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1. Introduction and the structure of the report  

1.1.  Introduction to the damage assessment report  

This report will explain the methods adopted by the Centre for Urban Water (CUrW) for the loss 

estimations for the simulated past and future flood scenarios. The losses will generally occur in the 

following aspects.  

• Structural damage for buildings (Damages to the building structural elements such as walls/roof) 

• Content damage for buildings (Damages to the things inside the building such as 

sofas/television/refrigerator) 

• Damages to the economic activities (Damages occur from not conducting the economic activities 

such as interruptions to businesses etc.) 

• Damages to the prominent infrastructure (such as bridges, roads, culverts, telephone connection 

points and poles, electrical infrastructure, flood protection structures etc.) 

• Damages to the vehicles  

• Expenditure for relief (cost borne for the relief requirements of the flood affected people, which is 

usually born by the relevant governmental authorities such as Disaster Management Centre, 

National Disaster Relief Services Centre, Municipal councils, Urban Councils and Divisional 

Secretariats) 

There are more types of damages that can be seen in a disaster, which are not easily captured by a 

physical property, such as the value of a (lost) human life and the extent of a disease outbreak which is 

due to the cascading effect of the flood event.  

Currently, CUrW adopts damage functions prepared for the structural damages and the content damages, 

which were prepared based on the field surveys carried out by the internal staff of CUrW, in order to 

calculate the respective damages. At the same time, CUrW seeks opportunities to develop relevant 

damage curves for the other types of the aforementioned damage categories, through possible 

partnerships, methodologies and workarounds.  

1.2.  Structure of the report  

The rest of the report will initially explain the concept behind damage assessment, the methodology 

adopted for the structural damage calculation and the development of the damage curves for the structural 

damages, the methodology of development of the content damage functions, computational methods for 

the damage calculation and how CUrW has adopted rapid calculation methodologies for the damage 

assessments.  
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2. Damage assessment-concept 

2.1.  Introduction 

Flood damages are assessed considering the flood hazard, exposure of the assets (buildings in this case) 

and the vulnerability of the exposed structures, by the following formula.  

 

Here, the flood hazard is expressed by the flood inundation maps, which are often the results of the flood 

simulation exercises. Flood inundation maps for a particular flood scenario produce two important 

information: flood extent (area of inundation) and the flood depth at the inundated locations.  

Exposure the is the placement of the assets, buildings in this case (if the people at risk is concerned, the 

exposure would be the peoples' locations). Alongside, the building properties are considered in this stage 

such as structural properties for the structural damage calculation and the building use categories for the 

content damage calculations. There are five structural damage categories and nine building use categories 

considered in assessing damages in this study, as mentioned in the Section 3Error! Reference source not f

ound.. These exposure maps are available in the form of vectors (shapefiles), having attributes of building 

structural fabrication and the building use, for each of the individual buildings.  

Vulnerability is contextualized by the vulnerability (damage) functions and the base damage values for 

each of the building exposure category as discussed in section 3.2Error! Reference source not found.. T

hese functions can be modelled in the Geographic Information System (GIS) modelling software, in order 

to calculate the damage for a given flood. Figure 1 demonstrates the concepts of hazard and exposure, 

where the flood map (hazard) is overlaid with the building footprint layer to show the exposure of the 

building to the floods.  
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Figure 1. Hazard and Exposure: Hazard is shown by the flood map, where the colour intensity is linked to the flood depth, and 
the exposure of the buildings in the vicinity is shown by the buildings which have overlapped with the flood map 

 

3. Derivation of damage functions for structural damage 

The damage functions for the structural damages are directly drawn from the study from Komolafe et al., 

2018, which studies the floods in Sri Lanka for the 2010 floods. Since a comprehensive methodology of 

derivation of the damage curves and many more information is presented in the aforementioned study, 

only a summary of the methodology will be explained under this section. The full paper is annexed to this 

report at Annex 7.1.  

3.1.  Data collection  

For this study, data is collected as a questionnaire survey in the flood affected areas for the recent flood 

events. There have been 297 respondents, who are mainly adults who have a clear memory of the recent 

flood events. Data on the replacement cost and the repair cost of the damaged structural items were 

collected in this survey, alongside with the flood depths and the type of the building in the relevant flood 

event.  

The basic types of the buildings are taken as (A) Unreinforced masonry bearing walls, (B) Concrete frame 

with unreinforced masonry fill walls, (C) Wooden structures, (D) Commercial buildings as identified by 

the World Agency of Planetary Monitoring and Earthquake Risk Reduction (WAPMERR) and as 

documented by United Nations office of Disaster Risk Reduction (UNISDR). Here, it is assumed that the 

commercial buildings are built with concrete frames and unreinforced masonry walls as well, however the 

finishes and the furnishes would be different from the general residential buildings. Furthermore, one 

more building category was identified as (E) Watta, in order to comply to the local conditions. The 

category Watta usually contain densely populated dwelling units often made with temporary building 

materials or with unreinforced masonry bearing walls.  
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3.2.  Derivation of damage functions 

For each of the building category, the structural damage ratio is calculated taking the total replacement 

cost and the repair cost in to consideration, in the following manner.  

