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Water-related Natural 
Disasters 

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

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

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

Floods (2) 

•Floods cause losses of life and damage properties 
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1. Flash floods such as 
in steep slope areas 
2. Gradually rising 
floods  such as in mild 
slope areas 
3. Stagnant pondage 
floods in low lying or 
depression areas or 
coastal areas, etc. 

TYPES OF FLOODING CAUSES OF FLOODING 
1.Natural Factors  
Heavy Rainfall, High Flood, 

High Tides, Sediment Deposit, etc. 

2. Human factors:  

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. 

 

Floods (3) 
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Droughts 
- 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. 

 
 
 
 



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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Specific Types and Causes of Droughts 
(Cont.) 



Causes of Droughts (1) 

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

 

 

 

 

 

 

 

 
   SOURCE: irina.eas.gatech.edu/lectures/Lec18.html 

 

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

      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. 

High-
PressureTropic 

Low 
Pressure 
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Causes of Droughts (2) 



Droughts Around the World 

 

Desert 

Desert 

Desert 

Desert 
Desert 
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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 Niño 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 Niño* 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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Causes of Droughts (3) 



Darwin Australia and Tahiti  
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4. Self-Generating Mechanisms  

Local Effects : such as high evaporation,  

strong wind, soil moisture holding condition 

5. External Factors 
 Solar energy  

 Anthropogenic Influences 

 

      
                        SOURCE: staffwww.fullcoll.edu 
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Causes of Droughts (4) 



 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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Climate Change on Floods and Droughts 
(International Water Agency) 



 Flood Hazard and Estimation  

 A Case Study of Surrounding Area of 
Suvarnabhumi Bangkok International 
Airport (SBIA)  
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Example of a Case Study 



Study Area 
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Problem statements 
 

  Heavy local rainfall in the area 

  Storm runoff from surrounding areas 

  Limited flood drainage capacity 
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Causes of flooding in eastern part of the 
Lower Chao Phraya River Delta in the vicinity 
of (SBIA) 

CTCN AIT Bhutan 
Training 2017 Prof. Tawatchai Tingsanchali  



Problem statements 
 

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

  Insufficient drainage openings of the east-west 
highway 

  Insufficient drainage canals in north-south 

  Local land depression due to over abstraction of 
groundwater 
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The limitation of flood drainage capacity is due to: 
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Suvarnabhumi airport 
N 

21 Flood Drainage Direction 
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SBIA Airport 

Surrounding Area 
of Airport 

CTCN AIT Bhutan 
Training 2017 Prof. Tawatchai Tingsanchali  



Scope of Work 

 

 Development of flood hazard map for 
25-year, 50-year and 100-year return 
period of rainfall 
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Flood Hazard Assessment 

 Because of large floodplain & flat 
topography, both flood depth & 
flood duration were considered in 
calculating the hazard 
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Study Area 

Data Collection for  
Hydrodynamic Model 

Hydrodynamic Model Formulation 

Hydrodynamic Model Calibration 

Hydrodynamic Model Verification 

Flood Hazard Assessment by 

Hydrodynamic Model Simulation for 25-,50- 
and 100-year of rainfall 

Development of Flood Depth Maps & Flood 
Duration Maps 

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

Develop Sets of Question to Perform 
Questionnaire Survey 

 
Questionnaire Surveys  

Data Analysis about land use, population 

density and asset value per unit area to 
obtain element at risk 

Flood Damage Vulnerability Factors 

 

Data Collection for  
Elements at risk Evaluation 

Flood Hazard Factors 

Flowchart of research Framework 
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Research methodology 

  This study identifies flood hazard & 

risk areas for priority-based flood 

mitigation planning by using a 

hydrodynamic model in conjunction 

with a GIS 

  A hydrodynamic model namely MIKE 

FLOOD (DHI 2003) was used to 

simulate the flood flow through the 
canal network and floodplain. 
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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 
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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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Schematic 
diagram of 
canal network  
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Research methodology (continued) 

  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 

SBIA 

Flooding 

Airport 
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  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 

 flood-disaster mitigation projects are often designed for a 

100-year return period (UNDRO, 1991).  

  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. 
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Selection of Return Period of Floods 
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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 
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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) 
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Peak flood depth 
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Peak flood depth for Tr = 25 years 
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Maximum flood depth classification  
for 25-year flood 
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Depth 

categories 

Depth range (m) Flooding area  
(% of total) 

Low 
Medium 
High 

Very high 

0-0.45 
0.45-0.90 
0.90-1.20 
> 1.20  

 85.96 
 10.35 
  2.90 
   0.79 

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

 Flood affected areas were considered in 
assessing flood duration 
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Classification of Flood Duration 

39 

Duration                    Criteria 

Short Area of flood standing flooded from 22 
Sep to 24 September 

Medium Area of flood standing  between 22-28 
September 
 

Long Area of flood standing between 22 Sep 
and 8 Oct 
 

Very Long Area of flood standing from 22 Sep to 
longer than  8 Oct 
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Flood duration of Tr = 25 years 
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Duration categories Flooding area (% 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) 
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Flood Hazard Factor (FHF) 

 FHF = Flood Hazard Factor FHF  

          = β(FHIy)+(1-β)(FHIt)  

Where   0≤ β≤1 

    FHIy  = Flood Depth Indicator 

  FHIt  = Flood Duration Indicator 
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Simulation of flood flow  

 by Hydrodynamic Model (MIKE FLOOD) 

for different return periods of rainfall 

Flood depth/duration  (FHI)y & (FHI)t 

Flood Hazard Map 

Flood Hazard Assessment 

FHF = (FHI)y  + (1-) (FHI)t 
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Flood Hazard Maps 
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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 
FHIy  and FHIt are considered 
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Flood hazard indicators for flood depth (FHIy) 

 
Flood depth, y 

(m) 

Hazard 
Category 

Flood hazard indicator, FHIy 

Option 1a Option 2a Option 3a 

0.00 < y  0.45 
0.45 < y  0.90 
0.90 < y  1.20 
          y > 1.20 

Low 
Medium 

High 
Very high 

0 
1 
2 
3 

1 
2 
3 
4 

2 
3 
4 
5 

 Flood hazard indicator for flood duration (FHIt) 

 
Flood 

duration 

Hazard 
Category 

Flood hazard indicator, FHIt 

Option 1b Option 2b Option 3b 

Short 
Medium 

Long 
Very long 

Low 
Medium 

High 
Very high 

0 
1 
2 
3 

1 
2 
3 
4 

2 
3 
4 
5 
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Patterns of flood hazard factor calculation  
for nine case studies  

Case studies for 
flood hazard 
assessment 

Flood hazard indicator options 

Flood depth Flood duration 

A 
B 
C 
D 
E 
F 
G 
H 
I 

1a 
1a 
1a 
2a 
2a 
2a 
3a 
3a 
3a 

1b 
2b 
3b 
1b 
2b 
3b 
1b 
2b 
3b 
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Land areas within each flood hazard zone  

 

Case studies for flood 
hazard assessment 

Land area (% of total study area) 

Low 
hazard 

Medium 
hazard 

High 
hazard 

Very high 
hazard 

A 
B 
C 
D 
E 
F 

G* 
H 
I 

94.09 
94.09 
87.96 
87.96 
87.96 
87.96 

56.94 
51.26 
56.94 

3.72 
3.72 
9.85 
6.13 
6.13 
6.13 

32.56 
37.12 
37.15 

1.90 
1.90 
1.90 
3.72 
3.72 
3.72 

7.38 
7.86 
3.72 

0.29 
0.29 
0.29 
2.19 
2.19 
2.19 

3.12 
3.76 
2.19 

* Case G is the most similar to the actual flood situation T=50 yrs    
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Flood hazard map for Tr = 25 years  
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Flood hazard map for Tr = 50 years  

Percentage area for different degree of flood hazard
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Flood hazard map for Tr = 100 years  

Percentage area for different degree of flood hazard
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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. 
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Thank you 
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Prof. Tawatchai Tingsanchali  
Water Engineering and Management 

