside. 
- Strengthening collaboration internationally in the area of water and climate change and 

bringing it towards the achievement of SDGs. 
 
This document presents main conclusions from the THA 2022 International Conference on 

“Moving Towards Sustainable Water and Climate Management After COVID-19”. Related materials 
that will be issued separately are the THA 2022 proceedings. 

 
We would like to thank all attendees for their support and enthusiastic participation at our first 

ever online conference that driving the THA 2022 International Conference toward the desired 
objectives and achievement. 
 
 
 
 
 
 

Assoc. Prof. Dr. Sucharit Koontanakulvong 
Assist. Prof. Dr. Supattra Visessri 
Editors of THA 2022 Summary Report 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The organizers of the THA 2022 International Conference on “Moving Towards Sustainable Water and 
Climate Management After COVID-19”  
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AIMS AND SCOPE 
The objective is to provide a platform for researchers, scientists, practitioners, and policy makers to 
share and present new advances, research findings, perspectives, and experiences in water 
management and climate change, new technology, and water management towards SDGs. Special 
attention will be given to developing certain skills, competence, or general upgrading of performance 
ability for climate change adaptation, applied technology for predictions, and sustainable development 
in the monsoon Asia. The conference will bring together leading researchers, engineers, scientists, and 
officials in the domain of interest from around the world. 
 
Topics of the conference are: 

1.  Water Management and Climate Change  
 1.1)  Climate Change Projections 
 1.2)  Water-Related Disasters 
 1.3)  Economic Impacts caused by Climate Change  
  and Water Security Issues 
 1.4)  Climate Change Adaptation  

2.  New Technology in Water and Irrigation Management 
 2.1)  Weather Forecast 
 2.2)  Reservoir Operations 
 2.3)  Irrigation Technology  
 2.4)  Technology for Improving Water Quality 
3. Water Management Towards SDGs 
 3.1)  Water Management towards SDGs 
 3.2)  Groundwater Management towards SDGs 
 3.3)  Water Security (Urban, Productivity etc.) 
 3.4)  NEXUS (Food, Energy, Water, Land) towards SDGs 
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Welcome Speech 
 

THA 2022 International Conference on Moving Towards Sustainable Water 
and Climate Management After COVID-19  

(January 26, 2022, Online via Zoom) 
 

Given by Prof.Dr.Supot Teachavorasinskun,  
Dean of Faculty of Engineering, Chulalongkorn University 
 

1) Dear His Excellency Air Chief Marshal Chalit Pukpasuk, the Privy Councilor of Thailand; co-
organizing agencies; collaborative agencies; supporting agencies; keynote speakers; and all 
honorable guests.  

2) It's my privilege and pleasure to welcome you to the THA 2022 International Conference on 
Moving Towards Sustainable Water and Climate Management After COVID-19.  

3) Today’s conference in 2022 is the fourth in the series. We have had this conference since 
2015 and continued for every two years. Unfortunately, this year we have to have the 
conference online due to the pandemic of COVID-19.  

4) The theme of the THA2022 conference is designed to match with on-going challenges and 
global trends. In this conference we have 3 keynote presentations from the representatives of 
World Bank, UNDP and the Office of the National Water Resources of Thailand or ONWR. There 
are 4 executive panel discussions on the topics of water management with climate change, 
SDG, water security, and sustainable groundwater management. We have 3 themes for 
technical presentation including water and climate change, modern technology in water or 
irrigation management, and sustainable water management. Two hands-on technical trainings 
on GCM, downscaling and water security assessment. Two side events of Science-Policy 
Interface Dialogue by UNDP and another side event on Water Conservation, Climate Change 
and Ecosystem-based Adaptation in ASEAN by the Department of Water Resources of 
Thailand. 

5) Climate change places disastrous impacts on water crisis. For example, unusual cycle of flood 
and drought, sea water level rises, rapid erosion of shoreline etc. In order to slow down these 
impacts of climate change, Thai government committed to lead the country to achieve carbon 
neutral by 2015 and ambitiously to have zero emission by 2065. Water from the flood might 
be decreasing but we remember that the disastrous flood can come back any time in the near 
future. Noted that water shortage may seem to disappear but our problem in water 
management, growth can definitely come back any time in the future. Damages and losses on 
lives and properties can be redeemed, repaired or subsidized. We attempt to forget how 
suffering and sadness we have in abnormal cycle of floods and droughts. Those painful feelings 
should be forgotten and live should go on. However, please be reminded that the experience 
from such event should always be remembered. Most importantly, it should be learned and 
shared among people because only properly learning and sharing from our own experience 
makes humankind evolution. However only human evolution and development do not 
guarantee sustainability.  
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6) Inclusive participation from all stakeholders can cause sustainable development. Those are the 
main reasons why we are gathering today in the THA2022 conference. We are gathering today 
to share and to learn from our experiences, to transform our knowledge and experiences to 
make water being the most sustainable resource for all stakeholders.  

7) Welcome all delegates and distinguished participants. Please allow me to mention the names 
of our valuable partners. We cannot hold this conference without them. The co-organizing 
agencies are the Thai Hydrologist Association, ONWR, the Royal Irrigation Department, the 
Department of Water Resources, the Department of Groundwater Resources, Kasetsart 
University (Kamphaeng Saen Campus), Asian Institute of Technology or AIT, Thailand Science 
Research and Innovation or TSRI, and National Research Council of Thailand or NRCT. 

8) Our thanks are also extended to our supporting agencies including Kyoto University, National 
Taiwan University or NTU, Korea Water Resources Association or KWRA, Japan International 
Cooperation Agency or JICA and Electricity Generating Authority of Thailand or EGAT. 

9) We thank World Bank, RBAP, ONWR, GIZ, IWMI, Bappenas Indonesia, DWR Vietnam, FTI, ADB, 
UNESCO, PELA GeoEnvironment USA., Chinese Academy of Sciences, RIHN Kyoto, Korea 
University and NAHRIM Malaysia for the speakers in the keynote and executive panel 
discussion sessions.  

10) Kasetsart University, Chulalongkorn University, AIT, NTU, Kyoto University and other 
universities in our network are acknowledged for their contributions on providing the chairs, 
readers and commentators to the conference. 

11) Most importantly, the conference cannot be held without generosity and support from our 
sponsors including EGAT, CKPower, Metropolitan Waterworks Authority or MWA, AEON 
Thailand Foundation, Team Consulting Engineering and Management Public Company Limited 
and Siam Steel International. Very long list of support we received. 

12) Finally, I hope that discussions generated from this event can be the great steppingstone to 
make our world better and most sustainable, not only for us but for the next generations.  
Thank you again to everyone for being here and welcome to the THA2022. 
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Opening Speech 

 
THA 2022 International Conference on Moving Towards Sustainable Water 

and Climate Management After COVID-19 
(January 26, 2022, Online via Zoom) 

 
Given by H.E. Air Chief Marshal Chalit Pukbhasuk, Privy Councillor of Thailand 
 
1) Good morning Ladies and Gentlemen, Dear Distinguished delegates, in my capacity as Privy 

Councillor, whereby I am responsible for Royal Initiative projects to promote the well-being of 
Thai people. This also support the implementation of global Sustainable Development Goals, 
or SDG. I would like to convey to all of you participating in the THA 2022 conference my 
heartfelt welcome. 

2) The past two years are certainly the years that none of us will ever forget. The world has faced 
a critical moment in history. There are a number of global threats including growing crises in 
natural disaster, climate change, biodiversity, and environmental degradation—as well as 
COVID-19.  

3) The THA 2022 International Conference is therefore set under the theme of Moving Towards 
Sustainable Water and Climate Management After COVID-19. The THA 2022 is organized by 
Chulalongkorn University, in association with 9 national partners, 4 international collaborative 
agencies and 1 supportive agency. It is high time that such an event took place to address 
critical issues regarding water, climate change and sustainability especially after COVID-19 that 
changes the way we live.  

4) The growing consequences of climate change have been all too visible across the world this 
year with extreme temperature, severe storms, floods and droughts. The latest assessment 
of the science by the Intergovernmental Panel on Climate Change or IPCC, published in 
August 2021, concluded that there is a clear link between rising greenhouse gas 
concentrations in the atmosphere and increases in the frequency and intensity of extreme 
weather events. It states: “Climate change is already affecting every inhabited region across 
the globe, with human influence contributing to many observed changes in weather and 
climate extremes.” The people in developing and least developed countries are often most 
exposed and vulnerable to the effects of climate change, even though they are the least 
involved actor driving the causes. 

5) Countries must set ambitious national climate commitments if they are to live sustainably and 
recover from the COVID-19 pandemic which has impacted almost every corner of our life, 
causing sluggish growth of global economies, changing the way we work and interact. The 
COVID-19 pandemic has stimulated the need to catalyse positive change to meet the 
Sustainable Development Goals (SDGs) and fulfil the environmental agenda. This message was 
also amplified at the recent United Nations Climate Change Conference or COP26.  
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6) Despite the challenges, we also have an enormous opportunity in research and collaboration 
to transform the global economy and drive greater well-being and prosperity. To address 
water management issues, knowledge exchange, technology transfer and innovations are 
much needed. We all can help to move our community towards sustainability by focusing our 
research efforts around the 2030 Agenda for Sustainable Development Goals and attempting 
to explore better solutions for water-related problems specifically the impacts of climate 
change, disaster and other pressing challenges. 

7) The THA2022 provides a valuable opportunity for scientists, researchers, policy planners and 
decision-makers to discuss and share knowledge and experiences to seek for cutting-edge 
solutions for water management and climate change challenge for our region and our world. I 
would like to thank both local and international participants attending this conference. I wish 
the THA2022 great success and I hope you have a fruitful discussion and rewarding experience 
in the THA2022. The THA conference series is expected to continue playing an important role 
in facilitating technical knowledge dissemination and networking in the future. 

8) Now it is time to declare the THA2022 International Conference on Moving Towards 
Sustainable Water and Climate Management After COVID-19 officially.  I hope the conference 
will proceed towards fostering sustainable, resilient, and inclusive development and shaping 
the future for us all in terms of wellbeing and its sustainability. A return to ‘normal’ way of 
living is what we are hoping. I wish all of you being healthy and safe and hope we can see each 
other in person in the next THA conference. 
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more materials of Executive Panel Discussion can be downloaded from 

http://project-wre.eng.chula.ac.th/aseanacademicnetwork/files/THA2022/THA2022_Booklet_Final%20180422.pdf
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Session A1:  Water Disaster Management and Climate Change 
Objective to provide the recent information on research and new ideas/concept to cope with 

issues under climate change and move towards SDGs. 

1. Key Speaker: Prof. Dr. Yasuto Tachikawa

(Department of Civil and Earth Resources Engineering, Graduate School of Engineering,

Kyoto University)

On the topic of Projection of Hydrologic Extreme Using Large Ensembled Climate Simulation

and Japan's New Policy on Water-related Disaster Risk Reduction. 

      The extreme events that happen in Japan such as the heavy rainfall in July 2018 and Typhoon 

Hagibis in October 2019 are the events that make people lose a lot of life and cause great damage to 

the economy. Therefore, the issue to mention is “Impact assessment of climate change on hydrologic 

extremes and adaptation strategy planning by policymakers” and will be separated into these four 

main topics.  

1) Future climate projection data

- “d4PDF” was extensively used for impact assessment studies. The scenario case will be plus 2

degrees for the scenario case data plus 4 degrees for the extreme case data with very long time-

series data.

2) Flood and inundation modeling and flood projections

- A distributed rainfall-runoff model for all basins in Japan and a detailed inundation simulation

model for the three major metropolitan areas were successfully developed.

3) Impact assessment of climate change on flood risk

- Non-parametric estimations and largest-scale flood and inundation predictions were

successfully achieved.

- Probabilistic flood risk curve estimation was realized.

4) Adaptation strategy planning by policymakers

The Government of Japan has decided to incorporate climate change scenarios data into flood 

control planning and has begun to review the plans. 

New Policy for Japan on Water-related Disaster Risk Reduction 

The name of the policy is “River Basin Disaster Resilience and Sustainability by All” 

1. Transition to River Basin Disaster Resilience and Sustainability by All

- Measures to be implemented with the cooperation of all stakeholders in any kind of place

around basins.

- Accelerate preventive disaster risk reduction.

2. Revise Plans for Flood Control

- Upgrade flood control plans considering the impacts of climate change.

2. Key Speaker: Mr. Yusuke Taishi

(Regional Technical Advisor for Climate Change Adaptation, UNDP)

On the topic of Water Management in a changing climate.

The presentation will introduce more findings on evidence about climate change and the impact

of climate change on water disasters.  

A summary of projected climate parameters 

- Overall rainfall is expected to increase across Asia

- However, it is still uncertain whether this means lower risks of hydrological and agricultural

droughts.
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- Extreme weathers are more likely (heavy rain, heat waves, dry days) which are expected to give 

rise to various disaster events. 

- It is still possible that some parts of Asia experience agricultural droughts while receiving higher 

annual rainfall. 

- One thing that we can say about future climate change is climate change will definitely hold 

serious challenges in the distribution of water across geographic locations and different time 

periods. 

The example of water management with UNDP supports 

- Philippines: Provision of crop insurance to support farmers against rainfall variability 

(Mindanao), Using ecosystem-based coastal management to raise resilience to typhoons in the 

eastern provinces (new project). 

- Sri Lanka: Rehabilitation of ancient water cascades in the central dry zone of the country, The 

introduction of climate-resilient agriculture (training and water-saving technic). 

- Vietnam: Extension of “last-mile” irrigation connections to vulnerable and ethnic minority 

farmers, Upgrading communal ponds for rainfed farmers. 

- Myanmar: Integrated rural water management (Rehabilitation of degraded watersheds, 

Construction of community irrigation channels and ponds, Introduction of climate-resilient 

agriculture). 

Lessons learned from UNDP’s experience 

- There is no “one size fits all” solution. 

- There are multiple channels of support: Central ministry’s planning and expenditure, Local 

administration’s planning and expenditure, through supporting NGOs, CSOs, and other 

community groups. 

- Resilience cannot be built if communities are not empowered, communities cannot be 

empowered if they are not engaged, and communities cannot be engaged if they are not 

informed. 

 

3.  Key Speaker: Dr. Giriraj Amarnath 

 (International Water Management Institute) 
 

 On the topic of Bundled solutions for climate risk management  

Understanding risk and investing in resilience 

- Trends in disaster impact in Asia and the Pacific: Decreasing in mortality and increasing in 

economic losses. 

Water risk knowledge products and tools 

- Multi-hazard Economic Exposure Map = Multi-hazard data + Population Exposure, Gender Risk 

+ Gross Domestic Product(GDP) + Historical loss and event database. 

- Hydromet optimization tool (v1): Guide the process of impactful investments in hydromet and 

early warning services, Digital data solutions can help in optimizing the hydromet operations to 

strengthen hydrological simulations to manage disaster risks. 

Climate risk insurance 

- How insurance can improve adaptation and increase resilience. 

- When insurance is the right instrument for adaptation. 

- Method to make the agricultural sector more resilient to climate risks.  

The issues  

- Weather risk remains a major challenge to farming in South Asia. 

- A large fraction of rural households in South Asia were affected by drought and floods. 

- Rainfed agriculture exposes farmers to huge risks in the lack of bundled solutions. 
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- Climate shocks had a significant impact on the short and long-term welfare of households (lower 

adoption of agricultural inputs, lower affordable credit access, lower technology adoption, and 

lower risk-bearing and income generation capacity). 

Bundling insurance with other services 

- Weather-based insurance with seed inputs, weather forecast, agriculture advisory services, 

grain procurement, and credit link. 

 

4.  Key Speaker: Mr. Abdul Malik Sadat Idris  

 (Director of Water Resources and Irrigation, Bappenas Indonesia) 
 

 On the topic of National Plan for Water Disaster Management in Indonesia. 

General Information on Indonesian Disasters 

- Flood is the highest frequency and losses of natural disaster in Indonesia (at 62%, 785 

million/yr.). 

- The total number of disaster events in the year 2021 in 3,504 cases, Flood reaches the highest 

number at 984 cases more than landslide (905 cases) and Tornado (682 cases) respectively.  

- Due to the uncontrollable of water extraction in the North Coast of Java, the rate of land 

subsidence has increase up to 5-20 cm/year in highly dense city. This has also increased coastal 

flood hazards up to 5-200 cm. 

- 5 Agglomeration Areas will experience a raw water deficit of around 163 m3/s in 2024.  

- The plan to add 13 industrial estates  ( covering 38.377 hectares ) requires a water supply of 

around 67 m3/s without relying on groundwater as raw water. 

Impact of Climate Change 

- Indonesia is projected to have a shorter rainy season and a longer dry season, while 

precipitation tends to increase more than 50 mm/day during the rainy season. 

- Indonesia is projected to have an increase in temperature ranging from 1.5 °C to 3.5 °C (RCP 4.5 

to RCP 8.5) by the end of the 21st century. 

Indonesia National Resilient Infrastructure 

 The target is to enhance the disaster resilience of 20 high-disaster-risk provinces through 3 main 

strategies (Disaster Risk Reduction in 50 Cities, Coastal Protection in 5 cities of North Java Coast, 

Restoration of 4 Critical Watershed) 

1. Disaster Risk Reduction in 50 Cities: through “integrated flood risk management strategy” that 

conducted by National and Local Budget and Investment from Development Partner. 

2. Coastal Protection in 5 cities of North Java Coast: Strategies for a structural component are an 

installation of Land Subsidence monitoring equipment, 100 stations for water quality 

monitoring, construction of domestic wastewater treatment plant, construction of sea dike, and 

coastal protection structure and Toll Road Semarang-Demak. And strategies for a non-structural 

component are the formulation of integrated coastal development plans and the enforcement 

of groundwater uptake regulations. 

3. Restoration of 4 Critical Watershed: Conservation in watershed area, Improving the water 

quality, Water management 

Strategic Planning for Water Disaster 

1. Green Infrastructures 

2. Integrated Water Resource Management 

3. Enhancing Community Preparedness 

4. Strengthen the Country’s Investment Capacity Through Creative Financing 
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Blended Financing – Investing in Disaster Resilient Infrastructure Midterm Foreign Loan Plan 2020-

2024 

1. National Urban Flood Resilience Program(NUFReP): 400 Million USD 

2. Flood Management and Coastal Protection in North Java: 500 Million USD 

3. Comprehensive Disaster Reduction and Management Improvement of Jeneberang River Basin: 

288 Million USD 

4. Integrated Urban Flood Management Project in JABODETABEK  

5. Urgent Disaster Reduction of Mt.Semeru, Mt.Kelud, Mt.Agung, and Other Erupted Volcanoes in 

Indonesia: 174 Million USD 

  

Q&A form audiences 

1. The trend of higher rainfall various irrigation infrastructures whether it is a reservoir, irrigation 

channel, or embankment that have been used for a long time, we habitation these infrastructures to 

accommodate the increasing rainfall would require a huge investment by the presentation of the 

project example, it seems to be considered on a small or middle project. If considered for a large-scale 

project with a large irrigation area and more water user groups. What factors should be considered 

for sustainable success? 

Answer: Mr. Yusuke Taishi 

 A small or medium scale of the example project is unnecessary. For example, in Sri Lanka where 

we support the community with the water castigate, this project can benefit more than half a million 

people. And for the second question, it was true that this will use a lot of money, so I suggest 

combining various incremental steps. For example, by training or giving specific skills to the farmer. 

This will cost less investment and the farmer can continue to practice on their own. 

 

2. It seems that Japan is advocating using the river basin at the appropriate geographical scale for 

managing water resources and building resilience. We shared this view at the global water practice at 

the world bank. Can you tell us what is the time frame or timeline for Japan to make this shift to river 

basin disaster resilience and sustainability by all? And how they factor the flexibility since there is still 

some uncertainty about localized climate impact. 

Answer: Dr. Yasuto Tachikawa 

 In the past of the Japan Government, the very important way to reduce flood disasters is the 

development of the dam's research work and draining the water in the river. Also, many research 

using future climate change scenarios, it’s reviewed that future rainfall intensity will increase without 

drought. So from our result to draining the floodwater on the river is difficult. So that is why a much 

more intemperate way is important, not only river maybe how to do a well organize or some 

regulation or other way. 

 

3. Referring to flood risk curve development shows the relation of exceedance probability and 

economic damage. Please elaborate more on the criteria of economic damages and the economic 

damages would be the main decisions factor to be used in New Policy improvement or not? 

Answer: Dr. Yasuto Tachikawa 

 The relationship between flood damage and return period. And in Japan, we can estimate that 

relationship for example in a sticky area we can estimate the water depth and for each depth, we can 

estimate the database based on statistical data.  But, at least the government has the manual about 

the relationship between damage and depth for each elaborate used. Hopefully, I think that kind of 

information will be established in Asia. And now I think that government recognizes that to establish 

and develop such kind of relationship between flood damage and occurrence probability. But now not 

this is still not established in the policy yet. 
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4. In terms of policymaker, I would like to ask how can I implement the insurance with the local 

people and make them accept this concept. So Can you share some experience about implementing 

the insurance with the local people? 

Answer: Dr. Giriraj Amarnath 

 The road of climate insurance has been significantly important, that is increasingly important 

for data collection to bring more the digital. Because in the past we have damaged data collection and 

this takes a lot of time to deal with. And the available data is very poor. Insurance companies rarely 

want to invest a lot of money. According to this matter, if you want to deliver a risk control product, 

it will be very expensive for the private sector. So the challenge is the trust of who is going to look at 

the model development data collection and who will be guaranteed the quality of data. I think today 

we see that insurance is getting better and better into the water risk management program. Now, 

countries are installing more automatic water stations. It’s mean that the insurance companies have 

better data collection. I think now we are changing for the better form. And if we want to access our 

credit insurance needs to be taken care of us immediately. So I think this is the greatest road for the 

private sector to play here and also the insurance companies need to step in more to invest in data 

collection and make them more transparent. 

 

5. Would like to ask you to share about how to encourage people from the community up for the 

policy. And, How we can do in practical terms to bottom-up the community?  

Answer: Mr. Yusuke Taishi 

 It’s important to understand why the bottom-up is important. Cause in reality it was difficult to 

know what will happen in the future 2030 -2050.  You cannot make an approach prediction alone 

because your future perception may be wrong. Then, when the future is uncertain, the local people 

need to be resilient and be able to ask what kind of future is true. That is why the bottom-up approach 

is really important. And the national hydro associate agency can not predict a perfect future. So, every 

single individual people needs to be able to react and change the behavior based on different futures 

that can be presented. 

            And to encourage the local community, we need to change the perception. The local water 

system, local water resource, water ecosystem, and others need to be engaged and informed as a 

partner in building a resilient society. So The mindset of sharing information and making an effective 

engagement is really important.  
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Yasuto Tachikawa

THA 2022 Panel Session 1: Water Disaster Management and Climate Change, January 26, 2022

Future climate projection data
Large ensemble climate change projection data, d4PDF was 
extensively used for the impact assessment studies.

Flood and inundation modeling and flood 
projections 
A distributed rainfall-runoff model for all basins in Japan and a 
detailed inundation simulation model for the three major 
metropolitan areas were successfully developed. 
Impact assessment of climate change on flood risk 

Non-parametric estimations and largest-scale flood and 
inundation predictions were successfully achieved.
Probabilistic flood risk curve estimation was realized. 

Adaptation strategy planning by policymakers  
The Government of Japan has decided to incorporate climate change scenarios data into flood control planning 
and have begun to review the plans.

The database consists of atmospheric simulations for the globe using 60km resolution MRI-AGCM 3.2H (Mizuta 
et al. 2012) and dynamically downscaled simulations using 20km resolution NHRCM (Sasaki et al. 2011).

The entire globe experiment (60km resolution)
Historical experiment for 60 years (1951-2011) 100 
ensemble members (6,000 years time series data)
4 degree increase experiment for 60 years (2051-
2111) 90 ensemble members (5,400 years time series 
data, 60 years 15ensemble members 6 SSTs)

Downscaled local experiment (20 km resolution)
Historical experiment for 60years (1951-2011) 50 
ensemble members (3,000 years time series data)
4 degree increase experiment for 60 years (2051-
2111) 90 ensemble members (5,400 years time 
series data,  60 years 15ensemble members 6 
SSTs)

Flood and Inundation Modeling and Flood 
Projections

Historical Climate Experiments:
50 ensembles of 60 years, total 3,000 years 
Rainfall-runoff simulations.

The 4-degree increase experiment:
15 ensembles of 60 years for 6 SST settings, 
total 5,400years rainfall-runoff simulations.

