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ABSTRACT: Flood damage estimation is essential to flood risk analysis. Flood hazards, values of elements at risk
and vulnerability of elements determine flood damage. However, these determinants entail uncertainties. In this
study, water depth, values of elements at risk and damage function are selected as three key parameters. The local
sensitivity method, which changes the value of one parameter at one time, is adopted to determine the sensitivity
degrees of parameters for flood damage estimation in downtown Shanghai, China. The variance of 25% for water
depth as a function of different return periods of 50,100, 200,500,1000 and 10,000 years, values of elements at risk
and damage functions (piecewise function and square-root function) are uniformly taken into account in the
sensitivity analysis. Sensitivity value (SV) for three parameters, which stands for the influential degree to the
results of flood damage, are obtained by the largest damage being divided by the smallest damage if only changing
one parameter at one time separately. The results show damage function has largest influential degree among the
three parameters with SV of 2.69; while parameters of values of elements at risk (SV: 2.22) and water depth (SV:
1.81) are also significant. This suggests future research to focus first on reducing uncertainties in the flood damage
functions.
KEY WORDS: sensitivity analysis, flood damage estimation, downtown of Shanghai

1 Introduction
Rationale of flood damage estimation
The concept of flood management in the world has shifted from flood hazard control to
integrated flood risk management (Merz, Kreibich et al. 2004; Bubeck, de Moel et al. 2011). In
the context of risk-based management, flood risk is a combination of flood probability and
flood damage (Jonkman, Kok et al. 2008), or alternatively, of flood hazard, exposure and
vulnerability (Gouldby 2009). In recent years, flood damage estimation plays an increasingly
critical role in flood risk management; a widely accepted method of flood damage estimation is
stage-damage function based assessment, which considers the relationships of flood
characteristics (such as water depth, velocity, flood duration, etc.) and damage extent (being
shown either by the absolute damage values or relative damage ratio). The stage-damage curve
is needed to estimate flood damage, which is derived from either empirical data or by expert
judgment; and the results of flood damage is mostly represented via geo-information system on
the map under a specific flood event. However, the estimation of flood damage is varying from
different spatial scale, which can be classified into micro-scale, meso-scale and macro-scale. In
the micro-scale estimation, the specific objects, such as buildings and infrastructures, would be
taken into account in the estimation of economic value being representative of replacement
value or depreciated value, in which the latter is recommended as the maximum damage value
in the process of flood damage estimation (Merz, Kreibich et al. 2010); In the meso-scale
estimation, land use data is employed as the exposure of economic assets in a region or a city;
larger units would be adopted in the macro-scale estimation of flood damage, such as in a
country or worldwide range. Furthermore, flood damage may also vary in different temporal
scales in terms of economic development and climate change, which affect the ultimate results
of flood damage and then flood risk. The projection of flood damage may provide more
valuable information for decision-makers in risk-based approach of flood risk management
since the ex-ante damage estimation is planning ahead, which is applicable in cost-benefit
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analysis of a flood prevention project, evaluation of risk-reduction measures and determination
of insurance premium, etc. The scope of estimation of flood damage in this paper is under the
micro-scale of flood damage estimation in downtown Shanghai city, with a straight-forward
method of stage-damage function.
Sensitivity and uncertainty analysis
However, the methodological and empirical approach of flood damage estimation entail
potential uncertainties associated with many factors affecting flood damage. The sources of
uncertainty in flood damage estimation go through the steps of flood hazard analysis, exposure
analysis and vulnerability analysis to different degree. Flood hazards, such as water depth,
water flow velocity, flood duration, etc., directly impact the intensity of the flood damage; also,
they vary widely due to the reliability of hydrodynamic modelling, which depends on the
availability and accuracy of substantial hydrological and hydraulic data. Moreover, besides the
inherent uncertainty of hydrological data as boundary conditions in the hydrodynamic model,
the model itself is always needed to be improved to accurately simulate flood characteristics in
study area during a specific flood event. Secondly, the estimation of values of elements at risk is
a basis of flood damage, which represents the ratio of economic damage value to the maximum
damage value in a relative way. With highly economic development in a modern city, the
maximum economic damage is considerably increasing, which affects the results of flood
damage significantly as well. Furthermore, the process of estimation of values also entails
uncertainty. For example, the Dutch financial department (Briene, Koppert et al. 2002)
provides a mean value for the maximum damage per unit object with 90% of confidence
interval in flood damage estimation. Thirdly, the primary source of uncertainty stems from
stage-damage function as it depends on empirical data or expert judgement, which is
challengeable to exactly reflect the relationship between flood characteristic and damage. The
vulnerability of affected objects affect flood damage largely and it varies a lot according to
features of affected objects; for example, the different structures of the buildings (e.g. wood &
concrete) to the same type of building and same hydrological characteristics may result in
different damage degree. Finally, loss of business interruption after flooding induces much
uncertainty to flood damage estimation as well.
In this case, water depth, value of elements at risk and damage function are selected as key
parameters being involved in flood damage estimation. The objective of this study is to
determine the influential degrees of parameters in the process of estimation of flood damage
with a case study in downtown Shanghai city, China. The following section is an introduction
of study area in Shanghai city; section 3 gives an overview of data and methods applied in this
study; section 4 goes into key parameters in flood damage estimation in this study on aspects of
flood hazards, exposure and vulnerability, respectively; section 5 presents the method of
sensitivity analysis conducted in this study; section 6 puts forward results of flood damage with
variances of parameters in study area and sensitivity value for each parameter; a brief
conclusion discusses the further work need to be done in the next step.
2 Study area
Shanghai is located in the east of China, with the Yangtze River to the north, East China Sea to
the east, Hangzhou Bay to the south and Jiangsu and Zhejiang Provinces to the west (see Figure
1). The city situates on the eastern fringe of the Yangtze River Delta, which is in the centre of
the coastline from north to south. Being located at the mouth of the Yangtze River, Shanghai
enjoys convenient communications and a favourable geographical location with a good harbour
and a vast hinterland. Shanghai city as a whole consists of 17 districts and one county
(Chongming Island), of which 9 downtown districts located in the historic centre called “Puxi”
with the meaning of “the west of Huangpu River”.
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The study area (see right side of Figure 1) is located in the “Puxi” area, which is the most
prosperous economic centre in Shanghai city with famous tourist spots of “Nanjing Road”,
“People’s Square”, “Bund” and “Yuyuan Garden” etc. This is a fairly densely-populated area
(>15000/km2) with different functions of buildings: commercial buildings, public buildings,
residential buildings and industrial buildings, and (underground) infrastructures. It has
approximately 17.2 km2 including parts of six districts: Huangpu district, Jing’an district,
Zhabei district, Hongkou district, Luwan district, New Pudong district; and water bodies of
Huangpu River and Suzhou Creek. The average elevation in this area is 3.0m (Wusong Datum).
The flood threats in this area are largely coming from typhoon weather. The storm surge and
high astronomic tides pushes up the water level at the mouth of Huangpu River, which increase
the water levels subsequently in the study area; when high discharges comes from the upstream
of Huangpu River or even from Taihu Lake (the west of Shanghai) coincidently, water level can
rise up to 5.72 meters ever during #9711 typhoon in 1997 at Huangpu Park gauge station.

