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Water-related Natural
Disasters

1. Floods: Flash Floods,
Gradually Rising Floods and Stagnhant
Ponding Floods

2. Droughts: Meteorological
Droughts, Hydrological Droughts and
Agricultural Droughts

3. Water Pollution: Waste
Water, Salinity Intrusion, etc.
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Floods

Causes of flooding

Excessive rainfall

Rivers and waterways to overrun their normal channels
and spread out across the adjacent countryside

Ocean being driven inland across low-lying areas (High
tide)

Usually by storm-force winds, such as those that occur
in hurricanes
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Floods (1)

Flood impact is one of the most significant disasters in the
world

More than half of global flood damages occur in Asia

Flood disaster management involves both structural and
non-structural measures

Flood disaster management should not be limited to
reactive response but also proactive response to flood
situation

Preparedness to future or-in coming flood disaster is
required to reduce flood impacts
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Floods (2)

*Floods cause losses of life and damage properties

e Population increase results in more
urbanization, more impervious area and less
infiltration and greater flood peak and runoff

Problems become more critical due to more
severe and frequent flooding, socio-economic

damage, population affected &public outcry,

limited allocation of funds.
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Floods (3)

TYPES OF FLOODING CAUSES OF FLOODING
1.Natural Factors

1. Flash floods such as _ _
Heavy Rainfall, High Flood,

in steep slope areas

2. Gradually rising High Tides, Sediment Deposit, etc.
floods such as in mild 2 Human factors:
slope areas

road construction and blocking of
drainage ways, over pumping of
ground water causing land
depression, improper land use,
deforestation in headwater
regions, garbage dumping, etc.

3. Stagnant pondage
floods in low lying or
depression areas or
coastal areas, etc.
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- When an area receives too little rain over a protracted period, a
drought can result

- Drought is by far the most serious hazard to world agriculture, and
has a massive effect on national and world economies, as well as on the
ability of particular society to feed and clothe it self.

- Drought has such a severe impact on the landscape that plant and
animal ecosystems can be changed irrevocably

Different types of drought

1. Seasonal drought; This occurs in those areas of the world that
experience a pronounced wet season/dry season climate such as
Australia, central Africa and the India-Pakistan region.

2. Contingent drought; (meaning uncertain, or happening by chance,
without obvious cause), which is possibly the most damaging form
because agricultural producers are frequently unprepared, and the
consequences are therefore usually considerable.
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Specific Types and Causes of Droughts

Drought types can classified into 5 types. They can occur

separately or simultaneously

1. Meteorological Drought — defined by degree of dryness compared to
average amount usually over the last 30 years as well as the duration of the

dry periods

2. Hydrological Drought — inadequacy of rainfall which leads to depletion of

water resources (reservoirs, lakes, rivers, and ground water).

3. Agricultural Drought — deficiency in soil moisture, especially in agricultural

lands, which results to low levels of water available for plant.



Specific Types and Causes of Droughts
(Cont.)

4. Socio-economic Drought — demand for an economic good exceeds

supply because of weather-related shortfall in water supply.

5. El Nino Phenomenon - is a combination of meteorological and

hydrological droughts which occurs every 2-7 yrs.
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Causes of Droughts (1)

1. Subsidence - presence of warm, dry air in the
middle troposphere

The troposphere is the lowest portion of Earth's atmosphere. It contains approximately 80% of 1
atmosphere's mass and 99% of its water vapor and aerosols.

Air warmed
by compression

Inversion

Cool air
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Causes of Droughts (2)

Hadley Cells
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2. High Pressure Cells PressureTropic

A circulatory movement of air that initially rises close to the Equator along the
Inter-Tropical Convergence Zone (ITCZ). Shedding or releasing its moisture
there as convectional rain, the air moves pole-wards at high altitude before being
forced to descend at the tropics as a result of jet stream activity. Now hot and dry,
this descending air is responsible for high pressure and arid desert conditions
throughout much of the tropics. The entire circulatory system, comprising of low-
pressure along the ITCZ and high pressure at the tropics, is known as the Hadley
Cell.
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Causes of Droughts (3)

3. El Nino Effect (Walker, 1923)

Normally, lower air pressure over Darwin and higher pressure over Tahiti
encourages a circulation of air from east to west, drawing warm sea surface water
westward and bringing precipitation to Australia and the western Pacific.

- When the pressure difference weakens, the westward sea surface current
becomes weaker (El Nifo conditions), parts of the western Pacific, such as Australia
experience severe drought.

- While across the Pacific ocean to South America, due to El Nino, heavy
precipitation can bring flooding to the west coast of equatorial South America (Peru
and Equador, etc).

- El Niflo* reaches full strength toward the end of the year and occurred at
irregular intervals of 2-7 years and usually lasted for 5 months or more

*The opposite to El Nino is called La Nina which brings heavy rainfall more than normal to Australia and
West pacific
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Darwin Australia and Tahiti
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Causes of Droughts (4)

4. Self-Generating Mechanisms
Local Effects : such as high evaporation,
strong wind, soil moisture holding condition [&

5. External Factors

= Solar energy
= Anthropogenic Influences
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Climate Change on Floods and Droughts

(International Water Agency)

= Billions of people will be at greater risk from storms, floods and
droughts in the years ahead, partly as a result of global warming

= Most countries are not ready to deal adequately with the severe natural
disasters

= Expected climatic change during the 21st century will further intensify
the hydrological cycle:

- Rainy seasons becoming shorter and more intense in some regions

- Droughts in other areas will grow longer in duration, which could
endanger species and crops and lead to drops in food production globally

= -Cost of extreme weather and flood catastrophes is severe and set to
rise, hitting poorest nations the hardest

= -Number of major flood disasters has risen relentlessly. There were 6 in
the 1950s; 7 in the 1960s; 8 in 1970s; 18 in the 1980s; and 26 in the
1990s

= -Droughts are becoming more severe and widespread. Up to 45% of

reported deaths from natural disasters between 1992 and 2001
resulted from droughts and famines.
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Example of a Case Study

s Flood Hazard and Estimation

= A Case Study of Surrounding Area of
Suvarnabhumi Bangkok International
Airport (SBIA)

CTCN AIT Bhutan
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Study Area

Location Map of the Second Bangkok International Airport
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Problem statements

Causes of flooding in eastern part of the
Lower Chao Phraya River Delta in the vicinity
of (SBIA)

o Heavy local rainfall in the area
a Storm runoff from surrounding areas
o Limited flood drainage capacity

CTCN AIT Bhutan
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Problem statements

The limitation of flood drainage capacity is due to:

o General reduction of canal capacities due to
deposition of sediment, vegetation and
encroachment by human activities

o Insufficient drainage openings of the east-west
highway

o Insufficient drainage canals in north-south

o Local land depression due to over abstraction of
groundwater

CTCN AIT Bhutan
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Scope of work

» Development of flood hazard map for
A5—vear, 50—year and 100—year return
period of rainfall

CTCN AIT Bhutan
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Flood Hazard Assessment

= Because of large floodplain & flat
topography, both flood depth &

flood duration were considered in
calculating the hazard

CTCN AIT Bhutan
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Flowchart of research Framework

Study Area

v

A 4

Data Collection for
Hydrodynamic Model

v

Hydrodynamic Model Formulation

v

Hydrodynamic Model Calibration

v

Hydrodynamic Model Verification

v

Flood Hazard Assessment by
Hydrodynamic Model Simulation for 25-,50-
and 100-year of rainfall

v
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Duration Maps
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Research methodology

o This study identifies flood hazard &
risk areas for priority-based flood
mitigation planning by using a
hydrodynamic model in conjunction
with a GIS

o A hydrodynamic model namely MIKE
FLOOD (DHI 2003) was used to

simulate the flood flow through the
canal network and floodplain.

CTCN AIT Bhutan
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MIKE FLOOD Model

= MIKE FLOOD

= Hydrodynamic Integrated model with 1D and 2D
flow

= 1D Model

= MIKE 11 : For Computing and Analyzing
Canal/Channel Flow

= 2D Model

= MIKE 21 : For Computing and Analyzing Flood
Inundation in Flood Plain Area

CTCN AIT Bhutan
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Simulation of Flood Flow

Condition of Boundary Conditions :

-
-

Direct rainfall in 1995 (about 50 years

return period)
The pumped discharge from the SBIA

of 12 m3/s.
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Research methodology (continueq

o After model calibration and verification, it
was used to simulate the flood flow in
terms of flood depth for different return
periods of rainfall
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Results of MIKE 21 model simulation in flood plain
after 30 days
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Selection of Return Period of Floods

o Extreme hazard events generally ranging from 20- to 400-
year return periods are considered for planning and

designing of water resource systems based on the purpose
and type of structure

o flood-disaster mitigation projects are often designed for a
100-year return period (UNDRO, 1991).

o This study placed emphasis on a 100-year return period of
rainfall, while we investigated 25- and 50-year return
periods of rainfall for comparison in relation to the 100-year
return period of rainfall.

CTCN AIT Bhutan
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Hydrodynamic model

= MIKE Flood hydrodynamic model

= Input = design daily rainfall of 25, 50
and 100 years return period

= 1 September to 31 October

= Output - Hourly flood depth in each grid
within study area

= Square grid size 200 m x 200 m

CTCN AIT Bhutan
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Flood Depth

= Maximum flood depths were
considered as depth hazard

= Four depth hazard categories

are based on marginal depths
(0.45 m, 0.90 m and 1.20 m)

CTCN AIT Bhutan
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Peak flood depth
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Flood Duration

= Rising flood, peak flood and recession flood
were considered (September 22, 24, 28
and October 8)

= Insignificant flood area and flood affected
area are divided with depth of 0.22 m

s Flood affected areas were considered in
assessing flood duration

CTCN AIT Bhutan
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Classification of Flood Duration

Duration

Short

Medium

Long

Very Long

CTCN AIT Bhutan
Training 2017

Criteria

Area of flood standing flooded from 22
Sep to 24 September

Area of flood standing between 22-28
September

Area of flood standing between 22 Sep
and 8 Oct

Area of flood standing from 22 Sep to
longer than 8 Oct

Prof. Tawatchai Tingsanchali
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Duration categories

Flooding area (%o of total)

Short
Medium
Long
Very long

33.71
8.75

35.96
7.10

These excluded 14.48 % of non-flooding areas (flood depth = 0 m)

CTCN AIT Bhutan
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Flood Hazard Factor (FHF)

= FHF = Flood Hazard Factor FHF
= B(FHI,)+(1-B)(FHI,)
Where 0< p<1
FHI, = Flood Depth Indicator
FHI, = Flood Duration Indicator

CTCN AIT Bhutan
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Flood Hazard Assessment

Simulation of flood flow
by Hydrodynamic Model (MIKE FLOOD)

for different return periods of rainfall

. B

Flood depth/duration - (FH/) A& (FHI),

. ]

FHF = B(FHN,, + (1-B) (FHI,
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Flood Hazard Indicators (FHI) for
Flood Depth & Flood Duration

= FHI : 4 flood hazard categories which represent
severity of flood hazard are taken: low,
medium, high and very high

= Small integer numbers such as 0, 1, 2, 3 etc,,
were used for the 4 categories of FHI

= 3 options of FHIy for flood depth and 3 options
of FHIt for flood duration are considered

= In total, 9 combinations of hazard indicators
FHIyZ@rebF It are censideredsc y



Flood hazard indicators for flood depth (FHI,)

H d Flood hazard indicator, FHI,
Flood depth, y Ca::a;
(m) gory Option 1a Option 2a Option 3a
0.00 <y<0.45 Low 0 1 2
0.45 <y<0.90 Medium 1 2 3
0.90 <y <1.20 High 2 3 4
y>1.20 Very high 3 4 5

Flood hazard indicator for flood duration (FHI,)

Flood hazard indicator, FHI,
Flood Hazard - - _ - : -
duration Category Option 1 Option 2 Option 3
Short Low 0 1 2
Medium Medium 1 2 3
Long High 2 3 4
Very long Very high 3 4 5

CTCN AIT Bhutan
Training 2017

Prof. Tawatchai Tingsanchali

45



Patterns of flood hazard factor calculation
for nine case studies

Case studies for Flood hazard indicator options
f::lcs)::sza::;s Flood depth Flood duration
A 1a 1b
B 1a 2b
C 1a 3b
D 2a 1b
E 2a 2b
F 2a 3b
G 3a 1ib
H 3a 2b
I 3a 3b

CTCN AIT Bhutan
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Land areas within

each flood hazard zone

Case studies for flood
hazard assessment

Land area (% of total study area)

Low Medium High Very high
hazard hazard hazard hazard
A 94.09 3.72 1.90 0.29
B 94.09 3.72 1.90 0.29
C 87.96 9.85 1.90 0.29
D 87.96 6.13 3.72 2.19
E 87.96 6.13 3.72 2.19
F 87.96 6.13 3.72 2.19
G* 56.94 32.56 7.38 3.12
H 51.26 37.12 7.86 3.76
I 56.94 37.15 3.72 2.19

* (asg G igtHEmost similar tq the actual floo

d siﬁgﬁ:\tion T=50 yrs

ngsarnc
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Percentage area for different degree of flood hazard
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Percentage area for different degree of flood hazard
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Percentage area for different degree of flood hazard

10% 38%
33%
19%
|
10 0 10 Kilometers
ey ————
B Low Hazard B Medium Hazard O High Hazard O Very High Hazard
[ ] Study area
Canal
Road

Suvarnabhumi International Airport

100-year Flood hazard
Low (37.92 %)

CTCN AIT Bhutan Medium (18.94 %)

Training 2017 Prof. Tawatchai Tingsanehalio1 ) 50
# Very high (10.23 %)



Conclusions

Flood hazard is the extent of flood
magnitudes such as depth, duration and
velocity which can cause potential damages in
a study area.

The magnitude of flood hazard can be
calculated by mathematical models.

Flood hazard increases with flood return
period and improper land use change

Where there is no people or no asset, flood

hazard still exists although there is nothing to
damage except environmental degradation.

CTCN AIT Bhutan
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Thank you
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Location Map of the Second Bangkok International Airport
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Surrounding Area
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Scope of work

s To assess flood damage vulnerability of
the study area and develop the
vulnerability map
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Flood Hazard Assessment

= Large floodplain & flat topography

= Flood depth & flood duration were
considered

CTCN AIT Bhutan
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Flowchart of research Framework

Study Area
v
\ 4 \ 4
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Element at Risk
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Nuuber of population in each sub-district (person)

[Jo-5000

[ 5,000 - 10,000

CTCN AIT Bhutan 1 10,000 - 15,000

Training 2017 Eg%é%% Prof. Tawatchai Tingsanchali 11
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] Percentage area of different categories

OLow density
B Medium density
OHigh density

OVery High density

=[alalw of population density
O000
21%
39%
N
W E 39%
S
0 9 Kiometers
Suvarnabhumi International Airport C-I-CN AIT Bhutan
Population density Training 2017

[ Low (0 - 250 person/sq.km.)

B e o0 poreponeakm) Prof. Tawatchai Tingsanchali

[ very high (over 750 person/q.km.)

12
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0

9 Kilometers

Suvarnabhumi International Airport

Flood vulnerability indicator of population at risk (FVIp)

[ Low
[ Medium
B High
I very high

Prof. Tawatchai Tingsanchali
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9 0 9 Kilometers

Suvarnabhumi International Airport

Asset value per unitarea
[ Non considered area
[] Paddy field (20.4 Baht/sq.m.)
[ Fish farms (42.34 Baht/sq.m.)
[ orchard area (71.97 Baht/sq.m.)
[ shrimp farms (113.87 Baht/sq.m.)
[ Road (580.28 Baht/sg.m.))
[ Rural community (762.42 Baht/sq.m.)
[ Golfcourse/Public park (1681.08 Baht/sq.m.)
( : I CN AIT Bhutan [ Institutional area (9510.72 Baht/sq.m.)
.. [ Industrial land (11360.52 Baht/sq.m.) . . .
[ urban community (14,995 baht/sq.m) P f T t h T g h | 14
Tralnlng 2017 [ Housing estate (17895.34 Baht/sq.m.) ro . aWa C al In Sanc a I
] commercial/Business area (18320.86 Baht/sq.m.)



9 Kilometers

Suvarnabhumi International Airport

Average asset value per unit area

[ Low (0 - 5,000 Baht/sq.m.)

Il Medium (5,001 - 10,000 Baht/sq.m.)
[ High (10,001 -15,000 Baht/sq.m.)
|:| Very high (over 15,000 Baht/sq.m.)

Percentage area of different
categories of
asset value per unit area

o OLow asset value

5%

/ 7%
B Medium asset value

OHigh asset value

82% Overy high asset
value
CTCN AIT Bhutan
Training 2017
Prof. Tawatchai Tingsanchali 15



9 Kilometers

Suvarnabhumi International Airport

] Low

Flood vulnerability factor of asset at risk (FVFa)

CTCN AIT Bhutan
Training 2017

16

Prof. Tawatchai Tingsanchali

[ Very high

[ Medium
B High



Flood damage vulnerability factor
for Regional Level (FVF)

= FVF : the resultant susceptibility of
overall element at risk exposed to
flood

= FVF = 0 (FVIp) + (1-6)(FVIa)

Where 0< 6<1

FVI, = Flood Vulnerability Indicator for
Population

FVI, = Flood Duration Indicator for Asset

CTCN AIT Bhutan
Training 2017 Prof. Tawatchai Tingsanchali
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9 0 9 Kilometers

Suvarnabhumi International Airport

Flood damage vulnerability
CTCN AIT Bhutan v -

Training 2017 L Prof. Tawatchai Tingsanchali 18



EXAMPLE

Calculation of Socio Economic
Vulnerability (SeVI) at Household Level

CTCN AIT Bhutan
Training 2017 Prof. Tawatchai Tingsanchali
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SOCIO-ECONOMIC VULNURABILITY ANALYSIS

. Population
Location ID L:c::::n density (?(':g) Po T:It:tlion Household
(Pop/ km?) P

1 A 918 7.57 6,949 1,737

2 B 1,959 4.28 8,386 2,096

3 C 1,285 23.43 30,107 7,526

4 D 1,952 19.69 38,434 9,608
Grand total 83,876 20,967

CTCN AIT Bhutan
Training 2017 Prof. Tawatchai Tingsanchali



No. of samples at each location

Location ID Location Name
1 A
2 B
3 C
4 D

CTCN AIT Bhutan
Training 2017 Prof. Tawatchai Tingsanchali

No. of household

50
45

75
o7

21



No. Variables

1 Household size USEd

2 Gender of household head -

3 Education level of household head m
4 Health status of the household head

5 Dependency ratio

6 Number of the disable family member

7 Length of residence with this community

8 Occupation of the household head

9 Total income of the household

10 Multiple earning source

11 Savings

12 ATM Card

13 Households take loan on a regular basis

14 Interest rate of loan

15 Social capital

16 Location of the house

17 Distance of the river from house

18 Distance of the evacuation shelter from house

19 Additional land outside the riverbank failure prone area

20 Households understand warning

21 Households having mobile phone o
22 Households experienced riverbank failure in past e R |
23 Households possess indigenous knowledge )

24 Household share warning with others Prof. Tawatchal Tingsanchall 22




Scoring

compo Variables Classes Score Remark Source
nents
Famity size == 5 33 Large famity needs |Saqgib et al. (2016)
65— 10 67 more resource and | Rana and Routray,
> 10 100 facility (2016)
Gender of Male 40 Wiomen may face Cutter et al.,(2003) ;
household Female 60 more difficulties Malakar and
head during the Mishra,(2016)
emergency
Education College or 20 High iliteracy Qasim et al.,
level of the University decrease the ( 2016) ; Rana and
household Higher 40 capacity of Routray, (2016)
head secondary understanding
= Secondary 50 preparedness
E Primary 30 measures
Hiterate 100
Health status| Excelent 25 Working capacity Saqib et al, (2016)
of the Good S0 depends on the
household Fair 75 health condition
head Poor 100
Dependency | == 0.25 20 High proportionof |Morin et al., (2016) ;
ratio 0.26 — 40 dependents is the Cutter et al.,{ 2003);
0.50 driving force behind | Rana and Routray,
0.51- 0.75 &0 the increase of (2016)
0.76 — 30 vulnerability
1.00
CTCN AIT Bhutan >=1.00 100