Historical experiment
4 deg. increase experiment 

Annual maximum peak flood (m3/s) Annual maximum 24hrs Rainfall (mm) 

900 years AMS  for 4-degree 
increase scenario of six SSTs 

3000 years AMS  
for historical 
experiment 

Observed 
historical data

Tachikawa, Y., Miyawaki, K., Tanaka, T., Yorozu, K., Kato, M., Ichikawa, Y., Kim, S.  (2017). Future change analysis of extreme floods using 
large ensemble climate simulation data. Journal of Japan Society of Civil Engineers, Ser. B1 (Hydraulic Engineering), 73(3), 77-90.

Kobayashi, K., Tanaka, T., Shinohara, M., & Tachikawa, Y. (2020). Analyzing Future Changes of Extreme River Discharge in 
Japan Using d4PDF. Journal of Japan Society of Civil Engineers, Ser. B1 (Hydraulic Engineering), 76(1), 140-152.
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Tanaka, T., Kobayashi, K., & Tachikawa, Y. (2021). Simultaneous flood risk analysis and its future change among all the 109 class-A river basins in Japan 
using a large ensemble climate simulation database d4PDF. Environmental Research Letters, 16(7), 074059.

Impact assessment of climate change on flood risk

Takeda, M., Ohmizo, K., Kawaike, K., Tachikawa, Y., Tanaka, T. (2021). Examination of assumed inundation due to large scale floods in future 
forecasts. Journal of Japan Society of Civil Engineers, Ser. B1 (Hydraulic Engineering), 77(2), accepted.

Ensemble 1

Ensemble 2

Ensemble N

d4PDF

Ensemble 
flood risk 

curve

• Ensemble climate scenario dataset, d4PDF with spatial 
resolution of 60km (global), 20km, and 5km (East Asia) 
developed by the Meteorological Research Institute and 
others were extensively used. 
• Nonparametric probability evaluation of extreme flood were 

successfully conducted.

Extreme flood 
prediction under 
climate change 

scenario

• Largest-scale flood and inundation predictions were 
successfully achieved.
• Probabilistic flood risk curve estimation was realized. 

Largest-class flood 
and risk estimation

• Impact studies were expanded to corroborative researches 
in the Asia and the Pacific region.
• Flood projection research using climate scenario data 

including d4PDF and NHRCM data are conducted in 
Vietnam, Thailand, Indonesia, Taiwan, and Pacific Islands. 

Collaborative research 
for developing 
foundations on 

adaptations in Asian 
and the Pacific

Achievements of climate change impact studies 
on flood disasters in the TOUGOU Program

THA 2022 International Conference on   
Moving Towards Sustainable Water and Climate Change Management After COVID-19, 26-28 January 2022, Online platform
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THA 2022 Panel Session 1: Water Disaster Management and Climate Change), January 26, 2022
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Water management 
in a changing climate 

Evidence, good practices, and key principles  

United Nations Development Programme
Yusuke Taishi

26 January 2022

Increasing amount of evidence…

… of the changes that have already occurred

Source: IPCC AR6 The Physical Science Basis

And increasing granularity of future projections…

Source: IPCC WGI Interactive Atlas
https://interactive-atlas.ipcc.ch/regional-synthesis

Mean surface temperature 
and Extreme heat:
• High confidence of increase 

across Asia

Projection refers to a 20-30 year period 
centered around 2050 with 2°C global 
warming 

And increasing granularity of future projections…

Source: IPCC WGI Interactive Atlas
https://interactive-atlas.ipcc.ch/regional-synthesis

Mean precipitation:
• High confidence of increase 

in East Asia and South Asia
• Medium confidence of 

increase in SE Asia

Projection refers to a 20-30 year period 
centered around 2050 with 2°C global 
warming 

And increasing granularity of future projections…

Source: IPCC WGI Interactive Atlas
https://interactive-atlas.ipcc.ch/regional-synthesis

River flood:
• Medium confidence of 

increase across Asia

Projection refers to a 20-30 year period 
centered around 2050 with 2°C global 
warming 

And increasing granularity of future projections…

Source: IPCC WGI Interactive Atlas
https://interactive-atlas.ipcc.ch/regional-synthesis

Heavy precipitation and 
pluvial flood:
• High confidence of increase 

across Asia

Projection refers to a 20-30 year period 
centered around 2050 with 2°C global 
warming 

MR. YUSUKE TAISHI
THA 2022 International Conference on   
Moving Towards Sustainable Water and Climate Change Management After COVID-19, 26-28 January 2022, Online platform
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And increasing granularity of future projections…

Source: IPCC WGI Interactive Atlas
https://interactive-atlas.ipcc.ch/regional-synthesis

Consecutive dry days 
(change):
• Increase across many parts 

of Asia

Projection refers to the 2041-2060 period 
under the RPC 8.5 scenario 

A summary of projected climate parameters
• Overall rainfall is expected to increase across Asia

• However, it is still uncertain whether this means lower 
risks of hydrological and agricultural droughts

• Extreme weathers are more likely (heavy rain, heat waves, 
dry days) which are expected to give rise to various 
disaster events

• It is still possible that some parts of Asia experience 
agricultural droughts while receiving higher annual rainfall 

Intensifying 
cyclones

Extreme 
rainfall

Extended 
drought

Sea level 
rise

Damages to 
infra and 

livelihoods

Saltwater 
intrusion 

into water 
bodies

Difficult 
water mgt / 

scarcity

Water and food insecurity

Transmission of climate change impact to human development impact
Philippines

• Provision of crop insurance to support farmers against 
rainfall variability (Mindanao)

• Using ecosystem-based coastal management to raise 
resilience to typhoons in the eastern provinces 

Flood height with 
and without 
coastal ecosystems 
(in a 1-in-50 flood)

Sri Lanka

• Rehabilitation of ancient water cascades in the central 
dry zone of the country + introduction of climate resilient 
agriculture

Viet Nam

• Extension of “last-mile” irrigation connections to 
vulnerable and ethnic minority farmers + upgrading 
communal ponds for rainfed farmers

Myanmar

• Integrated rural water management: 
• Rehabilitation of degraded watersheds
• Construction of community irrigation channels and ponds
• Climate resilient agriculture 

Lessons learned from UNDP’s experience
• There is no “one size fits all” solution

• There are multiple channels of support:

• Central ministry’s planning and expenditure

• Local administration’s planning and expenditure

• Through supporting NGOs, CSOs and other community groups

• Resilience cannot be built if communities are not empowered; 
communities cannot be empowered if they are not engaged; 
communities cannot be engaged if they are not informed

THA 2022 International Conference on   
Moving Towards Sustainable Water and Climate Change Management After COVID-19, 26-28 January 2022, Online platform
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Recommendations for private sector entities
• Different actions depending on the readiness of the 

company and the sector that it is operating in. 

• First – Raise awareness about your company’s operation

• What is the environmental footprint of the company’s operations?

• What are negative externalities that can be internalized?

• Who are engaged in its supply chains and are they made 
vulnerable because of climate change? 

• Where, along the supply chain, can you reduce emissions or build 
resilience?

Recommendations – Cont’d
• Second – Know what others are doing

• Glasgow Financial Alliance for Net Zero (GFANZ) 
(www.gfanzero.com)

• ESG information disclosure (e.g. WBCSD ESG Disclosure
Handbook)

• UN Guiding Principles on Business and Human Rights 
(www.business-humanrights.org) 

• Lastly, read the Agenda 2030 (it’s only 35 pages!)

THA 2022 International Conference on   
Moving Towards Sustainable Water and Climate Change Management After COVID-19, 26-28 January 2022, Online platform
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Bundled solutions for 
climate risk management 
26 Jan 2022

THA 2022 International Conference

Giriraj Amarnath, Ph.D.
Research Group Leader: Water Risks to 
Development and Resilience 

Presentation outline

• Understanding risk and 
investing in resilience

• Water risk knowledge 
products and tools

• Climate risk insurance

Reducing 
vulnerability and 

enhancing resilience

Integrating adaptation into sustainable development and 
Sendai framework for Disaster Risk Reduction

Source: UNDRR

TTrendss inn disasterr impactt inn Asiaa andd thee Pacific

Decreasing mortality; increasing economic losses
• Decrease in mortality 
• Disaster losses are outpacing the region’s economic growth
• Annual economic losses stand at US$675 billion, or 2.4% of the region's GDP (including drought

impact)

Economicc Lossess 19800 – 2017Disaster-Inducedd Mortality

Source: UNDRR, ESCAP, EMDAT

Mapping global water-related disaster risk

Amarnath G, Yoshimoto S, Goto K, Fujihara M, Smakhtin V, Aggarwal P, Ravan S. 2016. Global trends in water-related disasters 
using publicly available database for hazard and risk assessment, Congress of JRCSA 2016, held in Kyoto, Japan.

Overall Risk Population Exposure Economic Losses

Highest class (> 19): India, Nepal, Cambodia, 
Vietnam, Laos, Ethiopia, Malawi, Ecuador

Floods

Landslides

Drought

<

Global Risk Data 
Platform (UNEP)

Human 
Development 
Report (UNDP)

Socioeconomic Data 
and Applications 
Center (SEDAC)

Publicly available data sources

Amarnath, G.; Alahacoon, N.; Smakhtin, V.; Aggarwal, P. 2017. Mapping multiple climate-related hazards in South Asia. 
IWMI Research Report 170, 41p. doi: 10.5337/2017.207

Climate Screening products for 
investing in disaster resilience

Source: IWMI

• Mapping individual hazards 
(Flood, Drought, Landslides, 
Coastal inundation, 
Cyclone, Forest fires, 
Earthquake, Extreme 
rainfall, Heatwaves and Sea 
level rise);

• Multi-hazard Risk filters to 
support in developing DRM 
policies and financial 
investment portfolio for 
building resilience 

Digital atlas will be published in 2021

Climate Screening products for 
investing in disaster resilience

Geospatial 
Intelligence Analysis

Multi-hazard Data
+

Population Exposure, 
Gender Risk

+
Gross Domestic Product 
(GDP)

+ 
Historical loss and event 
database

= 

Multi-hazard Economic 
Exposure and gender-risk 
maps can guide DRM 
policy and Sustainable 
climate Finance

Low          high

Hydromet optimization tool (v1) 
Rainfall variability

Extreme rainfall

Elevation

Flood occurrence

• Guide the process of impactful investments in 
hydromet and early warning services;

• Digital data solutions can help in optimizing the 
hydromet operations to strengthen hydrological 
simulations to manage disaster risks;

https://wrd_iwmi.users.earthengine.app/view/hydromet

The Role of Insurance in Climate Adaptation

• How can insurance improve adaptation and increase 
resilience?

• When is insurance the right instrument for adaptation?
• How to make the agricultural sector more resilient to 

climate risks?

DR. GIRIRAJ AMARNATH
THA 2022 International Conference on   
Moving Towards Sustainable Water and Climate Change Management After COVID-19, 26-28 January 2022, Online platform
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Growing importance of insurance
How can insurance improve adaptation and increase resilience?

How to make the agricultural sector more resilient to climate risks?
The Issues

• Weather risk remains a major challenge to farming in the 
South Asia;

• A large fraction of rural households in South Asia were 
affected by drought and floods;

• Rainfed agriculture exposes farmers to huge risks in the lack 
of bundled solutions

• Climate shocks had a significant impact on the short and 
long-term welfare of households:

• lower adoption of agricultural inputs that would help 
increase productivity 

• lower affordable credit access

• lower technology adoption 

• lower risk bearing and or income generation capacity 

Inter-cropping on the flood plains of river Bagmati, in Muzaffarpur, Bihar, India

Bundling insurance with other services

• IWMI and its partners offers 

• Weather based weather insurance with 

• Seed inputs

• Weather forecast and 

• agriculture advisory services provided to insured 
farmers 

• Grain procurement 

• Credit link (sooner) Source: IWMI

How it works

Source: IWMI

Provides climate smart solutions for raining access to agricultural inputs, weather data and agronomic 
advisory services

Digitally enabled through the use of satellite technology and mobile services

Provide insurance to farmers and includes them in the agricultural value chain from the provision of 
seeds to gaining access to markets

Overcome challenges such as access to finance, low purchasing power, low incomes, price instability and 
access to market. 

Additionally, the model provides a commercially sustainable and scalable solution for government, 
development and private actors.

An integrated one-stop-shop service delivery model for smallholder farmers in Sri Lanka

BICSA at a glance
BICSA Implementation

9 steps guiding principles

Innovative approaches such as using new 
technologies or satellite-based indices

Improve weather data infrastructure and 
data systems 

Support development of sound national 
rural risk management strategies

Educate farmers on the role of insurance

Support regular monitoring, evaluation 
and impact studiesand impact studies

THA 2022 International Conference on   
Moving Towards Sustainable Water and Climate Change Management After COVID-19, 26-28 January 2022, Online platform
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BICSA in India
Better seeds, Weather Index Insurance and agroclimate advisories 

https://www.iwmi.cgiar.org/2019/09/sol
utions-for-those-managing-risk-in-
climate-disasters/

+15,000
Households

Scaling in 3 States 
PPP Model

• First integrated solutions to climate and production risks
• Scaling up and Scaling down in agriculture value chain 

BICSA in Sri Lanka (Maha Season 2020) 
Better seeds, Weather Index Insurance and agroclimate advisories 

Sunday Times (18 April 2021)

+15,000
Households

Scaling in 5 Districts 
PPP Model

• WII developed uses satellite data
• Developing aggregator model with value-chain partners 

https://bit.ly/3ylmbpQ

Transform

Accelerate R
esponsive

Accelerative

Niche

Adaptive

Reflective

(T. Minh and Schmitter, 
in review) 

Reach  

Reach involves doing 
more of what works, 

fits and is responsive 
to the contextual 

needs. 

Accelerate refers to creating and facilitating a 
supportive technical, financial and institutional 
environment to reach scale in a sustainable and 
inclusive manner. 

Adaptive scaling for system transformation

Niche allows actors 
to find out what 
works, fits and can be 
scaled. 

Transform occurs when there is sufficient 
progress in the other three functions to respond to 

the dynamism of the scaling processes. 

Piloting & testing Co-designing

Multi stakeholder 
dialogues; 

agenda-setting for 
policy

De-risk private 
sector companies’ 

investment with  
financial support

Research and bundle 
design, pilot trials, 
Claim Data provision 
and Scaling efforts

Bundled 
Solutions

Input Farm / Seed 
company / 

MFIs/Banks/NGOs, 
buyers etc.

One stop shop including 
• Provision of flood and drought 

tolerant seeds
• Mobile-based CIS
• Mobile-based agronomic 

practices
• Weather index insurance
• Buyback model

Insurance 
Industry

Payouts in individual farmers 
Bank Account / Farm inputs 

for next season

Farmer

Global 
Adaptation 
and DRM 
challenges

Current requirements:
1. Sustainable business case for the model
2. Implementation partner(-s) 

Joint Venture/ PMO

Insurance
Industry

y
Bank Account / Farm inputs 

for next season

Scaling Model

Thank you

Giriraj Amarnath
Email: a.giriraj@cgiar.org

THA 2022 International Conference on   
Moving Towards Sustainable Water and Climate Change Management After COVID-19, 26-28 January 2022, Online platform
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WATER MANAGEMENT IN INDONESIA

Abdul Malik Sadat Idris, ST., M.Eng
Director of Irrigation and Water Resources

Ministry of National Development Planning / BAPPENAS

In
ASEAN Workshop on Water Management and Climate Change towards Asia's Water-Energy-Food Nexus and SDGs

Bangkok, January 23rd, 2019
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Outline 

Introduction: National Medium Term Development Plan 
and Technocratic Process

Status and Challenges 

Seven Quick Win for Integrated Water Resource 
Management7

3

National Medium Term Development Plan 

RPJM 1
(2005-2009)

RPJM 2
(2010-2014)

RPJM 3
(2015-2019)

RPJM 4
(2020-2024)

The target to be 
evaluated

Reference and Guideline on
Background Study

Source: Law No.17 year 2007

Reorganize and develop 
Indonesia in all fields by 

creating a safe and peaceful 
Indonesia, a fair and 
democratic country,

and to increase the welfare of 
the Indonesian people

Strengthening Indonesia's 
realignment in all fields by 

emphasizing efforts to 
improve Human Resource 

quality including
development of science and 
technology capabilities and 

strengthening of 
competitiveness

economy

Strengthening overall 
development in various fields 

by emphasizing the 
achievement of economic 

competitiveness based on the 
advantage of natural 

resources and human 
resources quality and the 

increasing ability of science 
and technology.

An independent, developed, fair 
and prosperous of Indonesia 

through the acceleration of 
development in various fields by 

emphasizing the establishment of 
a strong economic structure based 

on competitive advantage in 
various regions supported by high 

quality and competitive Human 
Resources

THE TARGET OF RPJMN 4:
Realizing an economy productive that grows and increase, 

sustainably inclusive, based on regional competitive advantage, and has resistance 
with shocks caused by changes in internal and global strategic environments

Pillar
Dimension 

High Productivity Inclusive Sustainable

Development of Human Resources 
Quality

Leading Sector Development

Development of Regional Competitive 
Advantages

SDGs
2030

4

TECHNOCRATIC CONCEPTUAL DESIGN

INDONESIAN 
VISION
2045

RPJPN 
2005-
2025

EVALUATI
ON OF

RPJMN 3

GDP WORKER 
PRODUCTIVITY 

LIFE EXPECTANCY POVERTY
RATE

INCOME PER 
CAPITA

GINI INDEX DEPENDENCY 
RATIO

PUBLIC 
SAVINGS

IKLH AND GH 
EMISSION

STATUS AND CHALLENGES OF
WATER MANAGEMENT IN INDONESIA

5

Annual Average Rainfall 1981-2010

6

Abundant Surface Water but Unequal Distribution

Indonesia has abundant of water 
resources; Yearly precipitation 2700 mm
make Indonesia rank-9 for country with 
the highest precipitation in the world
(Source: FAO, 2014)

Source: BMKG in Background Study RPJMN 2020-2024, 2017

Source: ICCSR Bappenas, 2010

• Uneven distribution creates shortage in some areas, while 
surplus in others

• Huge differences between dry and rainy season exist

Sample:
Yearly Flow Variation in 
Bengawan Solo Rivers

demand

“ However,..

Water Balance 2009
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High Population Growth and Uneven Distribution Affect Water 
Balance Condition

Sumatera
Kalimantan

Bali – Nusa Tenggara

Maluku - Papua

Sulawesi

Java

55.27

145.14

15.34

14.11

7.72

18.72

DISTRIBUTION of POPULATION by REGION 2015
(million persons)

Source: BAPPENAS, processed from Statistics Indonesia 2015
Source: BAPPENAS, processed from Statistics Indonesia (various years)

• Increasing population (1.3% per year) Need more water for live
• Java: inhabited by nearly 60% of total population.
• 140 millions people live in Java in 2015 with average population 

density of more than 500 people/km2 (MPWPH, 2016)
256 279,3 

*Population Projection in Indonesia (million persons)

POPULATION INCREASING WATER COMPETITION

Mil People Mil People
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147.5

179.4
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Population Growth in Indonesia (million persons)
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Irrigation Dominates Water Usage

Domestic
4.60%

Industry
0.53%

Irrigation
90.18%

Fishery
4.48%

Livestock
0.21%

Water Usage of Surface Water

This water balance map 
based on a prediction of 
domestic water demand
(2024) versus current the 
built-in raw water supply 
infrastructure (2018)

Basic assumptions for water 
demand:
• Calculated from the total 

population (BPS) per 
City/Regency then 
classified the type of city

• Standard Metropolitan 
water requirements 210 
lpcd; Big City 150 lpcd; 
City Medium 100 lpcd; 
Small Town 75 lpcd

Saving some portion from irrigation 
will create opportunity for others
“ Investment on raw water infrastructures are critically needed

“

Source: Bappenas from various data, 2017

..and almost 50% of domestic use sources from ground water

Source: Analysis from data PODES 2014Source: A

Bottling Water
4% Metered 

Pipeline
9% Pipeline without 

Meter
2%

Ground Water
46%

Spring
19%

River/Lake/Pond
9%

Rain
3%

Others
0%

No Data
8%

MR. ABDUL MALIK SADAT IDRIS
THA 2022 International Conference on   
Moving Towards Sustainable Water and Climate Change Management After COVID-19, 26-28 January 2022, Online platform
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Groundwater: Sufficient but Vulnerable to Over Exploitation

the most productive groundwater basins can be found toward 
the north of Java and Sumatera, and toward the south of 
Kalimantan and Sulawesi.

Source: Country Water Assessment, ADB, 2016

39,024 

12,269 

20,720 

6,073 

479 

605 

2,529 

3,952 

69,487 

1,582

4,926

401

497

109

140

134

54

94

 (30,000)  20,000  70,000

Sumatera

Java and Madura

Kalimantan

Sulawesi

Bali

West Nusa Tenggara

East Nusa Tenggara

Maluku

Papua

Millions

Safe Yield vs Domestic Use (2018)

ground water usage for
domestic use

safe yield

Land Subsidence in North Coast of Jakarta
(1-15 cm/year)

Although groundwater used for domestic is far 
below safe yield, uncontrolled abstraction can 
cause land subsidence and water shortage in 
several areas, such as North Coast of Java. 

This situation, coupled with inadequate 
sanitation facilities (only 2,5% coverage of the 
sewerage system) lead to deterioration of 
groundwater quality.

Source: Analysis, 2019
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Water Quality: We Heavily Rely on Heavily Polluted River

More than 65% rivers are 
heavily polluted (670 samples)

-120

-100

-80

-60

-40

-20

0

Nilai Storet S Citarum 2009Storet Value of Citarum River 2009

Source:
Cita Citarum, 2010

Threshold for heavily 
polluted river (-31)

Irrigated 420,000 Ha  
paddy field

Supplies Bulk Water 
for: Bandung, Cimahi, Cianjur, 
Purwakarta, Bekasi, Karawang, 
Jakarta

Total Population in the basin: 
15,303,758 (50% Urban) 

(Data BPS 2009)

GDP in  CITARUM River Basin 
(2010) is USD $ 3.4 Million (4%  
GDP Indonesia)

(BPS West Java Province 2011)Power Supply of 1.400 MW for Java-Bali

“

Heavily Polluted

Source: Atlas, Indonesia Water Quality Status, 2015

River Quality
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Climate Change: Measures for Adaptation are Urgently Needed

In the future, the number of consecutive dry days 
will increase in June-July-August.

Location of cities threatened by sea level rise in 
North Coastal of Java
Source: Analysis from MPWPH, 2016

And the number of extreme rain events (>50 mm) 
will increase in December-January-February.

