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Part 1: Present issues 



Floods situation: Overview

• Large and damaging flood occur every year.

– 2010 (Pakistan, India, China, Colombia and 
Australia)

– 2011 (Mozambique, Namibia, South Africa, 
Uganda, Brazil, Colombia, Canada, United States, 
Cambodia, China, India, Korea, Pakistan, the 
Philippines and Thailand) 



Flood tendency
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Observed trends in costs of flooding

• There is persuasive evidence that the costs of 
extreme weather events, with flooding as a 
major contributor, have been exhibiting a 
significant upward trend (UNISDR, 2011)

• The number of reported hydrological events 
(floods and landslide) worldwide associated 
with major losses has considerably increased 
in the last three decades   



Observed trend in cost of flooding
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Figure 1. Relative number of hydrological and geophysical events 1980-2012. Base: 
value of trend lines for absolute numbers in 1980. Source: Munich Re 
NatCatSERVICE, June 2013.



Case study: 2011 Thailand floods

a) b)

c) d)

Source: Flooding in Thailand in 2011 a) flooding at the outskirts of Bangkok b) 
Flooding at the Rojana Industrial Park, Ayutthaya, Thailand c) Flooding in 
Bangkok metropolitan area and d) inundated villages in Thailand



Case study:Drought in Rayong



Case study: Flooding in the Yom River Basin
(video clips)



Flood problems in Yom River Basin



Longitudinal profile of Yom river
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Flooding events in Yom Basin : 2006, 2011
Muang Sukhothai Muang Sukhothai

Muang Sukhothai Sawan Kalok



Causes of floods in the Yom River Basin
• Hydrologic Viewpoint

– Heavy rainfall in upstream watershed (Royal Irrigation 
department, 2002; Thiramanat, R., 2004, Thung-ngern, J., 2004)

• Hydraulic Viewpoint

– diminished natural channel capacity of Yom river at Amphoe
Muang Sukhothai (RID, 2002; Thiramanat, R., 2004; DWR, 2005; 
Sanmart, P., 2007)

• Topographic Viewpoint

– Relatively Mild slope compared to the upstream region, which 
means less drainage capacity of floodwaters (Thung-ngern, J., 
2004). 

• Other Viewpoints

– Lack of principal reservoir at upstream Yom basin (RID, 2002)

– Blocking of the natural waterway (Thiramanat, R., 2004) 



Part 2  Future issues



Global flood risk under climate change (Hirabayashi et al., 2013)

Projected return period (Years) of 
the 20C 100-year flood in the 21C 
at the outlet of 29 selected basins

(a) Basin map with locations and 
names of the selected rivers with 
the outlets indicated by the 
locations of the river numbers. 
Colors of each basin indicate the 
multi-model median return period 
at basin outlets.

(b) The height of the grey box plot 
indicates the interquartile range 
(25th-75th percentile) and the solid 
line within each box indicates the 
median value. The dashed lines 
represent the maximum and 
minimum return periods for all 11 
models     



Global flood risk under climate change (Hirabayashi et al., 2013)



Land use changes
Urbanization and floods

Before Urbanization

After Urbanization

Reduction of retention and infiltration capacity of the basin causes 
urban floods



Issues Left: Climate Change projection

• Uncertainty of forcing

• Uncertainty of models
– Climate modeling

– GCMs selection

– Scaling issues (Downscaling 
and bias correction)

– Hydrologic uncertainty

Source: Araki and Kokie, 2008

http://www.adb.org/Documents/Events/2009/
Responding-Climate-Change/Presentation-
Koike.pdf







Recovery



Global change and flood risk
• Urbanization

– Increasing frequencies

– Hidden vulnerability

• Climate change

– Increase frequency

– Uncertainty

• Managing extremes

• Adaptation, sustainability, and participatory 
local actions 



Part 3: Ways
Floods counter measures

(Structural and non-structural measures)
(Planning and Recovery)



copyright @ 2010

Resilience under risk assessment  
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Adaptation measures: Research Overview

Risk Management in Planning (ADB)



Flood Counter measures

- Containing flow within 
embankments to keeping 
floods out of living space  

- Traditional measures
- Flood “control” using 

structure (e.g., dykes, 
dams, gate, 
embankment, flow 
diversion channel etc.)