Asian Institute of Technology, Thailand 

1 

Sessions 2&3: Flood hazard and 
vulnerability assessment: Thailand 

Example for Samdrupjhonkar 
municipality  

 Capacity Building Programme on  
 Flood Risk Assessment and Management  

 30 October - 8 November 2017 
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Thailand Example 
Study Area 
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Suvarnabhumi airport 
N 

3 Flood Drainage Direction 
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SBIA Airport 

Surrounding Area 
of Airport 
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Scope of Work 

 
 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 
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Study Area 

Data Collection for  
Hydrodynamic Model 

Hydrodynamic Model Formulation 

Hydrodynamic Model Calibration 

Hydrodynamic Model Verification 

Flood Hazard Assessment by 

Hydrodynamic Model Simulation for 25-,50- 
and 100-year of rainfall 

Development of Flood Depth Maps & Flood 
Duration Maps 

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

Develop Sets of Question to Perform 
Questionnaire Survey 

 
Questionnaire Surveys  

Data Analysis about land use, population 

density and asset value per unit area to 
obtain element at risk 

Flood Damage Vulnerability Factors 

 

Data Collection for  
Elements at risk Evaluation 

Flood Hazard Factors 

Flowchart of research Framework 
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Determination of Flood Vulnerability Map 
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Element at Risk 

 Population at risk 

 Asset at risk 
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Number of Population in 2004 
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Population density 
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Flood vulnerability indicators of  
population at risk (FVIp) 
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Asset value per unit area 

9 0 9 Ki lometer s

Asse t value pe r uni t a rea
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Road (580 .28  Ba ht/s q. m. ))

Rural community (76 2.42   Baht/ sq.m.)

Gol f c ours e/Public pa rk (168 1.0 8 B aht/ sq.m.)

Ins ti tutiona l are a (951 0.72  Baht/s q. m.)
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Urban c ommunity (14,9 95 ba ht/sq.m)

Housing es tate (17 895 .34   Baht/s q. m.)

Commerc ial/Busines s are a (18 320. 86 Baht/sq.m.)

Suv arnabhumi Inte rnati onal  Airport

N

EW

S
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Classification of asset value  
per unit area 

9 0 9 Kilometers

Average asset value per unit area 

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

Medium (5,001 - 10,000 Baht/sq.m.)

High (10,001 -15,000 Baht/sq.m.)

Very high (over 15,000 Baht/sq.m.)

Suvarnabhumi International Airport

N

EW

S

Percentage area of different 

categories of 

asset value per unit area

82%

7%
5%

6%

Low asset value

Medium asset value

High asset value

Very high asset
value
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Flood vulnerability indicators of  
asset at risk (FVIa) 

9 0 9 Kilometers

Flood vulnerability factor of asset at risk (FVFa)
Low

Medium

High

Very high

Suvarnabhumi International Airport

N

EW

S
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Flood damage vulnerability factor 
for Regional Level (FVF) 

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

 FVF = θ (FVIp) + (1-θ)(FVIa) 

Where   0≤ θ≤1 

FVIp  = Flood Vulnerability Indicator for 
Population 

FVIa  = Flood Duration Indicator for Asset 
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Flood damage vulnerability factor (FVF) 

9 0 9 Kilometers

Flood damage vulnerability

Low

Medium

High

Very high

Suvarnabhumi International Airport

N

EW

S
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EXAMPLE 

Calculation of Socio Economic 
Vulnerability (SeVI) at Household Level 

19 
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SOCIO-ECONOMIC VULNURABILITY ANALYSIS 

Location ID 
Location 

Name 

Population 

density  

(Pop/ km2 ) 

Area 

(km2) 

Total 

Population  
Household 

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 
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Location ID Location Name No. of household 

1 A 50 

2 B 45 

3 C 75 

4 D 57 

No. of samples at each location 

CTCN AIT Bhutan 
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No.  Variables 

1 Household size 

2 Gender of household head 

3 Education level of household head 

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 

22 Households experienced riverbank failure in past 

23 Households possess indigenous knowledge 

24 Household share warning with others 

Used   
variables 

CTCN AIT Bhutan 
Training 2017 
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Scoring 
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Compo

nents 
Variables Classes Score Remark Source 

Scoring 
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Compo

nents 
Variables Classes Score Remark Source 

Scoring 

CTCN AIT Bhutan 
Training 2017 Prof. Tawatchai Tingsanchali 25 



Compo

nents 
Variables Classes 

Scor

e 
Remark Source 

Scoring 
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Calculate Socio- economic Vulnerability (Example for Social Part) 

Comp

onent

s 

Indicator Vulnerability Score 

A(50) B (45) C (75) D 

(57) 

  

So
ci

al
   

          

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 

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 

*Note   

CTCN AIT Bhutan Training 
2017 
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0

10

20

30

40

50

60

70

80
SVI

EVI

PVI

ExI

Indicies of the vulnerability components 

Shorisha Bari

Sariakandi

Manikganj

Rajbari

SVI = Social Vulnerability Index 

EVI = Economic Vulnerability Index 

PVI = Physical Vulnerability Index 

ExI = Exposure Index 
 

A 

B 

C 

D 

Radar Chart 

Legend for Location 
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SeVI =  
SVI + EVI + PVI + ExI

4
 

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

45.00 47.00 49.00 51.00 53.00 55.00

Composite socio-economic vulnerability index 

A 

B 

C 

D 
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Location 

ID 

Location 

Name 

Normalized 

Hazard 

Index 

(HI)* 

Vulnerability Index (VI) Risk 

Population 

density and 

asset value 

(Regional 

scale)* 

Socio- 

economi 

(SeVI) 

Household 

scale) 

Avg. 

VI 

HI x 

Avg. VI 

Normalize 

Risk 

Index 

1 A 100 38.46 51.44 44.95 4,495 58.32 

2 B 100 100 54.15 77.07 7,707 100 

3 C 66.67 15.38 47.91 31.64 2,109.4 27.37 

4 D 100 53.85 52.93 53.39 5,339 69.27 

Risk calculation 

R
IS

K
 

* Taken from another study at regional scale 
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Conclusions 

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

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

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

31 
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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 
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Thank you 
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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
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GIS--What is it?
No easy answer anymore!

• Geographic/Geospatial Information 

• information 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
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Geographic Information Technologies

• Global Navigation Satellite Systems (GNSS)

• a system 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 GISy.

A GISy provides for storing and manipulating GPS and RS data.
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GNSS: as a data source to GIS

• GNSS (Global Navigation 

Satellite Systems) started with 

the launch of  the U.S 

Department of  Defense Global 

Positioning System (GPS) in the 

late 1970’s

• GNSS systems currently include

• GPS (United States)

• GLONASS (Russia)

• Galileo (European Union)

• BeiDou (China)

26 October 2017AIT, Thailand 5



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)
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Remote Sensing: Advantages

1. Synoptic view: 

opportunity to capture 

large geographic areas 

with a single 

observation, or scene
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2. Multispectral view

Landsat 7 Image of  Palm spring, CA

30X30 m

Bands 4,3,2 = RGB

Landsat 7 Image of  Palm spring, CA

30X30 m

Bands 7,4,2 = RGB

Jensen, 2000
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https://eros.usgs.gov/doi-remote-sensing-activities/2013/usgs

3. Revisiting Cycle on a regular period

4. Geographic and thematic

26 October 2017AIT, Thailand 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 it change: Temporal Resolution

• How intense is the color depth: Radiometric resolution

• Scale

26 October 2017AIT, Thailand 12



Spatial Resolution & 
Scale

Spatial Resolution: Ability of  RS 
objects to discriminate spatial 
objects

Bhatta, 2011
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Spectral Resolution: Number and location of  spectral bands
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Spectral Resolution: Number and location of  spectral bands
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Radiometric Resolution: Sensitivity of  the RS system

1 bit 8 bit
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Temporal Resolution 

• Time required to revisit the 
exact location

• The time factor in imaging is 
important when

• Persistent clouds offer limited 
clear views of  the earth’s 
surface (often in the tropics).