Big cities in the coastal areas are threatened 
by sea level rise due to global warming.Water management (water storage, agriculture, flood 

control, raw water supply) need to be adapted
“

SEVEN QUICK WINS FOR
WATER RESOURCES MANAGEMENT IN INDONESIA

12
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SMART CHOICE : Seven Programs for Quick Win

IWRM

Smart Water 
Management

Water for 
Food 

Security 
and 

Nutrition

Multipurpose 
storage for 

WFFE

Disaster 
Resilience 

Infrastructure

North Java 
Integrated 

Coastal 
Development

Water 
Safety Plan 

Green 
Infrastructure

1

2

3

4

5

6
7
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Water Safety Plan (WSP)
Managing Water from Source to the Consumer

WATER DEMAND 
AND SUPPLY

DRINKING WATER TREATMENT, 
DISTRIBUTION, AND  SERVICES

WATER AVAILABILITY

WATER SUPPLY INSTITUTIONAL, REGULATION, AND FINANCE

1 2 3

5

Co
nc

ep
t

Po
lic

y 
Di

re
ct

io
n

GROUND WATER USAGE4

Acceleration of 
Supplying 
Bulk/Drinking Water 
that Safety from 
Source to the 
Consumer with 
Quality and Quantity 
Needed

a. Optimization water resource from dam
b. Rehabilitation and building the new water supply infrastructure, Water Treatment Plant (WTP), also distribution system, 

especially in agglomeration, industry, and high poverty area.
c. Idle capacity usage of water supply infrastructure and optimalization of WTP for urban drinking water
d. The new distribution network development of urban drinking water
e. Construction of small scale storage and practical drinking water technology for outermost island, including the SWRO (Sea 

Water Reverse Osmosis) and Rain Water Harvestiong technology usage.
f. Development of Regional SPAM and investing scheme with business entity involve
g. The regulation solving and institutional strengthening of bulk/drinking water management
h. Increased community awareness of water-saving behavior

Challenges

1. Needs 90 m3/s pipe water 
supply (2024) to achieve 
universal access.

2. 33% national Non Revenue 
Water (2015)

3. 38 m3/s idle capacity in 
Production Unit  and 6 m3/s in 
Distribution Unit (2017)

15

Green Infrastructure

Challenges

1. Land use changes into impermeable surface leads 
to increased run-off

2. High cost grey infrastructure
3. Deteriorating eco-life
4. Unintegrated green approach into existing plans 

and managements

Policy Direction
a. Lowland restoration
b. Reforestation through social forestry, public open space, and rehabilitation
c. Piloting green infrastructure approach for urban and coastal flooding 

management, drainage system, water quality management, and water 
conservation (groundwater recharge).

d. Water for renewable energy

Phasing of Green 
Infrastructure and Grey 
Infrastructure Benefits

Source: New York City Green Infrastructure Plan

Constructed Wetland

Sediment Pools
Porous 
Pavement

Rain Garden Urban Heat Island Effect

Rain Harvesting Tank

Source: Water Sensitive Urban Design, Public Health Notes, and Atlantis Rainwater Harvesting Tank

MoU Indonesia-European 
Investment Bank (EIB) on Green 
Infrastructure Development.
October, 13th 2018

Smart Water Management

Components 
Related to 

SWM

Meters and 
Sensors

Communication 
Infrastructure

Information 
System

Hydraulic 
Models

Decision 
Support System

ICT Policies

Efficiency improvement system on water supply and integrated water 
management through the technology utilization.
a. Advanced decision support system for water distribution and 

quality
b. Conservation, prevention, and law enforcement on water quality
c. Optimization of current information system for hydrology, 

hydrometeorology, and hydrogeology (SIH3)
d. Integrated early warning system for water related hazard

Policy Direction

Concept Challenges

1. Unaccountable water usage 
2. Unreliable and unavailable data
3. Partial data management
4. Inconsistency in application of new technology

THA 2022 International Conference on   
Moving Towards Sustainable Water and Climate Change Management After COVID-19, 26-28 January 2022, Online platform
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Water for Food Security and Nutrition

Demand management to overcome 
water deficit in Java by:
• Developing irrigation outside Java
• Increasing water productivity

DIRECTION ON DEVELOPMENT 2005-2025

2020-2024 2025-20452015-2019

MASTERPLAN STRATEGY FOR FARMING DEVELOPMENT 2015-2045

Rice Surplus  > 10 Million 
Ton for Food Stock

Rice Export > 5
Million Ton

Rice Stock  20 Million Ton
Rice Export 15 Mil. Ton  

Source: Ministry of Agriculture

a. Sustainable water management and conservation, from central government to local government to ensure water quality and water
quantity for food security and nutrition in the future.;

b. Comprehensive policy to determine the right priority for FSN;
c. Placing the most needed (susceptible and marginalized) in policy and action;
d. Improving irrigation management and farming management to overcome water deficit by increasing efficiency and resilience of

farming system;
e. Knowledge and technology;
f. Inclusive and effective governance; and
g. Promoting a right-based to water for FSN.

1. In year 2030, urban areas in 
Java are predicted will 
become 40%

2. Impact: 2.1 million hectare of 
productive irrigated area will 
decrease

(Source: Country Water 
Assessment - ADB, 2016)

Vision Challenges

Policy Direction

Irrigation Infrastructure Change (Million Ha)

5.25 
3.48 3.85 

1.29 
3.04 2.15 

0.13 
0.71 1.14 

 -

 2.00

 4.00

 6.00

 8.00

2005 2010 2014
Good Minor/Moderate Damaged Severely Damaged
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Multi-Purpose Storage for WFFE
(Storage for Water, Food, Flood, Energy) 

1. Around 50% dams are built 
only for single purpose

2. More than 50% of dam > 20 
years old

3. Sedimentation problem

Challenges Policy Direction

a. Existing Dams
• Dam upgrading for new 

purposes and maintaining level 
of service

• Innovative management 
scheme for O&M improvement

• Community based catchment 
management

b. New Dams
• Innovative financing scheme
• International protocol 

utilization for better 
preparation

• Multipurpose based
26%

74%

% of Forest Area in
Reservoir Catchment in Indonesia

Source: BIG 2018

Non- ForestForest Source: MPWH 2018

Irrigation 38%

Irrigation and 
Hydropower 5%

Irrigation and raw 
awater 29%

Hydropower 7%

Raw water 5%

Irrigation, 
hydropower, raw 

water 8%

Others 8%

Existing Dam are Mostly 
Single Purpose

Challenges Policy Direction

19

Disaster Resilience Infrastructure

Trend of Flood Occurrence in 92 cities in Indonesia

1. High intensity disaster (earth quake, tsunami, volcano eruption, flood)
2. Deterioritation of  water resource infrastructure caused by natural disaster
3. Higher scale and impact of loss  from year to year
4. More burden on national financial to reconstruct damaged water resource 

infrastructure

Challenges

Policy Direction
a. Structural Mitigation : Construction of 

disaster resilient water resources 
infrastructure

b. Non Structural Mitigation
• Disaster resilience based development
• Spatial planning enforcement
• Early warning system 

c. Funding & Regulation framework
• Zoning system
• Building code
• Infrastructure insurance
• Natural disaster bond
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North Java Integrated Coastal Development

1. Mangrove area decrease causes abrasion
2. Coastal flooding
3. Land Subsidence worsen flood
4. Drought and lack of water storage results to water 

scarcity
5. Climate change causes tidal flood 
6. Waste disposal decrease fisherman revenue
7. Population growth increases land needs

Challenges

Policy Direction

Integrated coastal development zone in North Java Cities:
a. Solution for flood and tidal flood through polder system
b. Development of land, sea, and air infrastructure
c. Solution of raw water limitation and water quality improvement
d. Renewable energy potency (water and sun)
e. Conservation and extention of vegetation ecosystem
f. Development of fishery and maritime industry

Urban Agglomeration in North Java

Jabodetabekpunjur

Kedungsepur

Gerbangkartasusila

• Provinsi DKI Jakarta
• Bogor
• Bekasi
• Depok
• Tangerang
• Tangerang Selatan
• Kabupaten Cianjur

• Kendal
• Demak
• Semarang
• Salatiga
• Grobogan

• Gresik
• Bangkalan
• Mojokerto
• Surabaya
• Sidoarjo
• Lamongan

Source: Dechatlon 2017
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Thank You
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SESSION A2 : 
WATER MANAGEMENT AND CLIMATE CHANGE 
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Session A2:  Water Management and Climate Change 
 

1.   Prof. Dr. Tainan Oki, University of Tokyo  

  Dr. Oki started the session by introducing himself and give introductory of his background. He 
continued by explaining about his project ADAP-T (03:23). ADAP-T is a research framework about 
impact assessment and adaptation to climate change.  It focuses in 4 major sectors : Freshwater, 
Coastal, Sediment, and Rural. The adaptation measure is aimed to work together with the Thailand 
side and the stakeholder/policy maker in government and citizens in targeted areas, and this project 
aims to show the cost & benefit of the adaptation on those major sectors. 

The project also comes up with the methodology for well balanced adaptation portfolio that do a 
Meta-analysis considering financial and other metrics related to the sectors. And the activity should 
support the Co-design for the good practice. Which support policy making for national master plans, 
integrated with adaptation by various stakeholders. And have a good practice/prototyping of the 
adaptation to climate change that will further be refined and disseminated in neighboring states. 

The study area of the ADAP-T distributes in a few regions. For Sediment area is located in Chiang rai, 
for Freshwater and Forest in Nan, For Rural area in Khon Khaen, for Urban area in Bangkok, and Coastal 
area in Narathiwat. 

The speaker furthermore talked that there are currently 19 research groups under JICA: ADAP-T 
program mainly focuses in Adaptation options, and Risk Maps. One of the examples of the research 
that is presented is about: Shallow Ground Water Mapping for Agricultural use (07:19) by Dr. Dessel 
Suanburi (Kasetsart Univ.) & Dr Koshi Yoshida (UTokyo). In the scenario of severe drought, shallow 
ground water (SGW) is the only source of water for upland farmers. The supplemental use of SGW 
(not main source of irrigation) is recommended to avoid the risk of over pumping. The research also 
shows that effective use of SGW can contribute to more benefit for farmers.   

Drought Monitoring Platform (08:33) is the next research that is talked about by Dr. Mingkol 
Raksapatcharawong (Kasetsart Univ.) and Dr. Kazuo Oki (UTokyo). Unfortunately, the systems are not 
working now but the evaluation of the drought (wet) conditions using satellite images and the 
estimation of rice yield by a simulation model is combined to produce a drought risk evaluated by 
indices (SPI, SDT, DSI) in semi-real time. This will provide people with the information of upcoming 
drought and let them prepare in the coming few weeks. 

The next research is by Dr. Sutissak Soralump (Kasetsart Univ.) and Dr. So Kazama (Tohoku Univ.) titled 
Adaptation to landslide risk (08:54). It is about risk-based design level and adaptation approaches for 
mitigation impacts from landslide/slope failure/sedimentation. This research also develops and install 
community-based landslide warning system and tools and had intense workshop or the community to 
make sure the community are aware of the climate change impact to landslide and also how to adapt 
for it and that disaster risk reduction should be the key to adaptation of climate change. 

Next, a research entitled by “Impact of Climate and land use changes on flood discharge” (09:57) by 
Dr. Koichiro Kuraji (UTokyo) and Dr. Wanchai Arunpraparut (Kasetsart Univ.) was introduced. This 
research assesses the quantitative prediction of impacts of climate and land use changes on flood 
discharge in forest area. This research developed a scenario of which area could transfer between 
forest or farming land (or other related area in the research). It is estimated due to the economic 
demands, the change of the landscape will occur where the farmland would increase and replacing 
the forest. The research also showed the prediction model of the 10 years flood runoff based on this 
scenario and what would happen for the flood discharge based on the levels of the land use forest 
cover ratio. 
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Adaptation to sea level rise in coastal zone (11:46) is the next research that is talked about. This 
research is done by Dr. Sompratana Rithphring (Kasetsart Univ.) and Dr. Keiko Udo (Tohoku Univ.) This 
research observes the current beach conditions at 133 locations, and observe coastal erosion and 
examine counter measures and how much volume of sand for beach nourishment and the cost of it. 
Not just in the academic side of the surveillance and research, this team also interviewed 48 villagers 
living in the coastal zone about climate change, coastal disaster, and erosion problems. And they also 
held workshop for capacity development targeting the stakeholders. 

Dr. Hiroaki Shirakawa (Nagoya Univ.) and Dr. Weerakaset Suanpaga (Kasetsart Univ.) developed a web 
application (12:46), which resulted in interactive tool for evidence-based policy making. It’s showed 
the map with cost & benefit of adaptation in major sectors for supporting making decision well-
balanced adaptation portfolio. All these research and activities are now compiled into 1 
comprehensive results of ADAP-T that are delivered to NAP. And it will be approved by cabinet in 
2022. 

Summary (14:06), it is important to gather and share the adaptation counter measures and its related 
information to develop good practice. And collaboration between stakeholders is important, localizing 
activities are also important on the targeted area. The involvement of the young generation is the key 
to success for the future. 

 
2. Dr. Klaus Schmitt, Ecosystem-based Adaptation, a Nature based Solution for Flood Protection  
 and Water Provision in River Basins 

Destruction of forest and wetlands & conversions to other forms of land-use are a major contribution 
to flooding in the low-lying areas of river basins. This is worsened by the impacts of climate change, 
and to address this, Nature-based solutions (NbS) offer cost effective adaptation options and co-
benefits including biodiversity conservation and human wellbeing. If these solutions focus on human 
adaptation and assure livelihood benefits are implemented as part of a climate adaptation strategy, 
they are called Ecosystem-based-Adaptation (EbA) . This required the participation of the local people 
in an integrated approach for adapatation strategies to avoid path dependencies and maladaptation’s. 

The unsustainable use of natural resources & development in the coastal zone are threatening the 
protection function of the mangrove forest belt. The resulting erosion and destruction of the 
mangrove belt leads to dyke failure, overtopping and flooding. This is why the Flood Protection in this 
case in the muddy coast with Mangroves (18:05) are crucial. The whole tidal flats and mangrove are 
an “energy conversion system” that is very effective nature-based system for coastal protection. The 
speaker shown an illustrated figure to emphasize this problem. 

Restoration of floodplains/tidal flats  is a precondition for mangrove rehabilitation in sites where 
erosion has destroyed the mangroves and eroded the foreshore. The best solution for this problem is 
T-Shaped, permeable bamboo fences. This will minimize the erosion and effective on reducing it, 
stimulate sedimentation therefore restore floodplains and recreates conditions for mangrove 
regeneration. The design, technical specifications and placement of T-Fences required a sound 
understanding of site-specific coastal processes (wind, waves, currents), sediment transport, 
morphodynamics, hydrology and coastal dynamic. Th specific conditions that are mentioned are then 
tested in the laboratory to try to recreate the closest environment to see the effectiveness of the T-
Fences, then design option was tested and implemented based on certain scenarios. 

EbA and Integrated Water Resources Management (IWRM) . 

Water availability in adequate quality is highly dependent on healthy ecosystems and their 
provisioning functions and services; Healthy ecosystems also reduced water related risk. IWRM should 
put more emphasis on promoting the ability and strengths if healthy ecosystems to reduce 
vulnerabilities to climate change in watersheds/river basins. Integrating the concepts and approaches 
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of EbA and IWRM could support the mainstreaming of climate change adaptation and risk 
management into IWRM. EbA measures should be a part of (forest and comprehensive) land-use 
planning and integrated into river basin wide plans as participatory approaches to conservation and 
developments. 

The speaker ends the session by listing the conclusion of the presentation in forms of summaries 
(29:30), similar to the summaries written here. 

 

 

 

3. Prof. Dr. Sangam Shrestha, AIT 
 Research priority of SDG 6 under climate change scenario  

SDG 6 (33:43) is an initiative for sustainable development goals to ensure clean water and sanitation 
for all by 2030 that consist of 6 targets. On 2021 the UN released a report on the progress of this 
project, and the worlds is not on track on the target (34:36) shown by 26% of the worlds population 
still lacked safely managed drinking water on 2020. There are also 2.3 billion people live in water-
stressed countries of which 733 million live in high and critically water-stressed countries most of 
which located in Asia pacific region and African region. The Integrated Water Management system 
also needs to be doubled in terms of the current rate of progress globally. The report from UN also 
shows that only 24 countries reported that all rivers, lakes, and aquifers that they share with their 
neighbors are covered by operational arrangements for cooperation. 

Climate Change & water : Facing the Facts  

The speaker talks about how Climate change impact on water affects the Socio-economic 
vulnerability. And this affected major economic related area such as Energy, Agriculture, Water, and 
wealth. Furthermore the impact can be divided into two which is Primary Impact and Secondary 
Impact. It is shown in the illustration on the presentation of the speaker and which sub-sector affected 
by climate change impact. Then the speaker shows the  global demographic of climate change impact 
on water & socioeconomic vulnerability based on the region. As an example in Brazil, Groundwater 
recharge decreases by more than 70% by the 2050s, Electricity production potential at existing 
hydropower stations decreases by more than 25% by the 2070s in Europe. 

One of the focuses on the research area is related to Monitoring and Prediction of climate change 
(42:40). These can be done through the research area : Use of ICTs, AI & Big Data, GCMs/RCMs. But 
there are still a lot of uncertainties in the climate change impact and assessment. This come from 
various sources an example would be the data that is used come from Global Climate Models (GCMs) 
in the global scale, and it will be down scaled into appropriate methods based on the needs before 
scaled down again for regional & local scale variables. Therefore the research priorities should focus 
on the what are the sources of uncertainties, how to quantify the source of uncertainties, and how to 
reduce the uncertainties in impact assessment and adaptation. Another research area is the 
importance of Climate change to Water-Energy-Food Nexus. 

Adaptation to Climate Change. Adaption pathways is a planning approach that addresses the 
uncertainties and also the challenges on climate changes decision making. It takes inti account 
multiple outcomes of the future and also the action-relative cost that is appropriate for each 
pathways. 

As the closing remark, the speaker emphasize on the climate change is the major stressor to SDG 6, 
the research priorities should focus on multiscale nature of impact and adaptation, Accelerating 
adaptation is urgent to reduce water insecurity. 
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4. Ir. Mohd. Zaki b. Mat Amin  
  Enhancing Water Management Towards Future Climate in Malaysia-  

Climate variability and Climate Change can result in excessive water or water scarcity. The impacts to 
the environment can be seen in the form of increased flood, erosion, frequency of droughts, etc.  The 
speaker then shows the floods in Peninsular Malaysia on December 2021 as an example of the disaster 
resulted from climate change.  There are 5 components (55:45) that needs to be improved on the 
water sector, the first sector is the Governance, 2nd is  the People, 3rd is improvement on 
Infrastructure, 4th is on the Information sector and 5th is on the Finance sector. 

To enhance the water sector in Malaysia, there are 2 problem statements.. There are either too much 
water or too little water, and the 2nd problem is that Malaysia is rich in water resources yet it is not 
capitalized as compared to energy sector. In the future, the water sector will be recognized and made 
more visible as a significant contributor to national growth, economically, socially and environmentally 
through the National Agenda on water sector transformation. 

For this water sector transformation, there are Twin objectives, which are: Water security & 
sustainability, and Water as an economic opportunity. For the context of microplanning of the water 
sector, they are divided into 2 : (1) Planning for water resources & Services Management, (2) Planning 
for infrastructure Safety and Risk Reduction (resilience). This is in line with the 12th Malaysia Dev. Plan 
(2021-2025) (59:10). On Chapter 8, the goal is to increase the resilience against climate change and 
on chapter 9, it focuses on transforming the water sector by accelerating the implementation of IWRM 
to achieve sustainable development goals. 

Global Approach Managing Water  

IWRM requires a cross-sectoral, multi-level approach as shown on the presentation on which 
important sectors are needed to cooperate in managing the water sector. There are 4 phases of water 
sector transformation (1:00:27) from 2020-2040 that have been formulated by the Malaysian 
government. A roadmap will be developed to outline strategies, initiatives and programs for each 
phase to ensure the success of the transformation. For the transformation of the water sector, there 
are 5 strategies (1:01:08), which are Empowering people, Strengthening Governance at All Levels, 
Enhancing Capability in Data-Driven Decision-Making, Ensuring Sustainable Financing, and Developing 
Sustainable Infrastructure with Cost-Effective Technology. 

Based on the 5 sectors(1:02:04) that were mentioned in the beginning to improve the water sector, a 
dedicated task force will be established under the National Water Council to guide, coordinate, 
monitor, and report progress. Based on the 12th Malaysia Dev Plan (2021-2025) (1:02:17) there are 
10 pillars under the water sector transformation, but the speaker wants to highlight on the Technology 
Adoption Pillars and the RDIC Pillars. For the Tech. Adoption, the Application of the 10-10 MySTIE 
Framework is proposed to the water sector, where there are 10 technologies application that will be 
connected to water supply lines using AI and IoT sensors for predictive maintenance, as well as 
Drought and flood forecasting for reservoir management and early disaster mitigation, and also AI & 
deep learning algorithms to monitor quality and predict future availability of transboundary water 
resources. For RDIC, the speaker shows the National Water Innovation Roadmap (2021-2040) 
(1:03:32), and there are 5 components which are: Clean River, Reserve Margin, Smart Water, Disaster 
Risk Reduction, and Water Finance. 

Improving Climate Resilience  

The speaker briefly explained the content of Paris Agreement : Updated Nationally Determined 
Contribution (NDC,2021). In terms of implementing a low carbon, clean & resilient development, the 
Malaysian Government had 4 strategies which is Moving towards a Low-Carbon Nation, Accelerating 
Transition to the Circular Economy, Sharing Responsibility in Pollution Prevention, and Increasing 
Resilience against Climate Change and Disasters. The Malaysian government also has the National 
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Adaptation Plan (NAP) that they hope to complete by 2025. The NAP 2025 is tailored to the NDC 2021, 
to overcome the barrier & to formulate, implement and monitor the NAP process in Malaysia. There 
are 4 outcomes that are expected from the NAP 2025 as shown in the presentation. 

The climate change adaptation framework (1:06:20) aims to facilitate the formulation of sound 
policies and best practices that support sustainable water management. The framework also intended 
to serve as a resource for decision makers, and as a guide to develop NAP in sectors. There are 3 issues 
(1:06:45) identified in the Framework : 1. Water Resources, 2. Water Utilization, 3. Water related 
disasters. The speaker then elaborates there are strategies across the water sectors for these issues. 
There are 18 strategies for Water Resources,  20 for water utilization, and 11 for water related disaster. 

The speaker further elaborates this example for the water resource  and elaborates the scenario 
presented on his presentation regarding water resource management in the river. There are potential 
issues and impact, and how to handle the problem, the solution is elaborated in the slide. The speaker 
explains that in order to access the information for an appropriate plan, they can access a portal that 
have access to data such as Water Stress Index, Water Surplus-deficit, Water Yield, etc. (1:08:20). 

Key Messages  

There are 8 initiatives from the Malaysian government roadmap to transform the Water sectors as 
shown in the presentation. Overall, Malaysia is planning & implementing water management through 
IWRM towards future Climate change impact. Additionally, these sessions also mention about 
planning, improving & implementing water infrastructure safety & risk reduction for climate 
resilience, as well as Mainstreaming & Implementing Climate Change Adaptation initiatives through 
National Adaptation Plan (NAP & Malaysia Development Plan). Finally, water sector transformation 
implementation in Malaysia Development Plan has been mentioned. 
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Ecosystem-based Adaptation
a Nature-based Solution for Flood Protection and 
Water Provision in River Basins
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Ecosystem-based Adaptation
a Nature-based Solution for Flood Protection 
and Water Provision in River Basins

Destruction of forests and wetlands 
& conversion to other forms of land-use 
are a major contribution to flooding in the 
low-lying areas of river basins

Introduction

Jan 2022 THA 2022Page 2

This is exacerbated by the impacts of 
climate change
To address this, Nature-based solutions (NbS) offer cost effective adaptation 
options and co-benefits including biodiversity conservation and human wellbeing
If NbS focus on human adaptation, assure livelihood benefits and are implemented 
as part of a climate adaptation strategy, they are called 
Ecosystem-based Adaptation (EbA)
This requires the participatory involvement of local people in an integrated 
approach which must be part of a diverse suite of site-specific and appropriate 
adaptation strategies to avoid path dependencies and maladaptations

The unsustainable use of natural resources and 
development in the coastal zone are threatening the 
protection function of the mangrove forest belt

Flood protection: muddy coasts with Mangroves

Jan 2022 THA 2022Page 3

Wave energy 
dissipation

low

high

The resulting erosion and destruction of the mangrove 
belt leads to dyke failure, overtopping and flooding
The whole of the tidal flats and mangrove forests are an 
"energy conversion system" and therefore a very 
effective nature-based system for coastal protection

… is a precondition for mangrove rehabilitation in 
sites where erosion has destroyed the mangroves 
and eroded the foreshore 

Restoration of floodplains/tidal flats

Jan 2022 THA 2022Page 4

T-shaped, permeable bamboo fences, 
placed to minimise lee erosion are effective for 
reducing erosion, stimulate sedimentation and 
thereby restore floodplains 
Recreates conditions for mangrove regeneration

The long-shore parts dampen the 
incoming wave energy, and the 
cross-shore parts decrease the 
long-shore currents, creating calm 
water conditions for sedimentation

requires a sound understanding of site-specific coastal processes (wind, waves, 
currents), sediment transport, morphodynamics, hydrology and coastal dynamic

Design, technical specifications and placement of T-fences
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Permeable bamboo fences filled with soft brushwood 
effectively dampen wave energy
Fence porosity - and low-
frequency waves drastically
Specifications: bamboo diameter, length and 
embedment depths; crest height; scour protection etc.
Placement of the fences to minimise lee erosion

Solutions only feasible within a set of boundary conditions
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Crest height above mud level
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Use of T-fences

Hs: significant wave height; Tm: mean wave period

Solutions only feasible within a set of boundary conditions
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Crest height above mud level
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Level of erosion and presence of fine sediments: in 
sites with severe erosion, a top mud layer 
> 0.5 m is an indication that there is enough mud in 
the system for sedimentation
Proximity to the shoreline and length of 
submergence to minimise damage by shipworms

Manual
http://coastal-protection-mekongdelta.com/download/library/40.Shoreline-
Management-Guidelines_EN.pdf (Albers et al., 2013)

PANORAMA Solution
https://panorama.solutions/en/solution/ecosystem-based-coastal-protection-
through-floodplain-restoration

Additional design considerations
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DR. KLAUS SCHMITT
THA 2022 International Conference on   
Moving Towards Sustainable Water and Climate Change Management After COVID-19, 26-28 January 2022, Online platform

25



Unsustainable use of natural 
resources and development in the 
coastal zone (and catchment area) 
causes erosion

Sustainability through shared governance

Jan 2022 THA 2022Page 9

PANORAMA Solution
https://panorama.solutions/en/solution/co-management-shared-governance-natural-resources-coastal-area

Root cause must be addressed
Involvement of local communities 
through shared governance 
(co-management) is required to 
address the root cause and 
ensure sustainability

A study from the Mekong Delta compared the values of 
mangrove planting with dyke upgrade based on 
saved wealth and saved health 
Stadelmann, M., Michaelowa, A., Butzengeiger-Geyer, S., Köhler, M. 2015. Universal metrics to compare the effectiveness of 
climate change adaptation projects. In: Leal Filho, W. (ed.) Handbook of Climate Change Adaptation: 2143–2160.