Figure 1. Map of Shanghai city and study area
3 Data and methods
Figure 2 shows the conceptual method of sensitivity analysis of flood damage estimation in this
study. Firstly, a hydrodynamic modeling (1D2DSOBEK) is conducted to produce flood
characteristics with input data: upstream and downstream boundary conditions of hydrological
data (time set up: 29-08-2000 to 02-09-2000 and 05-08-2005 to 09-08-2005), 30m resolution of
GDEM data (http://datamirror.csdb.cn) and geo-information of study area; secondly, an
estimation of economic value of elements at risk is established according to the classification of
damage categories and their market values; last but not least, assumed damage functions which
are based on previous survey work in Shanghai city are obtained from a series of damage curves
of potential damage properties (Wang 2001). Finally, the local sensitivity method, which
changes one value with variance of 25% at a time to observe the results of flood damage, is
selected to examine the effects of the determinants to flood damage.
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Figure 2. Conceptual method of sensitivity analysis of flood damage estimation in this study
4 Flood damage estimation
First and foremost, it is necessary to clarify the definition of flood damage, especially the scope
of damage being used in this study. Flood damage is primarily classified into two categories in
terms of relationship between flood and damage: direct damage and indirect damage, which is
defined as (in)direct effect on the damaged objects or human-being. While in terms of monetary
representation, flood damage can be further categories into tangible and intangible damage, by
either hardly expressed (e.g. human lives) or quantified (e.g. environmental impacts) by
marketed value. Although the indirect damage could contribute largely to the total flood
damage, e.g. business interruption in the urban area, this paper is within the scope of tangible,
direct damage. The classification of the tangible, direct properties in this study is summarized
in Table 1. To sum up, there are two main categories in this study: buildings and transportation
infrastructure; building can be further classified into residential building, industrial building,
commercial building, public building and its inside contents: inventory; transportation
infrastructure includes road, tunnel and subway.
Table 1. Classification of tangible, damage properties in this study
Classification