• Short-lived phenomena (floods, 
oil slicks, etc.) need to be 
imaged.

• Multi-temporal comparisons 
are required (e.g., the spread of  
a forest disease from one year 
to the next).

Example:

NOAA AVHRR: <1 

day

MODIS: 1-2 days

QuickBird: 1-3.5 days

IKONOS: 16 days 

Landsat: 16 days

RADARSAT: 24 days

SPOT5: 26 days

26 October 2017AIT, Thailand 17



Remotely Sensed Data Types
Region of  EMR

• Optical Remote Sensing (Passive)

• Visible, NIR and SWIR

• Reflected energy

• 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

26 October 2017AIT, Thailand 18



• Optical Remote Sensing (Active)

• LiDAR

• Green and NIR

• One light 

pulse=several returns

• Common Applications

• Digital Elevation 

Models

• Agriculture and 

forestry

• Shoreline mapping

• Urban utilities

26 October 2017AIT, Thailand 19

Remotely Sensed Data Types
Region of  EMR



• Thermal Remote Sensing

• Emitted energy

• Common Applications

• Forest fire
• Urban Heat Island
• Active volcanos
• Military purposes

• Common Sensors

• Landsat
• Aster

26 October 2017AIT, Thailand 20
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• Microwave Remote Sensing
• Active (backscattering) & Passive (Emission)

• Generally low spatial resolution

• Can penetrate clouds, vegetation canopy, soil (few cm to m)

• Common applications

• Sea and glacial ice monitoring 

• Ocean winds

• Soil Moisture

• Vegetation

• Precipitation

• Common sensors: Radars and Radiometers

26 October 2017AIT, Thailand 21
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Defining Geographic Information Systems 

(GIS)

• The common ground between information processing and the many fields 

using spatial analysis techniques. (Tomlinson, 1972)

• A powerful set of  tools 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. 

(NCGIA, 1987)

• A decision support system involving the integration of  spatially referenced data 

in a problem solving environment. (Cowen, 1988)
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• A map with a database behind it.

• A virtual representation of  the real 
world and its infrastructure. 

• A consistent “as-built” of  the real 
world, natural and manmade

Which is  

• queried to support on-going operations

• summarized to support strategic decision  
making and policy formulation

• analyzed to support scientific inquiry

Geographic Information System: 

intuitive description
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Map: Basic Elements

A map portrays 3 kinds of  information about geographic features:

 Location and extent of  the feature

 Attributes (characteristics) of  the feature

 Relationship of  the feature to other features

Elements:

 Title 

 Legend

Names of  Feature

Directional Indicator

 Scale

Map Grid
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GIS System Architecture

Data Input

Query Input Geographic Database

Output: Display and 

Reporting

Transformation and 

Analysis
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GIS – Data Analysis

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?

How GIS Works:

• Different type of  information represented as 

separate map layers/themes

• Each layer/theme is linked to descriptive 

information

• Layer/themes are combined to make a map
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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
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The GIS Data Model: Implementation

Digital Orthophoto

Streets

Hydrography

Parcels

Buildings

Zoning

Utilities

Administrative Boundaries

• Data is 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, thus geographic location 

is the organizing principal.
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Few Essentials
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Spatial and Attribute Data 
• Spatial data (where)

• specifies 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 table 

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

“join” them for display or analysis
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Features linked to data

Each feature is linked 

to an entry in a data 

table containing 

information about 

the feature.
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0 1 2 3 4 5 6 7 8 9

0 R T

1 R T

2 H R

3 R

4 R R

5 R

6 R T T H

7 R T T

8 R

9 R

Real World

Vector Representation
Raster Representation

GIS Data Model:

Vector and Raster

line

polygon

point

26 October 2017AIT, Thailand 35



Vector File Formats: Shapefiles
.shp - The main file that stores the 

feature geometry. 

.shx - The index file that stores the 

index of  the feature geometry. 

.dbf - The dBASE table that stores 

the attribute information of  features. 

There is a one-to-one relationship 

between geometry and attributes, 

which is based on record number. 

Attribute records in the dBASE file 

must be in the same order as records 

in the main file.

.sbn and .sbx - The files that store 

the spatial index of  the features.
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• Esri grid – proprietary binary and metadataless ASCII raster formats 

used by Esri

• GeoTIFF – TIFF variant enriched with GIS relevant metadata

• JPEG2000 – Open-source raster format. A compressed format, allows 

both lossy and lossless compression..

• netCDF-CF – netCDF file format with CF medata conventions for earth 

science data. Binary storage in open format with optional compression. 

Allows for direct web-access of  subsets/aggregations of  maps 

through OPeNDAP protocol.

Raster File Formats
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• Tabular data: data table (often non-spatial) that can be 

used in a GIS

• Spreadsheet

• Dbase database file -- .dbf

• Map document: a project file—it stores your map layout 

and preferences in ArcGIS….but not the data!

Other Data formats
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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

• Scale is a dimensionless number

1 foot is 1.98 million feet in real world
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USA
Washington State

Clark County, Washington

highway interchange

Clark County, Washington

1:21,197,708

Large vs. Small Scale

1:3,125,078

1:30,137 1:5,269
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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 is not sufficient. Must also know:

o Datum

o Parameter(s)

o Measurement units

We often say map projection, when we really mean coordinate system!
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What Can GI Technologies

Do for Flood Management
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GI technologies in Flood 

Management

A. Derivation of  flood extent and depth! (Flood mapping 

and monitoring)

B. Subsequent products:

A. Evacuation route

B. Identifying flood shelter (refuge locations)

C. Vulnerability/ Damage Assessment

D. Risk Mapping
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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

44
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A. Flood Mapping
• Optical Remote Sensing

Advantages Limitations

Spectral Resolution-allows the 

use of  bands and spectral 

signatures to classify flooded 

pixels

Satellite revisit time

Free or low cost imagery Cannot detect under cloud

and canopy condition

46
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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

https://riskncrisis.files.wordpress.com/2015/06/

Change Detection - - > Thresholding on intensity difference

47
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A. Flood Mapping
• Microwave Remote Sensing

Advantages Limitations

Can Penetrate cloud and 

canopy cover

Expensive and high end 

processing

Day and night measurements 

(own energy source)

Long revisit time

48



B. Subsequent products: 

Vulnerability assessment: Extent
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B. Subsequent products: Flood 
level calculation

50



26 October 2017AIT, Thailand

B. Subsequent products: Flood Shelter Analysis

http://article.sapub.org/10.5923.j.ajgis.20130201.01.html
51
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B. Subsequent products: Flood 
evacuation route
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Issues of  GI technologies in Flood 

Management?

• Not accurate as gauges

• Measurements do not occur as often (limited by satellite 

revisit time)

• Dependency on DEM
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Thank You

Questions

& 

Comments
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Digital Elevation Model
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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 is 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
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Conversion of  Topographic Maps
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Photogrammetry
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Stereo Satellite

Two satellite passes are combined to get effective “stereo” view
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Stereo Radar

Can be done from space or airborne with side-looking-airborne-radar (SLAR)
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Radar Interferometry

Uses phase difference in two radar signals to measure elevation differences
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Laser Altimetry

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

• GTOPO30

• Aster

• Shuttle Mapping Program

• IKONOS
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Available Resolutions of  DEM

Map Scale Geographic 

Coordinates

Projected 

Coordinated

1:24,000 1” (arc-second) 30 m

1:100,000 2” 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)
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http://srtm.usgs.gov/srtmimagegallery/index.html

Mt Kilimanjaro, Tanzania
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Shuttle Radar Topography Mission 

(SRTM)

• 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
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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.
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SRTM DEM 
Product Specifications

Projection Geographic

Horizontal Datum WGS84

Vertical Datum EGM96 (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
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Cell Size30m 90m
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30" DEM GTOPO30