 

It should be noted that the aforementioned repair cost and the replacement costs are calculated per unit 

area (1 m2). And then, the structural damage ratio is plotted against the inundation depths of the damaged 

buildings. Then, based on the following relationship structure, damage functions were derived for the 

building categories.  

 

where C1 and C2 are characteristic constants for each building category and x is the flood water depth. 

The reason to choose the aforementioned structure is due to the logarithm graph shape property of 

reaching a stable number with the independent variable. In this case the stable number is often the 

maximum structural damage ratio, and usually it is expected to reach at 3.0 depth level, which is the 

general ground floor height of a building. The derived damage functions and the damage ratios for 

structural damage is shown in Figure 2. 

At the same time, the base value is calculated for each building category, usually by taking the average 

replacement cost for a unit area of the building category. This base value is representative of the worth of 

the building fabric.  
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Figure 2. Flood damage curves for A) Residential Unreinforced Masonry (URM), B) Residential concrete frame with unreinforced 
masonry walls C) Residential wooden structure D) Commercial buildings 

3.3.  Damage functions  

The derived damage functions for the aforementioned building categories are shown below.  

Table 1. Damage functions for structural damage 

Building category Base value 

(LKR/m2) 

Damage functions, D = damage,  

x = water depth 

A - Unreinforced masonry walls (URM) 30,000  
B - Concrete frame with unreinforced masonry 

fill walls 
80,000  

C - Wooden 6,000  
D - Commercial building 80,000  
Watta 6,000  
 

The usage of these damage functions will be explained in the section 5.  
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4. Derivation of damage functions for content damage 

The derivation of damage functions for the content damage is prepared from the scratch, basing a survey 

done in the flooded areas in the past events. Then based on the surveyed locations and information, 3 

main building categories were identified depending on the building use, which is representative of the 

building content. Next for the identified damage categories, damage functions were derived.  

4.1.  Data Collection and validation  

The field survey was conducted by CUrW interns, who are originally from the University of Ruhuna, 

covering the aspects of direct-damages for the content of the commercial and industrial buildings, for the 

flood events in 2010, 2016, 2017 and 2018. The survey locations were chosen in a manner that most of 

the locations had had damages from multiple flood events. This was identified by the flood simulations 

for the past flood events for the Metro Colombo Urban Region, and by overlapping the resultant flood 

map with the building layer map in CUrW.  

Since the data collected from the survey is required to be validated, the variables that are required to be 

validated were identified initially. Since the end goal is to develop depth damage curves with a 

normalization method for damages, it was identified that the flood inundation depth for the building, area 

of the building, content damage values and the building use are required to be validated.  

Of the above, initially the survey building locations were manually cross linked with the building 

footprint GIS layer, as the GPS locations taken in the survey were inaccurate to correctly identify the 

surveyed building. For this purpose, the addresses and the appearances recorded in the survey were cross 

checked with the locations provided in the Google maps and imagery provided in the Google Street view, 

for all 417 survey locations. At the same time, the building use was confirmed with the imagery, which 

was correctly recorded in the survey, for more than 95% of the time.  

At the identified buildings, the building floor area was cross checked with the recorded floor area from 

the survey, which did not match perfectly for each other. The reasons for this could be the roughness of 

the estimations, plus the errors in the size of the footprint layer. After identifying the buildings, the 

recorded inundation depth was cross checked with the inundation depth provided by FLO-2D model 

outputs for 2010, 2016, 2017 and local flooding. The results of the comparison are shown in Figure 10, in 

Annex 7.2.2.  

4.2.  Analysis of data  

A total of 219 successive1 buildings were filtered out for analysis, after the validation of the data points. 

Initially 10 main building subcategories are recognized by furthermore exploration, based on the based 

values as explained in section 3.2, into the survey details which are listed below.  

• Groceries in residential buildings (Com/Res Grocery)  

• Grocery  

 
1 The term successive is used to indicate that the successive survey points matched with the building footprint layer 

(GIS format), and had the content damage values recorded. The total number of the survey points is 417, where 

some of the points were not found on the building footprint, where another set of locations failed to provide the 

content damage for the relevant flood locations.  



Damage Assessment Methodology 
Centre for Urban Water 

11 

 

• Communications and bookshops  

• Garages  

• Spare parts centers and service centers 

• Hardware stores  

• Mechanical shops (iron-work/lathe/glass/welding and workshops)  

• Medicine related (Pharmacies/dispensaries)  

• Offices 

• Restaurants/Tea shops  

• Textile shops  

• Miscellaneous (beer shops/salons/timber workshops)  

The relationship between the damage values and the surveyed flood depths are shown in Annex 7.2.3. 