Training 2017

Prof. Tawatchai Tingsanchali




Scoring

Compo Variables Classes Score Remark Source
nents
Disable member 0 0 Special needs for disable people during Ahsan and Warner, (2014)
1 a0 emergency causes mobility f;rrublem
=1 100
Length of =15 25 Long term living in a community helps to | Morin et al_, (2016)
residence with this 11-15 50 make good network within the community,
community (year) 6 - 10 75 which acts to decrease vulnerability
<=5 100
Occupation of the Service 20 Unstable incotme source increases the Morin et al., (2016) ; Fana and
household head Business 40 villnerability Routray, (2016)
Agriculture 60
Daily wage 80
Unemployment/ Old 100
allowance
Total income of =>35000 20 Less income means less financial capacity | Bormudod and Nagai, (2017);
the household 25001-35000 40 | to absorb shocks Cutter et al., (2003) ; Qasim et
15001-25000 60 al., (2016); Morin et al_, (2016)
= 5001- 15000 80
= <5000 100
= Multiple earning Yes 0 Diversified income sources provide more | Alam et al ( 2017); Qasim et
- source No 100 | financial security al._ (2016)
Savings Yes 0 To relocate the house during riverbank Braun and ABheuer, (2011) ;
No 100 | fatlure, savings can be utilized Qasim et al., (2016)
ATM card Yes 0 Provides access of money beyond banking
No 100 | hours
Households take Yes 100 | Households have liability of paying money | Morin et al | (2016), Rana and
loan on a regular back are economically stressed Routray, (2016)
basis o 7

CTONMNM - ATT Dl b=
TCIN—AL T Dbndtahn

Training 2017

Prof. Tawatchai Tingsanchali
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Scoring

Compo Variables Classes Score Remark Source
nents
Interest rate of 0% 0 More interest rate means more liability
loan 1- 20 % 50
=20 % 100
Social capital Yes 0 Social capital provides both financial and (Qasim et al., (2016)
o 100 social support during emergency
Location ofhouse | Inside protected polder 0 Houses located outside the protected
Outside polder 100 | polders are more at risk
Distance of river =750 25 Houses close to riverbank are likely to be
from house 500-750 50 | eroded
250-300 75
B <250 100
= Distance of ==300 20 Evacuation centers located at a longer
= evacuation shelter 501-1000 40 distance are not easily accessible
n from house 1001-1500 60
1501-2000 80
=2000 100
Additional land Yes 0 Households having no land outside the Wisner et al_, (2003)
putside the No 100 | riverbank failure prone areas face
riverbank failure difficulties to resettle
prone area
= Households Yes 0 Face problem in taking decision during Yadav and Barve, (2017)
L= understand No 100 EMergency
& g‘. Warning
ﬁ“ = Houssholds having Yes 0 Mobile phones are useful for
- mobile phone No 100 | households toreceive hazard information

CTCN AIT Bhutan
Training 2017

Prof. Tawatchai Tingsanchali
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Scoring

Compo Variables Classes SCor Remark Source
nents €
Households > 0 20 Less experience of facing hazard increases
experienced bank 3-6 40 villnerability
fatlure 3-4 60
1-2 g0
0 100
Households Yes 0 No indigenous knowledge means more Hiwasaki et al | (2014)
possess indigenous No 100 dependent on other
kmowledge
Households share Yes 0 Vulnerability increases for the whole
warning with No 100 community
others

CTCN AIT Bhutan
Training 2017

Prof. Tawatchai Tingsanchali
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Calculate Socio- economic Vulnerability (Example for Social Part)

Comp Indicator Vulnerability Score

onent A(50) B (45) C (75) D
s (57)
Household size 37.74%* 35.27 38.44 36.58
Gender of household head 41.60 46.67 40.53 42.46
Education level of household head 87.60 93.78 82.40 91.58
.TGU Health status of the household head 54.00 48.89 51.33 47.81
& Dependency ratio 62.00 52.89 62.93 60.00
Number of the disable family member 4.00 2.22 5.33 5.26
Length of residence with this community 54.00 73.33 67.67 55.70
Social vulnerability index (SVI) 48.71 50.43 49.81 48.48

Variables Classes Location A Weighted
Score

N %o
Household 44 2904
size 670
200
Weight

CTCN AIT Bhuta Sum/100
2017 > ~watchai Tindsa Sl =37.74




Indicies of the vulnerability components

Legend for Location

y SVI = Social Vulnerability Index

4 EVI = Economic Vulnerability Index
Radar Chart ! PVI = Physical Vulnerability Index
Ex| = Exposure Index

CTCN AIT Bhutan Training

2017 Prof. Tawatchai Tingsanchali




SVI + EVI 4+ PVI + ExI
SeVI = 2

Where,
SeVI — Socio-economic vulnerability Index
SVI- Social Vulnerability Index
EVI — Environmental Vulnerability Index
PVI — Physical Vulnerability Index
ExI — Exposure Index

Composite socio-economic vulnerability index

Prof. Tawatchai Tin

CTCN AIT Bhutan 45.00 47.00 49.00 51.00 53.00 55.00

2017



Risk

calculation

Location| Location Normalized Vulnerability Index (VI) Risk

ID Name Hazard Population Avg. | HI x [Normalize
Index density and VI |Avg. VI Risk
(HI)* asset value Index

(Regional
scale)*

1 A 100 38.46 4,495 58.32

2 B 100 100 7,707 100

3 C 66.67 15.38 2,109.4| 27.37

4 D 100 53.85 5339 | 69.27

* Taken from another study at regional scale

CTCN AIT Bhutan

Training 2017

Prof. Tawatchai Tingsanchali
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Conclusions

a The presence of the airport and rapid urbanization
adversely affect flood risk in the area

a Because of high cost of investment we cannot afford
to prevent all level of flooding or protect all risk areas
simultaneously.

o The changing of land use without planning causes
adverse effect to flood risk situation

CTCN AIT Bhutan
Training 2017 Prof. Tawatchai Tingsanchali 31



Conclusions (Continued)

= Regional Flood damage vulnerability =
f(population, asset)

= Household flood damage vulnerabilty =
f(social, economic, physical and
exposure)

= Overall vulnerability=weighted sum of
regional and household vulnerability

CTCN AIT Bhutan
Training 2017 Prof. Tawatchai Tingsanchali 32



Thank you

CTCN AIT Bhutan
Training 2017 Prof. Tawatchai Tingsanchali
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Presentation Nuts
and Bolts

* Geographic Information Systems definitions

GI Technologies: RS, GNSS, GIS

GIS components, architecture and Data Models

GIS essential vocabulary

GI Technologies for Flood Management

TP - T
AIT, Thailand 26 October 2017 2



GIS--What 1s 1t?

No easy answer anymore!

* Geographic/Geospatial Information

* 1nformation about places on the earth’s surface

* knowledge about “what is where & when”(Don’t forget time!)
* Geographic/geospatial: synonymous
* GIS--what’s in the S?
* Systems: the technology
* Science: the concepts and theory

* Studies: the societal context

ATT, Thailand 26 October 2017 3



Geographic Information Technologzes

* Global Navigation Satellite Systems (GNSS)

* asystem of earth-orbiting satellites which can provide precise (100 meter to

. sub-cm.) location on the earth’s surface (in lat/long coordinates or equiv.)
[

Remote Sensing (RS)
* use of satellites or aircraft to capture information about the earth’s surface
* Digital ortho images a key product (map accurate digital photos)
* Geographic Information Systems (GISy)

* Software systems with capability for input, storage, manipulation/analysis
and output/display of geographic (spatial) information

GPS and RS are sources of input data for a GIS).

A GISy provides for storing and manipulating GPS and RS data.

T ———— T . . E———

ATT, Thailand 26 October 2017 4




GNSS: as a data source to GIS

GLONASS Satellite
Constellation

* GNSS (Global Navigation
Satellite Systems) started with
the launch of the U.S
Department of Defense Global
Positioning System (GPS) in the l
late 1970’s )y

l-”
T— |

(0)—(0)*
GNSS User

* GNSS systems currently include

GPS Satellite
Constellation

L

Geostationary
Satellite (GEO)

* GPS (United States) ‘[ ) -,(/ )
* GLONASS (Russia) ¢ inanet MGl A o e umm
* Galileo (European Union) ~_.  [Gours o
* BeiDou (China) Subsystem
T R
26 October 2017 5
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Remote Sensing: as a data source to

GIS

Broad definition: “acquiring of data about an object without touching it”
Includes cameras, telescopes, optical-mechanical scanners, linear and
area arrays, lasers, radio-frequency receivers, radar systems, sonar,

seismographs, gravimeters, magnetometers, X-ray, and other medical

applications
Types:

* Active Remore Sensing: Microwave remote sensing, Radar

* Passive Remote Sensing: Optical Remote Sensing, LiDAR
Platforms

* Spaceborne - Satellite

* Airborne — Aeroplane, Unmanned Aerial Vehicle (UAV)

ATT, Thailand 26 October 2017 6



Passive Remote Sensing System

Instrumentation

Sensor _ _ '
Signal transmission Data in multispectral image
to the ground form ready for use
Downwelling Upwelling radiation (radiance) (registered radiance at sensor)
radiation from from the landscape
the Sun
dapted Tre
! () .
e m Ground reception
- and processing
"@ Phato credit www.oasivillaggio.com

ATT, Thailand 26 October 2017 7



Active Remote Sensing System

Instrumentation )/
Sensor
Signal transmission
to the ground Data in amplitude and phase

Downwelling Upwelling radiation (backscatter) image form ready for use
radiation from the = ' from the landscape

. Active Sensor

Adapted from
Richards 2013 '
Richards 201 Ground reception
= and processing
'ﬁ .f Photo credit www oasivillaggio.com
s T ; . e e s I

AIT, Thailand 26 October 2017 8



78644

Remote Sensing: Advantages

1. Synoptic view:
opportunity to capture
large geographic areas

with a single
observation, or scene

http://visibleearth.nasa.gov/view.php?id

T ———— S e e e e T —

AIT, Thailand 26 October 2017 9



NN

30X30 m" ¢ | .- 30X30 im
Bands 4,3, 2 RGB | : Bands 7,4,2 = RGB

Jensen, 2000

AIT, Thailand 26 October 2017 10



1973 Landsat 1980 Landsat 1986 Landsat 1992 Landsat 2000 Landsat 2005 Landsat 2010 Landsat

{O73LULC  1980LULC 1986 LULC 1992LULC  2000LULC  2005LULC  2010LULC | |

= \\/ater E\Wetlands EBarren C1Grass/shrub M Mech.Dist.
® Developed = \lining m[orest EAgriculture mNonmech.Dist.

https://eros.usgs.gov/doi-remote-sensing-activities /2013 /usgs

3. Revisiting Cycle on a regular period
4. Geographic and thematic

T P ]
AIT, Thailand 26 October 2017 11



Remotely Sensed Data

* Resolution

* How much detail we can detect: Spatial Resolution '
. * How much to distinguish between surface types:Spectral Resolution .
* How fast does 1t change: Temporal Resolution
* How intense is the color depth: Radiometric resolution
* Seale

AIT, Thailand 26 October 2017 12



Imagery of Harbor Town in Hilton Head, SC, at Various Nominal Spatial Resolutions
Spatial Resolution & ' |
i
Scale
Spatial Resolution: Ability of RS
objects to discriminate spatial
objects :
Pixel sizeinm  Definition Platform/sensor® Application scale
0.1-0.5 Extremely high res. Airborne scanner, aerial 1:500-1:5,000
phatos, geoeye-1 (pan),
worldview-1 (pan),
worldview-2 (ms)
>0.5-1 Very high res. IKONOS (pan), quickBird  1:5,000-1:10,000
(pan), orbview (pan)
>4 High res. [KONOS (ms), quickBird ~ 1:10,000-1:15,000
(ms), orbview (ms),
geoeye-1 (ms), IRS (pan) — —
>4-12 Medium res. IRS (pan), IRS (LISS-IV  1:15,000-1:25,000 oo el
ms), SPOT (pan) Nominal Spatial Resolution
>12-50 Low res. ASTER. IRS (ms), Landsat- 1:25,000-1:100,000 . (enlarged view)
TM/ETM+ (pan, ms),
SPOT (ms) Ground-projected
>50-250 Very low res. Landsat MSS 1:100,000-1:500,000 'R‘e‘]‘:j"m“i’;“‘:
>250 Extremely low res. NOAA >1:500,000 40-
30-
a . T . o .
pan: panchromatic; ms: multispectral
Bhatta, 2011
85
2.40x40m. h. 80 x 80 m. 110 20 80 m
 E————————r ————
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Visible  Reflective Infrared Thermal Infrared

04-07 07-3 3.14
4 > 4
Photographic 8- 14
Infrared Mid-Infrared - >
0.7-13 3-3 1.5
g B | .3 i
o | ()55
E Absorption
-
& 0 a , I S | .
. 01 0.2 03 04 06 08 | 1.5 2 3 4 56 8§ 101215 20 30

Wavelength in Micrometers, um

Spectral Resolution: Number and location of spectral bands

AIT, Thailand 26 October 2017 14



Panchromatic Multispectral Hyperspectral

/)]

1 Band Several Bands Hundreds of Bands

Spectral Resolution: Number and location of spectral bands

AIT, Thailand 26 October 2017 15



8 bits 11 bits

l l

1 2 3 | 4|5 |6 7 8 9 10 | 11 | Number of bits

2 4 8 16 | 32 | 64 | 128 | 256 | 512 | 1024 | 204 Maximum
8 Values R

Radiometric Resolution: Sensitivity of the RS system

TR - Sl
AIT, Thailand 26 October 2017 16



Temporal Resolution
!

* Time required to revisit the |
exact location |

* The time factor in imaging 1s
important when

* Persistent clouds offer limited Example:
clear views of the earth’s NOAA AVHRR: <1
surface (often in the tropics). day

* Short-lived phenomena (floods, MODIS: L-2:days

oil slicks, etc.) need to be QuickBird: 1-3.5 days
imaged. TKONOS: 16 days

*  Multi-temporal comparisons et b
are required (e.g., the spread of RADARSAT: 24 days
a forest disease from one year SPOTS5: 26 days
to the next).

AIT, Thailand 26 October 2017 17



Remotely Sensed Data Types

Region of EMR

* Optical Remote Sensing (Passive)
* Visible, NIR and SWIR
& Reflcctediencton:

* High spatial and temporal resolution
* Common applications

* Land use cover classification

* Crop inventories

* Mineral exploration
* Monitoring and modeling: vegetation, urban, hydrology,
geology

* Common Sensors

* Landsat, Theos, Aster, Quickbird, Ikonos, Worldview, IRS

TS — T ——
AIT, Thailand 26 October 2017 18




Remotely Sensed Data Types

Region of EMR

* Optical Remote Sensing (Active)
&R
* Green and NIR
& Onellioht

pulse=several returns

* Common Applications getitas
* Digital Elevation

Models
* Agriculture and

forestry
* Shoreline mapping
* Urban utilities

ATT, Thailand 26 October 2017 19



AR 0 Wt ML S

Region of EMR

Remotely Sensed Data Types

* Thermal Remote Sensing

* Emitted energy

* Common Applications

. Forest fire

Urban Heat Island
* Active volcanos

* Military purposes

* Common Sensors

®: Laﬂdsat oSt Peters” ura

SN CEe

. "2 za¥. o
Damascus Hanoi

T
AIT, Thailand

e ——T
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Remotely Sensed Data Types

Region of EMR

* Can penetrate clouds, vegetation canopy, soil (few cm to m)
* Common applications NLex i s

[* Microwave Remote Sensing
| * Active (backscattering) & Passive (Emission)
* Generally low spatial resolution

& A 0
=

B S TR D 3 .,,A,‘_"“'
o

Sea and glacial ice monitoring
Ocean winds

Soil Moisture

Vegetation

Precipitation

Common sensors: Radars and Radiometers

e =
AIT, Thailand

26 October 2017




Defining Geographic Information Systems
(GIS)

* The common ground between information processing and the many fields

using spatial analysis techniques. (Tomlinson, 1972)

* A powertul set of #00ls for collecting, storing, retrieving, transforming, and
displaying spatial data from the real world. (Burroughs, 1986)

* A computerised database management system for the capture, storage,
retrieval, analysis and display of spatial (locationally defined) data.
(INCGIA, 1987)

* A decision support system involving the integration of spatially referenced data
in a problem solving environment. (Cowen, 1988)

ATT, Thailand 26 October 2017 22



Geographic Information System:
intuitive description

A map with a database behind it.

. . e SOl

A virtual representation of the real | T
. . ———_ |_and Use (Anderson Level II)
World and 1tS lﬂffastructufﬁ. e Digital Elevation Models

% Digital Raster Graphics
A consistent “as-built” of the real DIl Line arepiie
world, natural and manmade = - Hypsography

- Transpaortation

- Roads

Which i1s Lﬁ/ - Railroads

- Airports
. . . . ’ > P. & T N ™ L'
gueried tO SUDPOLt on:going opérations B o on e
- Municipal/County/State

summariged to support strategic decision —IMEFEy gy -Reluges & Parks

making and policy formulation 2

analyzed to support scentific inguiry

P T ———— ——
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Map: Basic Elements

A map portrays 3 kinds of information about geographic features:

v Location and extent of the feature

v Attributes (characteristics) of the feature

v Relationship of the feature to other features
Elements:

v Title

4 Legend

v Names of Feature

v Directional Indicator

v Scale

v Map Grid

ATT, Thailand 26 October 2017 24



FOVERTY

) MAPFING Map 2.3: Global population density estimates, 2018

FGAOD Module 2: Population

Persons per square kilometre

o B 10-20 B 200 - 500
([ Jo.2 B 0-% B 500- 1000
Ca-s [ 51100 B > 1000
[ds-0 B 100- 200

Rofervoce FAD 2005 Mappryg phind wihan s rursl pupeieion Sl buorn’ by M Sabvatorn # Paos € Aaven B Hoddhoion A M Bune Envrrrrentsl and Netewl Resooroes Werking Pager o 24 Roew

Tha mup ves grivted Hom the DVD nalted 0 “Food msecuty, Povorty and Evwesrrmert Giodal GIS Owiohase OVO and Afs lor 1he Yaor 20007, Eavecommn e and Nutural Rosources Werting Paper Mo 26 FAO, Pusre 2006
Ther rogs sptut repversert sbases, erphoped 00 B mwg () el gy The wrgrammmsn f vy (Pren adlscen ot (n Ihe per! o FAD coevamrng B M e of avy e by by dr oF Be aeBurten of comimeeg B fedesiatn of B bt s
Ploase 1w the Al FAD dacimet i e abows documants. OrAD A CaN
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Northbound
Railroad to

Chi

Pathum Thani

iang Mai
Nakhon Ratchasima
Nong Khai

Ubon Ratchathani

Lam Lukka

i 7

The System

Map of

Bangkok Rail Transit Networ

LINES DESTINATIONS
SZ BTS - “Skytrain”
Light green sssss== Phran Nok - Samut Prakan
Dark green e Saphan Mai - Bang Wa
<E> MRT - “Metro” (D)

Last Update: 3™ January 2005
ﬂ Park & ride station
City airport terminal
[ Provincial bus terminal
Bl Connection with the State Raiiway

[FlRang sit o 5
Blup === City loop with Tha Phra - Bang Khae EConnuction with the Chao Phraya Express Boat
Muang Ek I Royal Thai Air Force Academy Purple === Bang Yai - Rat Burana @@ Connection with the Bus Rapid Transit (BRT)
I B Don Muang o L Bhumibol Hospital Orange == Bang Kapi - Bang Bamru A& Landmark within walking distance
04. 43‘6 Yellow Lat Phrao — Sri Nagarindra CO Interchange station(s)
4600 /;/ zla 700 Q'oo Py Thung Song Hong » e Saphan Mai SRT Projects © Proposed station reserved for future development
", 2, e S
8 %o fo "’o % % 19 Pk Kot via Th. Chaang Watthans CILIELENS ISP 1o M Dt v T R bors Red e Rang Sit - Maha Chal Connection with provincial bus terminal
. % R T 0 S Lak Si » 5 » Bang Khen
04 9, 0‘_ »9. 4% 4‘)_ %, '/4’ § Pink s Taling Chan — Suvarnabhumi Airport Transport Centres
R A g W R Chit Chon o Bang Bua Light Pink Makkasan — Suvarnabhumi 7 Makkasan
Th. Rettana Thitet 2 non-stop airport express -
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Southbound Thailand
Railroadto Cultural Centre s
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GIS Components

A Geographic Information System (GIS) links locational (spatial) and database (tabular) information and enables
a person to visualize patterns, relationships, and trends. This process gives an entirely new perspective to data
analysis that cannot be seen in a table or list format. The five components of a GIS are listed below.

