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built-up area would significantly increase in 2030. The predicted results for 

2030 also indicate an increase of 101.15 ha in built-up area and it means 

1.115% increase when compared to 2016. Water bodies and wetland are the 

other land use categories, which show a decline in 2030. It indicates -11.73 ha 

of decline when compared to the 2016 land use pattern of water bodies. This 

means 0.134% reduction. On the other hand, the analysis shows a positive 

trend of wetlands. The predicted land use also represent 6.15 ha increase and 

it means 0.070% when compared to the wetland distribution in 2016 (Figures 

4, 5, and 6).   

 
Figure 6. Changing Pattern of Land Use from 2006, 2016 & 2030 

Source: Output Data from QGIS Analysis, 2019 

 

This scenario revealed continuous increase of built-up area. Since there 

is an increase of water bodies in 2016, 2030 will likely experience same result 

due to manmade innovations of urban planning. Also, land use daily 

conversion led to a reduction in the agricultural lands and water bodies. Thus, 

they are functioning as water detention and retention areas. This would result 

in an increase in the runoff volume in 2030. Simultaneously, this has conveyed 

the need of sufficient drainage system for Kaduwela in 2030 to mitigate the 

urban flood hazard within KMC. 

Consequently, terrain and the variation of low-lying areas in KMC was 

analysed using 5m contour DEM layer as the whole process based on the 

slope. The analysis has sequence and it goes through flow direction, flow 

accumulation, outfalls identification, and watershed demarcation. The 

possible outfalls were identified based on the flow accumulation and it is 

needed to demarcate the watersheds (Figure 7). The possible outfalls 

functioned as outlets of runoff water which were collected in each watershed.  
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Figure 7. Selected Watersheds within Urban Flood Area of Kaduwela Municipal Council 

Source: Conceptualize by Author; Based on Survey Department, Sri Lanka (2016) 

 

Runoff volume was calculated according to the coefficient of 2030 

land use. The calculation depended on the coefficient of the land use surfaces 

and land use is mainly categorized into four categories, namely: agricultural 

land, built-up area, water bodies, and wetlands. Agricultural lands, water 

bodies, and wetlands functioned as permeable surfaces and it represents less 

coefficient value compared to the built-up area. Water bodies, especially, 

indicate minus value. Area was calculated by dividing a watershed into 90 

acres portions. Hence, watersheds were demarcated according to the out falls 

(limitation of the equation: Calculation can be done for > 90 acres. Therefore, 

the watershed has to be subdivided for areas > 90 acres). Rainfall intensity 

which is also a factor that is needed to calculate the runoff volume can be 

calculated by the intensity curves practiced by the Irrigation Department of Sri 

Lanka. It concerns one-hour rainfall period for zone 3 (Colombo), and it also 

concerns 25 occurrence intervals (Table 1). Sufficient drainage system can be 

designed according to the results of the calculation (Q) which will make KMC 

a disaster resilient municipality. 
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Table 1. Runoff Volume of Selected Watersheds 

 

Conclusion 

This paper focuses on urban flood mitigation in KMC. The literature 

explored that there is no specific literature which concerns urban flood 

mitigation measures in KMC area. As a result, this research aims to fill in the 

gap as it focuses on urban flood and mitigation measures for KMC. The 

analysis of the research was undertaken and the research objectives were 

achieved by calculating the runoff volume of each watershed. The runoff 

volume was calculated as the first stage of the drainage planning and it was 

applied as the mitigation method of urban flood in KMC. The analysis was 

divided into three phases and the first phase was land use prediction. It was 

simulated to analyse the land use changes in relation to green, blue, and brown 

fills. The analysis was able to find the results related to continuous increase of 

brown layer. However, it showed an increase of blue layer in 2016 and same 

is predicted for 2030 as a result of manmade innovations of urban planning. 

This scenario revealed that land use conversion was processing day by day 

and reducing the green and blue patches which were functioning as water 

detention and retention areas. Consequently, this will result in an increase in 

the runoff volume in 2030. Simultaneously, it conveyed the need of sufficient 

Name of Watersheds
Sub Parts of 

Watershed
Q

Conversion Factor 

0.0028
C I A

A A1 9.3069 0.0028 0.4127 120 67.116094

A2 5.6170 0.0028 0.66763902 120 25.039529

A3 3.8706 0.0028 0.39186897 120 29.396466

B B1 6.9315 0.0028 0.821315 120 25.117435

B2 3.274213613 0.0028 0.63731725 120 15.290161

C C1 5.27156404 0.0028 0.56008195 120 28.012291

D D2 8.806022757 0.0028 0.72706343 120 36.046925

E E1 4.1227 0.0028 0.7591 120 16.163266

E2 6.3627 0.0028 0.89259816 120 21.215052

E3 3.6243 0.0028 0.84684838 120 12.737311

Runoff Volume of Selected Watersheds

B

C

D
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drainage system for KMC in 2030 to mitigate the urban flood hazard within 

the area. Secondly, the possible outfalls identified through the flow 

accumulation are needed to demarcate the watersheds. The possible outfalls 

functioned as outlets of runoff water which were collected in each watershed. 

The whole process based on the slope analysis, however, depends on the DEM 

layer. With the completion of the first and second phases, it moves to the third 

phase of the methodology. Under this phase, runoff volume was calculated as 

per the coefficient of 2030. Land use and area was calculated by dividing a 

watershed into 90 acres portions and watersheds were demarcated according 

to the out falls. Finally, water volume that was collected during rainfall to the 

watershed was calculated to mitigate the urban flood hazard by providing a 

sufficient drainage system. 
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