Building

Transportation
Infrastructure

Sub-classification
Residential building
Industrial building
Commercial building
Public building
Inventory
Road
Tunnel
Subway

Flood damage in this study is calculated by the following formula:
Fd = va × f (d , t , v, r ,.....)
Eq.1
Where: Fd - flood damage in monetary terms; - values of elements at risk [USD]; - water
depth [m]; t - flood duration [h]; v - flow velocity [m s-1]; - rising rate [m s-1];
damage function [0,1] .
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This simple model is a widely accepted way of flood damage estimation. A crucial component
in this model is stage-damage function
which is concerned with a relationship
between the severity of flood hazards and the extent of damage that is represented either by
absolute damage in monetary unit ($) or by relative damage in proportional unit to maximum
damage (%). Values of elements at risk ( va ) is an estimation of economic value for exposed
objects in the study area, which provides a basis for potential maximum damage value. Flood
hazards, which are mostly represented by hydrological characteristics, such as depth ( d ), flood
duration ( ), flow velocity ( ) and rising rate ( ), etc., reflect the severity of flood event in study
area and explicitly or implicitly connect to damage degree.
4.1 Parameters in flood damage estimation
Figure 3 shows key parameters in flood damage estimation, which are distributed in three
aspects of flood risk: hazards, exposure and vulnerability. The discussion of selection and
application of parameters in damage model will elaborate in the following sub-sections.

Figure 3. Conceptual framework of flood risk with key parameters correspondingly
4.1.1 Flood hazards
Flood hazards can be acquired by the methods of hydrodynamic modelling and GIS, which
requires hydrologic, hydraulic data and geo-information as input, to produce a visualized map
of representation on flood characteristic(s) at specific locations under one flood event. Water
depth is a widely selected parameter on flooding to damage (NRC 2000; Merz, Kreibich et al.
2004; Jonkman 2010), which is also regarded as a key determinant to flood damage in the study
area. Flood duration affects more to the indirect damage which is not included in this study;
moreover, flood pattern in the study area is mainly river flood rather than coastal flood; water
volume is not competitively enormous, so flow velocity of flood water and rising rate of water
in this flat area are also excluded in this study.
Following Chinese standards of “flood calculation in hydraulic engineering” (MWR 1993; NSS
2009), the frequency distribution of floods in China is, in general, adopted as Pearson type III.
Through the dataset of annual highest water levels at Huangpu Park (HPP) station from the
period of 1913-2001, the flood (water level) - frequency curve at HPP is derived with the
expected average value of 4.55m and two coefficients of Cv (0.066) and Cs (1.40) by the
curve-fitting method for parameter estimation in Pearson type III, which is shown in Figure 4.
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In order to establish the relationship between water level in the river and water depth in the
study area, an inundation modeling is conducted by 1D2D SOBEK (See Figure 5). If the water
level in the river is higher than the embankment surface level set in the model, the overflowing
begins. After simulation of six return periods (50,100,200,500,1000,10000) of flooding in the
study, a linear relationship (R2=0.9843) between average water depth in the study area and
water level at HPP along the river is obtained as shown in Figure 6. The linear fit curve is drawn
under the relationship as below:
Wd = 0.6702 ∗ Wl − 2.352

Eq.2

Where: Wd - average water depths in the city;
Wl - water levels in the river;
The results of water depth in the study area as a function of return period in 50,100,
200,500,1000 and 10000 are shown in Table 2.