SOFTWARE

QIS acltvare pecnides the functiors and Kok
users neod o siore, analre, od dsplay

HARDWARE st DATA

Cnu of tha mast irpartent component of GIS

The harcaes 15 e compuier and P
porphamd  or which Te GI5 operates, Todsy, ~ g:;::::'m i e il s absobtoly wsenial Sul data be
IR SO DO A A E200 COMPUN RENMC Muning + Netwoek Software acourale. The f2llowng aw dffosont dala hypod
1 UNEX o Window s NT cpanating Systoms ) + Veator Data
a desiop PC, or an Aggle Macnien The i -‘»-‘. + Rastor Data | 1
COMPUDT My DDGMe In ksolation or ina - - v « tmage Onta |

v « AEritute Ounis

PEOPLE METHODS

385 hechno logry & chearty of mtled valus without Mothods sre wil| desgyred plans mnd appl catcn-
PROOR B0 ST [he sysien sl 10 csvwicn plans spechic Busivess rubis descrbey bow lechnslegy
101 appiying £ Users of GIS renge rom highly quallod © apptod. This ouces tha Sdomng

toghwical p0dakels 10 plarn 0, lorestons, and maket + Gridiolines

analysts o wae GIS W help with thel everydiay mork. + Speciiications




GIS System Architecture

Data Input
Query Input "1 Geographic Database |<
Output: Display and | _ Transformation and
Reporting Analysis

AIT, Thailand 26 October 2017 28



GIS — Data Analysts

Basically, GIS software can answer 2 types of questions about our world :
1. Spatial Query: What countries border with Bhutan?
2. Attribute Query: What are the countries having population more than 50

millions? <
“Welar .
wh v custo“‘e
How GIS Works: e
. . A ‘I\ - . gs
* Different type of information represented as "

separate map layers/themes

* FEach layer/theme is linked to descriptive
information

* Layer/themes are combined to make a map

ATT, Thailand 26 October 2017 29




GIS Data Model

Allows the geographic features in real world locations to be digitally represented and
stored in a database so that they can be abstractly presented in map (analog) form, and
can also be worked with and manipulated to address some problem

GIS World Model

Imagery

The Real World

Elevation
Transportation

Addresses

Boundaries

Water Features

Survey Control

Your Data

T ————— e e e T r——
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The GIS Data Model: Implementation

* Data 1s organized by layers, coverages or themes (synonomous concepts), with each layer

representing a common_feature.
 Layers are integrated using explicit location on the earth’s surface, #hus geographic location

15 the organizing principal.

T o I
AIT, Thailand 26 October 2017 31
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Spatial and Attribute Data

*  Spatial data (where)
* specities location
* stored in a shape file, geodatabase or similar geographic file }
* Attribute (descriptive) data (what, how much, when) |
* specifies characteristics at that location, natural or human-created
* stored in a data base fable

* GIS systems traditionally maintain spatial and attribute data separately, then

“join” them for display or analysis

ewebesvumed Ay Mg - Ars Views 3 =10 xi
R
B A dear s o et jedygen : » FdHS Wl v - 11T -| T4y L

@ e e

, _
o bR L o3 o : *E s !
Iy AN ) Vi N, ' . ne fob v
¥ 10808 oed 1 8 ! Y Lrww Lo s
52 RN N . Y
5 - e . e 0 B L) 5 -t
Vg M X 4 " Lty ol
-
: d -

Pecot sl of oD w-r:o e t‘em‘:. g.”..l

2704244 111067711 Feet
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Features linked to data

;
£ « X X
gy Wy ’ p Each feature is linked
*
' .
* o to an entry in a data
* L & . .
N . o : . ! table containing
' ' . .
{ o3 K, information about
*, o
oe® the feature.
* % * *
* o ®
* *
- * PP
gl i =101 %
FID ape* | STATE_NAM| ABER| POP1990 POP2000 | POPI0 SOQMI|HOUSEHOLD| M~
k 0\Walpgon | Hawai HI 1108229 1184688 174
1|Polpgon | azhington WA 4366692 h335089 72
2|Palpgon  [Maontana AT 73908 885795 4]
3{Polpgon  |Maine ME 1227928 33
4| Palygon  |Marth Dakota (WD B33800 BA032
B{Palpgon  |South Dakota  |SD BI6004 734993
E|Polpgon  |'Wyaoming WY 453R83 479673 ]
7 Palygon  |Wizconsin Wl 4351769 R27TEa3 ar
8| Polpgon  |Idaha I 1006749 1273309 12

4
Recond: ﬂllll 1 _I*Iﬂl Shnw:l Al Selectedl Recordz [3 out of 51 Selected.]

RIS

AIT, Thailand
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GIS Data Model:

s ..
&

Vector and Raster

Raster Representation

01 2 3 4 5 i

7

Vector Representation

O OO 1 & O1T B WO - O

R |T
R T
H R
R
R [R
R
R RS H
R et iR
R
R

AIT, Thailand
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Vector File Formats: Shapetiles

|
Shp - The main file that stores the
|

£ ArcCatalog - ArcInfo - Z:\nr143\al

feature geometry.

File Edit View Go Geoprocessing Customize Windows Help

flee B0 x BEEEQEBBE P2,

Location: 7or 14 3\eh9 ME .ShX - The index file that stores the
= =
FE R §
2 index of the feature geometry.
Catalog Tree # X | Conterts |F‘review | Descrip’[ion| d Q e ¢ g o y
£ lab® - N T
B B 12b9 ame ¥pe
napa.dbf Elnapa.dof dBASE Table .dbf - The dBASE table that stores
@ napa_ne.sid ﬁnapa_ne.yd Raster Dataset
& parcel_clipshp & parcel_clip.shp Shapefile the attribute information of features.
= rds_napa.shp s Brds_napa.shp apefile
. EI schools_xy.dbf EZschools_xy.dbf dBASE Table
tmp g o .
3 VCGLmdb = There is a one-to-one relationship
Export_Output.dbf 5
(& rich trails Buffer.shp between geometry and attributes,

which 1s based on record numbet.
Attribute records in the dBASE file

: : : must be in the same order as records
|| parcel_clip.dbf 11/9/200912:54 PM  DBF File 160 KB ; ,
|| parcel_clip.sbn 11/9/200912:54 PM  SBN File 96 KB in the main file.
|| parcel_clip.sbx 11/9/200912:54 PM  SBX File 5KB
|| parcel_clip.shp 11,/9/2009 12:54 PM  SHP File 4,257 KB .Sbn and .SbX _'The files that store
|| parcel_clip.shp.xml 11/9/2009 12:54 PM - XML file 8 KE A Y AARME:
I parcel chip he 11/9/200912:54 PM  SHX File 76 KB the spatial index ot the teatures.
T —————— e s e e o —— P - I
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Raster File Formats

. — proprietary and metadataless raster formats

used by
. — variant enriched with GIS relevant metadata .
. — Open-source raster format. A compressed format, allows

both lossy and lossless compression..

e -CF — netCDF file format with for earth
science data. Binary storage in open format with optional compression.
Allows for direct web-access of subsets/aggregations of maps
through protocol.
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https://en.wikipedia.org/wiki/Esri_grid
https://en.wikipedia.org/wiki/Binary_data
https://en.wikipedia.org/wiki/ASCII
https://en.wikipedia.org/wiki/Esri
https://en.wikipedia.org/wiki/GeoTIFF
https://en.wikipedia.org/wiki/TIFF
https://en.wikipedia.org/wiki/JPEG2000
https://en.wikipedia.org/wiki/NetCDF
https://en.wikipedia.org/wiki/Climate_and_Forecast_Metadata_Conventions
https://en.wikipedia.org/wiki/OPeNDAP

Other Data formats

« Tabular data: data table (often non-spatial) that can be
used in a GIS

* Spreadsheet
e Dbase database file -- .dbf

« Map document: a project file—it stores your map layout
and preferences in ArcGIS....but not the datal

ATT, Thailand 26 October 2017 38



Scale

* Translation factor between one unit on the map and

same unit in the real world
* map units: ground units (ratio)
* 1:10,000 means that 1 inch equals 10,000 inches in real
world

e Scale 1s 2 dimensionless number

i “1115531 (5 ~| 1 foot is 1.98 million feet in real world

ATT, Thailand 26 October 2017 39



Standard

O

ar: 2 |
BH&E 4 RBY|0 o iz o[ &K

Large vs. Small Scale

(G

7 ||\I"-.b w
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[ il "L
o .#/# 1
& 3@:‘1!{5". ’.
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Coordinate Systems

All spatial data is in a coordinate system

Often loosely, but incorrectly, called a map projection

Coordinate System consists of two main things:
o Datum: normally WGS84 or NAD 27 or NAD 83

* The same location may have different coordinates just because of datum

o Projection

* The transformation by which 3D lat/long is converted to 2D X/Y Cartesian values
O parameters normally required to describe the exact nature of the projection
o Projected Coordinates must be in some measurement unit: usually feet or meters

* A “geographic projection” uses lat/long values as X/Y Cartesian coordinates (not
recommended)

Thus, for any a spatial data set, knowing simply the name of the
projection 1s zof sutficient. Must also know:

o Datum
o Parameter(s)

o0 Measurement units

AIT, Thailand 26 October 2017
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What Can GI Technologies
Do for Flood Management

AIT, Thailand 26 October 2017 42



GI technologies 1n Flood
Management

A. Detivation of flood extent and depth! (Flood mapping
and monitoring)

B. Subsequent products:
A. Evacuation route
B. TIdentifying flood shelter (refuge locations)
(. Vulnerability/ Damage Assessment
D. Risk Mapping

ATT, Thailand 26 October 2017 43



A. Flood Mapping

* Optical Remote Sensing
* Using spectral signatures: dry and wet areas have different spectral signatures:
water absorbed at higher wavelengths
* Using indices: Normalized Difference Water Index

Band 4 Band 7
80
""""" ASPHALT
7ol CLEAR RIVER WATER
----- TURBID RIVER WATER
—— VEGETATION
60l — — SILTY CLAY SOIL .
— — MUCK SOIL Vegetation
=
&) -—"
. . \. . —— .
5 sor L W e
= .
Q
M 4o}l
=
=
& 30
E Turbid
= 20 water
=
oy P
10§/, | — —
" i ’
s --l-l'za_‘,./ . —\
0 o L 7evesas EUNNENS | ] | | | 1 1 | J
0.4 0.6 08 1 12 14 16 18 20 22 24 26
WAVELENGTH (micrometers)
W Asphalt P
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Landsat5 TM Image Subset ey g Landsat5 TM Image Subset
Path 23, Row 34 . O < ca Path 23, Row 34
Acquired: 14 October 2010 A7, Acquired: 10 May 2011

http://eijournal.com/print/articles/on-the-cutting-edge-of-emergency-management
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A. Flood Mapping

* Optical Remote Sensing

Spectral Resolution-allows the Satellite revisit time

| use of bands and spectral
. signatures to classify flooded

pixels
Free or low cost imagery Cannot detect under cloud
and canopy condition
T — " Sl
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A. Flood Mapping

* Microwave Remote Sensing

* Using surface roughness:
*  Water: smooth surface --> specular reflection -- > low reflection to radar sensor
* Land: rough surface --> diffuse indirect reflection --> sharp edge reflection -->
double bounce effect

* Using backscatter values: Flooded areas have low backscatter values

Change Detection - - > Thresholding on intensity difference
6" November 2010

31st Octoer 2008

LAt

https:/ /tisknctisis.files.wordpress.com/2015/06/
AIT, Thailand 26 October 2017



A. Flood Mapping

* Microwave Remote Sensing

Can Penetrate cloud and Expensive and high end
canopy cover processing

Day and night measurements Long revisit time
(own energy source)

T o e e
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B. Subsequent products:
Vulnerability assessment: Extent

Building footprint Hazard footprint

Elements at risk: Hazard: Exsted Not exposed

. GIS map overlay L__I l

———CeCr——" T e e P ey TS —————
AIT, Thailand 26 October 2017 49



B. Subsequent products: Flood

level calculation

Flood extent |
Where flood extent edges

and DEM intersect, the flood
(water) level is known

Digital Elevation Model

" - e r—
AIT, Thailand 26 October 2017 50



B. Subsequent products: Flood Shelter Analysis

|
% Step-1(Input Datasets) Image modified from: Uddin et al. 2013 | |
363 Elevation Land cover Settlement Road Historical Flood Extent

T 4 4

Step 2 (Derive Datasets) |
Find Slope Find Density Distance to flood extent

(flood prone area)
A €
! -

Step-3 (Reclassify the datasets) i

. i

Reclassify Reclassify Reclassify  Reclassify Reclassify Reclassify pixels in images |

to a common scale (1 to 8)
1 = most flood potential

. N
Step-4 (Weight and combination of Datasets) 8 = least flood pOtentlaI

Images are then combined.
Images can be given weights by
percentage of influence

o ] Jarticle.sapub.ore /10,5923 1.ajeis.201 30201.01 .html ' T ————————
AIT, Thailand PRy Org/ )-8t 26 October 2017 51



B. Subsequent products: Flood

evacuation route

Evacuation

. Route
/zlund Extent/ I

/Ruad Map/ - lood
00

/ DEM

ATT, Thailand

26 October 2017
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Risk = probability of losses =

Hazard *| Vulnerability [% Elements-at-risk‘

Temporal probability * Degree of loss of a specific |9 | Quantification of exposed
of hazard scenario, annual type of elements-at-risk Elements-at-risk (e.g. nr.

probability = 1/Return given the intensity of a given people/ buildings,
period hazard scenario monetary value)

« Hazard Type (e.g. debris * Focus is here on physical "+ Type of elements-at-risk
flow, flash flood, river vulnerability. (e.g. people, building type,
flood) g - Weakes type of infrastructure).

» Other characteristics @ Sronger » Temporal variation of
(Duration, onset time, § elements-at-risk (e.g.
hazard interaction etc.) 3 population scenarios)

* Hazard intensity: spatial - » Spatial location (e.g.
distribution of damaging s e points, lines, polygons)
effects Hazgrd Intensity

Exposure
Spatial overlay of hazard footprints and €«
elements-at-risk locations

ATT, Thailand 26 October 2017 53



Issues ot GI technologies in Flood
Management?

* Not accurate as gauges

* Measurements do not occur as often (limited by satellite

revisit time)

* Dependency on DEM

ATT, Thailand 26 October 2017 54



Fhanle You

. Questions

&
Comments

AIT, Thailand
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Digital Elevation Model

* the term digital elevation model or DEM is frequently used to refer to any digital
representation of a topographic surface

* however, most often it 1s used to refer specifically to a raster or regular grid of

spot heights

* the resolution, or the distance between adjacent grid points, is a critical parameter

* the best resolution commonly available is 30 m, with a vertical resolution of 1 m

* coverages of the entire globe, including the ocean floor, can be obtained at
various resolutions
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Creation of DEMs

* Conversion of contour lines/ Topographic Maps

* Photogrammetry

* Satellite Stereo

* Radar Stereo
* Radar Inferometry

* Laser Altimetry

AIT, Thailand 26 October 2017 58



Maps

ion ot Topographic

Convers

59
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Photogrammetry

s
«

I 3
i

o
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Sl Cuthoard Antenna
S 4

]
Reflected radar signals collected at two antennas,

providing two sets of radar signals separated by
a distance.

Uses phase difference in two radar signals to measure elevation differences

AIT, Thailand
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Laser Altimetry

L LASER ALTIMETRY:
[ METEOR CRATER, AZ

REL. TOPOGRAPHY (meters)

o 2 lasaal 1 1 1 L aal 1 4 Lasaald aandan 1 " sk L ] (] L] 1 k'l
4000 4100 4200 4300 4400 4500 4600 4700 4800 4900 5000 5100 $200 5300 5400 5500 5600 5700 5800 5900 6000 610 6200 6300 6400 6500
HORIZ. DISTANCE (meters)

Fly laser over area, and time reflection of laser.
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Global DEMs

GTOPO30

° Aster

Shuttle Mapping Program
IKONOS

ATT, Thailand 26 October 2017 65



Available Resolutions of DEM |

|
|
|
|
|
| N Ok
-_- ‘
|
|
|
|

1:24,000 1 (arc-second) 30 m
1:100,000 2”7 60 m
1:250,000 3” 100 m
1:1,000,000 30” 1 km
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DEM Data Sources

* Shuttle Radar Topography Mission (SRTM)

30m DEMs from 1:24,000 scale map

1” National Elevation Dataset

3" (100m) DEMs from 1:250,000 scale maps
30" DEM of the earth (GTOPO30)

T e
ATT, Thailand

26 October 2017
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The CGIAR Consortium for Spatial Information (CGIAR-C5I)

'.¢' N )

S L - - o P

R R Rt
Applying GeoSpatial Science

: for a Sustainable Future...
PCGIAR-CSI

SRTM Data Selection Options @ chinese users : 1 EH
1. Select Server: ® CGIAR-CSI (USA) HarvestChoice (USA) JRC (M) King's College (UK) TelaScience (USA)
2. Data selection method: &' lMultiple Selection Enable Mouse Drag Input Coordinates

Many tiles can be selected at random locations. These selected tiles are listed in the results page for download.

Decimal Degrees (ie 34.5, -100.5) ®  Degrees: Minutes: Seconds (ie 34 30 00 N, 100 30 00 W )

Longitude - min: :l max: I:] Longitude - min: | | [ I | | [East VI max: I I | | I I IEast '|
Latitude - min: l:l max: I:l Latitude - min: | | [ I | | INortt 'I max: I I | | I l |Norﬂ '|

Longitute: 177.43  Latitude: 1554  TileX: 72 Tile Y: 9 [ Mark area | [ Clear Area |
3. Select File Format: ®) GeoTiff ' Arcinfo ASCII Click here to Begin Search »=
1 | % | L | ,
2| AN { | A -
3
4 X e A
s T | c N O - : " .
6 v —_— 2 3 L ] =
7 & & twdd, . N ’o‘
8 re B e o ¥
: S !
10 ' S )2 7 ]
11 v i
12 . x s s
13 o v o Y
14 \ g aeRP| .
15 . F . '* =
16 F - A ] e
17 thii [ N
18 g :
19 1
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Mt Kilimanjaro, Tanzania

o

.y

Bl h vy v
B St A, o

http://srtm.usgs.gov/srtmimagegallery/index.html
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Shuttle Radar Topography Mission

1 arc-second elevation data and

3 arc-second data for the globe

Produced by radar measurements from a Shuttle mission, Feb 11-22, 2000

R AT Ty e s o S e
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Interferometry used by SRTM

In interferometry, two images are taken from different vantage points of the same area.
The slight difference in the two images allows scientists to determine the height of the surface.

wﬁ_"___'_""""_“’ AL " - e Shmec e e "'—"'__E'——“w——"-—-"-m
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SRTM DEM
.