Quantification of benefits & cost effectiveness
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https://www.adaptationcommunity.net/?wpfb_dl=139

Cost-benefit analysis Lami Town, Fiji 
https://www.researchgate.net/profile/James-Vause-
2/publication/335790207_Developing_the_economic_case_for_EbA/links/5d7b629c92851c87c37b33fa
/Developing-the-economic-case-for-EbA.pdf

The saved wealth index per USD invested for mangroves 
is about 19 times higher than for the dyke upgrade
Mangroves provide health benefits of 243 Disability-
Adjusted Life Years in 20 years - the dyke upgrade does 
not deliver any positive health impacts (report)

EbA measures can enhance water availability, improve water quality and 
reduce water-related risks, in addition, they generate livelihood, economic 
and environmental co-benefits

EbA measure for flood protection and water provision
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Conservation of existing catchment forests, mangroves and wetlands are 
effective EbA measures and can be complemented by appropriate wetland 
and forest rehabilitation using native species 
Over-emphasis on tree planting (for carbon gain) may lead to adverse impacts 
on local communities and biodiversity; and distracts from the need to protect 
intact ecosystems (e.g. conversion of peatlands to tree plantations)

Example:
Locally established protected areas 
(Other Effective Conservation Measures, 
OECM, Aichi Target 11) can further 
contribute to forest and wetland protection

Protect and manage is more effective than rehabilitation (restoration)
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Talk on Value and limits of working with nature to address climate change 
(Oxford Martin School January 2021)
https://www.youtube.com/watch?v=Ka7Sc5d1v3k 11:25 – 14:00 min

Water availability in adequate quality is highly dependent on 
healthy ecosystems and their provisioning functions and services; 
healthy ecosystems also reduce water-related risks 
IWRM should put more emphasis on promoting the ability and strengths 
of healthy ecosystems to reduce vulnerabilities to climate change in 
watersheds/river basins
Integrating the concepts and approaches of EbA and IWRM could support 
the mainstreaming of climate change adaptation and risk management 
into Integrated Water Resources Management 

EbA and Integrated Water Resources Management (IWRM)

Jan 2022 THA 2022Page 13

EbA measures should be part of (forest and comprehensive) land-use planning 
and integrated into river basin wide plans as participatory approaches to 
conservation and development

Use of area (tidal flats, mangroves) as a nature-based coastal protection system 
is very effective and provides co-benefits
Engineering is required in erosion sites and needs sound understanding of 
dynamic coastal processes
EbA solutions [such as T-shaped, permeable and temporary bamboo fences] only work within a 
specific set of boundary conditions and must be site-specific and appropriate
Avoid pitfalls of NbS such as green-washing and over-emphasis on tree planting 
(Global Standard for NbS)

Conclusion

Jan 2022 THA 2022Page 14

Different solutions and their costing should be part 
of an integrated river basin Master Plan which also 
integrates EbA and IWRM
Such an integrated plan should include mangrove, 
forest and wetland protection and sustainable 
use/management (i.e., conservation) involving local 
communities - conservation and development
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SDGs, Water and 
Climate Change: 
Research Priorities

Sangam Shrestha
Professor
Water Engineering and Management 
Asian Institute of Technology

Presentation Outline

• SDG 6: Review of progress

• Stressors to SDG 6

• Climate change and water: Facing the 
facts

• Research priorities

• Connect Mekong (project)

• Concluding remarks

SDG6
Review of Progress

SDG 6: Ensuring clean water and sanitation for all by 2030!

4

SDG 6: Ensuring clean water and sanitation for all by 2030!

5
UN-Water, 2021

SDG 6: Ensuring clean water and sanitation for all by 2030!

6

6.1.1 Proportion of population using safely managed drinking 
water services (2020)

UN-Water, 2021

SDG 6: Ensuring clean water and sanitation for all by 2030!

7
UN-Water, 2021

SDG 6: Ensuring clean water and sanitation for all by 2030!

8

6.4.2 Level of water stress: freshwater withdrawal as a 
proportion of available freshwater resources (2018)

UN-Water, 2021
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SDG 6: Ensuring clean water and sanitation for all by 2030!

9
UN-Water, 2021

SDG 6: Ensuring clean water and sanitation for all by 2030!

10

6.5.1 Degree of integrated water resources management 
implementation (0–100) (2020)

UN-Water, 2021

SDG 6: Ensuring clean water and sanitation for all by 2030!

11
UN-Water, 2021

SDG 6: Ensuring clean water and sanitation for all by 2030!

12

6.5.2 Proportion of transboundary basin area with an 
operational arrangement for water cooperation

UN-Water, 2021

Stressors to SDG 6

Stressors to SDG 6

14

Climate change

Urbanization

Population 
growth

Population Growth 

15

Urbanization

16
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Climate change

17

(2021 2040)

(IPCC AR 6)

Global warming of 1.5°C and 2°C will be exceeded unless deep reductions in CO2

and other greenhouse gas emissions occur in the coming decades

Climate change

18

Climate change & 
water: Facing the 
facts

Climate change impact on water

20

Climate change impact on water & socioeconomic vulnerability

21
Relative change in annual discharge at 2°C temperature increase compared with 

present day under RCP 4.5 (WWDR 2020)

Climate change impact on water & socioeconomic vulnerability

22
Future climate change impacts related to freshwater which threaten the 

sustainable development of the affected regions (IPCC AR5)

Thickness of small 
island freshwater lens 
declines from 25 to 
10m due to 0.1m sea 
level rise by 2040-
2080. 

Flooded 
area for 
annual peak 
discharge in 
Bangladesh 
increases 
by at least 
25% with a 
global 
temperature 
increase if 
2°C.

Groundwater recharge 
decreases by more 
than 70% by the 
2050s.

Electricity 
production 
potential at 
existing 
hydropower 
stations 
decreases by 
more than 
25% by the 
2070s.

Streamflow decreases 
such that present 
water demand could 
not be satisfied after 
2020 and loss of 
salmon habitat.

Research Priorities
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Monitoring 
& Prediction 

of climate 
change

Use of ICTs

AI & Big Data

GCMs/RCMs

28

Climate change impact 
assessment

Uncertainties

29

i. What are the sources of 
uncertainties (Climate 
model, climate 
scenarios, impact 
model)?

ii. How to quantify the 
sources of uncertainties?

iii. How to reduce the 
uncertainties in impact 
assessment and 
adaptation?

30

Climate 
Change

Climate-Water-Energy- Food Nexus

Water

Energy Food

i. How to quantify the 
W-E-F Nexus? 

ii. What is the trade-
offs in W-E-F Nexus?

iii. How climate change 
impact W-E-F 
Nexus?

31

Adaptation to Climate Change
(Adaptation Pathways)

Haasnoot et al. 2013 

Years

Connecting Climate Change, Hydrology & Fisheries for Energy and Food 
Security in Lower Mekong Basin

Funding: USAID
Duration: December 2017 October 2022

WP1 

Development of 
high-resolution 
climate change 

scenarios

WP 2

Climate change 
impacts on 
flows, dam 
inflows  and 

fisheries

WP 3

Optimization of 
hydropower and 

fisheries  
production

WP 4

Building 
capacity and 

knowledge 
sharing

https://connect-chf.com/
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3S River Basin
Area: 78,650 km2
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https://connect-chf.com/

Connecting Climate Change, Hydrology & Fisheries for Energy and Food 
Security in Lower Mekong Basin

Srepok River Basin
Area: 30,940 km2

34

Optimization of hydropower production 
and fish catch

Fish 
monitoring 
station

35

Climate change impact on hydrology (Bandon station)
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RCP 4.5 RCP 8.5 
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Baseline: 1985 2016, Near future: 2020 2049, Mid future: 2050 2079

Climate change & hydropower operation impact on fish catch
Projection based on low flow Projection based on high flow 

N
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r 
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M
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u

tu
re

Projection based on average flow 

Baseline: 2012 2013, Near future: 2020 2049, Mid future: 2050 2079
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Climate change impact on hydropower production (Srepok 4)
Near future Mid future

Baseline: 2010 2014, Near future: 2020 2049, Mid future: 2050 2079

37

Objective functions= 2 ng Q h
= 0.000009Q 113 Q + 6.6843

Where, j: no. of periods, P: power output, Qpj: turbine flow, n:
power coefficient, : density of water (kg/m3), : gravitational
acceleration (m/s2), hj: water head, QTj: total flow, F: fish
catch (CPUE)

Decision variables

Turbine flow (Qpj) and spill flow (Qsj)Q = 2 Q +Qsj

Constraints
1) 60.0 m3s-1 < Turbine Flow < 468.9 m3s-1

2) 0 < Spill Flow < 11,866 m3s-1

3)  Combined Turbine and Spill Flow > 32.0 m3s-1

4) 13.57 MCM < Reservoir Storage < 133.65 MCM 
5) The final reservoir level must equal the initial level 

(113.65 MCM)

38

Optimization of hydropower production & fish catch under climate change

1)
2)
3)

Fish catch

Concluding remarks

• Climate change continue to be the 
major stressor to SGD6

• Research priorities should focus on 
multi scale nature of impact and 
adaptation

• Accelerating adaptation is urgent to
reduce water insecurity

39

Thank you very much
sangam@ait.asia

Sangam Shrestha
Professor
Water Engineering and Management 
Asian Institute of Technology
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SESSION A3 : 
SUSTAINABLE GROUNDWATER MANAGEMENT TOWARDS SDGS 
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Session A3: Groundwater and SDG  

This session title is “Sustainable Groundwater Management towards the SDGs” which particularly 
focuses on the groundwater part of the water but is also related to the sustainable development 
goals. In this topic, there are global and local groundwater issues related to the SDGs. 
 

1.  Prof. Dr. Makoto Taniguchi, the Research Institute of Humanity and Nature (RIHN),  
 Kyoto Japan 

The historical change related to groundwater and industrialization in Asia . You can see that the Y-axis 
real GDP share in the world and since 17th centuries up to now in the pre-industrialization period the 
real GDP share is highest in Asia. But during the industrialization that Europe and the US increased 
after 1950 (or after World War Two), Asia increased again.  So, you can see the shift of the economic 
driver and pre-industrialization period there was large population support in Monsoon Asia can make 
this kind of high share of the GDP in Asia. But in the industrialization period, the global economy rises 
by fossil fuels and the energy transition through fossil fuels and the economic boom in Asia after World 
War Two. So, combining fossil fuels and abundant water including groundwater in Asia created a huge 
economic development and environmental problem such as land subsidence, groundwater 
contamination, and so on.  

So, we adopted nexus approach for system dynamics and we care about a tradeoff facility between 
resources, including the groundwater, society, economy, environment, local, national, global, past 
present, and future toward the SDGs. We collect all types of hard data that are related to the SSE; 
social, economy, environment, and WEFL; food, energy, water, and climate change. And then we made 
the indices how much the indices related to the SDGs. The indices of SEE-Water, SEE-Energy, SEE-Food, 
SEE-Land, and SEE-WEFL SDGs are calculated and represented as warmer color shows less 
sustainability and blue color shows more sustainability in terms of the SEE nexus indices as shown in 
Figure 2.  

Finally, we can summarize that enough food on the industrial material/goods which consumes 
groundwater are globally traded, then distant areas and countries are indirectly connected with 
groundwater footprint. Therefore, groundwater issue is not only local but also global issue. For 
achieving the sustainable development goals (SDGs), it’s important to manage groundwater as nexus, 
which connects direct and indirect, local and global, water-energy-food, and economy-environmental-
society. Increasing efficiency of the groundwater use makes reduction of the energy consumption, 
then it creates a synergy among the water and energy for carbon neutrality and sustainable 
groundwater management. And a good practice like Kumamoto with synergy of the nexus and 
transboundary governance of groundwater is important for achieving SDGs not only locally but also 
globally. 
 
2. Dr. James W. LaMoreaux, Chairman at PELA GeoEnvironment, USA 

The topic today is groundwater science issues and research trends as they relate to sustainable water 
and climate change management after COVID-19.  

Hydrogeology plays major role in all aspects of environmental planning, execution and 
implementation. Without a safe sustainable water supply, life cannot exist and hopes for prosperity 
are limited. Much of future world demands will be made up of the groundwater component. In fact, 
the United Nations has identified water resources as a top priority. Attention is particularly drawn to 
freshwater stress which relates water withdrawal to the percentage of water available. Based on 
current rate of usage, the United Nations is not optimistic about the global water outlook.  
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The aims and scope of environmental earth sciences (EES) is concerned with the interaction between 
humans, natural resources, ecosystems, special climates, or unique geographic. The major disciplines 
include hydrogeology, hydrochemistry, geochemistry, geophysics, engineering geology, remediation 
science, natural resources management, environmental climatology and biota, environmental 
geography, soil science, and geomicrobiology. There are some of the commissions that IAH has there 
are groundwater and climate change, groundwater and energy, groundwater research, cars 
hydrogeology, managing accurate recharge, mineral and thermal waters, regional groundwater flow, 
and transboundary efforts.  

The UN Water Partners or International Association of Hydrogeologists (IAH) is partners along with 
IGRAC and so forth. Their groundwater resources are under increasing pressure due to human 
activities and climate change. So, UNESCO and IGRAC have put out groundwater over to publication 
that showcases the essential issues of groundwater informs about groundwater related activities 
enhances knowledge exchange and collaboration, and raises awareness about our most important 
hidden research.  

One of the groundwater overview courses is climate variability as the world’s largest distributed store 
of freshwater, groundwater plays a central part in sustaining ecosystems and enabling human 
adaptation to climate variability and change. Aquifers have a buffering capacity and they’re naturally 
more resistant to external impact than surface waters. Since the variability of surface water availability 
is increasing due to climate change, the strategic importance of aquifers for water and food security 
is clearly growing. 

In regard to economics, groundwater resources are extensively used in production processes by large 
international companies all over the world. Accordingly, international investors are being encouraged 
to share broader societal and environmental costs of groundwater. Understanding the value of 
groundwater would be an additional incentive for investors and asset managers to participate, leading 
eventually to investment risk reduction.  

Finally, as a summary, there are a number of research trends some of the more important ones include 
remote sensing increasingly used for aquifer management. Satellite data interpretation for drought 
and long-term weather forecasting. Bringing more real-time reporting data online via the web. Cross-
disciplinary training. Regional, national and international emphasis on improving water use 
agreements and best practices. More collaborative studies among consortium universities of 
corporations. And water as an economic commodity or is a natural right.  

3. Prof. Dr. Yonghui Yang, Center for Agricultural Resources Research,
IGDB Chinese Academy of Sciences, China

 The topic ‘Assessing recent hydrological changes and groundwater depletion under various policy 
changes and newly delivered water in the North China Plain’ was presented by Prof. Yonghui Yang. He 
starts the topic with the problem of groundwater depletion. Groundwater is a very big problem for 
food production. North China Plain is one of the world most concerned regions of groundwater 
depletion. He shows the groundwater depletion map in North China Plain by comparing water tables 
between 1974 and 2004. In total, about 180-200 km3 of groundwater was overused so far. This 
problem has existed for a long time. And since 2012, our central government try to make a sustainable 
society. They developed the policies of groundwater use by largely reducing groundwater use for 
industrial and domestic purposes in the cities, cutting the plantation of high-water consumption 
winter wheat, by 50,000-150,000 ha annual with governmental subsidy, and increasing water use from 
Yangtze River through the middle route of the South to North Water Transfer Project.  

So, what is happening with the groundwater? He shows the shallow aquifer and the deep aquifer. 
Simple crop pattern needs large efforts to remain sustainable groundwater use. Present wheat 
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plantation decrease ranging from 50,000 ha to 150,000 ha will not likely to solve the groundwater 
depletion problem.  

In some big cities like Beijing, the groundwater is recovering because of a lot of water from the Yangtze 
River. He shows the observed groundwater level in Luancheng Experimental station that has been 
declined since 1975 but has been stabilized since 2016 because of much water from Yangtze River 
therefore the ground water is recovery. That is a good signal. For the North China Plain according to 
his analysis using the GRACE data, groundwater basically stabilizes from 2016 even it has a bit drop. 
However, much higher rainfall in 2016, 2018, and 2021 also large contributes to the stabilization of 
the groundwater level.  

So, the conclusions are crop adjustment, replacing groundwater with Yangtze River water for domestic 
and industrial use, and relatively high rainfall is beneficial for regional groundwater sustainability. In 
general, groundwater decline has been greatly slowed down. However, in the whole North China Plain, 
groundwater depletion may still remain. Evapotranspiration is still increasing slightly especially in the 
South part of the area. Groundwater stabilization looks not confirmed yet. It needs to be observed in 
long term maybe with more efforts, especially for the Southeast part of the area. 
 
4. Dr. Hans Thulstrup, Senior Programme Specialist, UNESCO Jakarta 
 Groundwater for Sustainability Contributions towards the 2030 Agenda and the Sustainable  
 Development Goals 

The SDGs are a universal call for action to end poverty, protect the planet, and ensure that all people 
enjoy peace and prosperity by 2030. The presentation focused on SDG6 (clean water and sanitation). 
The importance of groundwater with sustainability is a cross-central goal. The groundwater system is 
complex and related directly or indirectly to the way we live and the way we conduct various economic 
activities. This is also related to climate change, biodiversity, consumption, and production. Therefore, 
groundwater flows through all of the SDGs because without water, there would be no life. Indeed, 
according to the World Water Assessment Program: 

Sustainable groundwater is a key element in global resilience to climate change, a shield against 
ecosystem loss, and a defense against human deprivation and poverty. Groundwater underpins 
irrigated agriculture and energy production. It supports food security and economic development. It 
is essential to the health of all living things. 

In Asia, there are 129 shared aquifers. The total transboundary area is more than 9 million km2. A 
total of 38 countries in Asia have been identified as having internationally shared aquifer basins. 
However, aquifer stress in the region has increased significantly over the past 50 years, especially in 
areas, such as the Middle East of Saudi Arabia, Jordan, and the Mekong Delta region. A survey 
conducted by the Transboundary Water Assessment Program reported that out of 25 transboundary 
aquifers in Asia, only about 50% have water resources that are entirely suitable for human 
consumption due to serious groundwater quality issues. Thus, there is a risk of increased regional 
conflict due to competition over limited water resources. 

Numerous activities have been initiated to improve our understanding of this issue and to develop 
better transboundary aquifer inventories. However, we lack reliable comprehensive data, particularly 
in developing countries and regions; expertise and institutional support; and large-scale cooperation 
in the identification, assessment, and governance of the resource. 

The presentation mentioned some reference to the Greater Mekong sub region and the challenges 
and efforts involved in sharing data and undertaking cooperation across Cambodia and Vietnam. 
There is significant stress on the Lower Mekong Delta aquifer, in which groundwater levels have 
significantly declined, along with the rise of sea water intrusion and arsenic pollution. Thus far, only a 
limited institutional framework for the investigation of transboundary aquifers has been established. 
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The UNESCO, FAO, and many other agencies are working together to develop new contexts to help 
address these challenges. 

The speaker also referred to the groundwater management practices applied in Denmark. The basic 
principles that have allowed for the sustainable management of water resource in Denmark are strong 
knowledge, strong national commitment, transparent regulatory system, partnerships, and generally 
high levels of public and political concern and awareness. The country also used the Five M’s, an 
integrated management approach involving mapping, measurement, monitoring, and modeling, as 
the basic elements that have allowed for the sustainable management of groundwater in the country. 
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Sustainable Groundwater 
Management towards SDGs

Makoto Taniguchi 
Research Institute for Humanity and Nature (RIHN) 

Energy transition to 
fossil fuels and 
economic boom in Asia

Combining fossil fuels and 
abundant water in Asia, 
created a huge economic 

development (synergy) and 
environmental problems 

(tradeoff) in Anthropocene

(1) Industrialization & Nexus (Water-Energy)

Shift of the 
economic driver

Virtual groundwater flow 
through global food trade

GW depletion (mm/y) 
(1980-2009,  Döll et al. (2014))

Acceleration of GW depletion
-12.6 billion ton/year (1960) -28.3 billion ton/year (2000)

Increase of GW irrigation for food 
production during Anthropocene

(2) Green revolution & Nexus (Water-Food) Virtual water export via food trade 
from sub-region in Asia

“Footprints” which can visualize the tele-connection and internalize the external 
environment, are good tools for analyzing multi-scale stewardship and sustainability.
Resources (food, water, energy, etc. ) and environment are connected, and should be 
governed by integrated manner 

Urbanization 

Population in Urban
30 % at 1950
68 % at 2050

World Population 

(3) Urbanization & Water-Energy-Food  Nexus Belmont Forum projects “Sustainable Urbanization Global 
Initiative: Food-Water-Energy Nexus”

Intelligent Urban Metabolic Systems for Green Cities of Tomorrow: an 
FWE Nexus-based Approach (2018-2021)

Tradeoff and synergy between:
Resources (water, energy, food, land, etc.)
Society, Economy, Environment
Local, National, Global
Past, Present, Future

Nexus Approach 
for system dynamic 

SDGs
for goals and scenarios 

SDGs indicators

Disconnection of  governances/institutions

PROF. DR. MAKOTO TANIGUCHI
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Data archive

Data linkages

SDG -
Nexus DB

A framework of SDGs-Nexus
SEE (Social, Economy, Environment) -WEFL (Water, Energy, Food, Land)

Water, Energy, Food, Land

S

E

E

S

E

E

Food policy Climate change 

Water – Land footprint 
(Lee et al, 2020)

continuous irrigation (drought)
X intermittent irrigation (drought)

continuous irrigation (wet) 
intermittent irrigation (wet)

(4) Nexus analyses with scenarios

SEE-WEFL Nexus
Step 1: The SEE-WEFL Nexus variables are identified,.
Step 2: Each value are normalized for SEE-WEFL Nexus index.
Step 3: The SEE-Water, SEE-Energy, SEE-Food, SEE-Land, and SEE-WEFL indices are calculated

SEE-
WEFL Water Energy Food Land Indices

Social Water use in 
social service

Water intensity 
in social 
service

Energy use in 
residential and 
transportation 

Energy 
intensity in 

residential and 
transportation 

Farming area
per a farmer

The number 
and proportion 

of farmers
Population density WEFL-Social index

Economic Water use in 
industries

Water intensity 
in industries

Energy use in 
industries

Energy 
intensity in 
industries

Agricultural 
production 
(price) and 

farming area
per a farmer

Farming area Land intensity for 
economy

WEFL-Economic 
index

Environme
ntal

Total use of 
groundwater

A ratio 
groundwater 
use in total 
water use

Electricity 
generation by 

fossil fuels

A ratio of 
fossil fuels in 

total electricity 
generation

Organic farm area
Area of

forest area and 
wetland

Proportion 
of 

forest area

WEFL-
Environmental index

Indices SEE-Water index SEE-Energy index SEE-Food index SEE-Land index SEE-WEFL index

The map shows that high 
value of SEE-WEFL 
SDGs Nexus index 
represents the less 

sustainability.

SEE-WEFL SDGs-Nexus indicators
SEE (Social, Economy, Environment) -WEFL (Water, Energy, Food, Land)

Recovery of lost synergy of water-energy-food nexus

Global to local (Top down)
Warning, Risk asses.)

Local to global (Bottom up)
(Trust/Ethic/Empathy)

National

Rockström et al. (2009) 

Water-energy-food 
nexus serious game for 
multiscale stewardship

Regional

Multiscale Stewardship

• Food and industrial materials/goods which consumes groundwater are
globally traded, then distant areas and countries are indirectly connected with 
groundwater footprint. Therefore, groundwater issue is not only local but
also global issue.

• For achieving the sustainable development goals (SDGs), it is important to
manage groundwater as nexus, which connects direct and indirect, local and
global, water-energy-food, and economy-environment-society.

• Increasing efficiency of groundwater use makes reduction of energy
consumption, then it creates a synergy among water and energy for carbon
neutrality and sustainable groundwater management. 

• A good practice with synergy of nexus and transboundary governance of
groundwater is important for achieving SDGs not only locally but also
globally.

Summary
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Dr. Philip LaMoreaux (left), honored as the Father of Groundwater in Thailand.