- Combined with urban 
renewal  New Challenge

• Climate Change
• Protecting people and assets 

vs. controlling river flows



Example of adaptation strategies: structural measures

Constructing new structures 

Flood control (Dam)

Underground 
discharging 
channel

High standard embankments

Storage facilities

usual

flooded



Example of adaptation strategies: non-structural measures

Emphasis on crisis management

Building of a wide-area 
disaster prevention network 
that connects 
embankments, roads on the 
dry river bed for emergency 
traffic and elevated roads to 
wide-area disaster 
prevention bases 



Example of adaptation strategies: non-structural measures

Emphasis on preparedness

Source: Adaptation Strategy for Climate Change in Japan 



พรบ  ป้องกนัภยั



Case Study: Future Flood Management schemes in Yom Basin



Case Study: State of Flood Problem in Lower Chao Phraya River Basin

Mitigation measures (implemented by Thai RID)

Structural measures Non-structural measures

1. Construct potential water storage in the
upper river basin area to reduce the peak
runoff discharge in the downstream
basin.

2. Construct flood polder system to protect
communities and agricultural area with
different degree of protection according
to the damage value.

3. Improve water drainage efficiency for
the constricted flow sections and
increase drainage capacity downstream
section discharge directly to the sea; for
example, cutoff the meandering section,
canal dragging, weeding, enlarge pipe
crossing the roads, water-pumping
installation and construction of diversion
channel.

1. Modify the operation rule curve of large 
reservoirs in the upper river basin to serve
higher priority for the flood control 
objectives.

2. Monitor and forecast of water situations and 
rainfall in the basin and set up of operation 
decision support system for better actions in 
managing flood control facilities.

3. Reduction of flood peak passing the large 
communities along river bank by diverting 
part of water upstream of the Chao Phraya 
dam to the irrigation canals.

4. Cutoff flood peak by diverting the floodwater 
to the 190,400 ha of low lying paddy fields 
area on both banks of the Chao Phraya River

5. Manage to lower down discharges from the 
tributaries into the Chao Phraya River during 
peak flood.

6. Accelerate drainage water in the low lying 
area into the sea.    



Existing Flood Management 
Scheme in Yom Basin
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Part 4 :  Prior implementations



Climate change Adaptation

• Planning specific measures as well as Investment under uncertain future 
(scenario and model uncertainties) is extremely difficult, especially for 
developing countries.

• The best option is to take an adaptive approach that build climate 
resilience to development strategies. Adapting to What?

• When resources and services of systems change over time adaptation to 
change is imperative for sustainability.

• Adaptation is Sustainability in action

• Adaptation is primarily local. Depends on local bio‐physical and social 
characteristics

• Risk communication must be conducted and acceptable, risk-based 
hydrologic design could also be put in place.

• Solutions must evolve locally.

Sustainability and local stakeholders participation



Simulation model 
and the results

• Simulation results



Simulation model and the results

satellite image

Simulated results compared with satellite image 



The existing flood mitigation measures in Sukhothai Province
and future proposal
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Thai Crisis Reporter (ICT/Chula)

10/26/2019 Flood_REST Chula.Univ. (2011) 42



Case Study: State of Flood Problem in Lower Chao Phraya River Basin

Inundation areas
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Risk Map 
with Intervention (moderate-optimistic scenario)

• Index 4

Extremely high 
risk

• Index 3

high risk

• Index 2

moderate risk

• Index 1

low risk

Existing

With 
intervention



Risk Map 
with Intervention (moderate-pessimistic 
scenario)

• Index 4

Extremely high 
risk

• Index 3

high risk

• Index 2

moderate risk

• Index 1

low risk

Existing

With 
intervention

The Risk Map for Existing and Intervention 
(moderate-pessimistic) scenarios shows no significant 
differences



SALT: Sea level change

InSAR; Land subsidence



Ciliwung River Bank at Kelurahan 
Kebon Baru

Ciliwung River Bank at Kelurahan 
Bukit Duri



• Part 5  What’s next
Sustainable growth (SDG)

- Tsunami fighting plan (kochi, Phuket)

- Earthquake structure (robust)

- Live with water (house, bang-rakam, Netherlands)

- Nature based adaptation

- Green growth/Circular economy/Nexus

- Human at crisis

- Combination of Resilient and sustainable (structure, non structure,

- safeguard, human/community, technology)



SUSTAINABLE DEVELOPMENT GOALS 2030 (UN, 2015)