The base values for each damage category was derived based on the highest recorded damage per area 

value for a 3 m flood height, as listed in Table 2,   

Table 2. Base values for the initially identified building use categories 

Building Use Base value used LKR/m2 

Garages 10703 

Spare Parts and Service 1058 

Com/Res Grocery 4890 

Communication 9203 

Grocery 6949 

Hardware 34007 

Mechanical 20586 

Medicine 9004 

Offices 72959 

Restaurant 3530 

Textile 25325 

Misc. 6492 

 

However, these building categories were recategorized in to three categories, based on the base values, as 

shown in Table 3. It should be noted that the revised base values for the new building clusters were 

derived considering the number of the buildings in each initially identified category and the derived base 

value for each initially identified building category.  

Table 3. Reclassified building clusters 

Cluster Initial building category Derived 

base value 

(LKR) 

Number of 

buildings 

Base 

value*Number 

of buildings 

Weighted 

mean base 

value 

Cluster 01 Hardware 34,007 20 680140 29121 

 Mechanical  20,586 7 144102 

Textile  35,325 10 253250 

Cluster 02 Garages 10703 16 171248 6180 

 Spare Parts and Service 1058 10 10580 

Commercial Residential 

Grocery 

4890 59 288510 

Communication 9203 11 101233 
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Grocery 6949 30 208470 

Medicine 9004 7 63028 

Restaurant 3530 9 31770 

Misc. 6492 9 58428 

Cluster 03 Offices 72959 7 510713 72959 

 

4.3.  Derivation of the damage indices and damage functions  

The damage index was derived based upon the following equation, for each of the categories mentioned 

in the previous section, in the same manner explained in Section 3.2.  

 

According to the definition above, three damage curves were derived for the three building use clusters. 
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Figure 3.Flood damage curves for 1) Cluster 01 buildings, 2) Cluster 02 buildings 3) Cluster 03 buildings 
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The derived damage functions for the aforementioned building categories can be summarized as in below. 

Table 4. Damage functions for content damage 

Cluster Building category  Base value 

(LKR/m2) 

Damage function where  

D = damage, 

x = water depth 

Cluster 01 Health sector buildings 

29,100  
Industrial buildings 

Warehouses 

Cluster 02 Educational  

6200  
Residential  

Shops 

Vacant buildings 

Cluster 03 Office buildings 73,000  
 

A sensitivity analysis was carried out to find out the sensitivity of the content damage, using the clustered 

approach and the building category wise (lump) approach to calculate the content damage, using a 

sequence of flood scenarios. The obtained damage values for each of the building categories and the flood 

scenarios can be found in Annex 0.  

4.4.  Short discussion 

The modelled flood heights seem to appear after 0.5 m in most of the cases. This could be due to i) plinth 

height is not considered in the FLO-2D models, and ii) the inundation depths were recorded from the 

plinth level, in the survey. However, for the simulation purposes, the modelled flood heights will be used 

in the future, therefore it is important to have a moderating mechanism to convert the modelled flood 

heights to the actual flood heights.  

The building footprint layer is having a limited number of building uses, compared to the breakdown of 

the building uses specified in this study. Therefore, for a particular building type, the damage should be 

considered proportionately, based on the number of the buildings from each sub category. From this, a 

generalized damage curve for aggregated buildings can be generated, which are weighted according to the 

number of buildings.  

5. Damage assessment-implementation methodology 

5.1.  Damage calculation (vector format)  

The damage calculations are done based on the vector formats, as the original exposure data is available 

in the building footprint layer, henceforth can produce accurate results. All of the vector calculations were 

performed in the ARCGIS platforms. However, the flood hazard maps (inundation maps) which are 

produced by the flood simulation software (FLO-2D and MIKE 11) produce raster files of the specified 

resolutions. Therefore, initially the flood depths at the building locations were extracted to the building 

footprint, using the building centroid location. Here the building layer was required to have separate 
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attributes to store the flood heights for different flood scenarios, as well as to store the base damage value 

for building type and the damage values.  

Next, a custom-built model is run to calculate the damage values, for different damage types (structural 

and content). A snapshot of the model in the ArcMap platform is shown below (left: structural damage 

calculating model, right: content damage calculating model).  

 

Figure 4. ARCMAP models for structural damage calculations (left) and content damage calculations (right) 

The steps in the above models can be described as follows.  
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Figure 5. Methodology of the damage value calculations (vector format) 

After running the modes for each type of damages, the results can be summarized according to the 

building structure type or to the building use type. Finally, the total damage can be taken, as well as the 

distribution of the damages can be taken. A produced result for the HK50 condition is shown below.  

 

Figure 6. Damage values for a selected flood scenario 
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However, these vector format calculations consume a lot of computational time and effort, therefore it 

was decided to employ raster calculations for the damage assessment purposes. With raster format, these 

calculations could be performed within seconds using numerical calculation platforms such as 

Mathematica or MATLAB, and the requirement of manual labour is minimized, as these calculations can 

be automated.  

5.2.  Damage calculation (raster format)  

For raster calculations, a similar method which was used in the section 5.1 will be used. The only 

difference is that for this purpose, the exposure information has to be prepared as raster (ASCII) files. 