Groundwater  Science: 
Issues and Research Trends

Presented at

THA 2022 International Conference on
Moving Towards Sustainable Water and 

Climate Change Management After 
COVID-19

January 26 – 28, 2022

by Dr. James W. LaMoreaux
Editor Discover Water

Chairman P.E. LaMoreaux & Associates, Inc.

• Hydrogeology plays major role in all aspects of
environmental planning, execution and
implementation.

• Without a safe sustainable water supply, life
cannot exist and hopes for prosperity are
limited.

• Much of future world demands will be made up
of groundwater component.

• United Nations has identified water resources
as a top priority.

• Attention is particularly drawn to freshwater
stress which relates water withdrawal to
percentage of water available.

• Based on current rate of usage, UN is not
optimistic about the global water outlook.

To address this issue, mankind needs to 
embrace sustainable water development  
(SWD). SWD is “the development of water in a 
manner in which [an] adequate supply of good 
quality water is sustained and the watercourse 
ecosystem is maintained for the uses of future 
generations.”

Source: Pichyakorn, 2002

Water quantity and water quality
are inextricably linked; therefore 
there needs to be rapid movement 
towards SWD in developed and 
developing countries.

DR. JAMES W. LAMOREAUX
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SWD includes five specific elements:

(1) The right to use water;
(2) The protection of water resources and 

prevention of water degradation;
(3) The maintenance of water flow;
(4) An ecosystem related approach; and
(5) The procedural elements to achieve 

sustainable development.

•  Right to use water involves comprehensive 
permitting with continuing review; strategic 
counseling, crisis management, creative dispute 
resolution; and enhanced relations with 
stakeholder and community groups.
•  Protection of water resources and prevention of 
water degradation includes addressing non- point 
sources of pollution on a national, regional and 
local basis; land use controls; integration of water 
and land management; and regulation of 
interbasin transfers.

•  Maintenance of water flow involves instream 
flows and environmental flows and may require 
appropriate controls.

•  An ecosystem related approach should not be 
limited only to watercourse mainstream or 
tributaries; it should also incorporate terrestrial 
and marine environment interaction; promote 
health of the entire ecosystem; and actively 
involve watershed management authorities.

To move toward SWD, freshwater should be 
managed in a holistic manner, or in other words -  
an ecosystem approach.

    “Management of water resources is holistic when it is 
done on a catchment or drainage basin basis.  This 
includes both land and water resources, since land use 
can have significant impacts on freshwater and related 
ecosystems…. Thus water legislation should provide for 
a holistic, ecosystem approach to the management of 
water….”

Steve McCaffrey and Greg Weber – GUIDEBOOK FOR POLICY AND LEGISLATIVE DEVELOPMENT
ON CONSERVATION AND SUSTAINABLE USE OF FRESHWATER RESOURCES (2005)

UN Sustainable Development Goal 6:
Access to Water and Sanitation 

• Clean, accessible water for all is an essential need of the world. 
There is sufficient fresh water on earth to achieve this. Due to 
bad economics or poor infrastructure, millions of people, most 
of them children, die from diseases associated with inadequate 
water supply, sanitation and hygiene.

• Water scarcity, poor water quality and inadequate sanitation 
negatively impact food security, livelihood choices and 
educational opportunities for poor families. Drought afflicts 
some of the world’s poorest countries, worsening hunger and 
malnutrition.

• By 2050 one in four people is likely to live in a country affected 
by chronic or recurring shortages of fresh water.

Research Trends in Selected 
Prominent Journals

Sustainable 
Water 

Resources 
Management 

(SWAM)

Aims and Scope: SWAM
• This peer-reviewed journal explores wide-ranging 

developments and challenges in pursuit of practical, 
sustainable water resource management; and

• Addresses a broad range of topics in water resources 
management; 

• Covers geopolitical and socio-economic effects and 
constraints;

• Includes such topics as natural and man-induced 
contamination of water resources, surface and ground water 
interaction, managed aquifer recharge and storage ;

• Addresses water resources management, sustainability of 
water resources, ground and surface water quality and 
quantity, water use and reuse, surface and ground water 
interaction, aquifer recharge, storage and more. 
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Carbonates 
and 

Evaporites
(CAEV)

Aims and Scope - CAEV
• Examines and provides a forum for all aspects 

of carbonate and evaporite geology;
• Provides a forum for the exchanges of ideas on 

all aspects of carbonate and evaporite geology;
• Includes origin and stratigraphy of carbonate 

and evaporite rocks and issues unique to these 
rock types;

• Karst weathering phenomena, engineering and 
environmental issues, mining and minerals 
extraction, and caves and permeability.

Environmental 
Earth Sciences 

(EES)
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Aims and Scope (EES)
• Environmental Earth Sciences is concerned 

with interaction between humans, natural 
resources, ecosystems, special climates or 
unique geographic zones, and the earth. 

• Major disciplines include: hydrogeology, 
hydrochemistry, geochemistry, geophysics, 
engineering geology, remediation science, 
natural resources management, environmental 
climatology and biota, environmental 
geography, soil science and geomicrobiology.

• Water and soil contamination caused by waste management and 
disposal practices;

• Environmental problems associated with transportation by land, 
air, or water; 

• Geological processes that may impact biosystems or humans; 
• Man-made or naturally occurring geological or hydrological 

hazards; 
• Environmental problems associated with the recovery of materials 

from the earth;
• Environmental problems caused by extraction of minerals, coal, 

and ores, oil and gas, water and alternative energy sources; 
• Environmental impacts of exploration and recultivation –

Environmental impacts of hazardous materials; 
• Management of environmental data and information in data banks 

and information systems; 
• Dissemination of knowledge on techniques, methods, approaches 

and experiences to improve and remediate the environment. 

100 most cited papers from all years since 
2009 (using WordleTM)
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15 Most Cited Articles 2015-16
• Abdullaev I, Rakhmatullaev S (2015) Transformation of water management in central Asia: 

from state-centric, hydraulic mission to socio-political control. 
• Aishan T, Halik U, Kurban A et al (2015) Eco-morphological response of floodplain forests 

(Populus euphratica Oliv.) to water diversion in the lower Tarim River, northwest China. 
• Azarnivand A, Hashemi-Madani FS, Banihabib ME (2015) Extended fuzzy analytic hierarchy 

process approach in water and environmental management (case study: Lake Urmia Basin, 
Iran). 

• Belletti B, Rinaldi M, Buijse AD et al (2015) A review of assessment methods for river 
hydromorphology. 

• Beskese A, Demir HH, Ozcan HK, Okten HE (2015) Landfill site selection using fuzzy ahp and 
fuzzy topsis: a case study for Istanbul. 

• Chalov S, Jarsjo J, Kasimov NS et al (2015) Spatio-temporal variation of sediment transport in 
the Selenga River Basin, Mongolia and Russia. 

• Gordalla BC, Ewers U, Frimmel FH (2013) Hydraulic fracturing: a toxicological threat for 
groundwater and drinking-water? 

• Hajihassani M, Armaghani DJ, Monjezi M, Mohamad ET, Marto A (2015) Blast-induced air 
and ground vibration prediction: a particle swarm optimization-based artificial neural network 
approach. 

• Karthe D, Chalov S, Borchardt D (2015) Water resources and their management in central 
Asia in the early twenty first century: status, challenges and future prospects. 

15 Most Cited Articles, continued
• Kim H-S, Kim K-R, Kim H-J, Yoon J-H, Yang JE, Ok YS, Owens G, Kim K-H (2015) Effect 

of biochar on heavy metal immobilization and uptake by lettuce (Lactuca sativa l.) in 
agricultural soil. 

• Li P, Qian H, Howard KWF, Wu J (2015) Building a new and sustainable “silk road economic 
belt”. 

• Lim LBL, Priyantha N, Mansor NHM (2015) Artocarpus altilis (breadfruit) skin as a potential 
low-cost biosorbent for the removal of crystal violet dye: equilibrium, thermodynamics and 
kinetics studies. 

• Ren F, Wu X, Zhang K, Niu R (2015) Application of wavelet analysis and a particle swarm-
optimized support vector machine to predict the displacement of the shuping landslide in the 
three gorges, China. 

• Wu J, Li P, Qian H (2015) Hydrochemical characterization of drinking groundwater with 
special reference to fluoride in an arid area of China and the control of aquifer leakage on its 
concentrations. 

• Youssef AM, Pradhan B, Jebur MN, El-Harbi HM (2015) Landslide susceptibility mapping 
using ensemble bivariate and multivariate statistical models in Fayfa area, Saudi Arabia. 

• Zhang J, Zhang Q, Sun Q, Gao R, Germain D, Abro S (2015) Surface subsidence control 
theory and application to backfill coal mining technology. 

•

Discover Water
(DW)

Aims and Scope
Discover Water is part of the Discover journal series committed to providing a
streamlined submission process, rapid review and publication, and a high level
of author service at every stage.  It is an open access, community-focussed
journal publishing research from across all fields relevant to water research.

Discover Water is a broad, open access journal publishing research from
across all fields relevant to the science and technology of water research and
management.  Discover Water covers not only research on water as a
resource, for example for drinking, agriculture and sanitation, but also the
impact of society on water, such as the effect of human activities on water
availability and pollution.  As such it looks at the overall role of water at a
global level, including physical, chemical, biological, and ecological
processes, and social, policy, and public health implications.  It is also
included that articles published in Discover Water may help to support and
accelerate United Nations Sustainable Development Goal 6: ‘Clean water and
sanitation’.

Research Trends 
International Societies

International Association of Hydrogeologists
• Scientists, engineers, water managers and other 

professionals;
• Groundwater research, management and 

protection;
• Has 4,000 members worldwide in 40 countries;
• Worldwide networking;
• Eight specialized research commissions.

IAH Specialized Commissions
• Commission on Groundwater and Climate 

Change; 
• Commission on Groundwater and Energy; 
• Commission on Groundwater Outreach; 
• Commission on Karst Hydrogeology; 
• Commission on Managing Aquifer Recharge ;
• Commission on Mineral and Thermal Waters ;
• Commission on Regional Groundwater Flow ;
• Commission on Transboundary Aquifers.

UN Water Partners 
Global groundwater resources are under 
increasing pressure due to human activities and 
climate change. The UNESCO/IGRAC 
Groundwater Overview -
• Showcases the essential issues of groundwater, 
• Informs about groundwater-related activities, 
• Enhances knowledge exchange and 

collaboration, and 
• Raises awareness about our most important 

hidden resource:   GROUNDWATER. 
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Climate Variability
As the world's largest distributed store of fresh water, 
groundwater plays a central part in sustaining ecosystems 
and enabling human adaptation to climate variability and 
change. Aquifers have a buffering capacity and they are 
naturally more resistant to external impact than surface 
waters. Since variability of surface water availability is 
increasing due to climate change, strategic importance of 
aquifers for water and food security is clearly growing. 
(UNESCO/IGRAC)

Natural Disasters, Conflicts and 
Human Rights

Aquifers can substitute affected drinking water supplies 
in time after catastrophic events, such as tsunamis. Relief 
organisations need to know about availability of 
groundwater for water supply when settling displaced 
communities (after natural disasters and/or conflicts).  
Groundwater is often a possible solution for the people 
without access to safe drinking water - still more than 600 
million.  (UNESCO/IGRAC)

Governance, Law, and 
Transboundary Issues

• Groundwater is a common-pool resource and is often 
utilized at an individual level regardless of overall 
impact on the aquifer because neither use nor impact 
are necessarily immediately visible. 

• This becomes even more complex when aquifers cross 
state or national borders (transboundary). Aquifers 
need to be governed through a process of shared 
responsibility and participation, information 
availability and transparency, and rule of law. 
(UNESCO/IGRAC)

Groundwater and the Environment
Various kinds of ecosystems depend on groundwater:
• Aquatic - wetlands, rivers and lakes receiving 

groundwater. 
• Terrestrial - phreatophyte vegetation, either shallow-

rooted in alluvial settings or deep-rooted in arid zones .
• Subterranean - limestone formations with karstic 

caverns. 
• Accordingly, groundwater is an essential part of any 

ecosystem-based adaptation measure, green 
infrastructure or a nature-based solution. 
(UNESCO/IGRAC)

Groundwater in Settlements
Groundwater is the main source of water supply in many 
cities around the world and increasingly under pressure 
due to continuous urbanisation, climate change and 
inadequate water management.  Groundwater depletion 
and land subsidence are serious problems. The pumping 
rates in the megacities may be reduced and compensated 
by urban rainwater harvesting, rural-urban water 
transfers, aquifer recharge with wastewater and similar 
measures. (UNESCO/IGRAC)

Sanitation, Health and Pollution
• Water-related disease remains one of the major health 

concerns in the world. The improvement of groundwater 
quality control, in conjunction with improvement in 
sanitation and personal hygiene, is the main strategy to 
reduce water-related disease. 

• Groundwater can be polluted from agriculture, sanitation, 
industry and mining, landfills and waste disposals, traffic 
and transport and also from chemical processes within 
geological environments. 

• Regular groundwater monitoring, vulnerability assessment, 
protection from point-source and diffuse pollution, and 
pollutant removal, are some of necessary actions in 
preserving and improving groundwater quality and health. 
(UNESCO/IGRAC)

Food and Energy
• About 2/3 of all abstracted groundwater is used in 

agriculture. Global food production increasingly relies 
on groundwater over-abstraction. Groundwater 
depletion eventually leads to decline of food production. 

• About 1/4 of the energy used globally is spent on food 
production and supply, including groundwater 
pumping. 

• Deep aquifers, as a potential source and a sink for heat, 
can play a much more prominent role in the provision 
of renewable geothermal energy. 

Economics
• Groundwater resources are extensively used in 

production processes by large international companies 
all over the world. Accordingly, international investors 
are being encouraged to share broader societal and 
environmental costs of groundwater. 

• Understanding the value of groundwater would be an 
additional incentive for investors and asset managers to 
participate, leading eventually to investment risk 
reduction. 
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Summary of Research Trends
• Remote sensing increasingly used for aquifer

management.
• Satelite data interpretation for drought and long-term

weather forecasting.
• Bringing more real-time reporting data online via web.
• Cross-disciplinary training.
• Regional, national and international emphasis on

improving water use agreements and best practices.
• More collaborative studies among consortium

universities or corporations.
• Water as an economic commodity or as a natural right.
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Assessing recent hydrological changes and groundwater
depletion under various policy changes and newly
delivered water in the North China Plain

Prof. & Dr. Yonghui Yang
Center for Agricultural Resources Research 
IGDB, Chinese Academy of Sciences

Content

Problem of groundwater depletion
Implementing measurements by the government
What is really happening?
Will groundwater issues be solved?

North China Plain is one of the world most 
concerned region of groundwater depletion

Dalin et al., 2017, Nature

Rodell et al, 2018, Nature 557

Groundwater 
depletion

1974

2004 deep aquifer

Groundwater overuse: 
180-200 km3

Content

Problem of groundwater depletion
Implementing measurements by the government
What is really happening?
Will groundwater issues be solved?

Limiting groundwater abstraction

• Largely reduce groundwater use for city and rural
domestic purpose.

• Cutting the plantation of high water consumptive
winter wheat by 50,000-15,000 ha annual with
governmental subsidy.

• Increasing water use from Yangtze River

Content

Problem of groundwater depletion
Implementing measurements by the government
What is really happening?
Will groundwater issues be solved?

1. South to North Water Transfer Projects

Middle route: total investment: 208 billion RMB Yuan.
Water delivery: 9.5 billion per year. 
Total water delivered : 23 km3 to Beijing-Tianjin-Hebei area since 2015.  

PROF. DR. YONGHUI YANG
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Haihe Catchment

Science 24 Aug 2018: Vol. 361, Issue 6404, pp. 748-750
DOI: 10.1126/science.aat9314

Kang et al. 2017
Gong et al. 2018

2. Agricultural Water saving

W
ater use efficiency

Global

Western US

Northwest India

North China Plain

Central Asia

Zhou et al. 2021, Agri Water Manage

Wheat ET is decreasing. NDVI & GPP changes in four typical regions
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ET trend in irrigated field and non-irrigated fields. 

ET in agricultural regions is still increasing.
ET in central part of the city is increasing but decrease in 
the outside along urbanization.

3. Groundwater ?

1974

2004 deep aquifer2004 shallow aquifer

Ren et al, 2021, SERRA

But Beijing’s area is only 6300 km2, while Hebei Plain is 81,459 km2.
13 times of Beijing’s area, water is only 3 times. 

Observed groundwater level decline (1975-2020) 
in Luancheng Experimental Station. 

Groundwater Storage Changes from GRACE data for the Hebei Plain

Precipitation & GWSC Ma et al., Draft paper.

Groundwater storage in the North China Plain
Conclusions

Crop adjustment, replacing groundwater by Yangtze 
River water for domestic and industrial use, less 
vegetation water use driven by urbanization, and 
relatively high rainfall is beneficial for regional 
groundwater. 
However in the whole NCP, ET is still increasing slightly.
In general, groundwater decline has been greatly slowed 
down, but stabilization looks not yet confirmed.
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Thanks for your attentions.
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Information Classification: General Information Classification: General

SSUSTAINABLE DEVELOPMENT GOALS

Information Classification: General Information Classification: General

IGRAC, 2021: https://www.un-igrac.org/stories/groundwater-key-sustainable-
development-goals-sdgs

•

•

•

•

•

•

Information Classification: General Information Classification: General

Information Classification: General Information Classification: General

•

•

•

•

•
•
•

DR. HANS THULSTRUP
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Information Classification: General

•

•

•

•

Information Classification: General

Information Classification: General Information Classification: General

Information Classification: General

Thomsen, R., Søndergaard, V., Sørensen, K. (2004) 10.1007/s10040-004-0345-1

•
•
•
•
•
•

•
•
•

•

Information Classification: General

TThankk you!
hh.thulstrup@unesco.org
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SESSION A4 : 
WATER MANAGEMENT UNDER WATER SECURITY/SDGS 
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Session A4: Water Management towards Water Security/SDGs 
 
Panelists:  
Dr. Thomas Panella 
Professor Seungho Lee 
Dr. Nguyen Minh Khuyen (Representative: Dr. Phạm Van Tuan) 
Mr. Somchai Wangwattanapanich 
 
This Executive Panel Session focuses on water management towards water security and sustainable 
development. The first presentation was by Dr. Thomas Panella, Director for Environment, Natural 
Resources, and Agriculture in the East Asia Department and Chair of the Water Sector Committee, 
Asian Development Bank ( ADB) . The key findings from Asian Water Development Outlook 2020 
(AWDO 2020) , which is the assessment of national water security across five key dimensions in Asia-
Pacific, including case studies were presented. There are also two reports on water governance and 
finance and water security by OECD. The new normal and associated water sector investments for 
water security should focus on building capacity and strengthening financial sustainability and building 
resilience to absorb shocks and stresses due to pandemics, disasters, and climate change with good 
water governace. 
 

 
Figure 1. Asian Water Development (AWDO) 2020 (ADB, 2020) 

 
 
Professor Seungho Lee from Graduate School of International Studies, Korea University presented 
research on water security assessment and the institutional and technical transformations for water 
security in South Korea. The research on assessment of water security for Asia includes five key areas: 
1) social equity; 2) economic efficiency; 3) resilience to water-related disasters; 4) environmental 
sustainability; and 5) government competency. The water sector reform in 2018 in Korea involved the 
establishment of The Water Management Basic Act based on IWRM, river basin management, 
stakeholder participation, and demand management, and the empowerment of the Ministry of 
Environment (ME) with more mandate shifted from Ministry of Land, Infrastructure and Transport 
(MOLIT) to Ministry of Environment (ME). In addition, the integrated dam operation in Korea was 
demonstrated aiming to avoid socio-economic and environmental impact, minimize and mitigate 
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without significant gaps between regions. The water resources management in South Korea is moving 
from structural measures and economic growth and industrialization towards non-structural 
measures and sustainable development. 
 

 
Figure 2. Trajectory of Water Resources Management in South Korea (Lee, 2022) 

 
Dr. Nguyen Minh Khuyen, Deputy Director of Department of Water Resources Management, Ministry 
of Natural Resources and Environment (MONRE) presented on institutional structure of water 
resources management, challenges and solutions towards water security in Vietnam (with Dr.  Phạm 
Van Tuan as a representative). Vietnam has several transboundary river basins with more than 63% of 
flow from outside of Vietnam territory. The water use efficiency is quite low. There are pressures from 
socio-economic development resulting in increasing water demand and water allocation conflicts as 
well as water pollution, impacts from climate change and management issues. To achieve water 
security, the plans are to revise the Law on Water Resources, implement IWRM to integrate water 
resources management and other natural resources, increase investment to improve water use 
efficiency, and strengthen international cooperation. 
 
Mr. Somchai Wangwattanapanich, advisor to the President & CEO, SCG, Vice Chairman of the 
Federation of Thai Industries (F.T.I), and Chairmanof Water and Environment Institute for 
Sustainability (WEIS) shared private sector perspectives on preparation and plan for water security in 
Eastern Economic Corridor (EEC) area of Thailand. The EEC is area-based development in three 
provinces: Rayong, Chonburi, and Chachoengsao focusing on investment in health and well-being, 
digital, decarbonization, and logistics. Water management towards water security focuses on water 
supply, water demand, and water management. Water supply management aims to reduce 
vulnerability of scarcity by investment in increasing water supply. Water demand management is to 
increase water efficiency using 3R technology to reduce water usage, reduce water loss, and optimize 
water utilization. For water management, private sector has engaged with government to share data 
and information for planning and operation.  
 
The key recommendations to achieve water security and reduce water insecurity from the Executive 
Panel Discussion are effective institutional reform, good governance, building resilience, and 
financing. 
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Achieving Water Security andg y
Resilience in Asia Pacific: Asian
WWaterr Developmentt Outlookk 2022
Dr. Tom Panella, Chair of the Water Sector Committee, ADB
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AAsiann Waterr Developmentt Outlookk (AWDO)) 20200 
ADB Water Sector Flagship Publication

AWDO 2020 Objectives
• Provide an overview and communication tool on water 

security for Asia and the Pacific
• Inform and guide policy reforms 
• Show water security progress - 2013, 2016, 2020

AWDO 2020 Contents
1. Key Dimensions of Water Security (KD)
• KD1: Household Water Security (rural)
• KD 2: Economic Water Security
• KD 3: Urban Water Security
• KD 4: Environmental Water Security
• KD 5: Water-Related Disasters Security
2. Finance and Governance and Water Security
3. Policy in Action – ADWO 2020 Country Cases Studies: 

India, PRC, Thailand and Timor-Leste

AWDO 2020 Partners

ADB Water Sector Fl

Launching November 2020

KD1

KD2

KD3
KD4

KD5
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AADBB andd Waterr Security
2007 – ADB in cooperation with Asia Pacific Water Forum 

embraced Water Security for AWDO
2013 – Developed the first methodology to quantify 

National Water Security
2016 – Improved the methodology and tracked progress

New in AWDO 2020:
• Improved methodology

• KD1 focused rural households
• KD5 includes risk and resilience
• New databases (all public)

• Finance and Governance
• Sections by OECD

• Country Case Studies (Thailand, 
Karnataka, PRC, Timor-Leste)

• Future Risk Framework (e.g. 
climate change, health)

• Living AWDO Website
• Ongoing  Knowledge and Policy in 

Action

Launching November 2020
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Key Dimensions and the SDGsy
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Asian Water
Development
Outlook 2020

NATIONAL WATER SECURITY 
INDEX OF ADB MEMBERS

N
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Number of ADB members and 
people in development stages
2013 – 2016 – 2020

• Positive trend – several ADB members have
improved from the Nascent and Engaged 
Rating to the Capable and Effective Rating

• PRC from Engaged to Capable (2013-16)
• India from Nascent to Engaged (2013-16)

• However, many people are still living in 
Nascent and Engaged stages of Water 
Security
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RURAL HOUSEHOLD WATER SECURITY
KEY DIMENSION 1

KEY DIMENSION 1
• Access to Water Supply
• Access to Sanitation
• Health Impacts
• Affordability

RESULTS:
• KD1 now measures only rural household water supply and includes 4 sub indicators

although only a relatively small volume of water, KD1 has huge social and health impacts
• KD1 is closely linked with the “for all” principle of the SDGs
• The Maldives has made the greatest improvement since 2013 because of their increased access
• While their scores have remained low, India, Nepal and Cambodia have all shown strong 

improvements in their access to sanitation and Lao PDR has shown the most improvement in 
water supply

• Most of the countries that have regressed in KD1 were in the Pacific

RECOMMENDATIONS:
• A holistic systems strengthening approach is needed and focusing on a single 

element will not achieve SDG 6
• For example, many countries have comprehensive WASH policies but have 

severely inadequate resources (both capital and human resources) to implement 
them.