• Produced by USGS from 3" grids and Digital Chart of  

the World topography

• Coverage complete for the earth

• Projected cell size is 1km

• Data must be projected before use

• Link http://edcwww.cr.usgs.gov/landdaac/gtopo30/gtopo30.html
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GTOPO30

• Resolution:

30-second (~1 km) 

• Coverage:

50 deg lat x 40 deg long

• Vertical Accuracy:

30 m
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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

• GTOPO30 
(1 km2/pixel)

• ASTER
(30 m2/pixel)
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Products of  DEMs

• Aspect

• Contour

• Hillshade

• Slope

• Viewshed
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Aspect
Downslope direction of  the maximum rate of  change in value 

from each cell to its neighbors. 
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Contours
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 

taken into account for shading the image.
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Slope
Slope is defined by a plane tangent to a topographic surface, as 

modelled by the DEM at a point
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Viewshed
What land is visible from the selected location?
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Viewing DEM in 3D
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Thank You

Questions

& 

Comments
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Outline 

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

• According to WMO, 

14 of the 15 hottest 

years on record 

have occurred since 

2000 

 

• 2015 hottest since 

1850, exceeding 

previous record by 

0.1oC 

Changes in temperatures (1980-2012) 
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Relative to the average over the period 1986 - 2005 

Facing the facts 



Facing the facts 
Precipitation 
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Source: IPCC (2014), World Bank (2013) 

Sea levels across the 

globe have risen in a 

way consistent with 

the warming – since 

1961 at an average 

of 1.8 mm per year, 

and since 1993 at 3.1 

mm per year. 

Mean Sea Level 
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Relative to the average over the period 1986 - 2005 

Facing the facts 



Facing the facts 
Effect of increase in average temperature on extreme temperature 
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Facing the facts 
Catastrophes and extreme events 

Source: Munich RE (2012) 

Is climate change affecting the frequency and intensity 
of natural hazards? 
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Facing the facts 
Region Meteorological record 

breaking event 
Confidence in 
attribution to climate 
change 

Impact costs 

England and Wales 
(2000) 

Wettest autumn since 
1766 1 

Medium  2,3 £ 1.3 Billion 2 

Europe (2003) Hottest summer in 500 
years 4 

High  5,6 Death toll >70,000 7 

Pakistan (2010) Rainfall records 8 Low to medium 9,10 Worst flooding in its history; 
3000 deaths; 20M people 
affected 11 

Eastern Mediterranean 
and Middle East 
(2008) 

Driest winter since 1902 High 12 Substantial damage to cereal 
production 13 

4 US states (TX, OK, 
NM, LA) (2011) 

Summer heat and 
drought since  1880 14 

High 14 Wildfires burning 3 M acres 
(preliminary 
impact of $6 to $8 B) 15 

1 Alexander and Jones (2001)   2 Min et al. (2011)   3 Kay et al. (2011)  4 Luterbacher (2004)   5 Della-Marta et al. (2007); Stott et al. (2004)   6 

Coumou et al. (in review);  Hansen et al. (2012)  7 Robine et al. (2008)  8 Webster et al. (2011)  9 Trenberth et al. (2012);  10 Lau and Kim (2012);  11 

Hong et al. (2011);  12 Hoerling et al. (2012);  13 Ricardo et al. (2010);  14 Rupp et al. (2012);  15 NOAA (2011) 

Record breaking meteorological events in the last decade 
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Source: World Bank (2012) 



Climate Projections 
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Global projections: Temperature 

Even with the current mitigation commitments and pledges fully implemented, there is a 20% 
likelihood of exceeding 4°C by 2100. 50% chance of temperature rise above 3°C by 2100.  

Source: World Bank (2012) 
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Local projections: Temperature 
Impact on Maximum Temperature (Change in °C) 

Basin/Area, Country A2 B2 

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. 
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Impact on Minimum Temperature (Change in °C) 

Basin/Area, Country A2 B2 

Early Mid Late Early Mid Late 

Wangchu, Bhutan 0.4 1.1 1.2 0.5 0.9 1.4 

Sikkim, India 0.4 0.9 1.6 0.4 0.7 1.1 

Nam Ou, Laos 0.5 1.6 3.5 0.5 1.3 1.9 

Bagmati, Nepal 0.6 2.1 3.0 0.6 2.0 2.3 

Koshi, Nepal 0.8 2.2 4.2 0.9 1.9 2.6 

Jhelum, Pakistan 0.1 0.4 0.7 0.1 0.3 0.4 

Mun, Thailand 0.9 2.1 3.1 - - - 

Bangkok, Thailand 0.3 0.8 1.6 0.4 0.6 1.1 

Pak Phanang, Thailand 1.3 2.5 4.2 1.3 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. 
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Local projections: Temperature 



Global projections: Precipitation 

Source: Portmann et al. (2013) 

For RCP8.5, global 
precipitation over land 
increase in most of the 
regions during 2070-2099 
from period 1971-2000. The 
relative increase of 99–111%, 
is also projected in some 
regions of Africa. 
 
Differences exist in GCM 
projections in direction as 
well as magnitude of change. 
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Impact on Precipitation (% change) 

Basin/Area, Country A2 B2 

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 Vietnam 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.  
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Local projections: Precipitation 



Global projections: Daily maximum temperature 

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.  

Source: IPCC (2012) 

16 



Global projections: Extreme precipitation event 

The frequency of 20-year return period precipitation event is expected to increase to once in 
every 5 to 20 years for SE Asia and 9 to 15 years at Global level during 2046-65 

Source: IPCC (2012) 
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Global projections: Change in runoff 

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 

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

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 

Source: Hirabayashi et al. (2013) 
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Key Challenges 
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Key Challenges 
 Interpreting and using climate data at different scales in order to plan 

the development of water resources more effectively 

 Uncertainties in future climate projections  

 Forecasting extreme events 

 Past is not a good indicator of future 

 Frequency, location, magnitude, duration of extremes may change 

 Chance of extreme event is not the same from one year to next and 

is strongly related to large-scale climate drivers like ENSO 

 Develop more accurate and reliable early warning systems 

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

 Translating the impacts to societal implications (vulnerability and 

risks) 

 Impacts are visible, suitable adaptation and mitigation measures are 

required 

 Science-policy dialogue 
21 
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• 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 

together? 

Key Challenges 

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


Uncertainties in Climate Change 

Studies in Water Resources 
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Climate Change Impact on 

Design Flood Discharge 

24 
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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) 

Risks and Opportunities 



Risks and Opportunities 

 Abnormal weather becomes normal as a result of 

adaptation  

 Probability as a measure of the costs of adaptation:  

 How high should be the protective dams be? 

 Flexible flood protection 

 Three crucial factors of risks and opportunities posed by 

climate changes  

 Climate variability,  

 forecasting skills and  

 responsiveness 

 Climate protection  

27 



Thank you… 
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Outline 

• 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 



Flash Flood Characteristics  



Definitions 
‘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 



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 



Flash Floods vs. Riverine Floods  

Riverine floods  Flash floods  

Features  

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

days 
• Slow recession  
• Mostly coinciding with high base flow 

levels  
• Medium to long lag times   

• 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   

Causes  

• Prolonged seasonal precipitation of 
low to high intensity  

• Seasonal snow and glacial melt  
 

• Very high intensity  
• Rapid snow/glacial melt  
• Dam breaks  

Associated 
Problems 

• Inundation  
• Often carry high sediment and debris loads  
• Very high hydraulic force and together with 

erosive power 



Flash Floods vs. Riverine Floods  

Riverine floods  Flash floods  

Frequency  • Annually during rainy season  
• Occasional, any time during 

year  

Affected areas  
• River plains and valleys  
• Local to regional extent  
• Large areas can be affected  

• River plains and valleys  
• Alluvial fans  
• Mostly local extent  
• Generally small to medium 

areas  

Forecasting  

• With appropriate technology and 
measures in place forecasting is easily 
possible  