Projection Geographic
Horizontal Datum WGS84
. Vertical Datum EGMO96 (Earth Gravitational Model 1996) .
Vertical Units Meters
Spatial Resolution 1 arc-second for global coverage (~30 meters)
3 arc-seconds for global coverage (~90 meters)
Raster Size 1 degree tiles
C-band Wavelength 5.6 cm

B T E———
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30m Cell Size 90m

4

AIT, Thailand 26 October 2017 73



30" DEM GTOPO30

Produced by USGS from 3" grids and Digital Chart of
the World topography

Coverage complete for the earth

* Projected cell size i1s 1km

Data must be projected before use

http://edcwww.ct.usgs.gov/landdaac/gtopo30/gtopo30.html
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http://edcwww.cr.usgs.gov/landdaac/gtopo30/gtopo30.html

GTOPO30

* Resolution:

30-second (~1 km)

o Coverage:

50 deg lat x 40 deg long

® Vertical Accuracy:

90 m

T ———— T

AIT, Thailand

26 October 2017
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ASTER DEM

Advanced Spaceborne Thermal Emission and Reflection Radiometer, Off-Nadir pointing allows
DEM, First international DEM of decent quality available, Must request generation of DEM
(slow turnaround) but FREE!
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Aster DEM

¢ CTOROSD ASTER
2 .
(1 km?/pixel) (30 m?/pixel)

AIT, Thailand 26 October 2017 STl



® sbect
* Contour

Hillshade

* Slope
Viewshed
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Aspect

Downslope direction of the maximum rate of change in value

|

3 : \

from each cell to its neighbors.
|
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Contouts

A contour line joins points of equal elevation above a given level (usually mean sea level)
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Hillshade

3D representation of the surface. with the sun's relative position
p > p

taken into account for shading the image.
: 27 Lot ? ';

’ ’/;:
"Ly
AT

i
.

AIT, Thailand
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A S T S

AIT, Thailand

Slope

Slope is defined by a plane tangent to a topographic surface, as

modelled by the DEM at a point
T, ,;f" N aﬂ_—

26 October 2017



Viewshed

What land is visible from the selected location?

T SO —— St
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Viewing DEM in 3D
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Fhanle You

. Questions

&
Comments
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» Facing the Facts
» Climate Projections
» Key Challenges

o Uncertainties in Climate Change
Studies

o Climate Change impact on Design
discharge

* Risks and Opportunities
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Facing the Facts




R -
PCTCN  Facin ¢ the facts # AIT

Changes in temperatures (1980-2012)

GIobaIIy averaged combmed Iand and ocean surface temperature anomaly  According to WMO,

. 14 of the 15 hottest
M ' years on record
o have occurred since
o e | 2000
~ 04t L A \ | ’ -
~06r 1ok |« 2015 hottest since
08 o 1 1850, exceeding
w0 0 0 2000 previous record by

Year 0.1°C

Relative to the average over the period 1986 - 2005

Sources: Blunden and Aendt (2016), IPCC (2014),World Bank (2013) and WMO
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Precipitation

Changes in annual precipitation between 1901 and 2004
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Mean Sea Level
Globally averaged sea level change

O‘] I I I I I I I I I I I T T T T T T
Sea levels across the
0051 7 globe have risen in a
oL / ] way consistent with
Y the warming — since
005t M/'F i 1961 at an average
o~ of 1.8 mm per year,
-1 1 and since 1993 at 3.1
sl wﬁ | mm per year.
| - 1 1 | 1 I l I | | I I ! | I
1850 1900 Year 1950 2000 Merrifield et al., 2009:
(1993-2008] (3.5 = 0.4) mm/yr
Relative to the average over the period 1986 - 2005
IPCC 2007:
1199320031 (3.1 = 0.7) mm/yr
) ® 6

Source: [PCC (2014), World Bank (2013)
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Effect of increase in average temperature on extreme temperature

Increase in mean
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E Weather
O
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PCTCN Facing the facts

Catastrophes and extreme events

Is climate change affecting the frequency and intensity
of natural hazards?

1200

1000

800

600

200

1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012

B Geophysical events [ Meteorological events [l Hydrological events B Climatological events
(Earthquake, tsunami, (Storm) (Flood, mass (Extreme temperature,
volcanic eruption) mov ement) drought, forest fire)
° o 8

Source: Munich RE (2012)
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Record breaking meteorological events in the last decade

Region Meteorological record Confidence in Impact costs

breaking event attribution to climate
change

England and Wales Wettest autumn since Medium 2?3 £ 1.3 Billion 2

(2000) 17661

Europe (2003) Hottest summer in 500 High ¢ Death toll >70,000 7

years *

Pakistan (2010) Rainfall records 8 Low to medium °1° Worst flooding in its history;
3000 deaths; 20M people
affected !

Eastern Mediterranean Driest winter since 1902  High 2 Substantial damage to cereal

and Middle East production 13

(2008)

4 US states (TX, OK, Summer heat and High 14 Wildfires burning 3 M acres

NM, LA) (2011) drought since 1880 (preliminary

impact of $6 to $8 B) 1°
Source: World Bank (2012)

1 Alexander and Jones (2001) 2 Min et al. (2011) 2 Kay et al. (2011) “ Luterbacher (2004) ° Della-Marta et al. (2007); Stott et al. (2004) ©
Coumou et al. (in review); Hansen et al. (2012) 7 Robine et al. (2008) 8 Webster et al. (2011) ° Trenberth et al. (2012); ° Lau and Kim (2012); *
Hong et al. (2011); 2 Hoerling et al. (2012); 13 Ricardo et al. (2010); 4 Rupp et al. (2012); 1> NOAA (2011)

° ) 9
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Global projections: Temperature

5

1h]
@ IPCC SRES A1F]
@ very likely to exceed 4°C
2 4 Reference (close to SRES A1 E‘N
2 - likely to exceed 3°C
::‘: Py Current Pledges Effect of current
© F:g virtually certain to exceed 2°C; 50% chance above 3°C pledges
) 3
o2 Stabilization at 50% chance to exceed 2°C
nE} Z RCP3PD
"u'_.; 'g 0003 likely below 2°C; medium chance to exceed 1.5“(35%1‘
g B -

c
E e T |
n Q Global sudden stop to emissions in 2016 —__, == - - .
Qo 1+ likely below 1.5°C -———

©
© 3 Geophysical
% g intertia

0 s
© \ lllustrative low-emission scenario with negative COz emissions
o from upper half of literature range
g Historical observations n 2nd half of 215t Century
1900 1950 2000 2050 2100

Even with the current mitigation commitments and pledges fully implemented, there is a 20%

likelihood of exceeding 4°C by 2100. 5
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Source: World Bank (2012)

0% chance of temperature rise above 3°C by 2100.
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Local projections: Temperature

Impact on Maximum Temperature (Change in °C)

Early Mid Late Early Mid Late
Wangchu, Bhutan 0.5 1.0 1.9 0.6 0.9 1.4
Sikkim, India 0.4 0.8 1.4 0.4 0.7 1.0
Citarum, Indonesia 0.1 0.7 1.5 0.2 0.5 1.0
Nam Ou, Laos 0.5 1.6 3.5 0.5 1.4 1.9
Koshi, Nepal 0.8 2.2 4.2 0.9 1.8 2.6
Jhelum, Pakistan 0.2 0.6 1.0 0.3 0.5 0.8
Mun, Thailand 1.5 1.7 3.5 - - -
Bangkok, Thailand 0.3 0.7 1.2 0.3 0.5 0.9
Pak Phanang, Thailand 0.7 1.7 3.0 0.8 1.6 2.2

Maximum temperature is projected to increase in all the basins during three future
periods. The range of increase varies from 1.0 to 4.2°C under A2 scenario and from 0.8

to 2.6°C under B2 scenario in late century period.
CTCN
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Local projections: Temperature

Impact on Minimum Temperature (Change in °C)

Basin/Area, Country

Early

Early
Wangchu, Bhutan 0.4
Sikkim, India 0.4
Nam Ou, Laos 0.5
Bagmati, Nepal 0.6
Koshi, Nepal 0.8
Jhelum, Pakistan 0.1
Mun, Thailand 0.9
Bangkok, Thailand 0.3
Pak Phanang, Thailand 1.3

Mid
1.1
0.9
1.6
2.1
2.2
0.4
2.1
0.8
2.5

Late

1.2
1.6
3.5
3.0
4.2
0.7
3.1
1.6
4.2

0.5
0.4
0.5
0.6
0.9
0.1
0.4
1.3

Mid Late
0.9 1.4
0.7 1.1
1.3 1.9
2.0 2.3
1.9 2.6
0.3 0.4
0.6 1.1
2.3 3.2

The range of increase in Tmin varies from 0.7 to 4.2°C under A2 scenario and from
0.4 to 2.6 °C under B2 scenario in late century period.

@CTCN
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(a) GCM mean 1971-2000

recipitation in mm/yr

Global pro]ectlons Prec1E1tat1on

250 50010001 500 20003000 7546

(b) Precipitation change in %

[ - 1
-100 -70 -30 -10 10 30 70 100

increase from zero [
using model means

For RCP8.5, global
precipitation over land
increase in most of the
regions during 2070-2099
from period 1971-2000. The , v
relative increase of 99-111%, vy v S
is also projected in some

HadGEM2-ES

IPSL-CM5A-LR MIROC-ESM-CHEM
regions of Africa. e e P 1 ”,-)( i,
Differences exist in GCM ™ ¥ B - ,, ._
projections in direction as ¥ L ¢
well as magnitude of change. crfouesvem NOrESM1-M 4

— N
r— “% e
: = Pl
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Local projections: Precipitation
Impact on Precipitation (% change)

Basin/Area, Country

Early Mid Late Early Mid Late
Wangchu, Bhutan 3.5 9.8 18.7 1.0 1.0 6.0
Sikkim, India -5.9 -7.4 -14.6 -9.2 9.1 -11.4
Citarum, Indonesia 23.0 55.0 88.0 27.0 36.0 46.0
Tamakoshi, Nepal 6.0 15.0 25.0 6.0 13.0 19.0
Koshi, Nepal 0.9 1.3 14.2 -0.1 3.3 4.0
Indus, Pakistan - 14.0 3.0 - 37.0 8.0
Mun, Thailand 10.0 45.0 3.0 - - -
Bangkok, Thailand -2.0 -0.4 3.4 -0.3 -1.1 -1.8
Southern Vietham 0.4 1.0 1.6 0.4 1.0 1.4

Precipitation shows different directions of change in various basins. The range
varies from -14.6 to 88% change under A2 scenario and from -11.4 to 46%

change under B2 scenario for late 21C.
CTCN
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Global projections: Daily maximum temperature
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The frequency of 20-year return period temperature is expected to increase to once in every 1
to 6 years for SE Asia and 2 to 5 years at Global level during 2046-65.
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Global pro]ectlons Extreme prec1p1tat10n event
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Global projections: Change in runoff

-40 =20 -10 -5 =2 2 5 10 20 40

Projected change in annual runoff volume by the middle of the 21st century, relative to the
historical period 1900-1970. Color denotes percentage change (median value from 12 models).
Presence of color indicates that at least 8 of 12 models agreed on the direction (increase or
decrease) of runoff change under the IPCC "SRES A1B" emissions scenario

€ 0 CIS Source: Milly et al. (2008)
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Global projections: Flood frequency

90°N 1

30°N 4

0° 1

30°S 4

60°S 4
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Return period (years)

The 100-year return period flood is expected to occur with 5- to 25-year return period in 21st

Century in S and SE Asia for RCP8.5
CTCN

Source: Hirabayashi et al. (2013)
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PCTCN  Key Challenges

e Interpreting and using climate data at different scales in order to plan
the development of water resources more effectively

e Uncertainties in future climate projections

e Forecasting extreme events
e Past is not a good indicator of future
e Frequency, location, magnitude, duration of extremes may change
e Chance of extreme event is not the same from one year to next and

IS strongly related to large-scale climate drivers like ENSO

e Develop more accurate and reliable early warning systems

e Future local climate information (e.g. atlas)

e Translating the impacts to societal implications (vulnerability and
risks)

e Impacts are visible, suitable adaptation and mitigation measures are
required

e Science-policy dialogue

° o 2]



PCTCN
O Key Cha”enges
* Preparing and implementing the adaptation strategies for long term

and short term regional and local level impacts:
* more intensive precipitation events
* increased drought risk
* reduced access to water and food
» ecosystems shift in space and in species composition
« change in growing season for traditional crops
 Shifting balance because of changed water demand while
changed water supplies to simultaneously meet the needs of growing
communities, sensitive ecosystems, farmers, energy producers, and

manufacturers
« Lack of knowledge and capacity at different levels
» Lack of technology and infrastructure in developing countries

o Technology transfer
* How global and local communities can more meaningfully be brought
tegether? e 22

o~ 4 Asian Institute of Technology



http://www.eldis.org/go/topics/resource-guides/climate-change/key-issues/www.ipcc.ch/pdf/assessment-report/ar4/wg1/ar4-wg1-chapter10.pdf
http://www.epa.gov/climatechange/impacts-adaptation/water.html
http://www.epa.gov/climatechange/impacts-adaptation/water.html
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Uncertainties in Climate Change
Studies In Water Resources

o



LIMATE TECHNOLOGY CENTRE & NETWORK

Climate Change Impact on
Design Flood Discharge
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Risks and Opportunities
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Water security is about learning to live with an
acceptable level of water risk (OECD, 2013)

Possible effect
of climate change Acceptable risk

Managed zone

LUinmanaged zone

Probability

P

Flood magnitude, pollution, drought severity
Consequences, Costs Source: P (2012).



- Risks and Opportunltlecm‘/

e Abnormal weather becomes normal as a result of
adaptation
e Probability as a measure of the costs of adaptation:

e How high should be the protective dams be?
e Flexible flood protection

e Three crucial factors of risks and opportunities posed by
climate changes
e Climate variability,
e forecasting skills and
e responsiveness

e Climate protection

) °® 27
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Session 15:

Management of Flash Floods

Capacity Development Workshop:

“Flood Risk Assessment for Dungsuhmgr:hu Basin in Samdrupjhomkar District,
Bhutan *

30 October - 08 November 2017

Mukand S. Babel
Professor, Water Engineering and Management (WEM)

K Asian Institute of Technology (AIT), Thailand 4
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* Flash Flood Characteristics
* Flash Flood Risk Assessment
» Strategies for Flash Flood Management

o Structural measures to mitigate flash flood hazards
o Strategies for exposure
o Strategies to reduce vulnerability

o Requirements for a flash flood management in a legal and
institutional framework

 Local Level Activities

* Summary
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®@CTCN T
Deflnltl ons

‘A flood of short duration with a relatively high peak discharge’
(WMO)

‘A flood that rises and falls quite rapidly with little or no advance
warning, usually as the result of intense rainfall over a relatively
small area’” (Am. Met. Soc.)

In nutshell: A flash flood is, in short a sudden local flood of great
volume and short duration which follows within a few hours
(usually 6h) of heavy or excessive rainfall

Also, flash flood can occurs due to dam or levee failure, or sudden
release of water impounded by a landslide dam, ice jam in a river or
as a result of a glacier lake outburst (GLOF)



- How Flash Floods Generate’?

Flash floods caused by rainfall events due to hydro-meteorological
phenomenon and

* the amount and location of rainfall is an important factors
* hydrologic characteristics of ground surface also important

Heavy rain events of short period but

« with very high intensity

Flash floods are common in mountainous areas and desert regions

Flash floods are a potential threat in any area where the

* terrain is steep,
 surface runoff rates are high,
* streams flow occurs in constrained channels and severe convective rainfall

prevail
* Topography characteristics can be an indicator for areas
_susceptible to flash floods



— = AIT
C |CN
\;-/ Asian Institute of Technolog)

TECHNOLOGY CE E & NETWOR

Dangers of Flash Floods

 Flash floods occur in very short time from the triggering events
* Sudden rise in water levels and high flow velocities
 Carries large amount of debris

So that,

 Flash flood forecasting and early warning is important in terms of
flood management

« Current forecasting techniques may not able to forecast all types of
flash floods

» Forecasting capabilities and public awareness can help to improve
the flash flood warnings and reducing the risk

CLIMATE TECHNOLOGY CENTRE & NETWORK
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Flash Floods vs. Riverine Floods
T TR foods I Hashloods

* Slow water level rise
* Reaches peak flow within hours to

days
Features * Slow recession
*  Mostly coinciding with high base flow
levels

¢  Medium to long lag times

» Prolonged seasonal precipitation of
low to high intensity

Causes Seasonal snow and glacial melt
Associated :

Inundation
Problems

@CTCN

CLIMATE TECHNOLOGY CENTRE & NETWORK

Rapid water level rise

Reaches peak flow within minutes up to a
few hours

Rapid recession

Often dissipating quickly

Not necessarily related to base flow levels
Short lag times

Very high intensity
Rapid snow/glacial melt
Dam breaks

Often carry high sediment and debris loads
Very high hydraulic force and together with
erosive power

sian Institute of Technology
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Flash Floods vs. Riverine Floods
T Riverinefloods | Flashfloods

* Occasional, any time during

Frequency * Annually during rainy season —
* River plains and valleys

* River plains and valleys * Alluvial fans
Affected areas * Local to regional extent * Mostly local extent

« Large areas can be affected * Generally small to medium

areas
« With appropriate technology and  Very difficult to forecast
measures in place forecasting is easily ¢ Local information is very

Forecasting possible valuable

* Local information is less valuable * Hydro-meteorological

« Hydrologic forecasting is necessary forecasting is necessary

@CTCN
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Flash Flood Risk Assessment
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Hazard
* Flash flood magnitude which define by
the probability of occurrence Hazards
« The information can be translate to
Inundation maps showing depth of
Inundation and related velocities ' '
Exposure @
 Human activity and environment in the '
Exposure Vulnerability

hazard zone

» Food risk mitigation measures

Vulnerability

X The SUSCeptib”ity Of a region to ﬂOOd Flood risk characterization (WMOQO, 2006)
losses, defined via the geophysical,
economic and social attributes of a
kegion .
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Strategies for Flash Flood
Management
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Introduction

* Two types of measures : structural and non-structural
* Both complement each other

Barriers, barrages and dams

Floodrisk

reduction

River channel improvements

measures

Dikes, levees, embankments

Flood prote:ction and drainage projects

Flood abatement

Flood

Flood-proofing

exposure
reduction measures

{modify human

Floed ferecasting and warning

behaviour

Disaster preparedness, planning
response (incl. Evacuation)

Fublic awareness raising

Land use and planning control

Flood

Acquisition of flood land
And property relocation

vulnerability

Flood insurance

reduction
measures

Flash flood management measures (Parker, 2000)

Social secunty measures
(e.q. compensation)

structural

adaptions

Non-<structural
adaptions

AlIT
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@CTCN Mitigate hazard

 Directly reduce the magnitude of flash flood hazard
* Not always efficient or cost etfective
* Can enhance the flood problem by shifting or increasing the hazard in
other locations
 Structural measure that can be crucial in areas where flash floods
occur can be divided into four groups:
* Measures in the whole of the catchment: To delay the speed ot

surface run off and limit the erosion
* Terraced farm crops
* Construction of stone walls on the baulk
* Promotion of correct farming strategies and practices
» Stabilization of the beds of small streams via wooden or stone thresholds
* Reinforcing steep slopes
 Stabilizing the bottom and sides of drainage ditches



~ Mitigate Hazard (cont..)