• Systems strengthening should specifically include:
Better engagement and empowering of socially vulnerable groups
Addressing the severe shortage of human resources and capacity
Locally appropriate solutions are needed, particularly in the Pacific

MR. THOMAS PANELLA
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ECONOMIC WATER SECURITY
KEY DIMENSION 2

KEY DIMENSION 2
• Broad Economy
• Agriculture
• Energy
• Industry

RESULTS:
• Economic water security is a measure of the assurance of adequate water to sustainably satisfy a 

country’s economic growth and accommodate economic losses due to water-induced disasters. 
• Changes to economic water security take years of planning and policy prioritization to achieve. 

- East Asia has showed the greatest advancement thanks to decades of policy and investment 
prioritization on food and water security.

- Some members in Central Asia also benefit from investments in infrastructure that help 
mitigate lower natural water availability.

• Most regions have been relatively stable or shown minor improvements since 2013.
• Despite limited progress, increasing stress on water resources is shown with declining scores for 

countries in each region since 2016, and the greatest challenges in the Pacific Islands.

RECOMMENDATIONS:
• Enhance water resources monitoring, measurement and data availability.
• Improve water productivity by ensuring that adequate water is available 

when and where it is needed.
• Apply Integrated Water Resources Management and ensure adequate 

storage and distribution systems that can both help mitigate and adapt to 
climate changes and sectoral reallocation.

INTERNAL. This information is accessible to ADB Management and staff. It may be shared outside ADB with appropriate permission.

URBAN WATER SECURITY
KEY DIMENSION 3

KEY DIMENSION 3
• Access to Water Supply
• Access to Sanitation
• Affordability
• Drainage/floods
• Environment

RESULTS:
• KD3 primarily measures safely managed and affordable water and sanitation services in urban 

and informal settlements to sustainably achieve desired, (and ideally agreed), outcomes
• 5 countries Nascent – 4 in the Pacific (Marshall Islands, Micronesia, Nauru, Papua New Guinea) 

and 1 in South East Asia (Timor-Leste), in total 1. 7 million people in urban areas
• Despite major investments, level of urban water security has remained about the same in the 

period 2013 till 2020 due to urbanization. In total 600 million urban people still do not have 
adequate access to water supply and sanitation services.

RECOMMENDATIONS:
• Increased attention on Pacific and South Asia including affordable water supplies.
• View wastewater, stormwater, and rainwater as a resource
• More integrated solutions and leapfrogging opportunities
• Improved attention to future risks and management of issues including urban 

growth, non-revenue water, water consumption (and efficiency), energy use costs, 
climate change 

• Improved management of data and information, including systematic updating and 
improve monitoring and evaluation

• Future AWDO editions could benefit from more precise urban definitions, clarity 
on informal settlement inclusion and quantification of “future security” risks

INTERNAL. This information is accessible to ADB Management and staff. It may be shared outside ADB with appropriate permission.

ENVIRONMENTAL WATER SECURITY
KEY DIMENSION 4

KEY DIMENSION 4
• Catchment and Aquatic System Health
• Environmental Governance

RESULTS:
• Majority of countries show only moderate changes in KD4 from 2016 – 2020

most of these changes were declines
these countries represented all regions

• The performance of eight countries improved mainly due to a higher score for the 
Environmental Governance sub-index 
- these countries also represented all regions

RECOMMENDATIONS:
• The health of aquatic ecosystems is under considerable pressure
• It has been difficult to compare countries because of lack of data; remote 

sensing products under development will continue to improve 
monitoring

• There is a risk in traditional/grey infrastructure without environmental 
protocols that may boost one dimension of water security while 
impacting another; healthy ecosystems are not just something for rich 
countries

• The twin pressures of short-term human alterations and longer-term 
impacts of climate change will affect how ecosystems function 
throughout the region

INTERNAL. This information is accessible to ADB Management and staff. It may be shared outside ADB with appropriate permission.

WATER RELATED DISASTER SECURITY
KEY DIMENSION 5

KEY DIMENSION 5
• Climatological risk / drought
• Hydrological risk / flooding
• Meteorological risk / storms

RESULTS:
• Water-related Disaster Security is a national-level assessment of risk to water-related 

disasters—comprising Climatological (drought), Hydrological (flood), and Meteorological 
(storm) risks—based on assessments of the scale of the hazard, the exposure, the 
vulnerability, and the capacity of the nation. 

• Capacity across Asia-Pacific has increased slightly while Vulnerability has decreased slightly 
from the first reporting of KD5 in 2013—both are signs of progress

• The East Asia region has shown the most progress in reducing Risk recently while the Pacific is 
the most challenged by Water-Related Disaster in recent years

• Drought is the most prominent Risk out of the three Hazard categories across Asia-Pacific

RECOMMENDATIONS:
• Enhance international efforts for standardized data collection of disaster 

impacts, in particular, gathering gender-disaggregated data 
• Promote a gender-responsive approach to disaster risk reduction and climate 

change adaptation
• Adhere to international agreements like the Hyogo and Sendai frameworks 

and promote cooperation in reducing the risks of water-related disaster

INTERNAL. This information is accessible to ADB Management and staff. It may be shared outside ADB with appropriate permission.

GOVERNANCE AND WATER SECURITY

Source: www.oecd.org/governance/oecd-principles-on-water-governance.htm

RESULTS:
• Most countries have an overarching water policy framework and coordination 

mechanisms in place
• Limited implementation of water-related policies due to capacity constraints 

and funding gaps
• Insufficient data and monitoring constrains water policies evaluation
• Limited uptake of water policy instruments to manage trade-offs
• Limited use of economic instrument to manage water resources
• Limited scope and effectiveness of regulatory frameworks: water services focus
• Limited uptake of integrity practices and tools

RECOMMENDATIONS:
• Strengthen the implementation and monitoring of water-related disaster
• Adopt water policy instruments to manage trade-offs
• Adopt water economic instruments to manage water resources and generate 

associated  sustainable funding
• Address capacity and data gaps
• Develop further stakeholder engagement in water decision making
• Mainstream integrity and transparency practices across water policies, 

institutions and governance frameworks

INTERNAL. This information is accessible to ADB Management and staff. It may be shared outside ADB with appropriate permission.

FINANCE AND WATER SECURITY

PROJECTED INVESTMENT NEEDS:
• Water supply and sanitation

Most countries will need to allocate between 1 and 2% of GDP to invest in water 
supply and sanitation infrastructure over the period 2015-2030
Outliers:  Afghanistan, Nepal, Pakistan, Timor Leste

• Flood risk exposure
Afghanistan, Bangladesh, Cambodia, Kyrgyz Republic, Tajikistan and Viet Nam may all 
have flood risks exceeding 6% of GDP in 2030

• Irrigation expansion and efficiency improvements. Driven by:
Growing populations
Changes in dietary preferences
The effects of climate change

SOURCES OF FUNDING:
• Public taxes are the main source of finance for water-related 

infrastructure
• Official Development Assistance remains a low share of investment in 

water infrastructure and may not be targeting those countries who need 
it most

• Water supply and sanitation tariffs are under-utilized, although 
affordability acts as a barrier in selected countries

INTERNAL. This information is accessible to ADB Management and staff. It may be shared outside ADB with appropriate permission.

POLICY OPTIONS:
• Make the best use of available assets and financial resources

Enhance the operational efficiency of service providers
Build capacity for economic regulation
Encourage connections with central systems when these are available
Strengthen capacity and monitoring

• Minimize future investment needs
Develop climate-resilient plans to future-proof the water sector
Support plans with realistic financing strategies
Encourage policy coherence across water policies and other policy domains
Manage water demand and strengthen water resources allocation practices
Develop cost-effective flood risk mitigation strategies
Exploit innovation in line with adaptive capacities.

It is not all about 
more money.

FINANCE AND WATER SECURITY

• Harness additional sources of finance
Ensure tariffs for water services reflect the costs of service 
provision
Consider new sources of finance from users and beneficiaries
Leverage funds to crowd-in commercial finance

INTERNAL. This information is accessible to ADB Management and staff. It may be shared outside ADB with appropriate permission.

CASE STUDY: KARNATAKA, INDIA

Protection of 
Ecosystems

Wastewater 
Treatment and 

Reuse Water 
Productivity

Water Use

Water 
Governance

Water 
Conservation

Water 
Resources 
Availability

Climate 
Change 

Adaptation

WATER 
SECURITY

AWDO KD: 1,2,3
CWMI:   -

AWDO 
KD:   -

CWMI: 9

AWDO 
KD: 1

CWMI: 
1,2,3,4

AWDO KD: 1,3
CWMI: 7,8

AWDO KD: 2
CWMI: 5,6

AWDO KD: 4
CWMI: 8

AWDO KD: 4
CWMI:   -

AWDO KD: 5
CWMI:   -

• India's NITI Ayog developed a Composite Water 
Management Index (CWMI)

• ACIWRM applied AWDO methodology for 
Karnataka state (province) and mapped CWMI 
indicators against AWDO indicators 

• Index was very handy to shape the new State 
Water Policy - articulating several aspects of 
water sub-sectors with priority

• Karnataka started streamlining data collection 
and setting up a database (KWRIS) for easy 
compilation of water security index

• Will explore to compute at river sub-basin level 
and district (sub-provincial) level and adapt the 
index further for local realities

• AWDO exercise was a good tool/opportunity to 
galvanize all departments/agencies for IWRM

• A separate detailed report is published as 
Karnataka Water Development Outlook 
(KWDO)
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INTERNAL. This information is accessible to ADB Management and staff. It may be shared outside ADB with appropriate permission.

Indicators for this assessment

18 indications in five key dimensions were selected for this assessment based on AWDO methodology the TOR of this project,
the characteristics and problems of Yellow River basin and referring to ADB indications for similar purpose.

Indicators of ADB

17 indicators in five key dimensions

KD1: Water Supply Security

Available water resources per capita

Rate of access to tap water in rural areas
Water quality pass rate of centralized drinking water 
sources
Runoff regulation capacity

Development and utilization rate of surface water
KD2: Economic Water Security

KD3: Ecological Water Security

KD4: Environmental Water Security

KD5: Water-related Disaster 
Security

Flood losses to GDP ratio

Rate of important reach management through 
flood prevention works
Warning & forecasting and dispatching coverage

Proportion of areas affected by drought

Water qualification rate of important water 
function zones

Wastewater and sewage treatment rate

High water quality rate of important 
tributaries

Ecological basic flow guarantee rate of important 
sections

Water and soil conservation rate

Ecological health index of important rivers and 
lakes

18 indicators in five key dimensions

Ratio of GDP per capita in the basin to the 
national average

Grain yield per m3 of water

Industrial added value per cubic meter of water

Water Sector Assessment in the Yellow River Basin  - ADB Technical Assistance 

INTERNAL. This information is accessible to ADB Management and staff. It may be shared outside ADB with appropriate permission.

Following the funding 
principles of ADB,  16 
recognizable projects with 
highlights were selected out 
of the 33 projects
recommended to be funded 
by ADB during the 14th Five-
year Plan. The estimated 
total investment of such 16 
projects distributing in the 9 
provinces/regions in the 
Yellow River Basin is CNY 
23.9 billion.

Project Distribution

Investment Roadmap Developed Throughout the Basin Using AWDO Methodology 

Water ecological protection

Water environment treatment

Flood control and disaster alleviation

Economic and centralized water utilization

Integrated river basin management

INTERNAL. This information is accessible to ADB Management and staff. It may be shared outside ADB with appropriate permission.

The New Normal and Associated Water Sector Investments
• Increased and more inclusive WASH and wastewater infrastructure and service delivery targeting the poor and vulnerable in low-

income communities and informal settlements; decentralized and community-specific WASH service delivery

• Strengthening linkage between WASH and health: enhance support towards behavioral change to ensure public health is improved not
just service delivery and wastewater-based epidemiology; multi-stakeholder approach.

• Acceleration of the digital utility: (i) reliable and effective high-level and digital solutions and technologies for monitoring and 
operations, including automation and remote-control to ensure service delivery; (ii) automated billing systems, cashless (mobile), 
E-commerce to increase revenue collection; and (iii) improved communication with customers

• Building capacity and strengthening financial sustainability of water service providers and support tariff reforms and operational 
efficiency to strengthen financial health. Emergency funds and financial assistance to maintain operations.

• Increased safe and resilient water service provision – robust and integrated safety and emergency plans, 
crisis management and preparedness, use of personal protective equipment (PPE) for workers

• Building resilience to absorb shocks and stresses due to pandemics, disasters, and climate change by e.g., 
implementing holistic approach in improving service delivery and public health across water supply,
sanitation, flood and solid waste management and solid waste management at city level.

• Prioritize resumption of critical capital works and infrastructure maintenance and inspections. More 
resilient future infrastructure designs to withstand shocks and minimize operations and maintenance 
needs.  

• Diversification and localization and of supply chains to ensure availability of necessary inputs.

• Irrigation and drainage modernization, diverse crop mixture, food production closer to the markets 
(e.g., urban farming), focus on internal markets and resource reuse, import substitution.

• A green and nature-positive recovery: design green infrastructure investments, green jobs.
19

INTERNAL. This information is accessible to ADB Management and staff. It may be shared outside ADB with appropriate permission.
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Introduction

• Research Purpose
• Conceptualization of water security
• Assessment of water security for Asian countries
• Good practices from South Korea: institutional & technical

transformations for improving water security

• Rationale & Background
• Complex challenges in water resources management the need

to avoid water insecurity & to enhance water security in society
• A useful framework to assess water security in Asia
• Good practices for countries with water insecurity

• Definition of UNESCO-IHP (2012)
• The capacity of a population to safeguard sustainable access to

adequate quantities of acceptable quality water for sustaining
livelihoods, human well-being, and socio-economic development,
for ensuring protection against water-borne pollution and water-
related disasters, and for preserving ecosystems in a climate of
peace and political stability

• Major components
• Adequate water supply, safeguarding a good quality of water,

protection from water-related disasters and water-borne diseases
• Ecosystem protection & the roles of sound water management for

SD

Concept of Water Security

Asian Development Bank’s 5 key dimensions for water security

1) Household water security: access to 
piped water supply & improved 
sanitation and hygiene

2) Economic water security: agricultural, 
industrial, energy and impacts on 
broad economy

3) Urban water security: water supply, 
wastewater treatment, drainage/flood & 
river health

4) Environmental water security: river 
health, hydrological alteration & 
environmental governance

5) Resilience to water-related disasters: 
floods & windstorms, droughts and 
storm surges & coastal floods

Concept of Water Security

Source: ADB (2020)

• Definition of water security in the Korean context
• To ensure access to clean water for human beings &

ecosystems and cope with water related disasters
• Recognition of water supply, water quality control, safety

from water related disasters and water for ecosystems
• Major principles
• IWRM, including river basin management
• Cross-cutting policy & projects
• Resilience against Climate Change induced water events
• Institutional settings & coordinating mechanisms

Concept of Water Security

Clean water supply

Good quality of 
water

Safe from water-
related disasters 
aggravated by 
climate change

Environmental 
water flow for 
ecosystems

Integrated 
Water 

Resources 
Management

Cross-cutting 
policy & 
projects

Resilience 
against water 

related 
disasters

Institutional 
settings & 

coordinating 
mechanisms

Korea’s Water Security

• 5 key areas: 1) social equity; 2) economic efficiency; 3) resilience to water-related 
disasters; 4) environmental sustainability); and 5) government competence 

• Social equity: basic water services for human dignity, i.e., clean water and 
adequate sanitation services

• Economic efficiency: effectiveness of water use in agriculture and industry

• Resilience to water-related disasters: to construct and operate dams, 
embankment or reservoirs and related systems and regulations 

• Environmental sustainability: to restore water-related ecosystems and promote 
economic regulations such as burdening environmental costs for pollutants and 
paying for ecosystems. 

• Government’s competency: strengthening institutional aspects, e.g., water 
resources planning and management, institutions, and organizations, and 
ensuring democratic political decisions, the progress of policy establishment and 
enforcement, and a social system 

Assessment of Water Security for Asia

PROF. DR. SEUNGHO LEE
THA 2022 International Conference on   
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Water Security 
Assessment 
Framework

Assessment Result of Water Security Index in Asia
Nations Core Area 1 Core Area 2 Core Area 3 Core Area 4 Core Area 5 Result

Bangladesh 2.0 1.3 2.2 1.0 2.0 1.7

Bhutan 3.8 1.3 2.5 3.0 3.7 2.9

Brunei Darussalam 3.3 1.0 2.5 3.0 3.7 2.7

Cambodia 2.3 2.7 2.7 2.0 2.2 2.4

China 3.0 2.0 3.0 2.0 2.8 2.6

Georgia 3.5 1.0 3.3 1.5 3.5 2.6

India 1.5 1.0 2.3 1.0 2.8 1.7

Indonesia 2.0 1.3 2.0 3.0 2.8 2.2

Japan 4.0 3.3 2.8 1.5 4.3 3.2

Kazakhstan 3.8 1.3 3.0 2.0 2.7 2.6

Kyrgyzstan 3.8 0.7 4.0 2.0 2.3 2.6

Laos 3.0 1.0 3.2 3.0 2.0 2.4

Malaysia 4.0 2.7 2.5 3.0 3.5 3.1

Mongolia 2.0 1.7 2.8 3.5 3.2 2.6

Myanmar 2.8 1.0 2.0 3.0 2.0 2.2

Nepal 1.8 1.3 2.5 2.0 2.3 2.0

North Korea 3.0 0.0 3.3 1.5 1.3 1.8

Pakistan 2.0 1.3 2.3 1.0 1.8 1.7

Philippines 2.5 1.0 2.2 2.0 2.7 2.1

Singapore 4.0 2.7 2.5 - 4.7 2.8

South Korea 4.0 3.3 3.0 1.0 4.0 3.1

Sri Lanka 3.0 1.0 3.2 1.0 3.0 2.2

Tajikistan 3.3 1.0 3.5 2.5 1.8 2.4

Thailand 3.5 1.7 3.2 1.0 2.7 2.4

Timor-Leste 2.3 1.0 2.5 2.0 2.5 2.1

Turkmenistan 2.3 0.3 3.5 2.0 1.8 2.0

Uzbekistan 3.5 0.3 3.5 2.0 2.0 2.3

Viet Nam 2.5 0.7 3.0 2.0 2.8 2.2

• Overview of water resources management 
• Large dams (multi-purpose): 1) water supply for 

industries; 2) flood prevention (typhoons); and 3) 
hydropower 20 multi-purpose dams 

• 17,000 dams for irrigation as of 2018
• Multi-regional water supply systems 
• Water quality control in the Four Major Rivers (Han, Geum, 

Nakdong, Youngsan-Sumjin)
• More attention to ecosystem services since the mid-

1990s after phenol discharge in the Nakdong River 

Water Sector Reform 2018 in Korea
Four Major Rivers in South Korea

Source: MOLIT (2011) The Four 
Major River Restoration Project 
& its implications to the Chao 
Phraya River

Multi-Purpose Dams: Total Capacity of Reservoir

Name of Multipurpose Dam

Multi-Purpose Dams

River 

Basin

Multipurpose 

Dam

Basin Area

(km2)

Data
Total

Capacity of 

Reservoir

(million )

Active 

Capacity of 

Reservoir

(million )

Installed 

Capacity of 

Power 

station

(MW)

Enterprise Effect

Construction

Period
Height

(m)

Length

(m)

Flood 

Control

(million )

Water 

Supply

(million

/year)

Han-River

Soyang 2,703 123 530 2,900 1,900 200 500 1,213 ''67-''73

Chungju 6,648 97.5 447 2,750 1,789 412 616 3,380 ''78-''86

Hoengseong 209 48.5 205 86.9 73.4 1.3 9.5 119.5 ''90-''02

Nakdong-

River

Andong 1,584 83 612 1,248 1,000 91.5 110 926 ''71-''77

Imha 1,361 73 515 595 424 51.06 80 591.6 ''84-''93

Hapcheon 925 96 472 790 560 101.2 80 599 ''82-''89

Namgang 2,285 34 1,126 309.2 299.7 14 269.8 573.3 ''87-''03

Miryang 95.4 89 535 73.6 69.8 1.3 6 73 ''90-''02

Gunwi 87.5 45 390 48.7 40.1 0.5 3.1 38.3 ''00-''12

Gimcheon-Buhang 82.0 64 472 54.3 42.6 0.6 12.3 36.3 ''02-''14

Bohyun Mountain 32.61 58.5 250 22.11 17.88 1.414 3.49 14.87 ''10-''14

Guem-

River

Daechung 4,134 72 495 1,490 790 90.8 250 1,649 ''75-''81

Yongdam 930 70 498 815 672 26.2 137 650.43 ''90-''06

Seomjin-

River

Seomjin-River 763 64 344.2 466 370 34.8 32 350 ''61-''65

Junam 1,010 58 330 457 352 1.44 60 270.1 ''84-''92

Junam Regulation 134.6 99.9 562.6 250 210 22.5 20 218.7 ''84-''92

Others

Buan 59 50 282 50.3 35.6 0.193 9.3 35.1 ''90-''96

Boryeong 163.6 50 291 116.9 108.7 0.701 10 106.6 ''90-''00

Jangheung 193 53 403 191 171 0.8 8 127.8 ''96-''07

Ministry of Land, 
Infra & Transport

Ministry of 
Environment

Water supply & 
development, 
Flood control

Water quality 
control, Local 
water services 

supervision

Ministry of Food, 
Agriculture & 

Fish

Ministry of Public 
Administration & 

Security

Ministry of Knowl
edge & Economy

Local Authorities

Public water 
companies

Environmental 
NGOs

K-water

Water 
Management 
Framework 

prior to 2018 
Competition, 

Inefficiency, Over-
investment, 

discrepancy of 
standards,

Top-down decision-
making

President

4 River Basin 
Committees

National Water 
Council

ME, MOLIT, 
MAFRA, MOIS 

& MOTIE

Local AuthoritiesPublic Water 
Companies

K-water

KRC

KHNP

Civil 
Society

Water 
Management 
Framework 
since 2018

ME: Ministry of Environment
MOLIT: Ministry of Land, Infrastructure 
& Transport
MAFRA: Ministry of Agriculture, Food & 
Rural Affairs
MOIS: Ministry of the Interior & Safety
MOTIE: Ministry of Trade, Industry & 
Energy
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Water Sector Reform 2018 in Korea
• Basic Water Law 2018
• Principles: IWRM, River Basin Management, Stakeholder

Participation, Demand Management
• National Water Council & River Basin Committees
• IWRM Plan & River Basin Plans

• Empowerment of the Ministry of Environment
• Reflection of growth-centered water policy
• More mandate shifted from MOLIT to ME due to political

bargaining
• Voices accepted in favor of fundamental environmentalism

Water Sector Reform 2018 in Korea
• Challenges
• Basic water law as a foundation for a further

institutional reform
• Launch of river basin management & stakeholder

participation
• River basin management as a basic unit for water

resources management, not administrative boundaries
• More responsibilities given to one ministry more

coherent & efficient planning & management expected
• More emphasis placed on eco-friendly policies instead

of construction & development-oriented policies

Integration of Dam Operation in Korea

Temporary use of storage allocated for future conservation purposes and sediment

Seasonal use of flood control space during the dry season and for the multi use space

Reallocation of flood control or water supply space

Modification of reservoir operation (hydropower) plan and the method of regulation

Elevating existing dams for an increase of storage capacity

Use of water supply storage not under contract

FloodControl Storage

Water Supply Storage

Sediment Reserve

Assessment of 
Flood Control Capacity

Assessment of 
Water Supply Capacity

Opportunities

Re-evaluation of existing dams

Integrated 
Hydropower 
Dam Operation 
in the Han 
River

MPD
K-water

HPD
KHNP

Towards the integrated dam operation in Korea

Issues Progress Challenges ahead

Assessment
Adequate & effective assessment of 
dams in the Han River Basin

• Socio-economic aspects
• Technical aspect: single/joint operation

Management
Adequate & effective management pl
ans & processes

• Transfer of dam ownership
• Consignment management

Stakeholders 
Engagement

Effective stakeholder engagement
• Communication & consultation for good 

governance

Expected
Outcomes

Socio-economic & environmental imp
acts avoided, minimized & mitigated 
without significant gaps between reg
ions

• Increased flood control capacity
• Increased water supply capacity
• Increased hydropower generation

Trajectory of Water Resources Management 
in South Korea

1980s

• Phenol discharge 
in Nakdong River

• Ministry of 
Environment
established 

• Rise of civil 
society groups

1990s1970s After 2000

• Multi-purpose 
dam construction 

• Agricultural water 
supply

• Multi-regional 
water supply 

• Local water 
supply and 
sanitation 
services

• Environmental 
regulations

• River restoration PJTs
• Water & Green Growth
• 4 Major River Project
• Basic Water Law 2018
• National Water Council 

& River Basin 
Committees

• Improvement of water 
security

Certainty Uncertainty

Emphasis on Economic 
Growth & Industrialization

More Attention to Sustainable 
Development

Conclusions

• Towards a water-secure society
• Various dimensions of water resources management
• Water security assessment disclosing the risk of

water insecurity & unlocking the potential for int’l
cooperation, i.e., in Asia & the Pacific

•Good practices of South Korea
• Water sector reform: the institutional path to water

security
• The integrated approach to dam operation linking

dams with dams for sustainability in river basins
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Background and Motivation

UN 2021 report: The global population affected by drought in the 
first 20 years of the 21st century is estimated to be 1.43 billion 

Page 4

Global drought is projected to increase

Pa

IPCC AR6

coherent increases 
in projected soil 
moisture drought 
and vapor pressure 
deficit
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Unprecedented droughts in many parts of the world during the last 20 years

Drought in 
Mediterranean

Texas and north 
Mexico

Amazon drought

Drought and heat wave 
in Russia

East African 
drought

Australian 
Drought

Drought in 
Southeast Asia

Drought in Northeast 
Asia
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Focus on East Asia

Drought-prone with high vulnerability
Complex air-sea-land interaction and monsoon climate dynamics

Page 7

Frequent and extensive droughts in East Asia during last decade

Examples
Southwest China

2006, 2009-2010, 2011, 2014,
2019

Mongolia
2017

Southeast Asia
2015-2017, 2018-2020

These devastating 
droughts have not only 
attracted great concerns 
from academic sectors 
and local governments, 
but also United Nations.
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Motivation and Key scientific issues
Previous efforts are dealing with the following two aspects separately

Extremely cases in the recent decade
Long-term changes

Key scientific issues
How has super drought changed since 1960 over East Asia and how was the super drought 
in the last two decades compared to the preceding decades? 
Where are the hotspots frequently struck by super drought?
What are the climatic driving factors? To what extent is the super drought governed by 
internal decadal variability or long-term trend associated with global warming?

