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Introduction

Brief Report of APN project on Integrated Flood Modelling and
Pre-Disaster Loss Estimation, (completed one year): Covers Japan,
Sri Lanka and Thailand

Objective: Unified methodology to apply across Asia.

Topics Covered

1 Uncertainty from spatial resolution used in the analysis
2 Standardising building categories
3 Development of Damage functions: Thailand and Sri Lanka
4 Transforming existing Damage functions: Japan
5 Validation, Future perspectives
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Damage Estimation Sensitivity to Spatial Resolution

Case Study Ichinomiya River
Basin, Japan.

Inundation depth as well as
exposure representation at 50 m
to 2000 m grid resolution

High resolution exposure
information can reduce
uncertainty. Produce acceptable
estimates with low resolution
water depth
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(Source: Herath and Wang, 2009 ) 

Two Spatial data input scenarios 
• at constant high resolution of property 

exposure with coarse resolution of 
flood depths  

• at the same resolution of flood depths 
and property exposure.  

Sensitivity analyses help to gain insight into various effects of different assumptions which in 
many ways influence the model output and could guide in the choice of model inputs. 
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SPATIAL RESOLUTION (M) 

Observed Damage by Duttal et al. (2003)

Simulated damage at 1: 50m; 2: 200m; 3:
500m; 4: 1000m and 5:2000m resolutions

First scenario 
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SPATIAL RESOLUTIONS (M) 

Actual Floods Damage of 1996 by Duttal et
al. (2003)

Simulated damage at 1: 50m; 2: 200m; 3:
500m; 4: 1000m and 5:2000m resolutions

Second scenario 
Comparison with Observed Damages 

1st Scenario: Total damages increase with about 10% from the 
50m grid compared with the 2000m flood depth grids 

At a coarse resolution of flood depths, in as much as 
the property layer are derived at a relatively high 
resolution, the difference in the damage estimates may 
not be much when compared with having both layers 
at high resolution 

2nd Scenario: lower damages experienced, which decreases 
with about 40% from 50m to 2000m 

y = 1.8404x + 51382 
R² = 0.8765 

y = 85814x-0.14 
R² = 0.9666 

0

10000

20000

30000

40000

50000

60000

0 500 1000 1500 2000

T
ot

al
 d

am
ag

es
 (U

S 
$)

 

Spatial Resolution (m) 

at a constant
property layer
and varying
flood depth
resolutions

at equal flood
depth and
property
resolutions
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First scenario: 

Flood damages showed difference of 3.51%, 3.27% 
, 0.02%, -1.34% and – 3.21%  for  50, 200 ,500, 
1000 and 2000 meters resolution respectively. 
Second scenario: 

Differences showed 26.7%, 30.9%, 40.2% and 
42.4% for 50, 200, 500, 1000 and 2000 meters 
respectively 
Large errors compared to the first scenarios 

Results Ch. 2 
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Developing Damage Functions

Adopting Standard
Building Categories:
World Agency of
Planetary Monitoring
and Earthquake Risk
Reduction (WAPMERR)
as documented by the
(UNISDR)

Wood, All Steel
Structures, All Concrete
Frames(3), All Masonry
(2), Adobe, Slab

Colombo, Sri Lanka.
Survey of 350 Buildings

Development of Unified Loss Functions for Rapid Estimation of Flood Damages: A Case Study in the Kelani 
River Basin, Sri Lanka     

73 

  

41% 

43% 

9% 

7% 

Concrete Frame with
URM

URM

Wooden

Commercial

 

 

 

 

 

 

 

 

 

Figure 3.7: Surveyed building types and their percentage distributions 

 

 

 

 

 

 

 

Figure 3.8: Examples of residential building types found in the field: A. URM, B. CFURM, C. Wooden 
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Loss Functions 

Derived flood damage  coefficients 
Building Types C1 C Adjusted R 

squared 

(%) 

Unreinforced 

Masonry walls 

(URM) 

10.55 11.487 57 

Concrete frame 

with 

unreinforced 

Masonry fill 

 Walls 

8.0826 9.0925 58 

Wooden 40.211 32.656 54 
Commercial 

building 
4.8745  7.7563 43 

19 

 Residential Unreinforced Masonry (URM)  Residential Concrete Frame with URM 

 Residential Wooden Structure Commercial Building 

Max. Predicted damage ratio: 
Wooden : ~70%; 

Unreinforced masonry walls: 26%,  

Concrete frame with unreinforced masonry: 

19%.  