* Regulating rivers and streams: To control the water regime

through limiting the slope of river and streambeds
» Barriers made of wood
» Stone or gabions
» Wooden or stone thresholds
» Various types of anti debris dams
» Dikes and embankments to protect buildings

« Shaping retention: To shaping retention to reduce immediate
flooding

> Retention reservoirs
» Dry reservoirs and polders
» Small dikes and dames raised from local materials

* River conservation: To prepare river valley for direct flood water
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* Flood forecasting considerations and Uncertainties

» To provide timely and accurate information and data for the development
of warnings to save lives and property

» Quantitative precipitation forecast (QPF) could be a possibility for flash
flood watch

» Numerical Weather Prediction Models (NWPM) = QPF

» Radar-based now-casting system

» Prediction by individuals by observing clouds in upper catchments

* End-to-end forecasting and warning systems

» Forecast should provide sufficient lead time

» Forecast should be sufficiently accurate to promote confidence

» End-to end forecast and response/ decision support system consists of :
1) Data collection and communication,
2) Meteorological and hydrologic forecasting and forecast product generation
3) Disseminating forecasts to users
4) Decision making and support
5) Action taken by users
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Strategies for Exposure (Cont..)

Flash flood warnings
» Informed through disaster management agencies
» Warning systems should be supported by response plan
» Should identity what assistance is required from emergency services
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S Asian Institute of Technology

* Organizational requirements
» Cooperation involving stakeholders are necessary
» Emergency services at the local level should cooperate with NHMS
» Use of mass media for warnings dissemination

Spat1a1 Planning
» Limiting the increase of flash flood exposures by limiting the flood damage
potentials
» Mechanisms to ensure cohesion between spatial management plans based
on administrative boundaries and FFMP based on catchments
» Land-use regulation controls new constructions in high flood risk regions

» Flood proofing at household level to reduce exposure 4
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Strategies for Vulnerability

 Participatory Planning
» Limiting danger to people’s lives and protect properties
» Requires planning of simple advisory and educational activities, carried
out systematically and over the course of years
» Plans at the local level should be initiated by self government, but the
planning should be conducted with the participation of all stakeholders

* Planning Preparation
Activity

Initial identification of the sites at risk Residents at risk, people running business, owners of
building, public agencies, communal sites

Establishment of local and greater Crisis response services, police, firefighters and greater
institutions institutions responsible for maintaining the river,
forecasting, warnings, etc.

Establishing the structure and principles = Deciding leader and group structure and the work
principles

Establishing methods of supplying Deciding how the local community will be informed on the
information result of work



Planning Processes

Establishing which areas are at risk, what kind of risk are taking place there

|dentification of danger aprdtiabis ataieh

Establishment of what has | Collecting information on past and present activities of various institutions
already been done in limiting flood damage in the area.

Describing what the plan hopes to achieve. This task leads to the
Establishing the goals establishment of main goals in limiting flood and what dangers floods
introduce for various spheres.

Establishing what paths could be taken to reach the set goal, what work

Defining the possible
- 1 should be carried out. Non-structural and structural measures should be
situations . . :
taken into consideration.
Developing an Planning the proposed order of activities, institutions responsible, possible

implementation plan sources of financing or sources to aid the realization of the plan.
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Strategies for Vulnerability (cont.)

* Challenges in community participation
» Passivity of local communities in addressing and solving their own
problems
» Areas whose development has been blocked or in poor regions

"g %’\ AI
Z r-

527 Asian Institute of Technology

* Raising Awareness and Preparedness
» Planning of awareness raising activities
* Activity target groups
* Topics
* Methods
» Local flooding signs which are showing the depth and extent of historical
event

 Flood insurance
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Legal and Institutional Framework

 Flash flood management needs to address several sectoral specific
areas of public law

* Laws and regulations:
* Define institutional roles and responsibilities
* Determine and protect rights and obligations
* Provide mechanisms for dispute management

 If implemented, framework must clarify:
* Responsibility of each level of administration
* The rights and obligations of individuals
* Required authority for various parts of the administration
 Liability issues if forecasts provided are inaccurate or warnings are
inappropriate
* Legal responsibility of government organizations when flash flood events
and warnings are missed and/or false alarms
* Judgement about the efficiency of putting into practice legal responsibility
L for NMHS and local government considering existing uncertainties.
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Local Level Activities
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Step 1: Evaluation of Community Readiness

e Jtis essential to confirm the condition of awareness

and preparedness of local community,
* prior to plan development activities

* Meetings devoted to flash flood matters,
distribution of surveys amongst the at risk residents

* Plan preparation should start with a flash flood
education program

* Convince the community by showing positive

examples
* the result of similar activities that have been achieved in
other locations make for good education material
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Step 2: Creating a Planning Team
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* Decision making competencies and approaches change
 according to local conditions and capabilities

* Team should consists of
* Jocal leaders,
* residents,
* representatives of various at risk populations,
 representatives of social organizations and
* specialists
* Avoid issues and conflicts which rise due to the
* different levels of education and knowledge,
* capacities,
* life experiences and
* personalities
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Step 3: Public Consultation
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* Itis important to give the local community access to
information on problems which directly involve them

* Community consultation include:
* Analysis of the local flood risk
* Proposed aims of the activities included in the plan and
priorities
* Analysis of the proposed solutions
 To ensure the participants influence on the decisions
made in the planning process,
 disseminating information about the planned activities
beforehand is a necessity
* Documents and materials which share with public

should be understandable to all and easily accessible,



Summary

Flash floods are, by their characteristics, difficult to manage
« by traditional flood management approaches

Reducing the hazard requires the best mix of structural measures and
non-structural measures

Forecasting and warning play an important role
« still a challenge at times to give accurate and timely forecast and warning
Information
Appropriate spatial planning can help to reduce exposures
« and lessen the magnitude of flash flood hazards

Participatory approaches enable local communities to be aware of
flash flood risks

« and this increases the efficiency of flash flood management
An appropriate legal and institutional framework is necessary to
develop a successful flood management plan.

 the role of local disaster management organizations important and should be
given appropriate powers and responsibilities both legally and institutionally
@
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« A river dike or levee is an earth embankment constructed
along river or coastline to protect adjacent land from flooding.
 Flood walls are concrete structures designed for urban
areas that have insufficient room for levees.

 Levees and flood walls are important components of flood
risk reduction for many flood prone areas

CTCN Bhutan 2017 Prof. Tawatchai Tingsanchali 2



Design Criteria on Management and
Maintenance of River Dike or Levee

Dry Side River Dry Side
Channel
Levee

; Levee
Toe of | Slope
Levee | \

15" Vegetation

| Drainage channel Free Zone
=5 River ==

Dike must be easily accessible underall circumstances and road on
dike crest must be usable

Angles of slopes should allow good grass cover

Surrounding elements such as buildings, tree, cable and pipes etc on
or in the dike be allowed only if they pose no problems

Water adg'acent to dike toe require provision to prevent musk-rats to

damage the dike
CTCN Bhutan 2017 Prof. Tawatchai Tingsanchali 3



Riverward Landward

‘——_.l____—q

Access Road

Design Flood
— Backslope

Maint. Road

Main Channel

Foreslope = 3:1 - 5:1
Backslope = 4:1 - 7:1

Typical Cross-section of River Dikes

CTCN Bhutan 2017 Prof. Tawatchai Tingsanchali
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Design Criteria for River Dike
or Levee

» Hydraulic boundary condition

* Soll investigation, pore pressure,
peizometric head

 Crest level/Free board
« Water tightness
* Resistance to erosion

* Slope stability with respect to
Internal erosion and sliding

CTCN Bhutan 2017 Prof. Tawatchai Tingsanchali



Hydraulic

Boundary
Condition

Design Ciriteria for
Crest level/Free
Board

Design water level
Wave attack

Wind set-up
Rapid drop Iin
water level after a
flood

Height of Dike = Design
water level (DHW)

+ required free board (w)

+Surplus height (z) design
for expected settlement of
dike in next 50 years

Design water level (DHW) =
max. high water level

Freeboard = at least 0.5 m

CTCN Bhutan 2017 Prof. Tawatchai Tingsanchali




a=DHW +w + 2z
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Fig. Determination of the construction height of a dike.
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Determinant High
Water Level DHW

Detailed Design of
River Dike

It is design water level
based on a design
return period such as
100 or 1000 years
depending on budget
and potential risk of
protected area.

In general, a design
return period of 100
years has been
adopted.

CTCN Bhutan 2017

Dike alignment
Dike profile

Clay covering on slopes
and crest

Resistance to erosion of
Inner slope and crest

Protection on outer slope

Drainage and filter
construction

Sheet pile walls, retaining
wall cofferdams and low
dike walls

Watertight screen (flow
cut-offs)

Prof. Tawatchai Tingsanchali 8




Dike Alignment

Dike Profile

Existing dike

be changed for dike
Improvement

For new dikes,
structure of subsoll
must be considered

clay or peat strata

and prone to
settlement are not
suitable for dike
construction due to
stability and
settlement

alignment should not

Areas with thick soft

highly compressible

Outer slope of 1:2 or
smaller is recommended
with hard protection

Inner slope of 1:3 or
smaller is recommended
for wider space to prevent
sand boil

If there iIs no access road
for dike inspection, a
minimum crest width of 4
m IS needed

To prevent rats nesting in
dike, open water along
dike toe should be
avoided. Use of stone
pitching or gabions can be
used for rat protection.

CTCN Bhutan 2017
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Soil investigation, pore pressure and
peizometric head

e Investigation of longitudinal profile of soil along
outer toe and along inner toe

e Cone penetration test and hand boring for
reconnaissance survey

e Well and pumping test and infiltration test
e Borings of undisturbed samples for lab test
e Determination of soil parameters

e Computing pore pressure, peizometric head by
ground water model using design values of
geometrical, soil and hydrological parameters

CTCN Bhutan 2017 Prof. Tawatchai Tingsanchali
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Water Tightness
Criteria

To prevent high pore water
pressure in dike and
seepage of water

Placing of clay layer on
outer slope and over
foreland and under dike

Clay layer of at least 1 m
thick with clay percentage
of 20%-35%

Clay should be put In
wedge shape for
Impermeability and stability

Upper clay layer should be
erosion resistant

Criteria for
Resistance to
Erosion of Inner Slope

Erosion due to flow
overtopping or rain over
crest and inner slope

Critical discharge:

0.1litre/s/m length for
dike with sandy soil with
poor grass cover

1 litre/s/m length for
dike with clayey soil and
good grass cover

10 litre/s/m length for
dike for clay revetment and
grass cover

CTCN Bhutan 2017
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Representative Cross-section of a Dike

CTCN Bhutan 2017 Prof. Tawatchai Tingsanchali 12



Criteria for Resistance to
Erosion of Outer Slope due
to Wave and Current
Attack

Design Criteria for
Internal Erosion and
Stability

Generally clay with good
grass cover Is sufficient

For heavy attack, hard
revetment such as
stones or asphalt is
required for safety
assurance up to dike
crest level

CTCN Bhutan 2017

Prof. Tawatcha

No heave of sealing layer
may occur within a zone of
5H measured from
Intersecting line of DHW
with inner slope

Mean vertical pore
pressure gradient may not
exceed 0.5 at intersection
of inner slope with mean
ground level

Mean vertical pore
pressure gradient may not
exceed 0.7 at a distance of
5 H from this intersection

T T mgsancnall 13



phreatic line

I e

Fig. 28. Groundwater flow near a river dike.

Sand-carrying boil with crater formation.

Sand Boll

sandbags

sandtight
filtercloth

///////////////4 /// //////

Fig. 52. Piping due to groundwater flows under a dike. Fig. Covering of a boil with a filter cloth with ballast.

Piping due to Groundwater Flow Under Dike Cover Sand Boil with

Filter Cloth and Ballast
CTCN Bhutan 2017 Prof. Tawatchai Tingsanchali 14



Clay Covering Slope
and Crest

Resistance to
Erosion of Inner
Slope and Crest

Covering clay should have
high cohesion and high
density.

For outer slope, typical low
permeability mixture is 20-
40% clay, 25-40% sand and
organic material < 3%

Min clay thickness for outer
slope should be 1 m for
water tightness and cracking

For inner slope, permea-
bility of cover should be
higher, clay content should
not exceed 25%

Clay should be fertile for
grass growing

CTCN Bhutan 2017
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Grass cover in clay subsoil
can resist flow velocity up
to 6 m/s for along time
period. If subsoil is sandy
clay, soil serious erosion
can occur within a short
period at velocity of 3 m/s

Apart from rainwater, wave
overtopping can erode
crest and inner slope.

Overtopping is not allowed
If inner slope and crest
covered by very sandy,
Inhomogeneous soil with
pOOr grass cover.

Usual brick or asphalt road
pavements on river dikes is
sufficient to protect erosion
of underlying earth body.

Tingsanchali

15



Protection on QOuter
Slope

Hard construction is applied
at locations to places where
grass cover is not sufficient
for protection such as river

current that directly hits the
dike.

Due to high cost, revetment is
done only below maximum
water level of 100 year return
period.

Various materials such as
stone, concrete, bituminous
mixture and geotextiles are
used in slope revetment.

It is necessary for the slope
revetment to follow the
settlement without damages

Drainages and
Filter

CTCN Bhutan 2017

-To prevent drainage blocking
caused by high groundwater
levels and seepage water.

-To achieve controlled outflow
of seepage so that soil
particles cannot be washed
out.

-Drainage is provided on the
iInner berm of the dike or on
the ground surface behind the
dike where water outflow
occurs.

-Drainage reduces pore water
pressure in the dike body and
the ground hence increases
dike stability.

Prof. Tawatchai T

ngsancnar
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Drainages and filter constructions (Toe or Slope
Drainage)

 Properties of filter materials follow Terzaghi equation

The classical Terzaghi’s criteria for granular filters
are expressed by the following two equations:

dysF ﬁ 4 or 5 dgsg (2)

where: disp = dys of the filter; diss = dis of the soil:
and dgss = dgs of the soil. (dy 1s defined as the par-
ticle size such that the soil contains x% by mass of
particles smaller than dy.)

CTCN Bhutan 2017 Prof. Tawatchai Tingsanchali
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Drainages and filter constructions (Toe or
Slope Drainage)

» Coarse sand, crushed stone sand, gravel
and crushed rubble are generally used for
drainage construction in river dikes.

« Geotextile sheet can be used to replace
lowest layer of a more layer filter.

CTCN Bhutan 2017 Prof. Tawatchai Tingsanchali 18



Sheet Pile Walls and
Retaining Walls

Seepage Flow
Cutoff (Water Tight Screen)

Sheet piles or retaining walls
can be used to reduce
space required for
construction of river dike that
satisfy safety criteria such as
based on water seepage.

They are normally used at
water retaining side of dike
to increase strength and
safety of river dike when
river level is highest or when
river level drops quickly.

To interrupt totally or
partially seepage flow so as
to prevent sand bolls or
piping

To decrease pore-water
pressure in the soil at the
Inner side, which has
favorable effect on stability
of inner slope

Watertight screen is
effective to cut-off seepage
flow in highly permeable
sand layer

CTCN Bhutan 2017
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Sheet Pile Walls and Retaining
Walls

Fig.1 Stabilization of an existing dyke

Pavement

Dyke

*Fig.2 Extension of the flood protection system height

CTCN Bhutan 2017 Prof. Tawatchai Tingsanchali 20



LEVEE IMPROVEMENTS

Cut-Off walls are proposed
to address seepage
concerns, where water
could move through sand
layers from river side to dry

e st e Side of land
land side levee river side

Levee fattening to address
slope stability - shallow
slides have been
experienced along the
River

wksol

L SRR

S S SEN ON S ] S 0 SR Y S 0 S ) S ] S— | S—

land side levee river side

21
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Watertight Screen (Flow Cutoff)
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Flow net for sand layer under a clay dike.
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Relation between size of a screen and groundwater flow.



CONCLUSION

« General design criteria of river dikes are given.

« Considerations on hydraulic boundary
conditions required for design of river dikes are
described including soll investigation, pore water
pressure and peizometric head.

« Detalled design of river dike, its cutoff core,
slopes, crest level, free board, outlets and filters
are provided.

« Water tightness, resistance to erosion and
stability of earth dikes are given.

CTCN Bhutan 2017 Prof. Tawatchai Tingsanchali 23
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EARTH EMBANKMENT DAM

\
¢ Inflow
|

-".. -Watershed
,l‘/ boundary
;'

.-';

_.r'
\ Inflow

Figure  Flan view of dawm and veservoiv

® An earth embankment is a dam made from
compacted soll to impound rain water runoff.
Embankment dams are made of earth or rock.

Height of earth embankment is vertical distance
from natural stream bed measured at downstream

toe of embankment to its top.
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TYPES OF EMBANKMENT
DAMS

Basically, there are two types :

1. Homogeneous embankment
IS composed of one kind of
material (excluding slope
protection) sufficiently
Impervious to provide
adequate water barrier and
slopes must be moderately flat
for stability and ease of
maintenance

2. Zoned embankment

contains central impervious
core, flanked by zones of more
pervious material, called
shells. Zoned embankment
requires internal drain (filter)
between impervious zone and
downstream shell and between
shell and foundation

HOMOGENEOUS
EMBANKMENT

In high embankment having
rapidly fluctuating reservoir
water levels for long periods,
excessive pore pressures and
seepage can be a problem.

If seepage is excessive, this
can lead to instability and
eventual failure of all or part
of downstream face.

CTCN Bhutan 2017 Prof. Tawdtchai [lngsanchali




HOMOGENEOUS EMBANKMENT DAM

Frooboard Erosion protection ?n':ffﬁt Tﬂdftt?
reeboar
(min. 3 1) \ | | /—Crestof dam
FSL TN T T T T s W TTTTTT .
ey T Wil
A comaces U, Dowmstean
s impervious fill iy, SIOPE < Embankment

Rinari Upstream o Wi, height
ipanan slope 3:1 o Natural ground By,
pipe U level i

,
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Stripped area —N Frost-free valve
Key trench

(min. 3 ft depth)
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Zoned Embankment Dam

SELECTION OF DAM _—Select _homogengous er_nbankment_ dam
If there is a lot of impervious material

TYPES nearby

Depends on availability of — -Select zoned embankment dam if there is

materials in nearby areas due to limited impervious core material and rock

high transportation cost Is available
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BASIC DESIGN CRITERIA
U.S. Corps of Engineers (1968)

1. Embankment slopes must be stable under all
construction and operating conditions, including
reservoir drawdown.

2. The embankment must not impose excessive stresses
on the foundation or abutments.

3. Seepage flow through the embankment, foundation
and abutments must be controlled so that piping,
sloughing, or removal of material by solution does not
occur. Seepage flow quantities may also be limited by
storage considerations.

4. Spillways, outlet capacities and freeboard must be
sufficient to prevent overtopping. Freeboard must
Include allowances for post construction embankment

and foundation settlements.
LTCN Bhutan 2017 Prof. Tawatchai Tingsanchali




DESIGN OF EMBANKMENT DAMS

Homogeneous dams should have flat slopes (1:3
upstream andl:2 downstream) to protect possible
Instability. A flatter upstream slope, required by all
earth dams, prevents slumping of saturated
upstream section below water level.