• Local information is less valuable  
• Hydrologic forecasting is necessary  

• Very difficult to forecast  
• Local information is very 

valuable  
• Hydro-meteorological 

forecasting is necessary  



Flash Flood Risk Assessment  



Risk Components 
Hazard 

• Flash flood magnitude which define by 

the probability of occurrence  

• The information can be translate to 

inundation maps showing depth of 

inundation and related velocities  

 

Exposure 

• Human activity and environment in the 

hazard zone  

 

Vulnerability 

• The susceptibility of a region to flood 

losses, defined via the geophysical, 

economic and social attributes of a 

region 

Flood risk characterization (WMO, 2006) 



Strategies for Flash Flood 
Management 



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

Flash flood management measures (Parker, 2000) 



Mitigate hazard    
• Directly reduce the magnitude of flash flood hazard  
• Not always efficient or cost effective  
• 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 of 

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  



Strategies for Exposure  
• 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  



Strategies for Exposure (cont..)  
• Flash flood warnings  

 Informed through disaster management agencies  
 Warning systems should be supported by response plan 
 Should identify what assistance is required from emergency services 
 

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

• Spatial 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 



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  Action  

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 
institutions  

Crisis response services, police, firefighters and greater 
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 
information  

Deciding how the local community will be informed on the 
result of work  



Planning Processes  



• 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  

  
• 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  
 

Strategies for Vulnerability (cont.) 



• 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 

for NMHS and local government considering existing uncertainties.  

 

Legal and Institutional Framework 



Local Level Activities 



• It is 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 

Step 1: Evaluation of Community Readiness  



• Decision making competencies and approaches change  
• according to local conditions and capabilities  

• Team should consists of  
• local 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 

Step 2: Creating a Planning Team 



• It is 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 

Step 3: Public Consultation 



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 



Thank you …  
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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 

SAND BAG FLOOD WALL 

RIVER 

DIKE 
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Typical Cross-section of River Dikes 
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 Design Criteria for River Dike 

or Levee 

• Hydraulic boundary condition  

• Soil investigation, pore pressure, 
peizometric head 

• Crest level/Free board 

• Water tightness 

• Resistance to erosion 

• Slope stability with respect to 
internal erosion and sliding 
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Hydraulic 

Boundary 
Condition 

 Design water level  

 Wave attack 

 Wind set-up 

 Rapid drop in 
water level after a 
flood 

Design Criteria for 

Crest level/Free 

Board 

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 
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a = DHW + w + z 

DHW 

H 
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Determinant High 

Water Level DHW 

 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. 

Detailed Design of 

River Dike 

 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) 
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Dike Profile 

 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 is 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. 

Dike Alignment 

 Existing dike 
alignment should not 
be changed for dike 
improvement 

 For new dikes, 
structure of subsoil 
must be considered 

 Areas with thick soft 
clay or peat strata 
highly compressible  
and prone to 
settlement are not 
suitable for dike 
construction due to 
stability and 
settlement 
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Soil investigation, pore pressure and 

peizometric head 

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

• Cone penetration test and hand boring for  
reconnaissance survey 

• Well and pumping test and infiltration test 
• Borings of undisturbed samples for lab test 
• Determination of soil parameters 
• Computing  pore pressure, peizometric head by 

ground water model using design values of 
geometrical, soil and hydrological parameters  
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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 

 

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 
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Representative Cross-section of a Dike 

Clay 

layer Clay layer 
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Design Criteria for 

Internal Erosion and 

Stability 

• 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  

 

Criteria for Resistance to 

Erosion of Outer Slope due 

to Wave and Current 

Attack 

 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 
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Cover Sand Boil with 

Filter Cloth and Ballast 

Sand Boil 

Piping due to Groundwater Flow Under Dike 
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Clay Covering 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 

 

 

Resistance to 

Erosion of Inner 

Slope and Crest 

 Grass cover in clay subsoil 
can resist flow velocity up 
to 6 m/s for a long 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. 
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Protection on Outer 

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 

-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 

inner 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. 

Drainages and 

Filter 

CTCN Bhutan 2017 
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Drainages and filter constructions (Toe or Slope 

Drainage) 

• Properties of filter materials follow Terzaghi equation 
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• 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. 
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Drainages and filter constructions (Toe or 

Slope Drainage) 



Sheet Pile Walls and 

Retaining Walls 

 

• 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. 

Seepage Flow 

Cutoff (Water Tight Screen) 

 To interrupt totally or 
partially seepage flow so as 
to prevent sand boils 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 
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Sheet Pile Walls and Retaining 

Walls 
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Watertight Screen (Flow Cutoff) 

Flow 

Cutoff 
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CONCLUSION 

• General design criteria of river dikes are given. 

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

• Detailed 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. 
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EARTH EMBANKMENT DAM 

An earth embankment is a dam made from 
compacted soil 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 

 

 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. 

HOMOGENEOUS 

EMBANKMENT 
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HOMOGENEOUS EMBANKMENT DAM 
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Zoned Embankment Dam 

SELECTION OF DAM 

TYPES 

Depends on availability of 

materials in nearby areas due to 

high transportation cost 

-Select homogeneous embankment dam 

if there is a lot of impervious material 

nearby 

-Select zoned embankment dam if there is 

limited impervious core material and rock 

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. 
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DESIGN OF EMBANKMENT DAMS 

• Homogeneous dams should have flat slopes (1:3 
upstream and1:2 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 
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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 to150 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. 
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 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)0.5 

      

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

 

 Overall freeboard height  = wet freeboard, H’’ + dry freeboard 

 

FREEBOARD 
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Crest Width of Embankment 
• In 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: 

• Cw (in m) = 0.4H + 1 

• where Cw is the crest width and H is the 

maximum height of the dam in meters. 
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ESTIMATION OF EARTH WORK VOLUME 

CTCN Bhutan 2017 Prof. Tawatchai Tingsanchali 12 



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. 

 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 subsoil 
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. 

SEEPAGE 

FILTERS 
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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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RATIONAL METHOD 

FOR FLOOD PEAKS 
• Catchment annual runoff Y  

  Y (m3) = Rr x A x 1,000 

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

   A = catchment area in km2 

•  Approximate reservoir 
capacity  

  V (m3)=LTH’/6  

• L=length of dam wall at full 
supply level, T= longest 
distance straight 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. 

CATCHMENT RUNOFF AND 

RESERVOIR CAPACITY 

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

 Most appropriate for 
catchments under 15 km2. 

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 km2. 

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.  

 7. 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. 6c.  

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 A P R Cr/Tc 
CTCN Bhutan 2017 Prof. Tawatchai Tingsanchali 
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FAO (2010) Irrigation and Drainage 

Paper No. 64 , Manual on Small Earth 

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

  

  b= Qp /(1.7 D1.5) 

     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. 

•On catchments greater than 5-

8 km2 and rivers of a flashy 

nature, rock spillways are 

virtually essential. A minimum 

spillway width of 15 m at 1.5 m 

freeboard for a dam on a 

catchment of around 5 km2 may 

prove suitable 

 

SPILLWAY DESIGN 
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OUTLET WORKS 

 

•Spillway is the most 
important outlet. It is a 
concrete permanent 
structure located at a level 
that allows overflow to 
occur when necessary . 

•Other outlet structures can 
be pipes or boxes leading 
through the embankment 
high up on one end at full 
supply level  may prove 
cheaper than a box inlet 
type overflow.  

•The pipe exit end leads 
flow to streambed  
downstream usually stone 
pitched or lined with brick 
or concrete. 

QUANTITIES AND COST 

ESTIMATE 
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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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Thank you for your attention 
 tawatch_t@hotmail.com 
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Minimum Weighted Creep Ration for Various Foundation 

Materials 
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HEC-RAS (4.1)

Hydrologic Engineering Center – River Analysis System

by

Nat Marjang, Ph.D.



