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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/m 2) 

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.  
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¶ 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/m 2) 

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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