Figure 4. Pearson type III fit curve for the water level at Huangpu Park (Datasets: 1913-2001)

Figure 5. Selected results from SOBEK inundation modelling
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Table 2. Relationships connecting return period, water level, water depth
Return Period
50
100 200 500 1000 10000
Water level (m) 5.36 5.53 5.7 5.92 6.08 6.61
Water depth (m) 1.27 1.38 1.49 1.64 1.75 2.11

Figure 6. Linear polynomial fit curve for the factors of water level in the river and floodwater
depth with 95% confidence interval
4.1.2 Exposure
Exposure refers to the proportion of values of elements at risk, such as properties and people,
which have potential damage if elements are susceptible under a specific flood event. The
economic values of elements at risk are estimated either according to market value as
replacement cost or at a more realistic value as depreciated cost, which are varied followed by
different classifications of economic assets. We assume depreciated value is 75% of
replacement value, in general, for all the elements at risk in the study area. The estimation of the
values of buildings is according to the floor area times construction cost per square meters, the
result of which is called market value. The floor area is a result of floor area ratio (FAR) times
total area of a site. According to results of FAR of typical sites in Shanghai city by Pan’s
(2008)’s research on high resolution satellite imagery, the FAR of CBD Lujiazui and Huangpu
District, which are also in the study area, are 3.27 and 2.96, respectively (Pan et nl. 2008); and
since the study area is a developed commercial area in Shanghai, the FAR is adopted as 2 in
other districts of this study area. As a result, the floor area in each district of this area is
calculated in Table 3. The value for different categories per unit according to market
construction cost are shown Table 4.
Table 5 a list of popular household items in Shanghai city with estimated values; the reasons to
select them are they are fragile to water, which could induce large damage consequently, and
data availability. In this study, one residential building is assumed to have 24 apartments with
“inventory” listed in Table 4. Table 5 shows the total inventory value in one building is
estimated at 0.14 (USD million).
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Table 3. The site area, FAR an floor area of each districts in the study area
District
Huangpu
Zhabei
Hongkou
Jing'an
Luwan
Pudong
(Lujiazui Area)
Total

Site area
(km2)
6.00
3.74
2.43
1.50
1.10

Floor area ratio (FAR) Floor area(km2)

0.80

2.96
2
2
2
2

17.76
7.48
4.86
3.00
2.20

3.27

2.62
37.92

Table 4. Damage category, assumption value per unit in the study area
Category

Amount

Building
#Public building (m2)
#Commercial building
(m2)
#Industrial building (m2)
#Residential area (m2)
#Residential building (m2)
Infrastructure
First class (km)
Second class (km)
Third class (km)
Fourth class(km)
Other Road(km)
Subway (km)
Tunnel(km)

3286
930 (28.3%)

Construction cost per unit
(SSB 2010)
(RMB)
6051

1940 (59.04%)

3897

80 (2.43%)
42
336 (10.23%)

4023

18.65
47.75
154.13
79.63
8.09
16.56
12.95

2924
(106 RMB)
4
3
2.5
2
1.5
600
700

Table 5. List of popular household items in Shanghai city with estimated value i (SSB 2011)
Average value Average value Popularity rate
Value in
per household household (USD)
(RMB)
(USD)
Car
121000
19206
0.17
3265
Computer
4000
635
1.29
819
Air conditioner
2460
390
2
780
TV set
2359
374
1.88
704
Refrigerator
3420
543
1.04
565
Cell phone
1500
238
2.3
548
Washing machine
2566
407
0.99
403
Compound speaker
3000
476
0.52
248
Camera
1500
238
0.95
226
Shower machine
1085
172
0.98
169
Microwave
685
109
0.98
107
Video machine
2800
444
0.17
76
Item
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The construction cost for the building are based on the official data from Shanghai Statistical
Bureau in 2009, and the cost per km for transportation infrastructure is an assumption based on
the national-wide estimation of China. Hence, the value of the buildings and infrastructures in
the study area could be calculated, which is shown in Error! Not a valid bookmark
self-reference. .In this table, the market value of public buildings and industrial buildings is a
half of the original calculation, since the less contributions to FAR compared with high-rise
commercial and residential buildings in this area.
Table 6. Market values and depreciated value of elements at risk in the study area
Category

Market Value (109USD)

Public building1
Commercial building2
Building
Industrial building3
Residential building4
Inventory
Road
Subway
Infrastructure
Tunnel