 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

Introduction

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


 Graphical User Interface (GUI)

 Analysis Components

 Data Storage & Management

 Graphics 

 Report Generation

Software Package:



 One - Dimensional (1D) River Analysis

 Steady Flow Water Surface Profile Computations

 Unsteady Flow Routing

 Hydraulic Design Features

 Sediment Transport Computations

 Water Quality Analysis

Model Capability



 Various Flow Analysis

 Bridge, Culvert Modeling

 Inline Structures :Dams, Weirs and Gates

 Lateral Structures: Weirs, Spillways

 Flood Management 

Applications:



Energy Equation

Steady Flow Water Surface Profile Computations

2 2

2 1
2 2 2 1 1 1

2 2
e

V V
Z Y Z Y h

g g
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Where:

Z1, Z2 = elevation of the main channel inverts, m.

Y1, Y2 = depth of water at cross sections, m.

V1, V2 = average velocities (total discharge /  total 

flow area)

1,  2 = velocity weighting coefficients

g = gravitational acceleration

he = energy loss



Conveyance Calculation using Manning Equation

Steady Flow Water Surface Profile Computations

2/3 1/21
fQ AR S

n


2/31
K AR

n


1/2                 (SI Unit)fQ KS

Where:

Q = discharge (m3/s)

n = manning’s coefficient

A = cross sectional / Flow area (m2)

R = hydraulic radius (m.) = A/P

Sf = fiction slope (m./m.)

K = conveyance

P = wetted perimeter (m.)



Steady Flow Water Surface Profile Computations

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 0.025 0.028 0.030 0.033

2. Same as #1, but some weeds and stones 0.030 0.033 0.035 0.040

3. Winding, some pools and shoals, clean 0.033 0.035 0.040 0.045

4. Same as #3, lower stages, more ineffective

slope and sections 0.040 0.045 0.050 0.055

5. Same as #3, some weeds and stones 0.035 0.040 0.045 0.050

6. Same as #4, stony sections 0.045 0.050 0.055 0.060

7. Sluggish river reaches, rather weedy or

with very deep pools 0.050 0.060 0.070 0.080

8. Very weedy reaches 0.075 0.100 0.125 0.150

Manning’s n Values



Energy head loss

Steady Flow Water Surface Profile Computations

2 2

2 1
2 1

2 2
e f

V V
h LS C

g g
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Where:

L = discharge weighted reach length

= representative friction slope between two sections

C = expansion or contraction loss coefficient
fS



Computational Procedures
Control Section:

 subcritical flow (Fr < 1) :  evaluate from 

downstream to upstream

 supercritical flow (Fr > 1) : evaluate from upstream 

to downstream

supercritical

subcritical

subcritical
supercritical

Yc


 



Yc



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



HEC-RAS

Main 

window



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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Cross section layout



Steps in Developing a Hydraulic Model with HEC-RAS
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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



Advantages:

 Simple to Use

 Accepted by most government and private agencies

 Extensive Support by USACE

 Add-on packages available

Disadvantages:

 Numerical instability during unsteady analyses

 Problems modeling highly dynamic rivers and 

streams

 1D modeling is less detailed

Advantages vs Disadvantages



Session 12: 

Climate Outlook Scenarios

Capacity Development Workshop:

“Flood Risk Assessment for Dungsumchu Basin in Samdrupjhomkar
District, Bhutan “

30th Oct – 8th Nov, 2017 

Victor R. Shinde
Water Engineering and Management (WEM)
Asian Institute of Technology (AIT), Thailand 



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 Cancun in 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 GCF 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 

strengthened 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:

o Tonga depends entirely on imported fossil fuel for its energy

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

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

o Plan will include achievable energy efficiency (EE) and 
greenhouse (GHG) 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;

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

o 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

minutes hours days months years centuriesdecades
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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 

measured



Why Use Climate Change Scenarios?
 We are unsure exactly how regional climate will 

change

 Scenarios are plausible combinations of variables 

consistent with what we know about human-

induced climate change

 One can think of them as the prediction of a 

model, contingent upon the GHG emissions 

scenario

 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:

o Consistent with our understanding of the 

anthropogenic effects on climate

o Internally consistent 

• e.g., clouds, temperature, precipitation

 Scenarios are a communication tool about what is 

known and not known about climate change

o Should reflect plausible range for key variables



Scenarios for Impacts Analysis

 Need to be at a scale necessary for analysis

 Spatial 

o e.g., to watershed or farm level

 Temporal 

o Monthly

o Daily

o Sub-daily
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Options for Creating Scenarios

 Past climates: analogues

 Spatial analogues

 Arbitrary changes; incremental

 Climate models
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Past Climates

Options

o Instrumental record

o Paleoclimate reconstructions

 Instrumental record

o Pros

• Can provide daily data

• Includes past extreme events

oCons

• Range of change in past climate is limited

• Data can be limited
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Past Climates (continued)
 Paleoclimate reconstructions (e.g. from tree 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. 

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

life.

o Tree rings usually grow wider in warm, wet years and they are 

thinner in years when it is cold and dry

o If the tree has experienced stressful conditions, such as a 

drought, the tree might hardly grow at all in those years.
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Past Climates (continued)
 Paleoclimate reconstructions

o From tree rings, boreholes, ice cores, etc.

o Can give annual, sometimes seasonal, climate

o Can go back hundreds of years

 Pro

o Wider range of climates

 Cons

o Incomplete data

o Uncertainties about values
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Reconstruction of Northern Hemisphere 

Temperatures
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Spatial Analogues

Missouri

Oklahoma

Illinois

Virginia

North Carolina
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Spatial Analogues (continued)

 Advantage

o Communication tool: perhaps easier to 

understand

 Disadvantages

o Require using a model result to choose the 

spatial analogue region

o Do not capture changes in variability
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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
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 Pros

o Easy to use

o Can simulate a wide range of conditions

 Cons

o Assuming a uniform change over the year or 

across a region may fail to capture important 

seasonal or spatial details

o Combinations of changes in climate for 

different variables can be physically implausible

Arbitrary/Incremental Scenarios
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Climate Models

 Models are mathematical representations of 

the climate system

 They can be run with different forcings, 

e.g., higher GHG concentrations

o Models are the only way to capture the 

complexities of increased GHG concentrations
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General Circulation Models

 Pros

o Can represent the spatial details of future 

climate conditions for all variables

o Can maintain internal consistency

 Cons

o Relatively low spatial resolution

o May not accurately represent climate 

parameters
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Example of GCM Output



1A.23

Downscaling from GCMs

 Downscaling is a way to obtain higher spatial resolution 

output based on GCMs

 Options 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
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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

o 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
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 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

o No spatial or daily/weekly variability

Combine Monthly GCM Output with 

Observations
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Statistical Downscaling

 Statistical 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)
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Statistical Downscaling (continued)
 Is most appropriate for 

o Subgrid scales (small islands, point 
processes, etc.)

oComplex/heterogeneous environments

o Extreme events

o Exotic predictands

o Transient change/ensembles

 Is not appropriate for

oData-poor regions

oWhere relationships between predictors and 
predictands may change

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



Climate Scenarios 
RCP scenarios

• Representative 
Concentration Pathways 
(RCPs) are four 
greenhouse gas 
concentration (not 
emissions) trajectories 
adopted by the IPCC for 
its fifth Assessment 
Report (AR5) in 2014. It 
supersedes Special Report 
on Emissions Scenarios
(SRES) projections 
published in 2000.
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General 
CC Impact Assessment

Source: Olsson et al,. (2016)
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Non structural flood management –
Introduction
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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.

