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Part 1: Present issues
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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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Flood disasters : time trends by continents
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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



% of trend value in 1980

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



Physical characteristics of Yom river basin
Streamflow of 1995 flood

Channel width (m)
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Flooding events in Yom Basin : 2006, 2011

Muang Sukhothai Muang Sukhothai

A

W . i

R

» Muang Sukhoth

s




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)



Faculty of ENGINEERING | Chulalongkorn University
Pillar of the Kingdom

Part 2 Future issues




Return period (years)

Global flood risk under climate change (Hirabayashi et al., 2013)
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(ID) River: Increase (I) or Decrease (D) in return period-Consistency among AOGCMs.
Gray indicates rivers with no consistency among AOGCMs.

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
(25t-75% 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)
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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
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lobal change and flood risk

e Urbanization

— Increasing frequencies
— Hidden vulnerability

* Climate change
— Increase frequency
— Uncertainty

* Managing extremes

e Adaptation, sustainability, and participatory
local actions
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Part 3: Ways
Floods counter measures
(Structural and non-structural measures)
(Planning and Recovery)
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Resilience under risk assessment

Frequency Loss Relation

and Risk Reduction Strategies

® In disaster management our objective is to move the loss line as low as possible.
This would need different approaches for different frequencies.

® Now, the challenge is to manage risks in the left most column, catastrophic events
that are rare but have very high impacts.

Early warning
Recovery

E
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Adaptation measures: Research Overview
Risk Management in Planning (ADB)

Figure 33: Flood risk managemeant takes place as a continuwous cycle of planning, acing, monitoring, reviewing and adapting

Define goals and
objectives

Choose preferred
strateqgy




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
o

Constructing new structures High standard embankments

L

Underground
discharging
channel




Example of adaptation strategies: non-structural measures
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Example of adaptation strategies: non-structural measures

Emphasis on preparedness

Water levels in built-up areas in the past floods are indicated on the hazard map.
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Case Study: Future Flood Management schemes in Yom Basin
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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.

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.

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.

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

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

Accelerate drainage water in the low lying
area into the sea.
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Part 4 : Prior implementations




Climate change Adaptation

Sustainability and local stakeholders participation

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

Inundation areas ;44

WATER WORLD A satellite photo shows the extent of the flooding (in blue) around Bangkok.
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Risk Map

with Intervention (moderate-optimistic scenario)

* Index4
Extremely high
risk

* Index3
high risk

* Index2
moderate risk

* Index1
low risk

o T alsariet
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Risk Map

with Intervention (moderate-pessimistic
scenario)

* Index4
Extremely high
risk

* Index3
high risk

* Index2
moderate risk

* Index1
low risk

The-Risk-Mab-fc istine-and-lntervention
(moderate-pessimistic) scenarios shows no significant
differences Existing
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X, Y Long-terra (1940-2004) sea leve
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Ciliwung River Bank at Kelurahan

Kebon

Ciliwung River Bank at Kelurahan
Bukit Duri
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e 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)

NO GOOD QUALITY GENDER CLEAN WATER
POVERTY HEALTH EDUCATION EQUALITY AND SANITATION

] @'

INNOVATION AND 1 REDUCED SUSTAINABLE CITIES 1 RESPONSIBLE
INFRASTRUCTURE INEQUALITIES AND COMMUNITIES CONSUMPTION
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THE GLOBAL GOALS

For Sustainable Development

TAKE URGENT ACTION TO COMBAT CLIMATE CHANGE

ENSURE AVAILABILITY AND SUSTAINABLE MANAGEMENT AND ITS IMPACTS*
OF WATER AND SANITATION FOR ALL PROMOTE SUSTAINED, INCLUSIVE AND SUSTAINABLE F
g ‘a & e s ECONOMIC GROWTH, FULL AND PRODUCTIVE
e e EMPLOYMENT AND DECENT WORK FOR ALL
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Map 7. 8 shelter locations and evacuation signs Map 8. The range divided in Mimase area
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Retention pond, cultivation
crhandiilla chift

Faculty of Engineering, 52

Chulalongkorn University
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Live with water (Netherlands)

An integrated approach:
How to get there??