6น ำ้ 8พัฒนำเศรษฐกิจ 13ภมูอิำกำศเปล่ียน



Tsunami protection, Kochi
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Faculty of Engineering, 
Chulalongkorn University
www.eng.chula.ac.th

Retention pond, cultivation 

schedule shift

10/26/2019
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Faculty of Engineering, 
Chulalongkorn University
www.eng.chula.ac.th

Live with water (Netherlands)

10/26/2019
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Coping with extreme: Hanoi City
• Hanoi City, Capital of Vietnam, located in 

the Red River Delta, lies below the river 
level. The lowest river water level is 2m 
higher than the city level and the highest 
level (1971) was 8.6 higher

• One of the proposals is to make spillways 
along the river dyke upstream. That 
would reduce the possibility of 
embankment failure up stream and 
provide flood relief to downstream city.

• Measures should be developed to 
transfer downstream savings / benefits 
should be used to compensate



Coping with extreme:Tokyo

Source: Tokyo Metropolitan Office

Super levee after construction



Coping with extreme:Tokyo
Embankment is extended and 
new development is made on the 
top of embankment, which 
prevents failure and provide 
excellent urban development 
space
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Mekong Delta 2040







ตวัอยา่งเกษตรสมยัใหม่
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Smart building
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ANN applications to Dam Operation Improvement
Assoc. Prof. Dr. Sucharit Koontanakulvong Mr. Tran Thanh Long

Faculty of Engineering, Chulalongkorn University, Thailand

Abstract
The dam plays essential role in long-standing strategy to secure a reliable source of water for a

wide variety of human activities. Although numerous extensively studies have been done on optimal dam
operation via stationarity and past hydrological experience, the effective decision making of release
becomes more challenge under the effects of both climate variability and human responses since
severe floods and droughts occurred more frequently. Besides, the prediction of real-time dam
operation still remains obstacle in effective transmission of precipitation information, consuming
computation time and memory capacity
. To improve adaptive dam operation, this study attempted to develop new tools for dam release decision
making by generating the inflows and release of the Bhumidol Dam, Thailand by two separate ANN
model utilized the upstream rain gauge stations in the past 10 years daily rainfall data.

Definition and methodologies
Since ANN with one hidden layer is sufficient to solve all problem of the hydrologic process , the

architecture of each ANN for hydrology process model consists one input layer, one hidden layer, and one
output layer (Figure 1). The best network's configuration (number of nodes, weights, biases) was
defined through the performance of fitting among the neural network predicted values and the desired
outputs. The training of the neural network models was stopped when either the goal of error was achieved
or the number of iterations exceeded a prescribed value.

Figure 1. Structure of ANN with conveniently input layer for rainfall-runoff

Rainfall-Dam inflow
According to statistic performance form six combinations of input variables, the combination
previous rainfall and two consecutive days of inflow is suitable for rainfall runoff in this study area.. To
illuminate this problem, the precipitation was connected to conveniently input layer before transfer to
hidden layer (see Figure 1). The performance of ANN was improved when the output was close to peak
flow (see Figure 2). The RMSE of ANN with conveniently input layer for calibration and validation are 5.3
and 3.9, respectively. The R2 is 0.92 for training process and is
0.89 for validating process.

Figure 2. Results inflow of ANN with conveniently input layer

Inflowand Dam Release
The combination of two consecutive days of capacity and inflow presented the best performance
from six combination variability inputs. The RMSE of calibration and validation are 5.33 mcm, and 3.912
mcm, respectively. The R2 of calibration and validation are 0.92 and 0.95, respectively. Although the
simulate could not clarify some immediately high release dam, the ANN is possibility to predict dam
release following the current rule curve.

Possible Improvements for decision making
According to potential application of ANN in hydrologic process, this study propose possible
approach to improve water release decision making. The improved water release decision making will
be generated from dynamic water demand and optimal ANNs making decision. The procedure shows as
following:

Figure 3. Results dam release following the current rule curve

Figure 4. Improved water release decision making will be generated from dynamic water demand and
optimal ANNs making decision

Conclusions
This study showed potential ANN applications to Dam Operation Improvement. The water release
decision making could be developed more adaptive with climate variability and human responses by 
integrating dynamic water demand and optimal ANNs making decision. However, the inputs of ANN
hydrologic process need to be clarified the reliable source water contributions to the inflow and consider
scale impact of water demand to avoid redundant parameters which provide inappropriate release
decision making.