Since the flood maps are already prepared in asci formats, the newly prepared building property raster 

files were prepared to match the properties of the flood extent layers. The highest resolution floods maps 

being prepared are having a grid size of 30 m, therefore the to-be prepared building property layers' 

resolutions was set to be 30 m. Additional properties of the raster files appears as follows.  

ncols 492; nrows 533; xllcorner 396935.0; yllcorner 482565.0; NODATA_value -9999 

Therefore, a grid of 30 m cell size was prepared and overlapped with the existing building layer, and the 

building properties were extracted to the grid, so for each building type, a cell in the grid would contain 

the percentage of each of the building type/use. Then for each type of building type and use, a raster file 

was generated. A comparison between the building properties in the vector format and the raster format is 

shown in Annex 7.4.  

Now, the obtained raster files can be used to evaluate the structural and content damage values for 

different flood scenarios. First, the percentage values of the building property raster layers have to be 

converted into the area values, by multiplying all the cell values by 30 x 30 x 0.01 individually. Then 

these obtained values should be multiplied by the damage values matrix, which is obtained by subjecting 

the flood raster matrix elements in to the damage function and multiplying the answer by the base value 

of the respective building type/use.  

5.3.  Comparison of the results given by raster and vector methods  

In order to adopt the raster approach of calculations instead of the vector calculations, the accuracy of the 

results from these two calculation methods should be assessed. For this purpose, independent damage 

evaluations were done using the vector method and the raster method for the flood scenarios which are 

having a resolution of 30 m. The selected flood cases are HK10, HK25, HK50, HK100, LK25, LK50, 

LK100 for existing conditions and with all of the flood mitigation interventions. The results of the raster 

and vector runs are shown below (from next page). For the calculations, please refer the Annex 7.5. 
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Figure 7. Comparison of vector and raster calculations Up Left: Structural damage for existing conditions, Up Right: Content 
damage for existing conditions, Down Left: Structural damage with all interventions, Down Right: Content damage with all 

interventions 

Looking at the damage values obtained for structural and content loss, it can be seen that the variations in 

the estimations of the building structural damage are much less than that of the content damage. However, 

all of the damages fall below 10% of the vector processed value. Therefore, it can be concluded that it is 

okay to perform the damage calculations from raster formats, rather than converting them to the time and 

labour consuming vector computations. 

5.4. Projecting for the content damage of the residential buildings  

As aforementioned, the derivation of the content damage functions of this report is based on a field survey 

on the content damage of the commercial and industrial buildings of the flood affected areas, and the 

content damage of the residential units was not covered in this context. However, for the complete 

computation of the content damages, it is essential to establish a damage value for the content damage of 

the residential units. Therefore, three methodologies were used to estimate the content damage of the 

residential buildings, as shown below.  

• Using the cluster 02 depth-damage function for the estimation of the residential content loss: this 

method is adopted as there were many commercial units which are established as a part of the 

residential unit, such as small retail shops. Cluster 2 depth damage curve estimates the content 

damage for the commercial units, and it also has the lowest base damage value. Therefore, it is 
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assumed that the content loss of the commercial units (cluster 2) will be equal to the content 

damage of the residential buildings.  

• Using a portion of 25% of the structural damage which is occurred for the residential buildings: 

this method is recommended and used in the PHRD study for Metro Colombo floods.  

• Using a conservative percentage of 60% of the structural damage caused to the buildings.  

In order to identify the consistency of the results generated by above three approaches, the results 

generated from above three methods for different flood scenarios are compared, and the results are shown 

below.  

 

Figure 8. Comparison of the projected damage values for residential buildings. Left: Existing conditions, Right: All Interventions 

From the results, it could be seen that the damage values obtained by the content damage functions and by 

the 25% of the structural value are very similar, therefore the cluster 2 damage functions could be used 

for the estimation of the content damages. 

5.5.  Conclusion  

Using the damage curves developed under section 3 and 4, with the other workarounds as described by 

section 5, CUrW now possess the ability to rapidly calculate the economic loss from a flood event. The 

relevant damage curves are presented in Table 2 and Table 3.  

6. Way forward: Identifying spatial distribution of the economic 

activities  

In the damage assessment categories, another explorable category is to identify the loss of economic 

activities, due to the floods. This loss of economic activities is most likely to be generated from the 

business interruptions. Hence, if the business generation volume can be identified for a given 

geographical region, then that could be correlated to the gross domestic production of the particular 
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region. The business generation for a business is believed to be greatly expressed by the Value Added Tax 

(VAT) value and the Nation Building Tax (NBT) value.  

With the use of the aforementioned spatial business generation, the business interruption due to a flood 

can be quantified in a meaningful manner. And it will start to capture the indirect tangible damages of the 

flood events. The calculation methodologies can be adopted as in section 3 and 4. 