Water levels should not be allowed to fall or rise too
fast, especially if the embankment material is
Impermeable. This is because a rapid lowering of the
reservoir could lead to slumping of the upstream
face
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SOIL TYPES FOR EMBANKMENTS

Sands and clays, and their combinations are most |
suitable for earth dam. Silty soils are unsuitable due their
Inherent instability when wet and should not be used.

upstream shoulder does not require highly impermeable
clays as these could lead to undesirable uplift pressures
developing beneath this section of embankment.

Sandy clay soils are most suited for upstream section as
they compact well, reduced much seepage but do not
allow build up of high soil-water pressures.

Clays are not required in downstream shoulder as it is

essential to have free draining.
Avoid including silts in any section of embankment

Soil with a predominance of sand should not be used in
dam construction. Sandy soil can be used in downstream
shoulder but should not be used elsewhere

CTCN Bhutan 2017 Prof. Tawatchai Tingsanchali 8




CUTOFF TRENCH, CORE DEPTH AND THICKNESS

« Soils containing a significant percentage of clay are ideal for core.
« Cutoff in dam foundation will reduce seepage and improve stability.

« Cutoff material should be placed in layers of
- max. 50 to75 mm thick and 1-2 m wide for small dams
- 75 10150 mm thick and 2-4 m wide for larger dams.

« Cores and cutoffs are expensive in construction and should be
designed to minimum required according to full supply level FSL.

» Depths of cutoff should be to good foundation (solid rock or
Impermeable subsoil layer) or to at least 0.75 times height of
embankment.

CTCN Bhutan 2017 Prof. Tawatchai Tingsanchali




FREEBOARD

Freeboard (dry freeboard) for small dams should never be less than
0.5 m with 0.75 - 1.0 m preferred.

If wave action is significant, wet freeboard may be required.
Wet Freeboard H”’= 0.014 (F)°>

H” isin m, F = fetch length or longest distance in km, across
storage area (Throwback),

Overall freeboard height = wet freeboard, H” + dry freeboard

CTCN Bhutan 2017 Prof. Tawatchai Tingsanchali
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Crest Width of Embankment

* |n all cases, the embankment crest width
should be designed to allow the safe
passage of plant and equipment used in the
dam construction and should be no less
than 2 m wide.

 Alternatively for small dams > 5 m in height,
a standard crest width of 3 m can be
adopted or by using the formula:

e Cw(inm)=04H + 1
* where Cw is the crest width and H iIs the

utan rof. Tawatchai Tingsanchali 11

maximum height of the dam in meters.
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SEEPAGE FLOW LINE AND INTERNAL
DRAINAGE METHODS
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SETTLEMENT
ALLOWANCE

Embankment will always
settle a little after
construction. Finished crest
should be given a
settlement allowance that
raises it above its design
height at mid-point by
between 5 - 10 % and
tapering off to spillway and
valley sides.

ke CORE MIGHLY

CTCN Bhutan 2017

SEEPAGE
FILTERS

seepage ‘filter’ drains water to
lower phreatic surface
(seepage line) within
embankment to prevent water
from emerging from
downstream slope which an
cause slumping of material and
endanger whole structure.

Trenches dug into subsoill
beneath downstream face and
toe (3-5 m below), at time of
construction, and filled with
rock and gravel continued can
safely bring seepage lines
down to allow flow out from
beneath embankment.

“Prof. Tawatchai Tingsanchali 8




ESTIMATION OF STORAGE REQUIREMENT AND
CATCHMENT AREA

From contour map preferably scale 1:50,000, surface area and
volume of reservoir can be estimated at full supply and other levels.

Max. design reservoir capacity is directly related to catchment yield
multiplied by a design factor derived from history of other local dams.

A max. of 5 % of total water storage can be added as dead storage.

This storage will supply water for irrigation, livestock, domestic water,
losses to seepage, evaporation and dead storage.

Catchment area can be estimated from aerial photograph or large-
scale topo map. This is essential in calculation of catchment yield and
peak flood.

For both, hydrological data (mainly rainfall and runoff), topographical
factors and shape of catchment will be the main influences.
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CATCHMENT RUNOFF AND
RESERVOIR CAPACITY

o Catchment annual runoff Y
Y (m3)=Rrx A x 1,000

where Rr = runoff coeff.
(assumed 10-20%),

A = catchment area in km?

« Approximate reservoir

capacity
V (m3)=LTH’/6

« L=length of dam wall at full
supply level, T=longest
distance stralght upstream
from dam wall in m
(Throwback), H=max dam
height at FSL in m, 6=
factor (conservative), a
value between 6-4 can be
used.

RATIONAL METHOD
FOR FLOOD PEAKS

Estimate peak floods on
small catchments based
on catchment area and
assumed uniform rainfall
Intensity and runoff .

Most appropriate for
catchments under 15 km?
and requires knowledge
on catchment area & max
daily rainfall.

Other factors such as
topography (slope, etc),
shape of catchment and
vegetation cover may
also be considered.
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ESTIMATION OF PROBABLE MAX. FLOOD
(PMF) BY RATIONAL METHOD

1. Locate the dam or new site on
appropriate topographic map
(e.g. 1:50,000 scale) and draw
catchment boundary upstream
of the embankment centre-line.

2. Use planimeter to measure
catchment area, ‘A’, in km?2.

3. Measure ‘actual length, L', of
main river/stream, upstream of
the site and to the main river
source, in km.

4. Estimate bed elev. difference,
‘h’, in m, between dam site and
main stream at its source.

5. Determine time of concentration,
“Tc’, in hours

Tc = (0.87 L3/h)0.385

6. From rainfall data estimate mean
annual rainfall for catchment.
Using Fig. 6a, estimate 1-day
storm rainfall P, for return periods
1:20 to 1:25 year for smaller
catchments and 1:50 year for
larger ones.

. Derive storm depth ratio, ‘R’,
from Fig. 6b and using the Tc
determined earlier.

8. Calculate extreme height channel
slope in percent of [100 h/(1 000
m)] and estimate a runoff
coefficient, Cr for assumed return
period using Fig. 6¢.

9. If runoff is known to be excessive,

such as on bare, eroded slopes,

Cr can be increased by 20%

10. Determine PMF ,Qp, in m3/s,
Qp =0.278 AP R Cr/Tc

CTCN Bhutan 2017 Prof. Tawatchali
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Figure 6a - One day storm rainfall
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SPILLWAY DESIGN

Knowing PMF, Qp; spillway width
b can be calc. by

b= Qp /(1.7 D1
where b= min. width of spillway
D = depth of spillway at crest, s
normally 0.75-1.5 m for small

dams and comprises the total
freeboard.

ﬁ

*On catchments greater than 5-
8 km? and rivers of a flashy
nature, rock spillways are
virtually essential. A minimum
spillway width of 15 mat 1.5 m
freeboard for a dam on a
catchment of around 5 km? may
prove suitable

Table Guideline discharges and velocities for earth dam spillways

Type of surface Sand to sandy  Sandyloam  Sandyclay  Light clay Heavy Hard rock
loam to sandy loam clay gravel
clay loam friable rock
Max velocity (m/s) 0.30 0.60 0.75 1.00 1.25 1.50
Flow depth (m) at 0.15 0.30 0.50 0.60 0.75 1.50
spillway entrance
Discharge 0.05 0.20 0.35 0.60 1.00 2,50

(m*/s per m width)

Prof. Tawatchai Tingsanchali
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OUTLET WORKS QUANTITIES AND COST

ESTIMATE

*Spillway is the most Table ~ Quantities and costs of dam construction
Important outlet. It is a
concrete permanent [tem  Description Unit Quantity Rate Amount
structure located at a level |1 Steinvesigtion Sum
that allows overflow to 2 Engineer fees Sum
occur when necessary . 3 Movement charge Sum
Other outlet structures can | 7 . "= Hours
be pipes or boxes leading — :

Excavating cutoff/core m’

through the embankment |

highup onone endatfull |°®

SUpply level may prove 7 Embankment work m’
§
9

Backfilling m’

cheaper than a box inlet j
type overflow.

*The pipe exit end leads 0
flow to streambed
downstream usually stone _
pitched or lined with brick | Ote ..

Oor concrete. Subtotal

Contingencies @ x%

Training bank(s) m

Spi]lw;l}-' m’

Topsoil return m’

I Trimming/tidying Hours
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CONCLUSION

Embankment dams and their types are explained.
Design criteria and specific detailed design of
embankment and its components are provided including
estimation of earth work volume.

Seepage and internal drainage methods in embankment
as well as settlement allowance and seepage filter at
downstream toe are described.

Methods of estimating area and slope of catchment,
rainfall runoff and maximum probable flood (PMF) are
described. These computed data are used to estimate
dam height freeboard and reservoir capacity required to
accommodate the flood volume.

Design of other outlet components such as spillway or
outlet pipe are also given.
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Dams on pervious soil foundation

Uplift forces

-Uplift pressures under a concrete dam on a pervious
foundation are related to seepage through permeable
materials.

-Water percolating through pore spaces in the materials
is retarded by frictional resistance (same as water flowing
through a pipe)

-Uplift pressure on the dam can be decreased by increasing
the length of the path of percolation,
AP a L

-For small dams (h< 10 m) Lane’s weighted creep theory
can be used to determine uplift pressure:

Uplift is assumed to decrease linearly with the weighted
length: AP a Lw

Therefore the pressure drop/ weighted length can be
computed as follows:
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Pressure drop Total pressure drop

Weighted length  Total weighted length

Where weighted length = coeff x creep distance
Creep distance = actual distance x coefficient

Coeff =1 for vertical creep (slope > 45degree)
=1/3 for horizontal creep (slope<45 degree)

Uplift under dam can be reduced by increasing creep
distance using

a) apron at upstream or downstream end of dam

b) cutoff at upstream or downstream end of dam

/

dam s;c*ion

CTCN Bhutan 2017 Prof. Tawatchai Tingsanchali



Determine uplift force acting on the dam shown below
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Piping Analysis

For small dams on pervious foundation, there is seepage
flow through the foundation.

The pressure will drop from headwater to tailwater
along the contact line of the dam and foundation.

The rate of seepage increases with the increase of

the rate of pressure drop ot hydraulic gradient dh/dlI.

And such an increase would cause “boiling” of soil surface.
This phenomenon is called “piping”.

Q= KA (dh/dl) or Q varies with dh/dl
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Based on analysis of more than 200 dams on
pervious foundations, Lane (1935) suggested that:

If (Lwt/ AHt) > WCRmin—=> dam is safe from piping
(this is design of small dams).

Where Lwt = total weighted length
AH = total head drop
(Lwt/ AHt) = weighted creep ratio (WCR)
WCRmin depends on material
(see next table)

Minimum Weighted Creep Ration for Various Foundation

Materials

Material:

Very fine sand or silt ....... ...

Fine 8and o0 e SR
Medinm 8and oo ansans A
CORTD BRI B i s e amasins
Fine gravel .

Medium gravel —
Coarse gravel 1nc1ud1ng cobbles SRS oo
Boulders with some cobbles and gravel ... ..
POTE Gl v mmnnas i vnic s s
BIEATHT BN oo i A St
o ML N S TR R A
Very hard clay or hardpan ...... ... ... ...
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min. WCR.
Ratio
8.5
7.0
6.0
5.0
4.0
3.5
3.0
2.5
3.0
2.0
1.8
1.6


win8.1
Typewritten Text
(WCR)


Determine on what type of foundations, this dam would
be judged safe from piping. Also determine the uplift
force U acting on the dam.

,-Normal water surface
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-

/ . ,~TW.surface
#5 . . / U |
Upstream apron-<_ ﬁ T Yy Sy ; [ -
B . R L SRR S PR -~ T o
. Y. .- S e o Ty o] w
o w0 “]_ : R\ S MR _4_"‘ i 1
; il - | : Point. B 1
Cutoff ——==" 2 o . s P
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; ! | [
e s % PSS-S P M S >
| 1

wgighfpd ’07‘?9”7’ of pa/h = /545 + _3_‘32 + 3+3 +%9 +3+3

¢

s T2
hoad déep = 25-5: 2o’

wojghticrsop yalo = 12 : 36

z0

. 1he dam' wovld by safe frem piping on

7, f’i}’m gravel - havdpan fovndatier.
wid?

assume" cololf af A = ve3y small
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3 |
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Thank You
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US Army Corps

of Engineers
Hydrologic Engineering Center

HEC-RAS (4.1)

Hydrologic Engineering Center — River Analysis System

by
Nat Marjang, Ph.D.




Introduction

Hydrologic Engineering Center — River Analysis System

Developed by US Army Corps of Engineers (USACE)
The previous version : HEC-2

Freeware: Download at
http://www.hec.usace.army.mil/software/hec-
ras/downloads.aspx

HEC RAS



http://www.hec.usace.army.mil/software/hec-ras/downloads.aspx

Software Package:

HEC-RAS4.1.0 X

Graphical User Interface (GUI)
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Model Capability

One - Dimensional (1D) River Analysis

Steady Flow Water Surface Profile Computations
Unsteady Flow Routing

Hydraulic Design Features

Sediment Transport Computations

Water Quality Analysis

= Cross Section Data - Existing

Exit Edit Options Plot Help
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Applications:

Various Flow Analysis
Bridge, Culvert Modeling

Inline Structures :Dams, Weirs and Gates

Lateral Structures: Weirs, Spillways

Flood Management

eometry is newer than output.




Steady Flow Water Surface Profile Computations

Energy Equation

Z,+Y, +a, ==
Where:

elevation of the main channel inverts, m.
depth of water at cross sections, m.
average velocities (total discharge / total
flow area)

velocity weighting coefficients
gravitational acceleratlon

energy IOSS U h_“'““~—~-_E_r1ehr_g‘3{—G:rade Line

]
> T 4 TTe—al
TR S N TteeellL

\ A Water Surface ey
= :
0N 2 g

A J

% Y A

B A

Datum




Steady Flow Water Surface Profile Computations

Conveyance Calculation using Manning Equation

Q :%ARZBS:::JZ

K =2 AR?"

n N1 : N2
L} :

Q=KS/? (SI Unit)

A P1E A2 P2

discharge (m?/s) K.+ K.
manning’s coefficient

cross sectional / Flow area (m?)
hydraulic radius (m.) = A/P
fiction slope (m./m.)
conveyance

wetted perimeter (m.)




Steady Flow Water Surface Profile Computations

Manning’s n Values

Surface Best Good Fair Bad
Uncoated cast-iron pipe 0.012 0.013 0.014 0.015
Commercial wrought-iron pipe, galvanized 0.013 0.014 0.015 0.017
Cement mortar surfaces 0.011 0.012 0.013* 0.015
Concrete-lined channels 0.012 0.014* 0.016* 0.018
Canals and ditches:
Earth, straight and uniform 0.017 0.020 0.225* 0.025
Dredged earth channels 0.025 0.028 0.030 0.033
Earth bottom, rubble sides 0.028 0.030 0.033* 0.035
Natural Stream Channels:
1. Clean, straight bank, full stage, no
rifts or deep pools
. Same as #1, but some weeds and stones
. Winding, some pools and shoals, clean
. Same as #3, lower stages, more ineffective
slope and sections
. Same as #3, some weeds and stones
. Same as #4, stony sections
. Sluggish river reaches, rather weedy or
with very deep pools
. Very weedy reaches




Steady Flow Water Surface Profile Computations

Energy head loss
2 2
h,=LS, +C azv—z—alv
29 29

Where:

L = discharge weighted reach length
S, = representative friction slope between two sections
C = expansion or contraction loss coefficient

Coefficient of
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—eqqy DUS Exit Edit Options Plot Help
| WIS

Riwer: |Kh|ongYai ﬂ
Reach: |Kh|0ngYai1

Deszcription |

Del Row
r [ LoB | Channel |

Statlnn | Elevatlnn |3? |3? |3?
-33.514 77263 tanning's n VW alues ?
-27.386 7B.763 [ OB | Channel | ROR

-16.603 78.329 |n.045 k] 0.045
937 75.913
EE7 75 055 tain Channel Bank Stations

45 75 761 | Left Barl [ Right Bank
3.8 75,664
-2 B8R FaRa] ContsEx=p _._I_ml::.:.'_ [Steady Flow]
214 7512 | Expansion
-1.83 74959

—

—<T) 0703




Computational Procedures
Control Section:

=» subcritical flow (Fr < 1) : evaluate from
downstream to upstream

=» supercritical flow (Fr > 1) : evaluate from upstream
to downstream

o < subcritica

Sluice » Flow over

Contraction
below the
sluice

Varied flow




Computational Procedures
Common sources of error:

=» Inadequate number of cross sections (reach length
too long)

=» Bad cross section data

=» \Wrong boundary condition specified
(subcritical/supercritical/critical)

Cross section interpolation
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Unsteady Flow Data: Unsteady Flow Analysis: XYZ Perspective Plot:

Edit and/or enter Perform an unsteady flow View 3D multiple cross
unsteady flow data simulation section plot H E‘ — R AS

Hydraulic Properties:

aiect: Fater itv Cross Sections:
Open Project: Water Quality Plots and tables of

Open an existing | Data: Enter View cross

. . . hydraulic properties M
project and edit wateg section plots -’ PTOP a.l n

) quality data Profile Summary Table: -
Geometric Data General Profile View summary output at WI n d OW
Edit ancLl- or enfer Water Quality[ Plot: View multiple locations by profile
geometric Data Analysis computed variableg View DSS: View

along {he channel Data stored in DSS

ile Edt Run WYi Hi
o LN e = P I ) F| A F | | B B e os

Projec} Sipale Bridge - Ex f ! [CAHEC ata\HEc-E{AS\Stea ly ExampleghBEAYCREK. b

Plar: |Prass /W eir Metho’ﬂ ’ |[C:AHEC Jata‘xHEEflAS\Stea I Example#\BEA‘JEH K. p1
Geometny: [Bekver Cr. + BridgF - IC:AHEC Data\HEqHAS\Stea v Exampl&’;\BE.ﬁMEH EK.al1
Steady Flow: |BeqverCr.-3 Fln'\m ICAHE Data\HEFAHAS‘.Stea y Examplds\BEAYVCREK. 01

IUnstgady Flow: | I | !

Desgniption : I I I ] EI US Custornary Urits
I | f !

Sediment Sediment ating Curve: Sum Errs, Warn, Notes:
Data: Analysis: iew computed Summary of Errors,
Enter/edit Perform -atinge clIrves Wamings, and Notes

ffdlmem Sediment Profile Plot: Detailed Output Table:
ata Transport View water swrface | vrjew detailed output at eross-

Analysis profile plots sections. bridges. culverts, efc. ..

Steady Flow Data: Hydraulic Design Functions:

Edit and/or enter Perform hydraulic design
steady flow data computations

Save Project:
Save an existing
project

Stage and Flow Hydrographs:
Plot stage and flow hydrographs

Steady Flow Analysis:
Perform a steady flow
simulation




Steps in Developing a Hydraulic Model with HEC-RAS

=» Starting a new project

Entering geometric data
Entering flow data and boundary conditions

Performing the hydraulic calculations
Viewing and printing results

Mew Project
Title File Mame Selected Falder Drefault Project Folder Documents
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Set drive and path, then enter a new project title and file name.