References
De Vos, N., Rientjes, T., 2005. Constraints of artificial neural networks for rainfall-runoff modelling: trade-
offs in hydrological state representation and model evaluation. Hydrology Earth System Sciences
Discussions 2, 365-415.
Kolmogorov, A.N., 1957. On the representation of continuous functions of many variables by
superposition of continuous functions of one variable and addition. Doklady Akademii Nauk. Russian
Academy of Sciences, pp. 953-956.
Vuckovic, A., Radivojevic, V., Chen, A.C., Popovic, D.J.M.e., physics, 2002. Automatic recognition of
alertness and drowsiness from EEG by an artificial neural network. 24, 349-360.

Acknowledgement
The authors would like to express sincere thanks to NRCT-TRF Spearhead Research Program

on Water Resources Management for their research funding, thanks to EGAT for dam operational data
and to Chulalongkorn University for her supports of working place and utility provision.

(Note The material is distributed in the session of Water-related Decision-Making in the UNESCO International Water Conference during 13

and 14 May 2019 at UNESCO Headquarters in Paris, France).



Regional Collaborations

• Concept and Approach

• Experiences transfer

• Human resources development

• Information Exchange

Via

• ASEAN Secretariat

• Country/department

• University/NGOs



Part 6: Conclusions



Disaster (Flood) Planning

• Coping with extremes for loss reduction

• Climate change adaptation

• Risk reduction/evaluation

• Regional collaborations

Issues left

• Land use change

• (social) adaptability

• Concepts for more robust/resilient/sustain



Sources of information

• UNFCC (AR5 WG Report: Physical science 
Basis, adaptation, and mitigation of climate 
change, IPCC AR5 Synthesis report)

• UNESCO (Water security and information)

• ADB (Risk Management)

• World Bank

• ASEAN Secretariat (working groups)

• www.watercu.eng.chula.ac.th
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Quiz 1
ข้อ 1  ระยะหลงั อทุกภยัเกิดขึน้มากในทวีปไหม

a) Asia   b)  Europe   c) America   d) Africa

ข้อ 2  ความเสียหายจากน า้ท่วม กบั แผ่นดินถลม่ สิ่งไหนมากกวา่กนั

a) น า้ท่วม b) แผ่นดินถลม่  c) พอๆกนั     d)  ไมท่ราบ

ข้อ 3  สาเหตขุองน า้ท่วม

a) ฝนตกมาก b)  ล าน า้ขนาดเลก็ c) มีสิ่งกีดขวาง d)  ถกูทกุข้อ

ข้อ 4  ทางแก้ไข

a) ก าจดัขยะ  b) ขยายล าน า้  c)  ยกบ้านให้สงู d) เตรียมเรือ
ข้อ ๕ สาเหตขุองน า้แล้ง

a) ฝนตกน้อย    b)  ใช้น า้มาก   c) ไมมี่กติกา     d) ถกูหมด



Quiz 2
ข้อ 6  งานวิจยัช่วยแก้ปัญหาน า้ท่วมอยา่งไร

a) ข้อมลู  b) แนวคิด  c) จ าลอง  d)  ถกูทกุข้อ

ข้อ 7 แผนท่ีเสี่ยงภยั แสดงอะไร

a) พืน้ท่ีน า้ท่วม  b) พีน้ท่ีน า้ไมท่่วม c) ความเสี่ยง d) พืน้ท่ีปลอดภยั

ข้อ 8  เรามีกมใด ที่ใช้ในการจดัการช่วงพิบตัิภยั โดยเฉพาะ

a) กม แพง่    b)  กม อาญา   c)  พรบ ปอ้งกนัภยั  d) ถกูทกุข้อ

ข้อ 9  ความร่วมมือในภมูิภาคด้านพิบตัิภยั จะแลกเปลี่ยนอะไร

a) ข้อมลู  b) ประสบการณ์ c) อปุกรณ์  d)  ถกูทกุข้อ

ข้อ 10 จากนีต้อ่ไป ต้องค านงึอะไรเพิ่มในการแก้ไขปัญหาน า้ท่วม

a) โรงพยาบาล  b)  ถนน   c) การใช้ท่ีดิน   d) ถกูทกุข้อ