7. Annexes 

7.1. Annex 01 - Source for structural damage curves  

Development of generalized loss functions for rapid estimation of flood damages: a case study in Kelani 

River basin, Sri Lanka 
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7.2. Annex 02 - Annexes on content damage survey 

7.2.1. Initial composition of the survey locations  

 

Figure 9. Composition of the survey locations (Number, percentage) 

7.2.2. Surveyed flood depths comparison with the modelled flood depths  

 

Figure 10. Survey flood heights vs Modelled flood heights 

Theoretically, the above graph should show a linear relationship between the variables, however it has 

been different in this case. This could be caused by the lack of clear memory of the respondents on the 

incidents, exaggeration of details by the respondents and the discrepancies in the FLO-2D model output.  
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7.2.3. Damage (LKR/m2) vs the flood height graphs for the initially identified building types  

 

The results of the analysis are shown in this section, for each type of building use. It should be noted that 

only the damage to the building content is considered in deriving the relationships.  

 

Figure 11.Groceries in residential buildings (Com/Res Grocery) 

 

Figure 12. Grocery 
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Figure 13. Communications and bookshops 

 

Figure 14. Garages 
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Figure 15. Spare parts centers and service centers 

 

Figure 16. Hardware stores 
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Figure 17. Mechanical shops (iron-work/lathe/glass/welding and workshops) 

 

Figure 18. Medicine related (Pharmacies/dispensaries) 
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Figure 19. Offices 

 

Figure 20. Restaurants/Tea shops 
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Figure 21. Textile shops 

 

Figure 22. Miscellaneous (beer shops/salons/timber workshops) 

The relationships derived in the graphs can be seen as reasonable fits for particular couples of variables, 

which are not consistent for all of the building uses. Therefore, the curves should be used particularly for 

a specified building use. Furthermore, the fits could be approximated to logarithmic relations, if required 

and justified (the approximation to the exponential curves are done upon the recommendations of the 

PHRD study).  
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7.3. Annex 03 - Results of the sensitivity analysis 

Calculated below are the content damage for different flood scenarios for the Metro Colombo region. 

Here, the content damage is calculated in two methods: using the damage curves for the identified 

building clusters and using the damage curves for individual building (lump) categories. For these 

calculations, a plinth height of 0.3 m is assumed for all types of buildings.  

Scenes 
Educational 
buildings 

Health sector 
buildings 

Industrial 
buildings 

Office 
buildings 

Residential 
buildings 

Shops 
Vacant 
buildings 

Warehouses 

'HK10Clustered' 33,659,401 35,673,107 170,401,541 127,442,686 607,479,071 72,506,431 42,915,380 223,513,440 
'HK10Lump' 26,734,601 5,765,948 27,542,496 14,617,786 482,501,469 57,589,572 34,086,333 36,127,127 
'HK25Clustered' 71,327,816 77,894,529 424,773,255 321,238,703 1,564,682,984 145,574,543 124,445,811 459,170,103 
'HK25Lump' 56,653,435 12,590,319 68,657,336 36,846,356 1,242,778,353 115,625,269 98,843,383 74,216,999 
'HK50Clustered' 168,373,463 143,147,361 1,107,053,173 740,034,078 3,472,866,348 366,519,344 256,033,891 1,242,361,067 
'HK50Lump' 133,733,732 23,137,324 178,936,222 84,882,547 2,758,388,226 291,114,757 203,359,645 200,806,431 
'HK100Clustered' 295,589,783 247,234,598 1,475,564,659 1,424,917,237 5,513,648,073 618,396,254 359,692,702 1,821,426,121 
'HK100Lump' 234,777,643 39,961,247 238,499,805 163,439,236 4,379,316,795 491,172,643 285,692,570 294,402,399 

 

Figure 23. Comparison of clustered and lumped calculations for building content damage 

 

 

 



Damage Assessment Methodology 
Centre for Urban Water 

47 

 

 

7.4.  Annex 04 - Comparison between the building properties in the vector format and 

the raster format 

Structural building uses are shown in blue colour, while the building content use is shown in purple 

colour. 
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7.5.  Annex 05 - Calculations for the comparisons between the vector and raster calculations.  

Structural damage - Existing conditions - Vector calculations 

Build_type HK10 HK25 HK50 HK100 LK10 LK25 LK50 LK100 

A (vector) 115,481,558 313,747,563 678,153,671 1,015,322,723 86,867,359 247,765,619 550,032,367 890,406,427 

B (vector) 2,246,986,832 5,350,359,796 10,709,674,245 17,182,804,728 1,978,645,928 4,135,331,533 9,640,355,466 15,628,914,809 

C (vector) 119,734,278 366,680,806 873,994,077 1,257,847,654 82,910,813 238,458,727 628,515,980 1,062,125,275 

D (vector) 1,723,361,124 3,180,615,848 6,123,392,935 8,709,567,259 1,634,096,501 2,648,092,947 4,846,701,719 7,033,530,060 

Watta (vector) 98,602,891 207,267,528 372,586,027 487,803,296 77,016,458 125,056,244 189,054,464 313,891,273 