Extremely cases 
recently Long-term context
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Data
Observational Data

CMIP6 model data

Data Variables resolution periods Notes

CRU TS4.04 Precipitation,
PET 0.5 1950-2019 Used for drought index calculation

GLDAS-2.1
GLDAS-2.2 Soil Moisture 1 1948–1999 

2000–2019

Four levels: 
0–10cm, 10–40cm, 40–100cm 100–
200cm

Experiments Variables periods Notes

PiControl
Precipitation and other 
10 variables for 
calculating PET

No less than 500 
years To derive internal variability range

Historical 1850–2019
To derived MME as external forcing
2015–2019 data are obtained from SSP2-4.5 
experiments

Page 11

Methods–SPEI

(1) Calculation of the climatic balance 

(2) Creation of cumulative series at the desired time scale

where k(months) is the time scale of the aggregation and n is calculation number
(3) Fitting the        (during calibration period) to a probability distribution function

Calculation Specification

Time scales: 3, 6, 12, 24

Fitting distribution Log-logistic

Reference period 1960-1999 40 year

PET Penman-Monteith

The SPEI at multiple time scales is used to construct super drought indicator 

Page 12

Methods–Super drought indicator
Wang and Chen et al. (2016) proposed the concept of super drought

To detect whether the severe/extreme droughts at multiple time-scales occur alone or in concert.
Super drought: occurs when the SPEI at timescales of 3, 6, 12, 24 months is all below –1.5

Super drought 
combination of severe/extreme dry 
states in multiple components of 
water resources

Reinforce the damage

Wang, L., W. Chen, W. Zhou, G. Huang, 2016: Understanding and detecting super-extreme droughts in Southwest China 
through an integrated approach and index. Q.J.R. Meteorol. Soc., 142, 529–535, doi: 10.1002/qj.2593.
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Super Drought Hotspots identification

Two super drought hotspots stand out in the last decade

region domain

Transitional Climate Zone (TCZ) 45-55 N,100-125 E

Southeast 
Asian Region 
(SEA)

Southwest China (SWC) 22-29 N 97-107 E

Indo-China Peninsula 
(ICP) 13-18 N 103-107 E

Northeast India (NEI) 23-23 N 91-95 E

During 2010-2019, TCZ and SEA contribute 40% and
27% of the total amount, respectively, together accounting
for 2/3 of the total.

Fig: Number of months under super drought 

Page 15

Super Drought Hotspots identification

The results based on GLDAS soil moisture at 10-40cm confirm the two super drought hotspots

Fig:  Number of months under severe soil moisture drought Page 16

Temporal and Seasonal features

TCZ
Enhanced super drought after 2000
67% in summer and autumn, while 
only 13% in winter

SEA
Recent decade and the period around
1990 saw the most widespread super
droughts
Largest contribution from summer
(34%) followed by autumn (32%)
and then spring (17%) and winter
(17%)

Fig: Temporal evolutions of the percentage area and seasonal distribution
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Attribution Analysis

relative role of 
precipitation and PET

contribution of decadal 
variability and trend

The contribution of precipitation: calculated by hold PET as its climatological annual cycle

The contribution of PET: total effects minus the contribution of precipitation

Page 19

Relative Role of precipitation and PET

TCZ
PET plays dramatic role, contributing 
41% and 80% in 2000–2009 and 
2010–2019, respectively

SEA (SWC, ICP and NEI)
PET makes an overall small
contribution of less than 20%
Precipitation rather than PET is the
most influential
The only exception is noted in SWC
for the last decade, with PET making
a half contribution

Fig: Contribution of precipitation (blue) and PET (orange) Page 20

Contribution of decadal variability and trend

contribution of decadal 
variability and trend

P

Statistical-based Method (Primary)

CEEMDAN (Complete Empirical Mode Decomposition with Adaptive Noise): to separate the long-term trends 
and internal decadal variability

Model-based simulations (For validation purpose)

External forcing: Multimodel ensemble mean for Hist simulation
Internal decadal variability: the range between the maximum and minimum values across the entire piControl runs

Page 21

precipitation-induced super drought: contribution of trend and decadal variability

Page PagPagPPagePagePagPagPagagPagagePaPagePagePagPagPagagePage 22221222222

Four sets of calculation by removing specific 
EMD modes

benchmark
decadal oscillation and trend removed
decadal oscillation removed
trend removed

Region Leading mode contribution

TCZ decadal 2000-2009 85%

SEA-SWC decadal 1980-1989 64%
2010-2019 47%

SEA-ICP decadal 1990-1999 70%
2010-2019 51.9%

SEA-NEI decadal and trend 2010-2019 97%

Page 22

precipitation-induced super drought: contribution of trend and decadal variability

Linear trends in most parts of East 
Asia failed statistical test

The external forcing induced anomalies in the recent 
decade is –0.81, only 15% of the unforced amplitude

Fig: Linear trends of precipitation from 1960–2019 Fig: green line for Hist MME, shaded area for internal variability range 

Out of the total variability in precipitation, more than half of the super droughts in the
recent decade is caused by decadal variability, while the trend mode has marginal influence

Page 23

What causes the internal decadal variability of precipitation in SEA?

Tropical West 
Indian Ocean SST

Decadal variation 
of precipitation in 

SEA

ENSO

Wang Lin, Huang Gang, Chen Wen, Wang Ting, Chakrit Chotamonsak, Atsamon Limsakul, 2022: Decadal background 
for active extreme drought episode in the decade of 2010–2019 over southeastern mainland Asia. Journal of Climate. Page 24

PET-induced super drought: contribution of trend and decadal variability

For PET, the trend
component is dominant,
while the overall effect of
decadal component is
weak
Global warming signal can
explain 90% of the local
PET upward trend

Fig: Upper: The PET (dotted pink), the trend component (solid pink) and forced 
trend component (solid blue). Bottom: The decadal component of PETFig: Linear trends of PET from 1960–2019
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Conclusions

Super drought hotspots in the 

last decade: TCZ and SEA

TCZ: primarily driven by 

global warming induced PET 

increase

SEA: mainly caused by 

decadal variability of 

precipitation

Wang Lin, Chen Wen, et al., 2021. Super Droughts over East Asia since 1960 under the Impacts
of Global Warming and Decadal Variability. Int J Climatol, doi: 10.1002/joc.7483.
Wang Lin, Chen Wen, et al., 2022: Decadal background for active extreme drought episode in
the decade of 2010–2019 over southeastern mainland Asia. Journal of Climate. Under review ggggggggggThanks for your attention!
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01. Research Background

Much better than 20 years ago in many respectsMuMuch better than 20 years ago in many respectsuc
Much valuable work has been done in the entire modeling chain from climate Much valuable work has been done in
to hydrology to impacts assessmenty gy ppto hydrology to impacts assessment

However, how well do models reproduce ce seasonal/monthly/extreme However, however, howH
precipitation
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02. Methodologies

: Full parameter set

: Observed data

( )     : prior distribution of parameters

( | )  : likelihood function of y

Bayesian Inference
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04. Results & Discussion

Mon
Shape Parameter

Mon
Scale Parameter

NSE IoA CC RMSE NSE IoA CC RMSE
Jan 0.81 0.93 0.95 0.02 Jan 0.99 1.00 0.99 0.32
Feb 0.86 0.95 0.97 0.02 Feb 0.96 0.99 0.98 0.49
Mar 0.82 0.94 0.94 0.02 Mar 0.98 0.99 0.99 0.46
Apr 0.87 0.96 0.95 0.02 Apr 0.94 0.98 0.99 1.35
May 0.91 0.97 0.97 0.02 May 0.97 0.99 0.99 1.14
Jun 0.88 0.97 0.95 0.01 Jun 0.94 0.98 0.97 1.19
Jul 0.91 0.97 0.96 0.01 Jul 0.95 0.99 0.99 1.28

Aug 0.89 0.97 0.95 0.01 Aug 0.92 0.98 0.97 1.42
Sep 0.83 0.95 0.94 0.01 Sep 0.87 0.97 0.98 1.84
Oct 0.90 0.97 0.95 0.02 Oct 0.97 0.99 0.99 0.94
Nov 0.93 0.98 0.97 0.02 Nov 0.96 0.99 0.99 0.69
Dec 0.86 0.95 0.95 0.02 Dec 0.96 0.99 0.98 0.55

Statistics Formula

Nash Sutcliffe efficiency (NSE)

Index of Agreement (IoA)

Correlation Coefficient (CC)

Root Mean Square Error (RMSE)

A novel spatial downscaling approach for climate change assessment in regions with sparse ground data networks

04. Results & Discussion

Parameter Kriging
Rain Kriging

Parameter Kriging
Rain Kriging

Observed Data
Parameter Kriging
Rain Kriging

Parameter Kriging
Rain Kriging

Observed Data

A novel spatial downscaling approach for climate change assessment in regions with sparse ground data networks

04. Results & Discussion

January

February

March
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July
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Observation
Precipitation shape parameter Precipitation scale parameter

Quantile 50%(Aug) Observation Quantile 50%
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04. Results & Discussion

spatial downscaling was done 
at the fine grid by interpolating the 

pointwise estimation of QDM 

parameters onto the different grid 
points (or spatial resolutions) of 

three RCMs
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Irrigation Management Division
Irrigation Agency, COA

Agricultural Engineering 
Research Center

1

• The rainfall in Taiwan is approximately 2,500 mm/yr, which is 
about 2.6 times of the world average. 

• Average per capita share of rainwater amounts to only 4,074 
m3 per year, which is less than one fifth of the world average. 

2

Source: IPCC 6th Analysis Report, MOST / TCCIP 2021

1911-2020 Temperature Anomaly 1911-2020 Precipitation Anomaly

3

Extreme 
rainfall

Extended 
no rain 
days

More 
sediment
ation

ET
increase

Time 

4

NNoo typhoon

Source:: CWBB (dataa fromm 1911-2020)

11 typhoon

22 typhoons

33 typhoons

44 typhoons

55 typhoons

66 typhoons

77 typhoons

2021 First crop season 
water supply conditions

Te r m i n a t e  i r r i g a t i o n  Te r m i n a t e  i r r i g a t i o n  
s e r v i c e  i n  r e s e r v o i r

n  
rr -r v i c e  i n  r e s e r v o i

s u p p l i e d  a r e a s

Irrig. area

No Irrig. 

PT 

KH 

CN 

YL 

YL 

TC 

ML 
HC 

TY,  SM   

BC  CH, LK 

YL 

HL 

TD 

2021 Taoyuan 3rd District drought response 
during first crop season
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Response to Climate Change 

1

2

3

4

5

Actively store rainwater and surrounding streams to 
adjust agricultural water resources.

Before the reservoir is released, give priority to the use of 
water storage in the pond for irrigation

Response to Climate Change 

Staggered tillage period to avoid water consumption at
same time, rotational supply water to each farm.

Reduce ploughing from 2 to 1 time.

Reduce tillage water depth.

Response to Climate Change 

Adopt dry ploughing 
with minimum 
amount of water

Transplanting 
immediately after 
ploughing

Response to Climate Change 

Inventory of rivers and regional drainage water sources
(21 locations), pumping water to irrigation canals

Supplementary reservoir water supplyplementary reservoir water supplyyyyyyyyyy

Response to Climate Change 

Activate drought-relief wells adjacent to canals for
irrigation

Use groundwater only at lack of reservoir, pond and
river water

Response to Climate Change 

2021 estimated
Water consum.
7.16 M tons

2021 
Reservoir
authorized 
4.10 M 
tons

2021 Reservoir
Actual consum. 
1.35 M tons

Feb Mar Apr May Jun Jul 

Co
ns

um
pt
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n 

(1
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Information Classification: General

Participatory Water Diversion Project 
in Bang Rakam Flood-prone Field

Plan and Policy Analyst at Senior Professional Level 
Engineering Group, Burea of Project Management 
The Royal Irrigation Department: RID, Thailand 
chakaphon.singto@gmail.com 

Keywords—benefit- sharing; mutual agreement; retardant area 

Dr. Chakaphon Singto
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Information Classification: General

Information Classification: General

Public Service Award
The Best of 

Participatory Governance
in 2021 

Information Classification: General

Dimension 1: Problems and Organizational Capabilities
1.1 Background and Problems

1.2 Potential of RID to respond to the problems 

Dimension 2: Participatory Process
2.1 Implementation of Community-based Project

2.2 Participation Model (Collaborate)

2.3 Roles of Each Sector

2.4 Mechanisms to Drive Integration

Dimension 3: Productivity/Results/Impact
3.1 Results of the Project

3.2 Benefits to the stakeholders

Dimension 4: Sustainability 
4.1 Lessons

4.2 Policy to Sustainability

Introduction 

Information Classification: General

13,462 . .

9,510 . .

265 . .

112 . .

939 . .

960 . .

--- ------ -----
IInInIIIIInnffnnnfformation Classifica

Bang 
ation: Ge

g Rakamm Floodod-d-prone Field

Dimension 1: Problems and Organizational Capabilities

• Background and Problems

1.1 Background and Problems

Information Classification: General

"Bang Rakam" means “Frustrated community”, mostly paddy field in a lowland between the 
Yom and Nan River basins. 

Participatory Water Diversion Project 
in Bang Rakam Flood-prone Field

Information Classification: General

Before the project initiated in 2017, harvesting rice in flood was seen frequently 
almost every year. Compensation of more than 3 million dollars per year was 
paid to affected farmers.

Information Classification: General
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Information Classification: General

Problems in Bang Rakam Flood-prone Field

Assumption

If it can be slowed down, the risk of flooding in the 
Chao Phraya River Basin will be reduced.

lowland area between the Yom River Basin and the Nan River Basin 
that converge in the lower area. 

Bang Rakam is a repetitive flooded area. The water will come every 
year around August. 

400 million m3 of water, equivalent to half the amount of water 
stored in the Khwae Noi Dam, flooded for 3-4 months between 
August and November. 

Information Classification: General

205,000

40,000

2052205,0000000

1

2

Implementing the concept into practices, RID firstly 
transformed Bang Rakam field as a water retardant area of 
42,400 ha (265,000 rai) for holding massive 400 million m3 

of water. 

RID prepares water storage about 310 million m3 to supply 
for the project 

65 Million m3  for April
245 Million m3 for May-July

1.2 Potential of RID to respond to the problems 

Information Classification: General

RID then adjusted the cropping calendar based on a mutual 
agreement among farmers and together with government 
agencies, started in mid-March with informing information. 

JAN
FEB

MAR

APR

MAY

JUNJUL
AUG

SEP

OCT

NOV
DEC

.....
““ 11 ....... .

......... –––– .– ........

...... –––– .– ......

2560 265,000 400
. 2561

382,000 550 .382,0382 0

..........

.... . .. . .... . . . . . . . . . ....... . ....... . .... . ........ . ..... .

Information Classification: General

Dimension 2: Participatory Process

2.1 Implementation of Community-based Project

Objectives: 
1. Agreement to hold water in the harvested fields:  

(Community - RID)

2. Agreement of a new crop calendar and water allocation:   
(water users - water users) 

3. Agreement regarding the new crop calendar:
(Other government agencies - RID- Community)

• to adjust the cultivation calendar requiring the 
integration on the cooperation of farmers to have rules 
and to follow

• In 2017,  400 million m3

Information Classification: General

1) relying on local knowledge

2.2 Participation Model (Collaborate)

2) Participate in consultation by understanding the way of life 

3) Provide opportunities for farmers to participate in decision-making. 

• In 2015, a trial of 30,000 rai in 7 villages of 1,467 households

• In 2016, it proposed to adjust the cultivation calendar

• In 2017, operating in an area of rai

• Discussion on adjusting planting calendars and water 
delivery plans. 

• Meetings to clarify, and to understand 

• Consultations required before the implementation

• The day of diversion water determined by the community 

• The agreements decided by the community.

Information Classification: General

1) Farmers affected by the project 

• to sacrifice their farming land as a water 
retardation area, 

• To participate in proposing solutions 

• Set rules and enforce through resolutions at the 
meeting 

2.3 Roles of Each Sector

2) Community leaders

• To propose rules 

• To  help  organizing participatory meeting

help clarify the relationship From the community's 
lack of confidence 

3) Reginal RID 

• responsible for planning and participation 
among the governmental sectors and 
community representatives. 

4) Other government agencies (more than 20 
agencies) 

• to adjust the rules and policies tailoring with 
the project through MOU 

5) The 3rd Army Area 

• to integrate cooperation between the central, 
provincial and local governments in the area 
during the project start-up in 2017 to 2018

6) RID provides 

• Concept of benefit sharing for solving flood 
problems

• Participatory power  to Community

7) The Ministry of Agriculture and 
Cooperatives provides 

• policies and supervision. 

• Pushing the project into a national policy in 
managing water disasters effectively

Information Classification: General

1) Adjusting the cultivation calendar to shift 
from affected to beneficiary (Benefit-sharing) 
through consultation, 

2.4 Mechanisms to Drive Integration

2) MOU of the “Bang Rakam Model Year 2017” project with 
government agencies on February 22, 2017. 

Consultation  
Platform

Local 
government
agencies

Provincial 
agencies

Central 
government 
agencies

Farmers 
benefited  by 
the Project 

Farmers 
affected by
the Project 

Information Classification: General

1) an agreement accepted by the community in diverting 
water into the farmer's fields

2) rules to adjust the cultivation calendar

3) “Bang Rakam Memorandum of Understanding (MOU) 

Dimension 3: Productivity/Results/Impact

3.1 Results of the Project 3.2 Benefit of The Project:  

to the community: 

• farmers can harvest 51.61% 

• damaged area and compensation decreased since 2018 onwards. 

to the country: 

• Save economic areas of the lower downstream areas
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Information Classification: General

Obstacles

Lack of Trust 

• failed to comply with the agreed planting
plans. 

• disputes to pump water in dry season

• In 2017 mount of rainfall was similar to 2011, 
some people misunderstand as a result of the 
Bang Rakam model 

Dimension 4: Sustainability 

4.1 Lessons

RID has systematically operated:
1) building trust and correcting misunderstandings by 
• PR 
• community leaders 
• All agreements operated by RID
2) Consultation with the community to adjust the cultivation

Information Classification: General

Three factors of 
success 

1) Sharing-benefit concept 
to those affected leads to
effective change

2) Community leaders helps to
• initiative the policy 
• coordinate information and clarification
• build confidence

3) Water storage to supply for 
the new crop calendar

Participatory Water Diversion Project in Bang Rakam Flood-prone Field

Information Classification: General

• benefit sharing, which can alleviate the flooding of the Chao Phraya River Basin.

• Bang Rakam water retardation area solve the problem at a macro level

• plans accepted by communities 

RID plans to expand to other areas with similar problems throughout the country.

4.2 Policy to Sustainability

12 Lower fields in Chao Phraya River Basin Participatory Water Diversion Project 
in Bang Rakam Flood-prone Field

Extension the success 

Information Classification: General

Thank You for Your Attention
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กาญจนบุรี

กรุงเทพมหานคร

*The distance is about

170 kilometers

Kanchanaburi 

Bangkok

southwest monsoon 
rain shadow area 

Tanaosri mountain range

Nong Fai Subdistrict
Nong Prue District 

Bor Ploy District 
Huay Gra Jao District 

Lao Kwan District 

The Sustainable Development Goals Water demand d management in Thailand
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Surface water 80,000 Mm3/years

Water demand d management in Thailand
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Annual Rain Fall : 1,5733 mm/y

Rain Volumee : : 8040 ,040 ,372 Mmm3m33/y (100%)

Evaporation            Evap

489,949

oration  vap

99 Mm3/y 

        ion  

/y /y (60%)

Surface Water : : 213,423 3 Mmmm3m3/y y/y (y (255525%) Storagee 80,000 0 Mmm3 (10%)

GW Storagee : : 1,1,13133 ,31 9,95999 Mmm3

GW Rechargee :: 101,000 Mmm3m3/y (15%)

Thailand Hydrologic Cycle

9

14.7%14.7%
166,860 Mmm3

4.74.7%
53,197 Mmm3

5.65.6%
63,710 0 Mmm3

21.2.2%
341,312 2 Mmmm3

36.3%36.3%
412,856 Mmm3

17.67.6%
199,779 Mmmm3

Groundwaterer Storage 1,131,959 Million m3/y

Annual recharge 72,987 Million m3/y

Safe Yield 45,386 Million m3/y

Groundwater in Thailand

Current Groundwater er Use 14,741 Million m3/y

Water availability 30,644 Million m3/y

Water demand d management in Thailand

30,00030,0

Mmmm3

00030,0,

mm3/years

Option n 1

Option 2

?

History of Groundwater development

Version 1.0

Hand Pump

Version 2.0
Electric Pump

Version 3.0
Electric 
+ Solar Cell

Small Size Project

What

About

NOW?

Version 4.0
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Past PresentPast Prese
Ground Water Development Challenge in Ground Water Management 

SustainabilityDevelopment
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กาญจนบุรี

กรุงเทพมหานคร

*The distance is about

170 kilometers

Kanchanaburi 

Bangkok

southwest monsoon 
rain shadow area 

Tanaosri mountain range

Nong Fai Subdistrict
Nong Prue District 

Bor Ploy District 
Huay Gra Jao District 

Lao Kwan District 

Benefit

Individuals 5,786 

Households 1,856 

Agriculture 
(rai)

3,000

Large-Scale Groundwater Supply for Drought Relief
Nong Fai, Lao Khwan, Kanchanaburi

GW yield 
from 6 wells 

(m3/hr)

Estimated 
GW yield 
(m3/year)

300 1,752,000

Large-Scale Groundwater Supply for Drought Relief
Nong Fai, Lao Khwan, Kanchanaburi

Artificial 
Recharge 3 

(750 m.)

GW well 8
Yield: 30 m3

Monitoring well 
2

Artificial 
Recharge 2 
(2,000 m.)

Artificial Recharge 1 
(150 m.)

GW well 3
Yield: 40 m3

GW well 2
Yield: 40 m3

GW well 1
Yield: 30 m3

GW well 7
Yield: 30 m3

GW well 6
Yield: 30 m3

GW well 5
Yield: 40 m3

GW well 4
Yield: 40 m3Monitoring well 

1

Artificial 
Recharge 3 

(750 m.)