5.15
13.8
0.29
1.8
0.00014
0.12
1.6
1.4

Table 7. Recommended assumptions for proportion of net assets at risk by population densityii
<1000/km
Ratio of
assets at risk
to net assets

1:1

2

Urban population density
1000-8000/km2 8000-15,000/km2 >15,000/km2
1:2

1:4

1:6

As not all the assets are exposed during floods, especially in the high-rise building area, the
recommended assumptions for proportion of net assets at risk are depend on population
density(PD) (Green. C. 2010), which is shown in Table 7. According to the statistics of PD in
each districts of Shanghai city, the PD in the study area is above 15,000; therefore, 1/6 of assets
in this area is taken as exposed during flooding. The summarized results is listed in Error! Not
a valid bookmark self-reference. .
4.1.3 Vulnerability (susceptibility): Stage-damage curves
Vulnerability describes the ability of elements at risk to sustain against flood hazards, which is
represented by a relationship between flood characteristic(s) and intensity of damage. As
vulnerability could has a broad meaning of a function of susceptibility, resilience, coping
capacity (Balica, Douben et al. 2009), we just applied susceptibility of elements at risk to
hazards to stand for vulnerability here.
We call the vulnerability relationship as stage-damage curve in this study. Different properties
have different stage-damage curves (See Figure 7); and the more detailed categories of
1

Public buildings includes: school, research institute, offices, sports centers, post offices, parking buildings, etc.;
they are normally 5-6 stories in Shanghai;
2
Commercial buildings includes: hotels, restaurants, shopping mall and business buildings; they are essentially
more than 8 stories;
3
Industrial buildings are basically 4-5 stories in this area;
4
Residential buildings are mostly 5-6 stories and 8-11 stories in old style and new style residential area,
respectively;
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Table 8. Summary of depreciated value and exposed value of assets at risk in each district of the
study area
Market Value Depreciated value Exposed value
(MV)
(3/4 of MV)
(1/6 of MV)
(109USD)
(109USD)
(109$)
Public building
5.15
3.8625
0.86
Commercial building
13.8
10.35
2.30
Industrial building
0.29
0.2175
0.05
Building
Residential building
1.8
1.35
0.30
Inventory
0.00014
0.000105
0.000023
Infrastructure
Road
0.12
0.092
0.02
Subway
1.6
1.18
0.27
Tunnel
1.4
1.079
0.23
Category

elements at risk are classified, the more accuracy of results would be expected. Variations
always exist even in one category of property in the same situation of flood hazards; for
example, the variations of ages and materials for residential buildings decide the intensity
degree of damage; the newer, the stronger the buildings are, the less damage would be induced.
However, it requires time-consumed field-work surveys or high quality of huge database,
which is not feasible for most of the cases. Therefore, the stage-damage curves in this study are
mainly derived from previous survey by Wang (2001) in Shanghai city.
In accordance with data availability, the stage-damage curve in this study is only based on
water depth. Furthermore, damage function could be derived in forms of piecewise function,
square-root function or polynomial function, etc. In this case, we first adopt piecewise function
to conduct flood damage estimation. Taking “inventory” as an example here, damage function
for inventory in Shanghai can be expressed as below and shown in Figure 8 with 25% variance:

Dr =

0.09
0.19
0.26
0.33
0.38
0.46
0.58

d <0.5
0.5< d <1.0
1.0< d <1.5
1.5< d <2.0
2.0< d <2.5
2.5< d <3.0
d ≥ 3.0

Eq.3

Where: Dr - damage ratio (-); - water depth (m).
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Figure 7. Selected stage-damage curves (only water depth) for elements at risk (public
buildings, commercial buildings, industry buildings, residential buildings, inventory) with 25%
variance in downtown Shanghai