Total 4,304,166,684 9,418,671,541 18,757,800,957 28,653,345,661 3,859,537,059 7,394,705,070 15,854,659,995 24,928,867,844 

 

Structural damage - Existing conditions - Raster calculations 

Build_type HK10 HK25 HK50 HK100 LK10 LK25 LK50 LK100 

A (vector) 114,364,512 312,102,278 676,377,212 1,013,853,693 85,800,209 246,302,294 548,435,019 889,014,651 

B (vector) 2,248,469,417 5,369,911,152 10,773,570,598 17,285,644,320 1,979,204,881 4,155,100,089 9,712,280,087 15,735,830,165 

C (vector) 119,504,764 366,439,337 873,273,639 1,257,287,328 82,516,318 238,320,018 628,477,618 1,062,093,677 

D (vector) 1,763,724,754 3,230,773,907 6,308,555,087 8,865,819,870 1,679,299,029 2,689,381,725 4,894,323,819 7,085,637,785 

Watta (vector) 97,693,258 206,116,176 371,209,070 486,738,098 76,012,537 124,305,058 188,194,792 313,104,686 

Total 4,343,756,704 9,485,342,851 19,002,985,605 28,909,343,309 3,902,832,974 7,453,409,183 15,971,711,336 25,085,680,964 

 

Comparison of structural damage - Existing conditions -  

Vector and raster calculations 
 

Vector Raster Difference As a percentage 

HK10 4,304,166,684 4,343,756,704 39,590,020 0.92% 

HK25 9,418,671,541 9,485,342,851 66,671,309 0.71% 

HK50 18,757,800,957 19,002,985,605 245,184,649 1.31% 

HK100 28,653,345,661 28,909,343,309 255,997,648 0.89% 

LK10 3,859,537,059 3,902,832,974 43,295,915 1.12% 

LK25 7,394,705,070 7,453,409,183 58,704,113 0.79% 

LK50 15,854,659,995 15,971,711,336 117,051,341 0.74% 

LK100 24,928,867,844 25,085,680,964 156,813,120 0.63% 
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Content damage - Existing conditions - Vector calculations 

Content_De HK10 HK25 HK50 HK100 LK10 LK25 LK50 LK100 

Educational 33,278,971 71,320,558 168,461,532 295,614,167 29,726,284 58,717,657 141,833,508 235,253,070 

Health 35,673,128 77,857,561 142,957,714 246,923,149 35,997,628 74,195,409 135,073,475 221,373,283 

Industrial 152,310,864 401,395,000 1,020,237,451 1,410,160,154 136,055,028 253,162,543 506,383,519 795,633,218 

Office  309,992,114 601,891,456 1,212,278,657 2,092,323,928 311,724,186 520,529,131 1,085,878,299 1,905,245,359 

Residential 604,469,659 1,562,435,086 3,464,085,547 5,490,882,767 515,894,826 1,087,270,046 2,555,069,569 4,533,536,702 

Shops 72,362,103 145,612,452 366,300,382 616,394,154 78,003,890 116,297,798 268,960,076 498,901,040 

Vacant  42,429,448 124,330,498 255,467,297 358,465,887 34,078,586 66,990,107 154,178,187 278,994,307 

Warehouse 215,666,630 448,410,705 1,093,465,002 1,730,613,308 202,695,164 396,591,062 840,388,571 1,371,442,579 

Total 1,466,182,917 3,433,253,316 7,723,253,583 12,241,377,514 1,344,175,592 2,573,753,753 5,687,765,204 9,840,379,558 

 

Content damage - Existing conditions - Raster calculations 

Content_De HK10 HK25 HK50 HK100 LK10 LK25 LK50 LK100 

Educational 33,659,401 71,327,816 168,373,463 295,589,783 30,044,223 58,770,590 141,922,523 235,354,945 

Health 35,673,107 77,894,529 143,147,361 247,234,598 35,997,626 74,233,940 135,264,676 221,686,286 

Industrial 170,401,541 424,773,255 1,107,053,173 1,475,564,659 167,240,531 266,342,018 522,998,496 816,119,173 

Office 127,442,686 321,238,703 740,034,078 1,424,917,237 128,762,608 264,708,211 642,172,056 1,274,614,033 

Residential 607,479,071 1,564,682,984 3,472,866,348 5,513,648,073 518,068,840 1,090,013,686 2,569,053,081 4,559,043,947 

Shops 72,506,431 145,574,543 366,519,344 618,396,254 78,284,265 116,775,677 270,692,079 501,928,783 

Vacant 42,915,380 124,445,811 256,033,891 359,692,702 34,685,477 67,009,849 154,416,187 279,944,196 

Warehouse 223,513,440 459,170,103 1,242,361,067 1,821,426,121 209,780,893 407,456,302 851,812,150 1,382,820,074 

Total 1,313,591,059 3,189,107,742 7,496,388,725 11,756,469,427 1,202,864,463 2,345,310,273 5,288,331,248 9,271,511,439 

 