GW well 3
Yield: 40 m3

GW well 1
Yield: 30 m3

GW well 8
Yield: 30 m3

Monitoring well 
2

Benefit it > > 5,000 0 people Benefit fit > 60,0000 peopleBenefiit > 005 05 0 eoplepe B ffit 60 000> 0 l

Benefitted area 
3,000 Rais

5,786 
beneficiaries

(1,856 households )

Mineral Water Huaiai Krachaoo Water

=
Quality
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3 water tanks can fully fill 

to their capacity of 400,000 

litres in 5 hours

6-inch pipe can fill water at 

1,000 litre within less than      

30 seconds

• water 
guarantee

• cost 
reduction

• sustainable

4 wwater tanks, 4 wate
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Water control Wat tro
system

photovoltaic system

generator

GW well1

oltaic sys
2

3

er tanateer tanater tan
4

ter conter con
5

2

Groundwater for Large Scale Agriculture Project

Groundwater for Large Scale Agriculture Project 22ndnd Innovation
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22ndnd Innovation : : DGR SCADA

Website Application

DGR SCADA : RBF, CHAI NARTT Province DGR SCADA : RBF, CHAI NARTT Province

DGR SCADA : RBF, CHAI NARTT Province DGR SCADA : RBF, CHAI NARTT Province

DGR SCADA : RBF, CHAI NARTT Province

AverageAverage

householdhousehold

oncome :oncome :
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Average household oncome :Average

$
e househoverage
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old oncomeuseho

4 4 per years

Past
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Future
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Sustainable Cycles on Groundwater Management

Upstream Midstream Downstream

Groundwater User
General Info. : water shortage
Crops: Organic Vegetables
Benefitted area: 160 Rais
Income per household: TBH 
per year
Before : 20,000 – 30,000
After : 100,000 – 400,000
Learning : Healthy agriculture 
practice and selling seeds

Farmer group
Setting the farmer group
Knowledge enhancement, 
understanding how to look after the 
groundwater supply system
Knowledge of economical crops
Knowledge of business and market 
mechanism
Logistic

Sustainability, value, stability
Knowledge transfer and delivering the 
system
Setting up the working group
Collaboration with the bank, gov. 
agencies, state enterprise, private 
sectors
Monitoring and assessment

Collaboration with other organizations

Promote public participation in agricultural groundwater management

by working with the Bank for Agriculture and Agricultural Cooperatives (BAAC)

Groundwater Management Manual
Water for Agriculture Manual Domestic ic c Consumption Manual

SDGs 6

1st 2nd 3rd

Sustainable Groundwater Management

Thank you for your attention
Surin Worakijthamrong,Ph.D.

Director of Groundwater Development Bureau

Department of Groundwater Resources
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Integrated Groundwater and Socio-Economic Vulnerability 
Analysis to Identify Potential Risk of Water Stress 
Saira Haider – Wetland and Aquatic Research Center, Fort Lauderdale, Florida

Kathryn Powlen – Oklahoma-Texas Water Science Center,  Austin, Texas 

Kyle Davis – Nevada Water Science Center, USGS, Carson City, Nevada 

THA 2022 26-28/01/2022

Pilot study to support natural 
resource decision-making

Cross-disciplinary analysis of 
groundwater and socio-economic 
resources

Risk assessment using climate 
change scenarios 

Measure of adaptive capacity to 
respond to risk

Overview

Vulnerability
Framework

Groundwater

Risk Exposure

Socio-
economic

Risk Sensitivity
& Response 

NexView

STUDY AREA

GOALS

GROUNDWATER 
MODEL

+

SOCIO-ECONOMIC 
MODEL

RISK

EXPOSURE

SENSITIVITY

ADAPTIVE
CAPACITY VULNERABILITY

VULNERABILITY FRAMEWORK

RESPONSE

EXPOSURE
Defined as: degree of change in the 
level of groundwater experienced in 
an area

Calculated as: the relative change 
in groundwater level under 
different climate scenarios 
(MODFLOW)

The more groundwater declines, 
the higher the exposure.

CALCULATING RISK 

SENSITIVITY
Defined as: A community’s 
dependence on freshwater to 
maintain livelihoods and human 
populations

Calculated as: the total water needs 
for humans, livestock and 
agriculture

The more water needed, the higher
the sensitivity.

CALCULATING RISK 

EXPOSURE
Defined as: degree of change in the 
level of groundwater experienced in 
an area

Calculated as: the relative change 
in groundwater level under 
different climate scenarios 
(MODFLOW)

The more groundwater declines, 
the higher the exposure.
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CLIMATE CHANGE

Mekong River Commission climate change 
scenarios for 2040 from the Council Study

CLIMATE CHANGE

C3
Drier climate
Sea-level rise

C2
Wetter climate
Sea-level rise

A Numerical Groundwater Flow Model

Model inputReal-world
system

Hydrogeologic
and conceptual

models
Model output

• Hydrogeologic
understanding

• Understand and
describe
important 
groundwater 
processes

• Spatial extent
and time period 

• Hydrogeologic 
properties

• Representation 
of aquifer stress

• Simulation of
system behavior 
in space and 
time

• Simulation of
potential future
scenarios

• How will the
model be used?

• What processes 
are most
important?

Model Design

• USGS MODFLOW-6
• Spatial extent and time period

• Mekong River Basin between Phnom 
Penh, Cambodia and Cao Lanh, 
Vietnam

• Predevelopment (steady-state)
• Time-varying conditions (1991-2010):

• Historical
• Future scenarios (20 years)

• Stress periods: three months long
• Two per dry season (Nov. – Apr.)
• Two per wet season (May – Oct.)

Conceptual Understanding
• Hydrogeologic understanding

• Layers 1–5: delta aquifer and confining units
• Layers 6: bedrock aquifers
• Used geologic maps define initial layering and extent
• Uniform hydrogeologic properties

• Understand and describe important groundwater processes
• Streamflow
• Connection between rivers and aquifers
• Recharge
• Evapotranspiration
• Groundwater pumping*
• Salt-water intrusion*
• Land subsidence*

Model Input

• Representation of aquifer stress
• Interaction with streams

• Time variable streamflow
• Spatially uniform recharge:

• Time variable
• Approximately 16 percent of 

precipitation
• Spatially uniform maximum 

potential evapotranspiration: 
• About 1.5 meters per year

• Groundwater inflow and outflow

Example Climate 
Application • Changes applied to model

• Adjusted monthly recharge
• Adjusted monthly streamflow 

at Phnom Penh
• Sea-level rise

• Example analyses of model 
results
• Calculate relative water level 

change

Scenario C3
Drier climate
Sea-level rise

Dry season Wet season
SSimulatedd waterr levell declines (exposure)

Maximumm decline:: 10.55m

Wet season

Maximumm decline:: 9.47m

This information is preliminary or provisional and is subject to revision. It is being provided to meet the need for timely best science. The information has not received final approval by the U.S. Geological Survey 
(USGS) and is provided on the condition that neither the USGS nor the U.S. Government shall not be held liable for any damages resulting form the authorized or unauthorized use of the information.
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WATER NEEDS

CALCULATING SENSITIVITY

Livestock Needs
Buffalo, cattle, pigs, 
poultry

Human Needs
Rural / urban population

WATER NEEDS

Agriculture Needs
Rice, maize, sugar cane, 
cassava, cashew, mango, etc.

CALCULATING SENSITIVITY

LAND COVER 2018

DATA USED 

• SERVIR-Mekong Land Cover 
Maps

• WorldPop - Human population 
distribution raster

• GeomWiki – Livestock 
distribution raster

• Census Reports (Human 
Population and Agricultural) 
from KHM and VN

HIGH

MODERATE

LOW

HUMAN  WATER NEEDS

This information is preliminary or provisional and is subject to revision. It is being provided to meet the need for timely best science. The 
information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS 
nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.

HIGH

MODERATE

LOW

LIVESTOCK  WATER NEEDS

This information is preliminary or provisional and is subject to revision. It is being provided to meet the need for timely best science. The 
information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS 
nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.

HIGH

MODERATE 

LOW

AGRICULTURE  WATER NEEDS

This information is preliminary or provisional and is subject to revision. It is being provided to meet the need for timely best science. The 
information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS 
nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.

SENSITIVITY

(measured as m3 needed to sustain current
human population & agricultural livelihoods)

This information is preliminary or provisional and is subject to revision. It is being provided to meet the need for timely best science. The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition 
that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.

Sensitivity
Water demands

High

Low

Explanation

SENSITIVITY

(measured as meter change in water level) (measured as m3 needed to sustain current
human population & agricultural livelihoods)

This information is preliminary or provisional and is subject to revision. It is being provided to meet the need for timely best science. The information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition 
that neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.

Exposure
Water level decline

High

Low

Explanation

Sensitivity
Water demands

High

Low

Explanation

(C3 dry scenario: dry season)

THA 2022 International Conference on   
Moving Towards Sustainable Water and Climate Change Management After COVID-19, 26-28 January 2022, Online platform

90



Exposure

Sensitivity

This information is preliminary or provisional and is subject to revision. It is being provided to meet the need for timely best science. The 
information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS 
nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.

IDENTIFYING RISK

• Areas with high exposure and high sensitivity 
are most at risk (dark purple)

• Areas with high exposure and low sensitivity 
(pink) or low exposure and high sensitivity 
(blue) have moderate risk 

• Areas with low exposure 
and low sensitivity have 
low risk levels (white)

Risk = Exposure + Sensitivity

(C3 dry scenario: dry season)

Exposure

Sensitivity

This information is preliminary or provisional and is subject to revision. It is being provided to meet the need for timely best science. The 
information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS 
nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.

IDENTIFYING RISK

• Areas with high exposure and high sensitivity 
are most at risk (dark purple)

• Areas with high exposure and low sensitivity 
(pink) or low exposure and high sensitivity 
(blue) have moderate risk 

• Areas with low exposure 
and low sensitivity have 
low risk levels (white)

Risk = Exposure + Sensitivity

(C3 dry scenario: dry season)

Exposure

Sensitivity

This information is preliminary or provisional and is subject to revision. It is being provided to meet the need for timely best science. The 
information has not received final approval by the U.S. Geological Survey (USGS) and is provided on the condition that neither the USGS 
nor the U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of the information.

IDENTIFYING RISK

• Areas with high exposure and high sensitivity 
are most at risk (dark purple)

• Areas with high exposure and low sensitivity 
(pink) or low exposure and high sensitivity 
(blue) have moderate risk 

• Areas with low exposure 
and low sensitivity have 
low risk levels (white)

Risk = Exposure + Sensitivity

(C3 dry scenario: dry season)

RISK

EXPOSURE

SENSITIVITY

ADAPTIVE
CAPACITY VULNERABILITY

VULNERABILITY FRAMEWORK

RESPONSE

1. ASSETS
The financial, technological, and service resources 
that people have access to

2. INFORMATION & LEARNING
The ability to generate, absorb, and process new 
information

3. FLEXIBILITY
The opportunities available to adapt or change

4. INSTITUTIONS & SOCIAL ORGANIZATION
The way society is organized, including formal and 
informal relationships, and existence of appropriate 
institutions that enable cooperation, collective 
action, knowledge sharing and fair access and 
entitlements to key assets and capital

5. AGENCY
The power and freedom to leverage and mobilize 
the other aspects of adaptive capacity

5 COMPONENTS OF ADAPTIVE 
CAPACITY

1.4.1 AC: Assets
• Clean drinking water
• Sanitation
• Electricity

AC: Assets
• % population with centrally managed 

drinking source
• % population with flush toilets

AC: Information & Learning
• % population with secondary education
• % population as trained workers
• Literacy rate

AC: Agency
• Gender inequality index

1.4.1

4.3.1

4.6.1

5.1.1

5.2.1

6.1.1

6.2.1

8.5.2

8.10.2

AC: Flexibility & Institutions
• Employment rate
• Access to bank account

ADAPTIVE CAPACITY 
INDICATORS & 

THE SDGS

CHALLENGES + FUTURE STEPS

Integrating multiple spatial scales
• Combining risk & adaptive capacity

Inability to collect field data due to COVID-19
• Socio-economic data
• Limits to collaboration

Improvements to groundwater model
• Include groundwater pumping
• Update hydrogeology
• Simulate surface and groundwater 

management scenarios
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EXTRA SLIDES

Adaptive Capacity Component (# indicators) Specific Indicator

Asset Base (7)

Labor force as % of population
Employment rate
Malnutrition under 5 years
Birth life expectancy
Electrification rate
Sanitation services
Water provider

Information & Learning (4)

Literacy rate
Secondary education
Trained worker rate
Access to information (internet)

Flexibility (3)
% income from agriculture
Number of markets per person
Net migration

Institutions/Social
organization (3)

% membership in cooperative, farmer assoc.
Access to extension agents
Access to bank

Agency (1) Gender equality index*

(Disclaimer: This is an example. Figure does not represent real data.) 

Adaptive Capacity

Area Classification

This information is preliminary or provisional and is subject to revision. It is being provided to meet the need for 
timely best science. The information has not received final approval by the U.S. Geological Survey (USGS) and is 
provided on the condition that neither the USGS nor the U.S. Government shall be held liable for any damages 
resulting from the authorized or unauthorized use of the information.
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Workshop A 

THA 2022 Training courses for hydrologic analysis using GCM climate projection outputs 

 

Purpose of the training 

In this training workshop, you will learn about climate change downscaled data for Southeast Asia and water 
resource impact assessment using it. In addition, you will learn how to use climate change data through 
exercises. At first, dynamically downscaled high-resolution climate projection outputs in Southeast Asia using 
a regional climate model (RCM) are introduced. Next, a large ensemble of climate simulations (d4PDF) 
developed by using a 60 km atmospheric general circulation model (AGCM) and dynamical downscaling with 
a 20 km RCM is explained. Then, a 150-year continuous simulation using a GCM is introduced. After the 
introduction of climate change scenario data, an impact assessment of climate change on water resources in 
Southeast Asia is introduced. After these lectures, a training excessive will be provided to study how to access 
the climate projection data and how handle the data through a simple application of the usage of d4PDF at 
the selected river basin in Southeast Asia. 

 
Training schedule: 28th January 2022 in the morning 

No. Agenda Speaker Time (tentative) 

1 

Dynamical downscaling of climate 
data for Southeast Asia at 
Meteorological Research Institute 
in Japan 

Dr. Akihiko MURATA, 
Meteorological Research 
Institute, Japan 

09:00-09:20 AM 

2 
Evaluation of MRI-AGCM and 150-
year continuous simulation in 
Southeast Asia 

Dr. Toshiyuki NAKAEGAWA, 
Meteorological Research 
Institute, Japan 

09:20-09:40 AM 

3 
Impact assessment of climate 
change on water resources in Japan 
Southeast Asia using d4PDF  

Prof. Yasuto Tachikawa, 
Graduate School of Engineering, 
Kyoto University, Japan 

09:40-10:00 AM 

4 

3.1- Introduction of the exercise 
(uncertainty assessment of 
reservoir operation using d4PDF), 
How to access d4PDF and data 
format 

Dr. Thatkiat Meema, Graduate 
School of Engineering, Kyoto 
University, Japan 

10:00-10:30 AM 

Break 10:30-10:40 AM 

3.2- Hand-on the exercise 
(precipitation analysis using d4PDF) 10:40-11:30 AM 

4 Q&A 11:30-12:00 AM 
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Workshop B 

THA 2022 Training courses for water security index 

 
Purpose of the training 
During RIO+20 meeting, the sustainable green economy for protecting environmental health via income 
increasing and poor eradication were discussed. The successful countries for sustainable green economy 
depend on efficiency of integrated water management and provision of water supply and sanitary services. 
Water security index was another issue that had been proposed to monitor the national socio-economical 
development which comprised of household, urban water, economic water (including irrigation water), river 
health and resilience.  
In this training workshop, you will learn about water security status data and calculation method in case of 
Thailand. In addition, you will learn how to use water security index data through exercises. The example of 
application  and implementation of water security index in Thailand is illustrated. The strength and weakness 
of Thailand water management status were discussed. 
 
Training schedule: 28th January 2022 in the afternoon 

No. Agenda Speaker Time  

1 Introduction of Water security 
index. 

Asst. Prof. Piyatida 
Ruangrassamee 
Faculty of Engineering, 
Chulalongkorn University, 
Thailand 

13.00-13.20  

2 

Example of mainstreaming water 
security index in national water 
resources management in Thailand. 
 

Office of the National Water 
Resources, Thailand 
 

13.20-13.40 

3 
Linkage of water security index and 
water operation in Thailand: 
framework and system.  

Asst. Prof. Pongsak Suttinon 
Faculty of Engineering, 
Chulalongkorn University, 
Thailand 

13.40-14.00 

4 

4.1- Introductions of exercise.  
Asst. Prof. Piyatida 
Ruangrassamee 
Asst. Prof. Pongsak Suttinon 
Faculty of Engineering, 
Chulalongkorn University, 
Thailand 

14.00-14.30 

Break 14.30-14.40 

4.2- Hand-on the exercise  14.40-15.30 

4 Q&A 15.30-16.00 
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Workshop C 

Science-Policy Interface Dialogue on Water and Climate Change 
Friday 28th January 2022, at 13.00-16.00 GMT+7 

(Online via ZOOM) 

Background: 

While the strengthening of the Science-Policy Interface (SPI) was collectively committed by the 
ministers at the United Nations High-level Political Forum in 2020 with a high amount of investment 
being put into research, science, technology and innovation, it is found that promoting only these 
areas are not enough anymore. This is because the SPI is not simply the relation between science and 
public policy. Rather, it is a dynamic ecosystem of processes, actors and organizational arrangements, 
intended to facilitate the exchange of scientific evidence and place it in the context of social values so 
that it can inform the most complex policy problems and mobilize forward. 

Additional to the urgency of climate change and environmental challenges we are facing, 
Intergovernmental Panel on Climate Change (IPCC) and Inter-Panel on Science-Policy Platform on 
Biodiversity and Ecosystem Services (IPBES) have identified the need of transformational change, in 
which technology is identified as one of the vital drivers, will accelerate actions towards the goals of 
limiting temperature rise to 1.5 degrees C by 2030 and living in harmony with nature by 2050.  

Therefore, to strengthen the linkages between science and policy, as well as enable ecosystem for 
driving climate action, ‘Science-Policy Interface Dialogue on Water and Climate Change’ is organized 
to create a space for discussion and drive action on Science-Policy Interface among young 
professionals from various background and take forward with youth networks and relevant 
stakeholders for implementing change across different sectors. 

Objectives: 
1. Familiarize participants with the concept of Science-Policy Interface
2. Explore challenges and opportunities for Science-Policy Interface
3. Network and build community of action for continuing activities towards achieving SDGs

Target: 40 young professionals, focus but not limited to 18-35 years old  
(Background Covering: Researcher, NGO, Science-Policy Interface, Policy, Youth Network working on 
the following issues related to climate change/biodiversity i.e. Indigenous/Ethic groups, Gender, 
People with Disability, Economic, Finance, Media, Others that is relevant to climate change and 
water issues) 

Time Minutes Programme Note 
13.00-13.15 15 Warm-up Menti 
13.15-13.30 15 Introduction to Science-Policy Platform Presentation 
13.30-13.45 15 Getting to know each other & Locating 

where we are 
Round of Self-Introduction 

13.45-14.05 20 Inputting to the Quadrant and Identify 3 
key functions 

Small breakout groups of 3-4 
people and fill the output 
into the consolidated sheet 
of 9 quadrant 

14.05-14.20 15 Break 
14.20-15.20 60 Open Discussion on Challenges and 

Solutions 
Group of max 5. Sharing & 
Mapping Exercise on 
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Challenges and Solutions 
through 5 topics (Free to 
choose topic(s) of interest) 

1. Financing
2. Capacity Building
3. Data
4. Innovation
5. Governance

15.20-15.50 30 Next Step Suggestions for next step & 
Allocate working groups for 
taking consultation to action 

15.50-16.00 10 Summary and Reflection Menti & Photo 

Community of Action (Potential Partners for taking outputs forward into action) 
- Asian University Network
- YECAP
- Movers Programme

Follow up activities 
- Report the result to relevant government agencies
- Continued activities in action with Community of Action
- University network updates progress and collaboration (If any)

Timeline 
20 December 2021 – 10 January 2022 Call for Application 
14 January 2022 Initial List of Announcement 
21 January 2022 Finalists and final details to participants 
28 January 2022 SPI Dialogue 

Reference 
Science-Policy Interface addressed by the United Nations Committee of Experts on Public 
Administration (CEPA) 
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---- 

Online Workshop of Status of Water Conservation, Climate Change and Ecosystem-based Adaptation in ASEAN (28 January 2022) 1 

Summary of Online Workshop of Status of Water Conservation, Climate Change 
and Ecosystem-based Adaptation in ASEAN 

Date: Friday 28 January 2022 (10.00-12.00) 
Under collaboration of: (1) ASEAN Working Group on Water Resources Management: AWGWRM, (2) 
Association of Southeast Asian Nations, (3) Department of Water Resources, Ministry of Natural 
Resources and Environment, Thailand and (4) Department of Water Resources Engineering, Faculty of 
Engineering, Chulalongkorn University, Thailand 

Participants: 64 participants from 6 ASEAN member countries 

Summary 

In this online workshop, the participants discussed about status of water conservation, 
climate change and ecosystem-based adaptation in ASEAN. The example of status index of ASEAN 
member countries is illustrated. The gap of this issue is discussed. 

The outputs of online workshop are sharing indicators of socio-economic, environment and 
governance issues. This links with the open data from the World Bank, United Nation and ASEAN. The 
data shows how the pandemic changed the world and ASEAN economy. 

The discussion results show that ASEAN still has gap in various issues such as: 
(1) The gap of available data: Mr. Dwight Jason Magro Ronan Senior Officer of ASEAN

Secretariat, Indonesia informed that limited data is one of challenging issues in ASEAN.
ASEAN Secretariat tried to provide information through ASEAN Biodiversity Dashboard
(http://dashboard.aseanbiodiversity.org). However, only 2 country-reports are presented 
now.

(2) The gap of knowledge: There is limitation of responsible organization and knowledge for
Ecosystem-based Adaptation in ASEAN. Now, only some pilot projects from international
support such as Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) GmbH are
implemented and illustrated (https://www.thai-german-cooperation.info/th/thai-
german-climate-programme-water/)

The recommendations from the workshop show that ASEAN still need the capacity building 
process to address the data and knowledge gaps. We should keep and continue the training program 
or workshop for strengthening the Water Conservation, Climate Change and Ecosystem-based 
Adaptation in ASEAN together.  
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News Clipping  
 

No. Link 
1 https://www.facebook.com/radioam1467/videos/186438407015430/ 
2 https://www.facebook.com/radioam1467/videos/778476620213228/ 
3 https://www.tnnthailand.com/news/social/103063/ 
4 https://www.matichon.co.th/publicize/news_3152096 
5 https://www.prachachat.net/public-relations/news-851351 
6 https://www.mojothainews.com/2022/01/19_26.html 
7 https://aec-tv-online1.com/?p=230705 
8 www.5forcenews.com/?p=230989 
9 https://mgronline.com/onlinesection/detail/9650000008574 
10 http://www.restmetalk.com/17329239/-tha-2022-international-conference- 
11 http://www.innewsthailand.com/?p=17701 
12 https://th.postupnews.com/2022/01/chula-tha-2022.html 
13 https://www.asiannewschannel1.com/?p=4607 
14 http://www.leadertoday.net/2022/01/19-tha-2022-international-conference-on.html 
15 https://www.khaokrom.com/2022/01/19.html 
16 http://www.vateekhao.com/2022/01/19-tha-2022-international-conference-on.html 
17 https://www.chadthukkrasae.com/2022/01/blog-post_239.html 
18 https://aec-tv-online2.com/?p=813290 
19 https://siamrath.co.th/n/317061 
20 http://www.stageonleader.com/2022/01/19-tha-2022-international-conference-on.html 
21 https://www.facebook.com/100031018435007/posts/598379861205956/?d=n 
22 https://www.facebook.com/1416823535235926/posts/3022510928000504/?d=n 
23 https://mgronline.com/science/detail/9650000008594 
24 https://www.pimthai.co.th/99005 
25 https://www.thaikufanews.com/ราชการ/27997/ 
26 http://thanjainews2017.blogspot.com/2022/01/blog-post_213.html 
27 http://www.xn--22ceam2gca3da8bob7fa9ckd74a6bi7g.com/?p=133004 
28 https://internewsonline.com/?p=22745 
29 https://thainews.prd.go.th/th/news/detail/TCATG220126203447901 
30 http://www.newsfreelancer.com/78794/ 
31 https://www.facebook.com/590041004679325/posts/1653063931710355/ 
32 https://www.lokkhaosanonline.com/28459/ 
33 https://www.mojothainews.com/2022/01/tha2022.html 
34 https://aec-tv-online1.com/?p=231450 
35 https://th.postupnews.com/2022/01/tha2022.html 
36 https://www.khaokrom.com/2022/01/tha2022.html 
37 https://aec-tv-online2.com/?p=815274 
38 https://www.chadthukkrasae.com/2022/01/tha2022.html 
39 https://www.blockdit.com/posts/61f20d1ec1f60e4fc9a6d952 
40 http://www.leadertoday.net/2022/01/tha2022.html 
41 https://www.mojothainews.com/2022/01/tha2022_31.html 
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