Steps in Developing a Hydraulic Model with HEC-RAS

=» Starting a new project

=» Entering geometric data

=» Entering flow data and boundary conditions
= Performing the hydraulic calculations
= Viewing and printing results

[ HEC-RAS 4.1.0
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Cross section layout
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Cross Section




Steps in Developing a Hydraulic Model with HEC-RAS

=» Starting a new project

=» Entering geometric data

=» Entering flow data and boundary conditions
= Performing the hydraulic calculations

= Viewing and printing results
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Steps in Developing a Hydraulic Model with HEC-RAS

=» Starting a new project

=» Entering geometric data

=» Entering flow data and boundary conditions
= Performing the hydraulic calculations

= Viewing and printing results
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Steps in Developing a Hydraulic Model with HEC-RAS

=» Starting a new project | |
=» Entering geometric data :

|40 |26

=» Entering flow data and boundary conditions DelFiow | _insFow_|

|Jpztraam Do

=» Performing the hydraulic calculations Ston g o] St [t i
= Viewing and printing results
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Steps in Developing a Hydraulic Model with HEC-RAS

=» Starting a new project
= Entering geometric data

=» Entering flow data and boundary conditions

= Performing the hydraulic calculations
= Viewing and printing results  @recrsas
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Steps in Developing a Hydraulic Model with HEC-RAS

=» Starting a new project
= Entering geometric data
= Entering flow data and boundary conditions

=» Performing the hydraulic calculations
= Viewing and printing results s

File Edit Run View Options GIS Tools Help
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Steps in Developing a Hydraulic Model with HEC-RAS

Stesny Fiow Example fom Chagter 4 Plan Sussing Conaimons Run 11/2/2017

Starting a new project e

07

Entering geometric data “ y
Entering flow data and boundary conditions =
Performing the hydraulic calculations

=» Viewing and printing results W e m w w
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Advantages vs Disadvantages

Advantages:
é Simple to Use

¢ Accepted by most government and private agencies

é Extensive Support by USACE

é Add-on packages available

Disadvantages:

¢ Numerical instability during unsteady analyses

é Problems modeling highly dynamic rivers and
streams

¢ 1D modeling is less detailed
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Background Information and Structure of
CTCN

* Operative arm of the UNFCCC Technology Mechanism
« Working for National Designated Entities
* In partnership with:

« UNEP, UNIDO

« 12 independent, regional and global consortium partner organizations
with expertise in climate change technologies

» International network of 300+ academic, multilateral, NGO and private
sector institutions

« Strategic Partner DNV GL




Linkages between the UNFCCC
Technology and Financial Mechanisms

« Mechanisms created at COP16 at Cancunin 2010

« COP21 and 22 decisions have built on shared activities (SB44
workshop, Technology Mechanism Chairs at GCF B.14) and lessons
learned

« Linkages guidance relates not only to institutional collaboration, but
to the importance of in-country collaboration among stakeholders

 In particular among NDE/NDA/GEF focal points

« Clearest guidance from Parties on TM/FM linkages at COP22



Ongoing collaboration between the
GCF and the CTCN

Following guidance on the need to increase linkages between
the Finance and Technology mechanism of the UNFCCC:

1. Opportunity for countries to submit, with support from the
CTCN, Readiness proposals to the GCF Secretariat for
technical assistance

2. CTCN developed a Capacity Building module to develop GCF
concept notes

3. CTCN and GCEF started organizing regional meetings/
structured dialogues with NDEs and NDAs back to back with

each other



Support to Readiness proposals

Early Warning and
Forecasting System:
Improving resiliency of crops
to drought through
sfrengthened early warning
within Ghana — under review
by GCF Secretariat

Development of an Energy
Efficiency Master Plan for
Tonga — approved by GCF
Secretariat

Design for flood and drought
management decision
making in Myanmar

Three CTCN requests endorsed by NDE and NDA submitted to GCF Readiness Support
Programme

Assistance in Tonga:

Tonga depends entirely on imported fossil fuel for its energy

The government developed a national target in 2012, to achieve
50% of its electricity generation from renewable energy by 2020

The technical assistance support the development of a Tonga
Energy Efficiency Master Plan (TEEMP)

Plan will include achievable energy efficiency (EE) and
greenhouse (GHGQG) targets to ensure the transition

The specific objectives of this technical assistance are:

O

The development of a survey, data collection, and a
baseline/benchmarking study;

The development of EE and GHG targets (including energy
intensity targets);

A needs assessment of potential EE activities for the energy sector;
and Initial capacity development and training for Energy
Department staff and identification of a longer-term capacity
building plan. °



Climate change

Definition:

A long-term change in the
earth’s climate, especially a
change due to an increase in
the average atmospheric
temperature

I

minutes hours days months years decades centuries

@CTCN
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Definitions of terms

Projection:
Any description of the future and the pathway leading to
it

Forecast/Prediction:
When a projection is designated ‘most likely’ it becomes a
forecast or prediction.

Scenario:
A scenario is a coherent, internally consistent and
plausible description of a possible future state of the world

Baseline/Reference:
The baseline is any datum against which change is

CLIMATE TECHNOLOGY CENTRE & NETWORK




Why Use Climate Change Scenarios?

B We are unsure exactly how regional climate will
change

B Scenarios are plausible combinations of variables
consistent with what we know about human-
Induced climate change

B One can think of them as the prediction of @
model, contingent upon the GHG emissions
scenario

B Since estimates of regional change by models
differ substantially, an individual model estimate
* should be treated more as a scenario :



What are Reasonable Scenarios?

Scenarios should be:

Consistent with our understanding of the
anthropogenic effects on climate

Intfernally consistent
e.g., clouds, temperature, precipitation

Scenarios are a communication tool about what is
known and not known about climate change

Should reflect plausible range for key variables
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Scenarios for Impacts Analysis

Need to be at a scale necessary for analysis
Spatial

e.g., tfo watershed or farm level

Temporal

Monthly

Daily

Sub-daily



Options for Creating Scenarios

Past climates: analogues
Spatial analogues
Arbitrary changes; incremental

Climate models



Past Climates

B Options

o Instrumental record
o Paleoclimate reconstructions
H Instrumental record

o Pros

« Can provide daily data
 Includes past extreme events
o Cons

« Range of change in past climate is imited
« Data can be limited



Past Climates (continued)

B Paleoclimate reconstructions (e.g. from free rings)

O

The light-colored rings represent wood that grew in the spring
and early summer, while the dark rings represent wood that
grew in the late summer and fall.

One light ring plus one dark ring equals one year of the tree’s
life.

Tree rings usually grow wider in warm, wet years and they are
thinner in years when it is cold and dry

If the tree has experienced stressful conditions, such as a
drought, the tfree might hardly grow at all in those years.
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Past Climates (continued)
Paleoclimate reconstructions
From free rings, boreholes, ice cores, etc.
Can give annual, sometimes seasonal, climate
Can go back hundreds of years
Pro
Wider range of climates
Cons
Incomplete data

Uncertainties about values



Reconstruction of Northern Hemisphere
Temperatures

NORTHERN HEMISPHERE

o
o

R i

I ' N

Departures in temperature (°C)
from the 1961 to 1990 average
o
o
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Data from thermometers (red) and from tree rings, | 4
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Spatial Analogues

1n* Canadian Model 10" Hadley Model

IIIineis\

I » 70°F

Missouri

Summer Precipitation
Summer Average Temperature

10" 10"

lllustration of how the summer climate of lllinois would shift under the Canadian and Hadley model scenarios. Under the Canadian
scenario, the summer climate of lllinois would become more like the current climate of southern Missouri in 2030 and more like
Oklahoma'’s current climate in 2090. The primary difference in the resulting climates of the two models relates to the amount of sum-
mer rainfall.



Spatial Analogues (continued)

Advantage

Communication tool: perhaps easier to
understand

Disadvantages

Require using a model result o choose the
spatial analogue region

Do not capture changes in variability



Arbitrary/Incremental Scenarios

Assume uniform annual or seasonal changes
ACross a region

e.g., +2°C or +4-C for temperature
+/-10% or 20% change in precipitation

Can also make assumptions about changes in
variability and extremes



Arbitrary/Incremental Scenarios

Pros
Easy fo use
Can simulate a wide range of conditions

cons

Assuming a uniform change over the year or
ACross a region may fail to capture important
seasonal or spatial details

Combinations of changes in climate for
different variables can be physically implausible



Climate Models

Models are mathematical representations of
the climate system

They can be run with different forcings,
e.g., higher GHG concentrations

Models are the only way to capture the
complexities of increased GHG concentrations



General Circulation Models

Pros

Can represent the spaftial details of future
climate conditions for all variables

Can maintain internal consistency
Cons
Relatively low spatial resolution

May not accurately represent climate
parameters



Example of GCM Output

Flotted by the IPCC-DLC

HadChi3/A20 Apnl to April Mean Temperature (degrees ) 20805 relative to 1961-90

10 20 30 40 50

-0.5 00 035

-1.0

-2.0



Downscaling from GCMs

B Downscaling is a way to obtain higher spatial resolution
output based on GCMs

B Opftions include:

o Combine low-resolution monthly GCM output with high-
resolution observations

o Use statistical downscaling

« Easier to apply

« Assumes fixed relationships across spatial scales
o Use regional climate models (RCMs)

« High resolution

« Capture more complexity

» Limited applications

« Computationally very demanding



Combine Monthly GCM Output with
Observations

An approach that has been used in many studies

Typically, one adds the (low resolution) average
monthly change from a GCM to an observed
(high resolution) present-day “baseline” climate

30 year averages should be used, if possible
e.g., 1961-1990 or 1971-2000

Make sure the baseline from the GCM (i.e., the
period from which changes are measured) Is
consistent with the choice of observational
baseline



Combine Monthly GCM Output with
Observations

This method can provide daily data at the
resolution of weather observation stations

Assumes uniform changes within a GCM grid box
and over a month

No spatial or daily/weekly variability



Statistical Downscaling

B Stafistical downscaling is a mathematical
procedure that relates changes at the large spatial
scale that GCMs simulate to a much finer scale

o For example, a statistical relationship can be
created between variables simulated by GCMs
such as air, sea surface temperature, and
precipitation at the GCM scale (predictors) with
temperature and precipitation at a particular
location (predictands)



Statistical D

B s most appropridl

ownscaling (continued)

e for

o Subgrid scales (small islands, poinft

processes, efc.,

o Complex/heterogeneous environments

o Extreme events

o Exotic predictands

o Transient change/ensembles
B s not appropriate for

o Data-poor regions

o Where relationships between predictors and
predictands may change

B Statistical downscaling is much easier to apply than
regional climate modeling



Statistical Downscaling (continued)

Statistical downscaling assumes that the
relationship between the predictors and the
predictands remains the same

Those relationships could change

In such cases, using regional climate models
may be more appropriate



= AIT
% *Q Asian Institute of Technology

@CTCN Climate Scenarios

RCP scenarios
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@CTCN General
CC Impact Assessment
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Non structural flood management —
Introduction and Definition

Non structural measures are measures not involving physical
construction which use knowledge, practice or agreement to
reduce disaster risks and impacts, in particular through policies
and laws, public awareness raising, training and education.

10/24/2017



Non structural flood management —
Introduction and Definition

Physical non structural measures are applied on a structure by
structure basis.

- Acquisition/Buyout (land is purchased)

- Relocation (outside floodplain)

- Elevation (lifted up above the base flood)

- Basement removal with utility addition (filing with sand and gravel)

- Wet Flood Proofing (water resistant materials)

- Dry Flood Proofing (floodwaters are prevented from entering

structure)

10/24/2017 3



Non structural flood management —
Definition and Introduction

Non physical non structural measures are floodplain
management activities which address flood risk through
regulation, programs, and best management practices.

- Floodplain mapping

- Flood Emergency (Preparedness) Plans

- Flood warning system

- Evacuation Plans

- Land Use Regulations/Zoning/Building Codes
- Risk Communication

10/24/2017 4
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Non structural flood management —
-lood Emergency Plan

Disaster Risk Management Cycle

Prevention and
Mitigation

Preparedness

Disaster

Rehabilitation
and Response
Reconstruction

Recovery Build Back
Better and Safer

10/24/2017



Non structural flood management —

-lood Emergency Plan

~lood emergency management plays a vital role
In overall flood management. It can be divided
Into three stages:

» Preparedness: pre-flood measures to ensure
effective response

» Response: measures to reduce adverse
Impacts during flooding

» Recovery: measures to assist the affected
community to rebuild itself

10/24/2017



Non structural flood management —
Flood Warning System




Non structural flood management —

-lood Warning Systems

Definition:

An integrated system of hazard monitoring,
forecasting and prediction, disaster risk
assessment, communication and preparedness
activities systems and processes that enables
Individuals, communities, governments,
businesses and others to take timely action to
reduce disaster risks in advance of hazardous
events. (UNISDR 2017)

10/24/2017



Non structural flood management —

Thailand Department for Water Resources

(source: http://www.iwhr.com/zgskyww/rootfiles/2010/06/23/1276836877842853-1276836877844996.pdf)

Combination of two systems:
* Flood: runoff over-flow channel
» Landslide: Water over-holding capacity

10/24/2017

Flood Warning Systems — Example Thailand DWR

10



Non structural flood management —
Flood Warning Systems — Example Thailand DWR

Thailand Department for Water Resources
Instruments In use:

GPRS (General Packet Radio Service)
Communication

10/24/2017 11



Non structural flood management —
Flood Warning Systems — Example Thailand DWR

Thailand Department for Water Resources
Instruments In use:

JE AR Sl DR R i S

GPRS (General Packet Radio Service)
Communication

Warning signal

10/24/2017 12



Non structural flood management —

Thailand Department for Water Resources
Instruments In use:

IP-STAR Communication (Satellite)

10/24/2017

Flood Warning Systems — Example Thailand DWR

13



Non structural flood management —
Flood Warning Systems — Example Thailand DWR

Thailand Department for Water Resources

Instruments In use:
- W:{

Manual and Automatic rain gauge (Tipping
bucket)

10/24/2017 14



Non structural flood management —

Thailand Department for Water Resources
Instruments In use:

Automatic water level, Automatic rain
gauge and Staff gauge

10/24/2017

Flood Warning Systems — Example Thailand DWR

15



Non structural flood management —
Flood Warning Systems — Example Thailand DWR

Thailand Department for Water Resources
Communications System

16



Non structural flood management —
Flood Warning Systems — Example Thailand DWR

Tqalland Department for Water Resources

Wf Concerned
o - od office / Public

People in target area

10/ 17




Non structural flood management —
Flood Warning Systems — Example Thailand DWR

Thailand Department for Water Resources

Three levels Traffic light concept

1. Greem =observe and monitor (Alert)  Levell

2. Yellow = prepare for evacuaiion (Alarm) Leyel2

1
2
3. Red = decision for evacuation (Action) Level3

18




Non structural flood management —
Flood Warning Systems — Example Thailand DWR

Thailand Phitsanulok Preparation

- Data collection

- Early Waming System
- Cooperation System

Evaluation
committee

Response
- Evacuate
- Shelter
- Medical and nursing service

-Safety and Transportation

- Relief Program

Board of director §

BN Monitoring and
Reporting

Prevention
- Waterway

- Monkey Cheeks
Development

10/24/2017 13
Source : http://www.niems.go.th/en/Upload/File/255511281805228004_KCkv8gyKOTkHBIz7.pdf

Advisory board




Non structural flood management —
Flood Warning Systems — Example Thailand DWR

Thailand OneTambon One Search and rescue (OTOS)

Mr Warning trained by DDPM to monitors the water level and warn
people about flash flood

One Tambon One Search and rescue (OTOS) DDPM initiated
programmes with fully equipped search and rescue facilities called
OTOS in some of the selected high-risk villages.

10/24/2017 20

Source : http://www.niems.go.th/en/Upload/File/255511281805228004_KCkv8gyKOTkHBIz7.pdf



Non structural flood management —
Flood Warning Systems — Example Austria

Warning for mobile local destinations e.g. hikers in the mountains

Cooperation between the public and private sector

Central Agency for Meteorology and Geodynamik (Zentralanstalt fur
Meteorologie und Geodynamik - ZAMG)

University of Linz
Hutchison 3 G Austria
Allianz Insurance

10/24/2017 21



Non structural flood management —
Flood Warning Systems — Example Austria

Warning for mobile local destinations e.g. hikers in the mountains

/7 2am

Zentralanstalt fiir

Meteorologie und Geodynamik

P
=¥
)

10/24/2017

Research | Products |

WﬂrFacebook

I News Climate I Environment ] Geophysics

Wea(herwarnings Wetter / Wetterwamungen [ Link fur lhre Homepage
Weatherforecast Wetterwarnungen fiir lnre Homepage

Eventweather Die 5-Tage-Wetterwarnung umfasst die Warnkarte und die Warntrendleiste:

Current Weather

Weather Map 2 : = 24 s

‘ Die Karte zeigt die aktuelle Warnsituation fur den heutigen Tag. ;| © zAMG

Weather. Animations Die Gemeinden sind entprechend der jeweils hochsten

Satellite Images/Animations A Warnstufe eingefarbt.
Products and Services “«ZAMG rﬂ

News

ST )
[(min. 4 Chars) ] hd In der Trendleiste ist jedem Tag die osterreichweit hochste Tk

Di [Mi|Do|Fr| \Warnfarbe zugeordnet. '
ZAMG 3 Research Institute of the
b m wm Um die 5-Tage-Wetterwarnung mit Link zu den ZAMG-Wetterwarnungen in lhre
\ A A ‘ Homepage einzubinden,
oo e eathit kopieren Sie den HTML-Code zwischen den Zeilen
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Non structural flood management —
Self Protection

When staying in buildings, the following should be avoided shortly before or
during floods:

Senior or handicapped citizens should not stay in parts of the building lying
below the maximum flood depth (southern France 1999, 10 casualties)

The use of rooms without any possibility of escaping to higher floors (Brig
CH 1993, 2 casualties)

Use of basements and underground garages (Boll, CH 1987, 1 casualty)

Use of elevators (Augsburg D 1999, divers rescued 1 person)

Source : https://www.iksr.org/fileadmin/user_upload/Dokumente_en/rz_iksr_engl.pdf



Non structural flood management —
Self Protection

When staying in open air, the following should be avoided shortly before or
during floods:

To stay on bridges and embankments during a flood

To camp in the course of flood water discharge (Savoie 1987, 23 casualties)
To drive on flooded roads (Switzerland, 1987, 3 casualties, southern

France, 1999, 10 out of 24 casualties)
Flood tourism

Source : https://www.iksr.org/fileadmin/user_upload/Dokumente_en/rz_iksr_engl.pdf



Non structural flood management —
Self Protection

In Switzerland, misconduct played an important role in 40 %
of the 67 casualties due to floods registered between 1972
and 2001.

Source : https://www.iksr.org/fileadmin/user_upload/Dokumente_en/rz_iksr_engl.pdf
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Non structural flood management —

Economic aspects

Upstream investments:

lllllll

12/7/2017

Who?

Public sector
(Internat.) donor
organization
Private sector
Civil society

Etc.

Why?

RB Master Plan
Flood protection
Land management
Economic purpose
Etc.

What?

Forest
Reservoir
Floodplain
Etc.



Non structural flood management —
Economic aspects

Upstream investments:
i.e. rehabilitation of forest

Downstream beneficiaries:
Lower peak flow
Less areas flooded

1
------

12/7/2017



Non structural flood management —
Economic aspects

Upstream investments:
i.e. rehabilitation of forest

Lower peak flow
Less areas flooded

------

12/7/2017

Downstream beneficiaries:

Compensation
payments




Non structural flood management —
Economic aspects

Upstream investments:
i.e. rehabilitation of forest

Downstream beneficiaries:
Lower peak flow
Less areas flooded

Loss & Damages

1
"""""

12/7/2017



Non structural flood management —
Economic aspects

Loss & Damages

?
12/7/20 17 3 Source: http://www.bbc.com/news/world-us-canada-39841255;
http://www.walesonline.co.uk/news/wales-news/schools-homes-
been-hit-flooding-13357359



Non structural flood management —
Economic aspects

Decision making process:
Cost Benefit Analysis
Cost Effectiveness Analysis

12/7/2017



Non structural flood management —
Economic aspects

Decision making process:
- Cost Benefit Analysis
- Cost Effectiveness Analysis

12/7/2017



Non structural flood management —

Economic aspects
B Ecosystem-based Adaptation (EbA) I

A new approach to advance natural solutions for climate change adaptation

Conservation
To promote the sustainable
management and conservation of
biodiversity to save benefits provided
hy ecosystems

Mitigation

To reduce the impacts of natural
disasters such as storms, drought and
floods, on vulnerable people and

ecosystems

Integration Maintenance

To build the capacity of civil society and To serve as coping mechanisms during
government institutions to support periods of scarcity contributing to
integrated approaches to adaptation. livelihoods security

Q giz=

Cogw®

12/7/2017



Non structural flood management —
Economic aspects

Question 1) Name two economic aspects

Answer 1) Compensation payments, investments - decision making, loss & damage

Question 2) Is the loss and damage higher in rural or in urban areas?