- Policy
— More space for retaining,
storing and draining of water
Examples are: room for rivers
¢ retaining ¢ storing tdraining

— Water (level) is leading for
spatial planning

Faculty of Engineering,

Chulalongkorn University
- f



Coping with extreme: Hanoi City

Hanoi City, Capital of Vietnam, located in — l
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

WSumida River, Shinkawa/Hakozaki Districts (after construction).

Due to the business conversion of a warchouse company, the development of a
super levee was carried out together with the construction of housing and office

buildings.

wSumida River, Shinkawa/Hakozaki Districts (before
construction)

s

».

The waterfront environment
was improved.

The levee is robust against
earthquakes as well,

Hakozaki District (Sumida River)

Source: Tokyo Metropolitan Office

Super levee after construction



Coping with extreme:Tokyo

Wol-pianned. more open tving spaces Embankment is extended and
new development is made on the
_ top of embankment, which
. prevents failure and provide
| excellent urban development
space

Stronger foundation increases sarthquake
Stronger levee foundation and fiood safety

T e T . T el T e e

@Super levee

Terraced area

Design high water level——————

\

Average high tide level,

o ————— = e e - = === == A

1 Super levee
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cooperation Asia and the Pacific for Sustainability
DEUTSCHE ZUSAMMEMNARBEIT

Third National Dialogue on the Urban Nexus in Thailand
“Strengthening Collaboration and Access to Financing to Support
Integrated Resource Management in Thai Cities”

Meeting Room A, UNCC Bangkok, 3 May 2018

CoNcEPT NOTE

Background

Managing rapidly growing cities and urban regions is one of our most critical global challenges,
particularly with regards to natural resource management. Of all natural resources, energy, water
and food are the most essential to sustain development efforts — but they are also the most
vulnerable to future demands. At the 2014 General Assembly thematic debate on Water, Sanitation
and Sustainable Energy in the Post-2015 Development Agenda, the Secretary General forewarned
that by 2030 the world will need at least 50 per cent more food, 45 per cent more energy and 30 per
cent more water. Much of these demands are being driven by cities and their urbanizing regions.

Globally, the Asia and the Pacific region has the highest urban growth rates. More than 60 per cent
of the worldwide urban population is living in this region, and approximately 120,000 people are
added to its urban centers each day (World Migration Report 2015). According to the United Nations
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Modelling allows us to connect

all flows with productive uses

SURFACE WATER/GROUNDWATER/DESALINATION

KEY
—g POTABLE WATER
— RNN/STORMW}IQR;.
——l GRkY}lATER
————P  RECLAIMED WATER
——P  DLACK WATER

RECEIVING BODY (SUSRFACE/GROUNDWATER)
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Developing system robustness analysis for drought risk
management: an application on a water supply reservoir
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Abstract. Droughts will likely become more frequent, current and future droughts, it is thus recommended to test
greater in magnitude and longer in duration in the future due how alternative drought strategies contribute to a system’s
to climate change. Already in the present climate, a vari- robustness rather than relying solely on water reliability as
ety of drought events may occur with different exceedance the decision criterion.

frequencies. These frequencies are becoming more uncertain

due to climate change. Many methods in support of drought
risk management focus on providing insight into changing
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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

Layer Layer

Input
Layer

el e - o —"
="' _.,@/IAoroﬂ@froro @ s |
| Dail:rainlall / _DJ _b'
(e-2) - i1 1

Input layer Output layer

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

0.89for validating process.
sso YT TR WCT TR NN W YR T T YT =

Conveniently input layer Hidden layer

Observation
Simulation
—Rair

nflow (millin '

Time
[ESY

Figure 2. Results inflow of ANN with conveniently input layer

(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).

~
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Inflow and 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 foIIowing the current rule curve.

5 TV Ty sl w
=
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Figure 3. Results 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:

Soil moisture

-
Water demand
Rainfall - <
% R-RANN medel —» Dam release ANN model = Decision making = Dam release
Inflow T

Reservoir storage |
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.
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Regional Collaborations

* Concept and Approach

* Experiences transfer

* Human resources development
* |[nformation Exchange

Via

* ASEAN Secretariat

* Country/department
 University/NGOs
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Part 6: Conclusions
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Disaster (Flood) Planning

* Coping with extremes for loss reduction
* Climate change adaptation

e Risk reduction/evaluation

* Regional collaborations

Issues left

* Land use change

* (social) adaptability

* Concepts for more robust/resilient/sustain
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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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