Figure 8. Stage-damage curves of “Inventory” with 25% variance with piecewise function and
square–root function
Since square-root function has represented desirable results from a practical point of view with
an application to the HOWAS database in Germany before (B.Buchele, H.Kreibich et al. 2006),
it is selected as another function in the estimation of flood damage in this study. Taking
“Inventory” as an example again, it can be shown in the following equation, which stands for
the damage ratio is 0.19 when water depth is 1.0m; and shown in Figure 8 with 25% variance.
Square-root function:
Eq.4
Where: Dr - damage ratio (-); d - water depth (m).
5 Sensitivity analysis
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Sensitivity analysis (SA) is a study of how the variation in the output of a model can be
apportioned, qualitatively or quantitatively, to different sources of variation (JRC 2011). It
assess the contributions of the inputs to the total uncertainty in analysis outcomes. Although
sensitivity analysis is closely related to uncertainty, it is different from uncertainty analysis.
Uncertainty analysis assess the uncertainty in model outputs that derives from uncertainty in
inputs. Thus, sensitivity analysis is concerning with uncertainty contributions of inputs while
uncertainty analysis is focus on analysis of uncertainties of outputs.
In this study, we select three parameters based on one alternative definition of flood risk as a
function of hazards, exposure and vulnerability to change one of them at a time in flood damage
estimation, in order to observe how the results of flood damage in the study area are changed
accordingly. Uncertainty variances are assigned according to an assumption of 25% for all the
parameters (average value of water depth under different return periods, two selected damage
function and two values of elements at risk (depreciated value and replacement value)), which
have been displayed in the previous section.
6 Results and discussion
The flood damage under the return period of 50,100,200,500,1000 and 10000 in the study area
with water depth from 0.95m to 2.64m ranges from 0.3 to 1.52 billion USD (See Table 9) .
Table 9 shows that when keep other parameters the same, replacement value and piecewise
damage function lead to larger degree of damage in the study area compared to depreciated
value and square-root function, respectively. In order to represent sensitivity degree for each
parameter, a sensitivity value (SV) is proposed by the largest damage result divided by smallest
damage result if only changing one parameter at a time. The SV of damage function is 2.3 (see
Figure 9), which influences the final results of flood damage most significantly among the three
parameters. Damage function is largely derived from historical data according to field survey
for the historical flood events. In the first place, the number of historical flood events is limited,
which only represent parts of the floods occurred in the same area; secondly, the vulnerability
of impacted properties can vary substantially if there’re risk-reduction measures being taken
after a flood, which may lead to over-estimation of flood damage further; thirdly, the
assumption of different functions of damage curves affect results of flood damage considerably.
The SV of water depth is 1.63 in this study, which implies the uncertainty of 25% of variance
for water depth as a function of return period in the study area results in huge uncertainties as
well.
Lastly, values of elements at risk has lest influence on uncertainties of flood damage among
three parameters from first calculation, which only has SV of 1.33 in this case. The reason is
only one classification of damage categories in the study area is adopted, which may not change
the values of elements at risk significantly, no matter is depreciated value or replacement value.
The 25% (VR/VD) difference of the two values is the only source of discrepancy of results of
flood damage when solely changing values of elements at risk. This might under-estimate the
SV of values of elements at risk. Hence, we take values of elements at risk with 25% of variance
as well for depreciated value and replacement value both under the piecewise function with
water depth at an interval of 0.5m from less than 0.5m to more than 3.0m, to observe the
changes of flood damages in study area (see Table 10). A new SV for values of elements at risk
increase to 2.19 (see Figure 9), which shows value of elements at risk is also a crucial source of
uncertainties in flood damage estimation.
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Figure 9. Sensitivity value for parameters in flood damage estimation
7 Conclusion and recommendation
Water depth, values of elements at risk and damage function influence flood damage to
different degree; their uncertainties propagates to uncertainties of flood damage substantially.
Damage function, which has pivotal effect on damage estimation, has the highest SV, and
therefore deserves more attention to reduce uncertainties in the further study. This can be
obtained by, for example an up-dated field survey, for vulnerability of flood damage categories
in developing cities, for instance Shanghai city. Also, a detailed classification of properties,
such as the ages of buildings or the construction material of buildings, is required for values
estimation. Other hydrological characteristics, such as flood duration and flow velocity of water,
are recommended to take into account by 2D hydraulic modeling in order to be close to reality
of flood in the further study. Moreover, improved stage-damage curves are needed to be built
further in Shanghai city to achieve more accurate damage results. On the other hand, global
sensitivity analysis will be conducted in the next step by uncertainty analysis and Monte-Carlo
simulation for the selected parameters based on their probability distributions, to observe the
contribution of each parameter to the final damage results.
Note
i

Exchange rate in this paper is based on USD 1 = RMB 6.30 on March 2012
More details in the article of Green C. 2010. The global estimation of losses from coastal
flooding. Middlesex University.