Answer 2) Urban areas

Question 3) Can the private sector invest in flood protection measures?

Answer 3) yes
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Non structural flood management —
Land management

No space for water

Source: https://en.wikipedia.org/wiki/File:St.Goarshausen_Loreley_Burg_Katz_2016-03-27-17-13-57.jpg

Effects:

Land availability
High velocity

Deep & tight water

Source: https://en.wikipedia.org/wiki/Rhine#/media/File:Vue_a%C3%A9rienne_du_Rhin_%C3%A0_Dusseldorf.jpg
12/7/2017 12



Non structural flood management —
Land management

Effects:
Land availability

. Consequences:

—_ onomic development

* * Increasing floodTisks—directly (along the
river) and indirectly (downstream)

Source: https://en.wikipedia.org/wiki/Rhine#/media/File:Vue_a%C3%A9rienne_du_Rhin_%C3%A0_Dusseldorf.jpg

12/7/2017
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Non structural flood management —
Land management

Effects:
High velocity

Consequences:
* Fast run-off (increasing flood risk downstream)
* Low groundwater recharge

Source: https://en.wikipedia.org/wiki/Rhine#/media/File:Vue_a%C3%A9rienne_du_Rhin_%C3%A0_Dusseldorf.jpg

12/7/2017
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Non structural flood management —
Land management

Effects:
Deep & tight water

Consequences:

»» Economic use

Fast run-off (increasing flood risk downstream)
* Against nature

Source: https://en.wikipedia.org/wiki/Rhine#/media/File:Vue_a%C3%A9rienne_du_Rhin_%C3%A0_Dusseldorf.jpg

12/7/2017
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Non structural flood management —
Land management

s

Effects:
Deep & tight water

Water is naturally flat and wide

* Against nature




Non structural flood management —
Land management

‘ L7 3 . ‘a,
’q v VX Effects: .
Q / Deep & tight water New style: give space back to the water

Example: Munich, Germany

* Against nature

K] .,(“ ‘“A\




Non structural flood management —
Land management

Retention ponds
Example: Munich, Germany

12/7/2017

ES4 - Biodiversity preservation
ES7 - Flood risk reduction
ES11 - Aesthetic/cultural value

PO9 - Take adequate and co-ordinated
measures to reduce flood risks

PO11 - Better protection for ecosystems and
more use of Green Infrastructure

PO14 - Prevention of biodiversity loss
BP1 - Store runoff

BP2 - Slow runoff

BP9 - Intercept pollution pathways

BP10 - Reduce erosion and/or sediment
delivery

BP12 - Create aquatic habitat
ES9 - Filtration of pollutants

Source: http://nwrm.eu/measure/retention-ponds

High
High
High

High

High
High
High
High
High
High
High
High

18



Non structural flood management —
Land management

Land use conversion in a catchment: Afforestation

Effects:

Natural land
Biodiversity

Natural water balance

Consequences:

* Improved water quality
* Improved soil quality
Control of soil erosion

Source: http://nwrm.eu/sites/default/files/nwrm_ressources/f3_-_afforestation_of_reservoir_catchments_0.pdf

12/7/2017 19



Non structural flood management —
Land management

It is our choice

Source: http://nwrm.eu/sites/default/files/nwrm_ressources/f3_-_afforestation_of reservoir_catchments_0.pdf

12/7/2017 20



Non structural flood management —
Land management

It is our choice

Source: http://nwrm.eu/sites/default/files/nwrm_ressources/f3_-_afforestation_of reservoir_catchments_0.pdf

12/7/2017 21



Non structural flood management —
Land management

Question 1) What are possible negative of too less space for the water?

Answer 1) Increases velocity, fast run-off increases flood risk downstream, reduces groundwater recharge etc.

Question 2) what is the natural water flow? Deep and tight or flat and wide?

Answer 2) Flat and wide

Question 3) Can the water quality be improved by land conversion of agricultural land through forest?

Answer 3) yes
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Ecosystem-based adaptation measures




Non structural flooc
Ecosystem-based ac

EU Site with possible EDA Measures

Hydro Morphology

Mmanagement —
aptation measures

Reduci Creati Climat
ng ng e
Polluti Soil Habita Alterat
Slowing and Storing Runoff | Reducing Runoff |on Conservation [t ion
BP1 [BP2 [BP3 [BP4 [BP5 [BP6 |[BP7 |BP8 [BPS9 |BP10 [BP11 |BP12 [BP13 [BP14 |BP15 [BP16 [BP17
= i o = S 5 O c (] 4 @ = = = c T ~
B B & 2B s/ &w S e 8 5| SElEleE s S @
c = © © F= © @© =] = 2 > 7, ol ol o) b= = (&)
= = 3 = Ol 3 < = 5] = © © © S (S c
S o< = [} [J] A < [} <4 = =
b = = 3l © 9 iz r=} 2 S T T T = I} =
= = [ 1] ol S < [ = © o o c — = Q =
S 5 2 > c| 3 = S =5 = = = o ] £ o
] o = = Sl © = @© = c (=1 =2 ) = 1 5
&) @) o = S| & 3 5 S Q@ £ E = % o O =
= 2 B * © = S £ —= o 3 4] = o
o = = = = L ] ~ >
2 ° ol o 2 o = S < I3 = s © °
&N 7 (=S = &S = [} ) [ c 9} c
>| © 3 @ (e} %) - [} [ [0} o ©
ol ¢ b o o o © ® ) ic o
g © ) = a o o 1] 2 < 3 =
al = ) el % ~ S o © w S o
@ o b (7] @© e Q [} %]
o| 8 I < o c S s K-l
S| ® 5 S & o <
£l 5 £ £ s
£ 2
©
(] w
(%)
5 g
g 5
< °
- o

N1 Basins and Ponds 3

N2 \Wetland restoration and management 2

N3 Floodplain restoration and management 2 2 2

N4 Re-Meandering 3 2 3

N5 Stream bed renaturalization 3

N6 Restoration of reconnection of seasonal streams 3 2 3
Reconnection of oxbow lakes and similar

N7 features 3 2 3

N8 Riverbed material renaturalization 2 2 2 2

N9 Removal of dams and other longitudinal barriers 3

N10 Natural bank stabilization 3 3 3 2 2 3 2 3
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Non structural flood management —
Ecosystem-based adaptation measures

Measures Flood Drought§ Sedimentation  Erosion Water Quality
Maintenance of forest cover in headwater areas 79% 29% 30% 33% 33%
Land use conversion 75% 30% 30% 32% 34%
Afforestation of reservoir catchment 66% 28% 29% 32% 30%
Detention basins 61% 28% 30% 33% 34%
Trees in urban areas 59% 13% 21% 22% 30%
Early sowing 57% 15% 21% 23% 26%
Meadows and pastures 55% 9% 16% 18% 18%
Green cover 55% 15% e 22%
Swales 54% 20% Co-Benefits § 29%
Soakways 54% 30% 30% 32% 30%
Targeted planting for "catching"precipitation 48% 29%§ 25%§ 27%§ 25%
Rain gardens 46% 25% 22% 26% 29%
Infiltration basins 46% 29% 30% 33% 36%
Urban forest parks 43% 19%§ 20%§ 21%§ 24%
Overland flow areas in peatland forests 39% 19% 18% 21% 24%
Buffer strips and hedges 38% 11% 10% 12% 13%
Infiltration trenches 38% 25% 25% 26% 26%

12/7/2017
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Non structural flood management —

Ecosystem-based adaptation measures
EU Site with possible EbA Measures

Side Effect:
Wat Water b Climat
Measures Relevance  Drought Sedimentation Erosion Quality diseases Management  Change  Ecosystems Economics

Basins and Ponds

Wetland restoration and management

Floodplain restoration and management
Re-Meandering

Stream bed renaturalization

Restoration of reconnection of seasonal streams
Reconnection of oxbow lakes and similar features
Natural bank stabilization

Elimination of riverbank protection

Lake restoration

Re-natualization of polder areas

The tool provides basic ideas of measures, which still needs to be planned and designed
very carefully to be effective. Location, size, detailed planning etc. are still very important
for successful implementation.



Non structural flood management —
Ecosystem-based adaptation measures

Removal of infrastructure

12/7/2017 28



Non structural flood management —
Ecosystem-based adaptation measures

Protection walls

are not always protecting but can harm. This happened opposite
of the protection wall!

12/7/2017
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Ecosystem-based adaptation measures

Natural Water Flow in the
mountains — Video waterfall



Thank you for your attention!

Roland Treitler

Email: roland.treitler@exaqua.at
Skype: roland_treitler

07/12/17
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Introduction

Flood risk can be defined as “"The combination of the
probability of a flood and its negative consequences”
(UN/ISDR, 2009).

Flood Risk = Flood Hazard x Flood Damage Vulnerability

Flood hazard is a function of flood characteristics such
as depth, duration and velocity, etc. that can potentially
cause loss and damages to people and their assets

Flood damage vulnerability is a function of humber of
death /injury of people and damage cost of their assets
that are exposed to flood risk

The elements that are exposed to flood risk are called
exposure. These elements can be people and their
assets such houses, furnitures, farmland, cattle, etc.



Notes

= There are varieties of definition of flood
risk, for example

= Flood Risk = Flood Hazard X Exposure X
Vulnerability

Or

= Flood Risk= Flood Hazard x Consequences
Where

= Consequences=Exposure x Vulnerability



Calculation of Total Risk
(Regional + Household)

- The same flood hazard exists both at
regional scale and household scale

- Vulnerability (VR) at Regional Scale
and vulnerability (VH) at Household
Scale has to be determined separately

- Total vulnerability= BVR + (1-0)VH,
where 8= weighting factor between 0 and 1

- Total flood risk= flood hazard x total
vulnerability



EXAMPLE



Flood Risk Map at
Regional Scale

s Development of flood risk maps for 25-
year, 50-year and 100-year return
period of the area surrounding SBIA
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Flowchart of research work

Study Area
v
\ 4 \4
Data Collection for Data Collection for
Hydrodynamic Model Elements at risk Evaluation
v
Hydrodynamic Model Formulation il
3 Develop Sets of Question to Perform
Hydrodynamic Model Calibration Questionnaire Survey
v
Hydrodynamic Model Verification — Y
Questionnaire Surveys
v
Flood Hazard Assessment by
Hydrodynamic Model Simulation for 25-,50- v
and 100-year of rainfall Data Analysis about land use, population
density and asset value per unit area to
v obtain element at risk
Development of Flood Depth Maps & Flood
Duration Maps
v v
Flood Hazard Factors Flood Damage Vulnerability Factors
v v
v

Flood Risk = (Flood Hazard Factors) x (Flood Damage Vulnerability Factors)




Research methodology

o This study identifies flood hazard &
flood risk areas for priority-based flood
mitigation planning by using a
hydrodynamic model in conjunction with
a GIS

o A hydrodynamic model namely MIKE
FLOOD (DHI 2003) was used to

simulate the flood flow through the
canal network and floodplain.

10



Research methodology (continueq)

o After model calibration and verification, it
was used to simulate the flood flow In terms
of flood depth for different return periods of
rainfall

a Flood risk assessments were performed by

iIncorporating flood hazard and flood damage
vulnerability

11



Flood Depth

s Flood hazard is considered as
a function of maximum flood
depths and duration

= Four depth hazard categories

are based on marginal depths
(0.45 m, 0.90 m and 1.20 m)

12



Peak flood depth
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25-year Peak flood depth (m) 50-year Peak flood depth (m) 100-year Peak flood depth (m)
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Depth range (m)

Flooding area

Depth (% of total)
categories
Low 0-0.45 85.96
Medium 0.45-0.90 10.35
High 0.90-1.20 2.90
very high > 1.20 0.79

These included 14.48 % of non-flooding areas (flood depth = 0 m)

10 Kilometers

[ ] Study area
Canal

Road
Suvarnabhumi International Airport

25-year Peak flood depth classification
Low
Medium

High 14

# Very high



Flood Duration

= Rising flood, peak flood and recession flood
were considered (September 22, 28 and
October 8)

= Insignificant flood area and flood affected
area are divided with depth of 0.22 m

s Flood affected areas were used to assess
flood duration
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Duration categories Flooding area (%o of total)
Short 33.71
Medium 8.75
Long 35.96
Very long 7.10
These excluded 14.48 % of non-flooding areas (flood depth = 0 m) N
-
S
10 0 10 Kilometers

[ ] Study area
Canal

Road
Suvarnabhumi International Airport

25-year Food duration
Short
Medium
Long
+ Verylong 16



Indicators (FHI) for
Flood Depth & Flood Duration

= 4 flood hazard categories are used to

represent severity of flood hazard namely: low,
medium, high and very high

= Small integer numbers such as 0, 1, 2, 3 etc,,
were used for the 4 categories of FHI

= 3 options of FHIy for flood depth and 3 options
of FHIt for flood duration are considered

= In total, 9 combinations of hazard indicators
CTCN AIT Bhutan

FHIy and FHIt are considered  Taining 2017 .

Prof. Tawatchai Tingsanchali



Flood hazard indicators for flood depth (FHI,)

H d Flood hazard indicator, FHI,
Flood depth, y Cata:‘:;;ry - - -
(m) Option 1a Option 2a Option 3a
0.00 <y<0.45 Low 0 1 2
0.45<y<0.90 Medium 1 2 3
0.90 <y<1.20 High 2 3 4
y>1.20 Very high 3 4 5

Flood hazard indicator for flood duration (FHI,)

Flood hazard indicator, FHI,
Flood Hazard - - _ - : -
duration Category Option 1 Option 2 Option 3
Short Low 0 1 2
Medium Medium 1 2 3
Long High 2 3 a
Very long Very high 3 4 5

CTCN AIT Bhutan
Training 2017

Prof. Tawatchai Tingsanchali
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Patterns of flood hazard factor calculation
for nine case studies

Case studies for Flood hazard indicator options
f::lcs)::sza::;s Flood depth Flood duration
A 1a 1b
B 1a 2b
C 1a 3b
D 2a 1b
E 2a 2b
F 2a 3b
G 3a 1b
H 3a 2b
I 3a 3b

CTCN AIT Bhutan
Training 2017 Prof. Tawatchai Tingsanchali



Flood Hazard Factor (FHF)

= FHF = Flood Hazard Factor FHF
= B(FHI,)+(1-B)(FHL)
Where 0< B<1
FHI, = Flood Depth Indicator
FHI. = Flood Duration Indicator

a Plot of flood hazard factor FHF over the
DEM of study area is called flood hazard
map

20



Flood Hazard Maps

N N
W : w E
S
S .
10 0 10 Kilometers 10 0 10 Kilometers 10 0 10 Kilometers
 m— Y —
Stud
[ ] Study area N C;na% area [ ] Study area
Canal Road /\/ Canal
/\/Road . . . Road
[-=7] Suvarnabhumi International Airport Suvarnabhumiinternational Airport Suvarnabhumi International Airport
50-year Flood hazard
25-year Flood hazard y Low (36.40 ﬁ/o) 100-year Flood hazard
Low_(56.94 %) Medium.(44 36 %) Low (37.92 %)
Mledhlu;nS(SBE/EG %) High (13.52 '%) Medium (18.94 %)
lgh (7.38 %) . Very high (5.78 %) High (32.91 %) 21

# Very high (3.12 %) + Very high (10.23 %)



Determination of Flood Vulnerability Map
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Elements at Risk
(EXPOSU RE)
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0 9 Kilometers

Suvarnabhumi International Airport

Population density

[ Low (0 - 250 person/sq.km.)

Il Vedium (251 - 500 person/sq.km.)
[ High (501 - 750 person/sq.km.)
[ very high (over 750 person/q.km.)

39%

Percentage area of different categories

of population density

21%

39%

OLow density
EMedium density
OHigh density

OVery High density
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9 Kiometers

Suvarnabhumi International Airport

Flood vulnerability indicator of population at risk (FVIp)

[ Low
[ Medium
B High
I very high
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9 Kilometers

Suvarnabhumi International Airport

Average asset value per unit area

[ Low (0 - 5,000 Baht/sq.m.)

Il Medium (5,001 - 10,000 Baht/sq.m.)
[] High (10,001 -15,000 Baht/sq.m.)
|:| Very high (over 15,000 Baht/sq.m.)

Percentage area of different
categories of
asset value per unit area

5%

7%

82%

OLow asset value
B Medium asset value
OHigh asset value

Overy high asset
value
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Suvarnabhumi International Airport

Flood vulnerability factor of asset at risk (FVFa)
[ Low

[ Medium

EBRH High

I Very high
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Flood damage vulnerability factor (FVF)

= FVF : the resultant susceptibility of
overall elements exposed to flood risk

= FVF =0 (FVIp) + (1-6)(FVIa)

Where 0< 6<1

FVI, = Flood Vulnerability Indicator for
Population

FVI, = Flood Duration Indicator for Asset

= Plot of FVF over the DEM of study area
is called flood vulnerability map

28
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Flood risk assessment

= Flood risk : the expected degree of
damage that caused by flood to
element at risk

= Flood risk = f(hazard, vulnerability)
= FRF = (FHF) x (FVF)
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,,,,,, e A 4 Percentage area for different degree of flood risk
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Total Risk Calculation

Location | Location Name | Normali- Vulnerability Index (VI Total Risk
ID zed Population Avg. BRIP4 Normalized
Hazard |density and VI WAZeES Risk Index
Index | asset value VI
(HI) (Regional
scale)
1 A 100 38.46 ZWELEN  58.32
2 B 100 100 77.07 WAV 100
3 C 66.67 15.38 BN 27.37
4
4 D 100 53.85 53.39 fepekis) 74.86




CONCLUSIONS

Due to the presence of the airport and rapid
urbanization, flood risk in the area surrounding the
SBIA increases.

This study presents flood risk-based zoning maps for
25-, 50- and 100-year return periods in the area
surrounding SBIA

Because of high cost of investment, one cannot afford
to prevent all levels of flooding or protecting all risk
areas simultaneously.

Planning for flood risk mitigation plan will make use of
the flood risk maps for scheduling the implementation
In accordance to available budget and needs of the
considered area.
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CONCLUSIONS (conTiNUED)

The finding provided useful information about the
flood risk zones which can be very useful to
concerned authorities in prioritizing projects for
flood mitigation

The residents in the floodplain can use the
Information for self-preparedness to minimize
flood damage.

The changing of land use without planning causes
adverse effect to flood risk situation
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CONCLUSIONS (conTINUED)

It can be concluded that the flood risk depends on the
degree of flood hazard and flood damage vulnerability.

Flood hazard = f(depth, duration, etc)

Flood damage vulnerability = f(population, asset
exposed to flood risk)

Flood Risk= flood hazard x flood damage
vulnerability

Flood risk changes with the return period and
condition of land use

Flood risk should be re-estimated if effect of
climate change and land use are significant.



It is necessary to note that :

o Water needs space, once the areas have been
protected from flooding, it will automatically
exacerbate the flood problem in another area

o To overcome this hindrance, systematically
basin-wide planning based on flood risk map is
necessary to develop an effective flood risk
management strategy.
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Thank you
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