Comparison of content damage - Existing conditions -  

Vector and raster calculations 
 

Vector Raster Difference 
As a 

percentage 

HK10 1,466,182,917 1,313,591,059 (152,591,859) -10.41% 

HK25 3,433,253,316 3,189,107,742 (244,145,574) -7.11% 

HK50 7,723,253,583 7,496,388,725 (226,864,858) -2.94% 

HK100 12,241,377,514 11,756,469,427 (484,908,087) -3.96% 

LK10 1,344,175,592 1,202,864,463 (141,311,129) -10.51% 

LK25 2,573,753,753 2,345,310,273 (228,443,480) -8.88% 
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LK50 5,687,765,204 5,288,331,248 (399,433,957) -7.02% 

LK100 9,840,379,558 9,271,511,439 (568,868,120) -5.78% 

Structural damage - With all interventions - Vector calculations 

Build_type HK10 HK25 HK50 HK100 LK25 LK50 LK100 

A (vector) 125,207,477 269,688,682 585,808,901 949,379,337 249,100,051 563,099,162 872,150,004 

B (vector) 2,309,124,257 4,537,306,540 9,676,492,724 16,837,670,780 4,111,127,236 9,413,899,184 15,262,314,779 

C (vector) 103,489,379 262,267,581 707,319,287 1,154,238,346 263,267,594 692,902,296 1,090,420,021 

D (vector) 1,576,460,572 2,673,738,503 5,069,500,917 7,536,079,281 2,606,353,443 4,727,470,742 6,945,006,253 

Watta (vector) 75,256,107 124,695,337 241,842,831 333,584,083 111,501,451 182,138,673 288,743,568 

Total 4,189,537,792 7,867,696,644 16,280,964,661 26,810,951,827 7,341,349,776 15,579,510,057 24,458,634,624 

 

Structural damage - With all interventions - Raster calculations 

Build_type HK10 HK25 HK50 HK100 LK25 LK50 LK100 

A (vector) 124,191,414 268,173,155 584,086,366 947,924,423 247,673,459 561,456,962 870,803,034 

B (vector) 2,308,234,632 4,555,786,880 9,739,617,605 16,942,231,410 4,132,435,302 9,480,784,890 15,366,895,110 

C (vector) 103,283,789 262,010,745 706,548,279 1,153,578,404 263,229,873 692,728,928 1,090,408,099 

D (vector) 1,615,419,941 2,723,666,745 5,262,959,605 7,714,315,976 2,647,364,456 4,777,352,597 6,996,747,761 

Watta (vector) 74,545,195 123,696,429 240,416,848 332,286,065 110,816,036 181,242,942 287,942,681 

Total 4,225,674,972 7,933,333,955 16,533,628,704 27,090,336,279 7,401,519,126 15,693,566,320 24,612,796,685 

 

Comparison of structural damage - With all interventions -  

Vector and raster calculations 
 

Vector Raster Difference As a percentage 

HK10 4,189,537,792 4,225,674,972 36,137,179 0.86% 

HK25 7,867,696,644 7,933,333,955 65,637,312 0.83% 

HK50 16,280,964,661 16,533,628,704 252,664,042 1.55% 

HK100 26,810,951,827 27,090,336,279 279,384,451 1.04% 

LK25 7,341,349,776 7,401,519,126 60,169,350 0.82% 

LK50 15,579,510,057 15,693,566,320 114,056,262 0.73% 

LK100 24,458,634,624 24,612,796,685 154,162,061 0.63% 
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Content damage - With all interventions - Vector calculations 

Content_De HK10 HK25 HK50 HK100 LK25 LK50 LK100 

Educational 31,342,075 59,727,995 132,092,170 256,473,332 60,705,931 136,952,134 234,405,485 

Health 35,422,883 73,563,750 132,643,095 226,796,487 74,470,984 134,999,072 228,839,907 

Industrial 127,882,098 255,079,009 659,141,389 895,273,661 238,937,297 468,945,565 793,856,662 

Office 325,865,409 548,657,272 1,086,340,876 2,037,185,141 525,185,093 1,062,182,270 1,892,497,097 

Residential 593,934,320 1,195,575,756 2,805,758,618 4,974,059,689 1,074,062,103 2,553,267,315 4,435,657,336 

Shops 66,632,903 122,861,133 314,649,877 559,339,934 112,700,222 263,316,149 488,872,055 

Vacant 47,735,453 84,807,437 208,652,649 328,615,261 64,747,187 156,999,774 268,197,267 

Warehouse 182,049,376 378,785,808 846,467,769 1,427,750,058 380,344,975 800,370,107 1,352,196,621 

Total 1,410,864,518 2,719,058,159 6,185,746,443 10,705,493,563 2,531,153,792 5,577,032,386 9,694,522,429 

 

Content damage - With all interventions - Raster calculations 

Content_De HK10 HK25 HK50 HK100 LK25 LK50 LK100 

Educational 31,638,500 59,740,303 132,016,861 256,432,610 60,753,408 137,037,708 234,503,945 