ii
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Table 9. Results of flood damage in study area with 25% variances of three parameters (water depth, values of elements at risk and damage function)
Return period
Wd (m)
Square-root function
-25%
+25%
Square-root function
-25%
+25%
Piecewise function
-25%
+25%
Piecewise function
-25%
+25%

1.27
0,46
VD 0,34
0,57
0,61
VR 0,46
0,77
0,54
VD 0,40
0,67
0,71
VR 0,54
0,89

Wd -Water Depth (m);

50
100
200
500
1000
10000
-25% +25%
-25% +25%
-25% +25%
-25% +25%
-25%
-25% +25%
1.38
1.49
1.64
1.75
2.11
(1.04) (1.73)
(1.12) (1.86)
(1.23) (2.05)
(1.31) (2.19)
(1.58)
(0.95) (1.59)
0,40
0,51 0,48 0,42
0,54 0,50 0,43
0,56 0,52 0,45
0,58 0,54 0,47
0,60 0,59 0,51
0,30
0,39 0,36 0,31
0,40 0,37 0,32
0,42 0,39 0,34
0,44 0,40 0,35
0,45 0,44 0,39
0,50
0,64 0,60 0,52
0,67 0,62 0,54
0,70 0,65 0,57
0,73 0,67 0,58
0,75 0,74 0,64
0,53
0,69 0,64 0,55
0,72 0,66 0,58
0,74 0,69 0,60
0,77 0,72 0,62
0,81 0,79 0,69
0,40
0,51 0,48 0,42
0,54 0,50 0,43
0,56 0,52 0,45
0,58 0,54 0,47
0,60 0,59 0,51
0,93 0,86 0,74
0,96 0,90 0,78
1,01 0,99 0,86
0,66
0,86 0,80 0,69
0,89 0,83 0,72
0,41
0,66 0,54 0,54
0,66 0,54 0,54
0,66 0,66 0,54
0,79 0,66 0,54
0,79 0,79 0,66
0,31
0,50 0,40 0,40
0,50 0,40 0,40
0,50 0,50 0,40
0,59 0,50 0,40
0,59 0,59 0,50
0,51
0,83 0,67 0,67
0,83 0,67 0,67
0,83 0,83 0,67
0,98 0,83 0,67
0,98 0,98 0,83
0,54
0,88 0,71 0,71
0,88 0,71 0,71
0,88 0,88 0,71
1,05 0,88 0,71
1,05 1,05 0,88
0,41
0,66 0,54 0,54
0,66 0,54 0,54
0,66 0,66 0,54
0,79 0,66 0,54
0,79 0,79 0,66
0,68
1,10 0,89 0,89
1,10 0,89 0,89
1,10 1,10 0,89
1,31 1,10 0,89
1,31 1,31 1,10

VD - Depreciated Value (billion USD);

+25%
(2.64)
0,66
0,50
0,83
0,88
0,66
1,11
0,91
0,69
1,14
1,22
0,91
1,52

VR - Replacement cost ( billion USD).
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Table 10. Results of flood damage in study area with variance of 25% values of elements at risk when taking piecewise function with water depth at
an interval of 0.5m from <0.5m to > 3.0m
Wd (m)

<0.5
VD
0,28

Piecewise
function
Wd (m)

Piecewise
function

VR
0,38

1.5-2.0
VD
0,66
VR
0,88

Wd -Water Depth(m);

-25%
0,50
-25%
0,66

25%
0,83
25%
1,10

VD
0,79
VR
1,05

0.5-1.0

-25%
0,21
-25%
0,28
2.0-2.5

25%
0,36
25%
0,47

VD
0,41
VR
0,54

-25%
0,59
-25%
0,79

25%
0,98
25%
1,31

VD
0,91
VR
1,22

-25%
0,31
-25%
0,41
2.5-3.0
-25%
0,69
-25%
0,91

1.0-1.5
25%
0,51
25%
0,68
25%
1,14
25%
1,52

VD
0,54
VR
0,71

-25%
0,40
-25%
0,54
>3.0

25%
0,67
25%
0,89

VD
1,03
VR
1,38

-25%
0,78
-25%
1,04

25%
1,28
25%
1,71

VD - Depreciated Value (billion USD); VR – replacement value (billion USD)
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