Source: https://www.unisdr.org/we/inform/terminology

2

Non structural flood management –
Introduction and Definition

10/24/2017



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

10/24/2017 3

Non structural flood management –
Introduction and Definition

- 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)



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

10/24/2017 4

Non structural flood management –
Definition and Introduction

- Floodplain mapping

- Flood Emergency (Preparedness) Plans

- Flood warning system

- Evacuation Plans

- Land Use Regulations/Zoning/Building Codes

- Risk Communication



Non structural flood management –
Flood Emergency Plan

10/24/2017 5



Disaster Risk Management Cycle

10/24/2017 6

Non structural flood management –
Flood Emergency Plan

Prevention and 
Mitigation

Preparedness

Response
Rehabilitation 

and 
Reconstruction

Disaster

Emergency ManagementRecovery Build Back 

Better and Safer

Disaster Risk Reduction



10/24/2017 7

Non structural flood management –
Flood Emergency Plan
Flood 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



Non structural flood management –
Flood Warning System
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Non structural flood management –
Flood 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)
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Non structural flood management –
Flood Warning Systems – Example Thailand DWR

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

Thailand Department for Water Resources

Instruments in use:

GPRS (General Packet Radio Service) 
Communication
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Non structural flood management –
Flood Warning Systems – Example Thailand DWR

Thailand Department for Water Resources

Instruments in use:

GPRS (General Packet Radio Service) 
Communication

Warning signal
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Non structural flood management –
Flood Warning Systems – Example Thailand DWR

Thailand Department for Water Resources

Instruments in use:

IP-STAR Communication (Satellite)
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Non structural flood management –
Flood Warning Systems – Example Thailand DWR

Thailand Department for Water Resources

Instruments in use:

Manual and Automatic rain gauge (Tipping 
bucket)
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Non structural flood management –
Flood Warning Systems – Example Thailand DWR

Thailand Department for Water Resources

Instruments in use:

Automatic water level, Automatic rain 
gauge and Staff gauge
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Non structural flood management –
Flood Warning Systems – Example Thailand DWR

Thailand Department for Water Resources
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Non structural flood management –
Flood Warning Systems – Example Thailand DWR

Thailand Department for Water Resources
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Non structural flood management –
Flood Warning Systems – Example Thailand DWR

Thailand Department for Water Resources
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Non structural flood management –
Flood Warning Systems – Example Thailand DWR

Thailand Phitsanulok

Source : http://www.niems.go.th/en/Upload/File/255511281805228004_KCkv8gyKOTkHBlz7.pdf
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Non structural flood management –
Flood Warning Systems – Example Thailand DWR
Thailand OneTambon One Search and rescue (OTOS)

Source : http://www.niems.go.th/en/Upload/File/255511281805228004_KCkv8gyKOTkHBlz7.pdf

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.
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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 für 
Meteorologie und Geodynamik - ZAMG) 

University of Linz

Hutchison 3 G Austria

Allianz Insurance
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Non structural flood management –
Flood Warning Systems – Example Austria
Warning for mobile local destinations e.g. hikers in the mountains



Non structural flood management –
Self Protection
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Non structural flood management –
Self Protection

10/24/2017 24

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

during floods:

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

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)



Non structural flood management –
Self Protection

10/24/2017 25

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

during floods:

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

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



Non structural flood management –
Self Protection

10/24/2017 26

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



Non structural flood management –
Economic aspects
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Non structural flood management –
Economic aspects

Upstream investments:

Who? Why? What? 

- Public sector
- (Internat.) donor 

organization
- Private sector
- Civil society
- Etc.

- RB Master Plan
- Flood protection
- Land management
- Economic purpose
- Etc.

- Forest
- Reservoir
- Floodplain
- Etc.

12/7/2017 2



Non structural flood management –
Economic aspects

Upstream investments: 
i.e. rehabilitation of forest

Downstream beneficiaries:
Lower peak flow
Less areas flooded

12/7/2017 3



Non structural flood management –
Economic aspects

Upstream investments: 
i.e. rehabilitation of forest

Downstream beneficiaries:
Lower peak flow
Less areas flooded

Compensation 
payments

12/7/2017 4



Non structural flood management –
Economic aspects

Upstream investments: 
i.e. rehabilitation of forest

Downstream beneficiaries:
Lower peak flow
Less areas flooded

Loss & Damages

12/7/2017 5



Non structural flood management –
Economic aspects

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

Loss & Damages

12/7/2017 6



Non structural flood management –
Economic aspects

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

12/7/2017 7



Non structural flood management –
Economic aspects

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

12/7/2017 8



Non structural flood management –
Economic aspects

12/7/2017 9



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

12/7/2017 10



Non structural flood management –
Land management
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Non structural flood management –
Land management

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

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

No space for water 

Effects:
Land availability
High velocity
Deep & tight water
12/7/2017 12



Non structural flood management –
Land management

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

Effects:
Land availability

Consequences:
• Economic development
• Increasing flood risks – directly (along the 

river) and indirectly (downstream)

12/7/2017 13



Non structural flood management –
Land management

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

Effects:
High velocity

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

12/7/2017 14



Non structural flood management –
Land management

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

Effects:
Deep & tight water

Consequences:
• Economic use
• Fast run-off (increasing flood risk downstream)
• Against nature

12/7/2017 15



Non structural flood management –
Land management

Effects:
Deep & tight water

• Against nature

Water is naturally flat and wide

12/7/2017 16



Non structural flood management –
Land management

Effects:
Deep & tight water

• Against nature

New style: give space back to the water
Example: Munich, Germany

12/7/2017 17



Non structural flood management –
Land management

Retention ponds
Example: Munich, Germany

ES4 - Biodiversity preservation High

ES7 - Flood risk reduction High

ES11 - Aesthetic/cultural value High

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

High

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

High

PO14 - Prevention of biodiversity loss High

BP1 - Store runoff High

BP2 - Slow runoff High

BP9 - Intercept pollution pathways High

BP10 - Reduce erosion and/or sediment 
delivery

High

BP12 - Create aquatic habitat High

ES9 - Filtration of pollutants High

Source: http://nwrm.eu/measure/retention-ponds
12/7/2017 18



Non structural flood management –
Land management

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

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

12/7/2017 19



Non structural flood management –
Land management

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

It is our choice

12/7/2017 20



Non structural flood management –
Land management

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

It is our choice

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

12/7/2017 22



Non structural flood management –
Ecosystem-based adaptation measures
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EU Site with possible EbA Measures

Hydro Morphology Slowing and Storing Runoff Reducing Runoff
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N1 Basins and Ponds 1 1 1 3 2 3 3
N2 Wetland restoration and management 1 1 2 2 2 2 2 3 3 1 1 3 1
N3 Floodplain restoration and management 1 1 1 1 2 1 2 2 2 1 1 2 1 1 2 2
N4 Re-Meandering 2 2 2 1 3 2 2 3 1 1 2 1 1 2 2 3
N5 Stream bed renaturalization 2 1 3 1 2 1 2 1 1 3 2 3
N6 Restoration of reconnection of seasonal streams 1 1 1 1 3 1 2 3 2 1 3 1 1 3 3 3 3

N7
Reconnection of oxbow lakes and similar 
features 1 1 1 1 3 1 2 3 2 1 3 1 1 3 3 3 3

N8 Riverbed material renaturalization 2 2 2 2 2 3 1 1
N9 Removal of dams and other longitudinal barriers 3 2 1
N10 Natural bank stabilization 3 3 3 2 2 3 2 3 2 1 1 1 1 3 3 3
N11 Elimination of riverbank protection 3 3 1 1 3 3 3 2 2 2 2 3
N12 Lake restoration 1 2 1 2 3 3 3 3 1 3 1 1

N13
Restoration of natural infiltration to 
groundwater 2 1 3 3 3

N14 Re-natualization of polder areas 1 2 1 2 3 2 3 3 3 3 1 2 3

Non structural flood management –
Ecosystem-based adaptation measures



EU Site with possible EbA Measures
Hydro Morphology ES1 ES2 ES3 ES4 ES5 ES6 ES7 ES8 ES9 ES10 ES11 ES12 ES13 ES14
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N1 Basins and Ponds 1 3 3 3 1 1 2 2 2
N2 Wetland restoration and management 2 1 2 1 2 2 2 2 2 2
N3 Floodplain restoration and management 1 1 1 1 2 1 1 1 2 1 1
N4 Re-Meandering 2 2 1 1 2 1 1 1 2 1 1
N5 Stream bed renaturalization 2 1 2 1 2 2 2
N6 Restoration of reconnection of seasonal streams 2 2 3 1 2 2 2 1 2 2