Commercial structures: 14%.  
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Damage Functions

Sri Lanka

Colombo 2010 May flood modelled
and simulated. Damage estimation
compared

Thailand

Wooden, Concrete frame and
unreinforced masonry and
Reinforced concrete moment frame

Japan

Originally, wooden and non-wooden

Transformed to Wooden, Steel
frame, Reinforced concrete and
Steel frame with reinforced concrete

Flood simulation results and model validation 
 

    Observed Simulated  

0 7.5 15 22.5 303.75
Kilometers

Observed data: ALOS PALSAR : 6.3 m 
ground resolution 
 

Higher flood water depths are experienced along the 
river and its tributaries, mostly in Hanwella 

Inundation extents compared well with the observed 
inundation map 

Difference could be as a result of 
grid resolution, topography data 
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About 30% difference; 
predicted 70% of 
actual flood damages 

Validated with damage data collected by World Bank and 
Disaster Management Centre, Sri Lanka (DMC, 2010)  22 

Validation 

Summary Four loss models  developed from 
empirical approach 

Predicted reasonably the observed 
data 

Loss functions can be employed for 
estimating future losses to flood 
under climate change in the study 
area 
Loss Models can serve as input 
data to the regional model 

Applicable to other countries for 
comparing flood risk associated 
with similar building materials and 
types. 

Limitations 
-Lack of very high resolution imagery or ground 
building topology map 
-Some inadequacies in flood inundation modeling 
(e.g., grid resolution and topography data ) 
 

Flood Damage Estimates, Models Validation and Summary 

Flood Damage Estimates 

Ch. 3 

Building types                            Damage coefficients 

  C C1 C2 C3 

Steel frame 1.8345 10.216 -0.7532 -0.1259 
Reinforced 
concrete 

  
1.0299 

  
5.7356 

  
-0.4228 

  
-0.0707 

Steel frame 
reinforced 
concrete 

  
0.354 

  
1.9716 

  
-0.1454 

  
-0.0243 
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Ch. 5 
Simulated Sept. 20- 23, 1996 Flood 

Estimated damages versus the observed damages 

Building types   Simulated 
Damages (Yen) 

1996  damages to 
Residential 
structure 

Steel frame 1,967,291.71 
Reinforced 
concrete 

657,920.86 

Steel frame 
with reinforced 
concrete 

69,026.57 

Wooden 4,075,317.20 
Total simulated 
Damages (Yen) 

6,769,556.34   5,300,000.00  

32 

Summary A simple method to disaggregate 
composite loss function has been 
developed using building ratio and 
proximity to flood water 

Comparison of the estimated 
damages with the observed 
damages of 1996 flood showed that 
the models overestimated the 
observed by 27%.  

Serves as a preliminary approach 
for disaggregation of aggregated 
functions 

Knowledge of vulnerability indices 
of the building types from either 
expert or empirical approach 
elsewhere can further improve the 
models.  

Damage Estimates and Model`s Validation Ch. 5 
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Applications

Average normalised loss
functions seem to provide
reasonable estimates for
different countries with the
modification of local cost factors
as a first estimate.

In Sri Lanka, currently an inter
agency collaborating mechanism
is being formed to undertake
integrated flood forecasting,
control and risk management

The methodology will help in
the Megapolis Development
Project to assess future risks
and protect investment

Wooden Concrete
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Comparative Analyses of Structural Damage Indices  

At 3.5m, Sri Lanka’s wooden showed higher 
damage index (0.83) compared to the other 
two countries: Japan (0.58) and Thailand 
(0.34). 

CFURM in Thailand shows higher 
damage/vulnerability index than Sri Lanka 

Reinforced Concrete in Japan and Thailand 
shows almost equal vulnerability index at water 
<1m with a little disparities above 1m 

Reasons for variations 

• Quality of the wood materials for the walls and  the elevation 
above ground surface (the case of Thailand) and prevalent disasters 
in each country 

• Quality of building material, level of compliance to the building 
codes and design, and the cost of buildings materials. 
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