Health 35,422,861 73,591,472 132,824,997 227,118,724 74,504,884 135,179,469 229,151,362 

Industrial 142,855,340 278,795,172 749,692,662 974,435,893 252,078,680 486,942,306 814,304,491 

Office 142,478,804 280,494,170 643,858,564 1,386,604,870 260,388,098 621,807,597 1,267,479,787 

Residential 596,529,364 1,197,339,026 2,815,077,618 4,997,803,042 1,076,912,822 2,565,714,926 4,460,648,655 

Shops 66,893,987 122,855,889 314,725,804 561,229,892 113,126,543 264,937,132 491,848,444 

Vacant 48,192,190 84,929,106 209,208,595 329,930,084 64,766,929 157,178,507 269,140,698 

Warehouse 190,138,094 389,180,734 1,020,061,815 1,555,981,081 391,210,372 811,714,615 1,363,565,408 

Total 1,254,149,140 2,486,925,872 6,017,466,916 10,289,536,196 2,293,741,735 5,180,512,260 9,130,642,791 

 

Comparison of content damage - With all interventions -  

Vector and raster calculations 
 

Vector Raster Difference 
As a 

percentage 

HK10 1,410,864,518 1,254,149,140 (156,715,377) -11.11% 

HK25 2,719,058,159 2,486,925,872 (232,132,287) -8.54% 

HK50 6,185,746,443 6,017,466,916 (168,279,527) -2.72% 

HK100 10,705,493,563 10,289,536,196 (415,957,367) -3.89% 

LK25 2,531,153,792 2,293,741,735 (237,412,057) -9.38% 

LK50 5,577,032,386 5,180,512,260 (396,520,126) -7.11% 

LK100 9,694,522,429 9,130,642,791 (563,879,638) -5.82% 
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7.6.  Annex 06 - Comparison of three methods to project the content damage of the 

residential buildings  

30 m Existing conditions 

Return period of the floods 10 25 50 100 

HK-PHRD (25% of the structural damage) 645,192,219 1,559,513,923 3,158,597,257 4,985,934,381 

HK-60% of the structural damage 1,548,461,326 3,742,833,416 7,580,633,417 11,966,242,514 

HK-By Content Damage Function 604,469,659 1,562,435,086 3,464,085,547 5,490,882,767 

LK-PHRD (25% of the structural damage) 556,360,140 1,186,653,031 2,751,987,909 4,473,825,029 

LK-60% of the structural damage 1,335,264,335 2,847,967,274 6,604,770,981 10,737,180,069 

LK-By Content Damage Function 515,894,826 1,087,270,046 2,555,069,569 4,533,536,702 

 

 

30 m with all interventions  

Return period of the floods 10 25 50 100 

HK-PHRD (25% of the structural damage) 653,261,585 1,298,487,875 2,802,862,570 4,818,707,096 

HK-60% of the structural damage 1,567,827,803 3,116,370,899 6,726,870,169 11,564,897,030 

HK-By Content Damage Function 593,934,320 1,195,575,756 2,805,758,618 4,974,059,689 

LK-PHRD (25% of the structural damage) - 1,183,747,423 2,713,009,829 4,378,399,764 

LK-60% of the structural damage - 2,840,993,815 6,511,223,589 10,508,159,434 

LK-By Content Damage Function - 1,074,062,103 2,553,267,315 4,435,657,336 
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From the results, it could be seen that the damage values obtained by the content damage functions and by 

the 25% of the structural value are very similar, therefore the cluster 2 damage functions could be used 

for the estimation of the content damages. This factor is furthermore supported by the following table.  

Existing conditions 25% of the content damage Damage Curve (cluster 2) Difference As a percentage 

HK10 604,469,659 645,192,219 (40,722,560) -6.31% 

HK25 1,562,435,086 1,559,513,923 2,921,163 0.19% 

HK50 3,464,085,547 3,158,597,257 305,488,290 9.67% 

HK100 5,490,882,767 4,985,934,381 504,948,387 10.13% 

LK10 556,360,140 515,894,826 40,465,314 7.84% 

LK25 1,186,653,031 1,087,270,046 99,382,985 9.14% 

LK50 2,751,987,909 2,555,069,569 196,918,340 7.71% 

LK100 4,473,825,029 4,533,536,702 (59,711,673) -1.32% 

 

With all 
interventions 

25% of the content damage Damage Curve (cluster 2) Difference As a percentage 

HK10 653,261,585 593,934,320 59,327,265 9.99% 

HK25 1,298,487,875 1,195,575,756 102,912,119 8.61% 

HK50 2,802,862,570 2,805,758,618 (2,896,048) -0.10% 

HK100 4,818,707,096 4,974,059,689 (155,352,593) -3.12% 

LK25 1,183,747,423 1,074,062,103 109,685,320 10.21% 

LK50 2,713,009,829 2,553,267,315 159,742,513 6.26% 

LK100 4,378,399,764 4,435,657,336 (57,257,571) -1.29% 
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