N7
Reconnection of oxbow lakes and similar 
features 2 2 3 1 2 2 2 1 2 3 2

N8 Riverbed material renaturalization 2 2 2 1 2 1 2 3
N9 Removal of dams and other longitudinal barriers 1 1 2 2 2
N10 Natural bank stabilization 3 1 1 1 3 3 2 1 1 1 1
N11 Elimination of riverbank protection 2 2 2 2 3 1 2 2 2 2
N12 Lake restoration 1 1 1 1 2 2 1 1 1

N13
Restoration of natural infiltration to 
groundwater 2 3 2 3 1

N14 Re-natualization of polder areas 1 2 2 1 2 2 3 3 3 2 3

Non structural flood management –
Ecosystem-based adaptation measures



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% 20% 23% 22%
Swales 54% 20% 22% 24% 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%

Co-Benefits
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EU Site with possible EbA Measures

Side Effects

Measures Relevance Drought Sedimentation Erosion
Water 

Quality
Water born 

diseases Management
Climate 
Change Ecosystems Economics

Basins and Ponds 52% 40% 28% 35% 48% 32% 32% 26% 42% 30%

Wetland restoration and management 56% 44% 34% 41% 62% 40% 40% 43% 64% 37%

Floodplain restoration and management 100% 58% 49% 58% 83% 50% 50% 51% 87% 44%

Re-Meandering 81% 50% 44% 47% 76% 50% 50% 46% 80% 40%

Stream bed renaturalization 52% 39% 41% 42% 60% 41% 41% 42% 66% 37%

Restoration of reconnection of seasonal streams 82% 52% 44% 53% 72% 46% 46% 41% 74% 34%

Reconnection of oxbow lakes and similar features 82% 53% 44% 53% 72% 47% 47% 40% 74% 35%

Natural bank stabilization 52% 45% 46% 49% 70% 47% 47% 50% 80% 44%

Elimination of riverbank protection 52% 42% 42% 43% 60% 45% 45% 39% 59% 38%

Lake restoration 60% 47% 45% 51% 69% 46% 46% 45% 70% 41%

Re-natualization of polder areas 63% 49% 41% 47% 60% 43% 43% 39% 59% 37%

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



Non structural flood management –
Ecosystem-based adaptation measures
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Removal of infrastructure



Non structural flood management –
Ecosystem-based adaptation measures
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Protection walls

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



Non structural flood management –
Ecosystem-based adaptation measures
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Natural Water Flow in the 
mountains – Video waterfall
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Introduction

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

2. Flood Risk = Flood Hazard x Flood Damage Vulnerability 

3. 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

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

5. 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

3



- 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= θVR + (1-θ)VH, 

where θ= weighting factor between 0 and 1

- Total flood risk= flood hazard x total 
vulnerability

4

Calculation of Total Risk 
(Regional + Household)



EXAMPLE
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6

Flood Risk Map at 
Regional Scale

 Development of flood risk maps for 25-
year, 50-year and 100-year return 
period of the area surrounding SBIA



Flood Risk Assessment
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Study Area

Data Collection for 

Hydrodynamic Model

Hydrodynamic Model Formulation

Hydrodynamic Model Calibration

Hydrodynamic Model Verification

Flood Hazard Assessment by 

Hydrodynamic Model Simulation for 25-,50-
and 100-year of rainfall

Development of Flood Depth Maps & Flood 
Duration Maps

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

Develop Sets of Question to Perform 
Questionnaire Survey

Questionnaire Surveys 

Data Analysis about land use, population 

density and asset value per unit area to 
obtain element at risk

Flood Damage Vulnerability Factors

Data Collection for 

Elements at risk Evaluation

Flood Hazard Factors

Flowchart of research work
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Research methodology

 This study identifies flood hazard & 

flood risk areas for priority-based flood 

mitigation planning by using a 

hydrodynamic model in conjunction with 

a GIS

 A hydrodynamic model namely MIKE 

FLOOD (DHI 2003) was used to 

simulate the flood flow through the 
canal network and floodplain.
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Research methodology (continued)

 After model calibration and verification, it 

was used to simulate the flood flow in terms 

of flood depth for different return periods of 

rainfall

 Flood risk assessments were performed by 

incorporating flood hazard and flood damage 
vulnerability
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Flood Depth

 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)
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Peak flood depth
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Maximum flood depth classification 
for 25-year flood
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Depth 
categories

Depth range (m) Flooding area 
(% of total)

Low
Medium
High

Very high

0-0.45
0.45-0.90
0.90-1.20
> 1.20 

85.96
10.35
2.90
0.79

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



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

 Flood affected areas were used to assess 
flood duration
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Flood duration of Tr = 25 years
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Duration categories Flooding area (% 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)



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 
FHIy and FHIt are considered 17

CTCN AIT Bhutan 
Training 2017

Prof. Tawatchai Tingsanchali



Flood hazard indicators for flood depth (FHIy)

Flood depth, y
(m)

Hazard 
Category

Flood hazard indicator, FHIy

Option 1a Option 2a Option 3a

0.00 < y  0.45
0.45 < y  0.90
0.90 < y  1.20

y > 1.20

Low
Medium

High
Very high

0
1
2
3

1
2
3
4

2
3
4
5

Flood hazard indicator for flood duration (FHIt)

Flood 
duration

Hazard 
Category

Flood hazard indicator, FHIt

Option 1b Option 2b Option 3b

Short
Medium

Long
Very long

Low
Medium

High
Very high

0
1
2
3

1
2
3
4

2
3
4
5
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Patterns of flood hazard factor calculation 
for nine case studies

Case studies for
flood hazard 
assessment

Flood hazard indicator options

Flood depth Flood duration

A
B
C
D
E
F
G
H
I

1a
1a
1a
2a
2a
2a
3a
3a
3a

1b
2b
3b
1b
2b
3b
1b
2b
3b
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Flood Hazard Factor (FHF)

 FHF = Flood Hazard Factor FHF 

= β(FHIy)+(1-β)(FHIt) 

Where 0≤ β≤1

FHIy = Flood Depth Indicator

FHIt = Flood Duration Indicator

 Plot of flood hazard factor FHF over the 
DEM of study area is called flood hazard 
map
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Flood Hazard Maps
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Determination of Flood Vulnerability Map
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Elements at Risk
(EXPOSURE)

 Population exposed to flood 

risk

 Assets exposed to flood risk
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Flood vulnerability indicators of 
population at risk (FVIp)
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Classification of asset value 
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Flood vulnerability indicators of 
asset at risk (FVIa)
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Flood damage vulnerability factor (FVF)

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

 FVF = θ (FVIp) + (1-θ)(FVIa)

Where 0≤ θ≤1

FVIp = Flood Vulnerability Indicator for 
Population

FVIa = Flood Duration Indicator for Asset

 Plot of FVF over the DEM of study area 
is called flood vulnerability map
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Flood damage vulnerability factor (FVF)
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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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Flood Risk Maps
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Flood risk map for Tr = 25 year
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Flood risk map for Tr = 50 year
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Flood risk map for Tr = 100 year
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Location 

ID

Location Name Normali-

zed 

Hazard 

Index

(HI)

Vulnerability Index (VI) Total Risk

Population 

density and 

asset value

(Regional 

scale)

Socio-

economi

(SeVI)

Household 

scale)

Avg. 

VI

HI x 

Avg. 

VI

Normalized

Risk Index

1 A 100 38.46 51.44 44.95 4,495 58.32

2 B 100 100 54.15 77.07 7,707 100

3 C 66.67 15.38 47.91 31.64 2,109.

4

27.37

4 D 100 53.85 52.93 53.39 5,339 74.86

Total Risk Calculation
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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 (C0NTINUED)

 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 (C0NTINUED)

 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.  
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It is necessary to note that : 

 Water needs space, once the areas have been 

protected from flooding, it will automatically 

exacerbate the flood problem in another area

 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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