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Outline

• Addressing Current Safety Deficit
• Desired safety levels are not yet 

achieved in many developing
countries. Flood control measures
are implemented to close this deficit

• Case Study of Flood Control component of Metro Colombo Urban 
Development Project to address deficit

• Addressing future Safety Gap
• Global Changes will create a 

gap in safety levels in future 
due to increasing hazard and 
vulnerabilities due to global change.

• System Resilience: Addressing Safety Gap under global Change –
Climate Change and Urbanization

• System Sustainability



Flood types affecting Colombo
• Flood due to 

overflowing of Kelani
River (eg. 2016 May)

• Flood due to 
overflowing of Colombo 
Canals (eg. 2010 Nov )

• Flash Flooding / Urban 
Flooding



Forecasting Kelani River Floods

Hanwella

Glencourse

Glencourse

1500m – 50 m

75km 50km



Overflow of Kelani River (2017 )

Heavy rainfall recorded in
Deraniyagala (355.5mm),
Colombo (256mm), Katunayake
(262mm), Ratmalana (190mm)

Image Source: Sri Lanka Rapid Post Disaster Needs Assessment Report 2017
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Urban Floods (2010)



6. New Mutwal Tunnel
• 15 m3/s capacity
• 3m diameter 700m tunnel

3. St. Sebastian North Lock Gates and 
Pumping St
• Installation of  new vertical gates and construction 

of 30 m3/s pumping station

7. Kolonnawa Canal diversion
• Bank protection, Dredging, Construction of O 

& M road
• Installation of vertical gates

4. St. Sebastian South Lock Pumping St
• Rehabilitation of existing gates
• 10 m3/s pumping station

1. Improvements to Madiwela East 
Diversion Scheme
• Bank protection, Dredging, Construction of O 

& M road
• Rehabilitation of existing flap gates

List of major interventions

5. Torrington Tunnel
• 32 m3/s capacity
• 3m diameter 1100m main tunnel 
• Network of spine and lateral canal network of 

2500m length

2. Ambathale pumping station
• Replacing vertical gates
• 20 m3/s pumping station



Rain gauges From 
Satellites

Weather 
Forecasts

Hydrological Forecast upto
Glencourse
(Ranwala)

Hydro Dynamic Forecast
Glencourse to Sea

Water levels in Canals and 
Lakes forecast

Flood Risk
People at Risk and Economic 

Risk

Operate pumps to minimize affected 
people and economic loss

Water levels in Canals and 
Lakes observations

53 IOT (24)
Weather Stations

JAXA GSMAP  

45 IOT (9)
Water Level 
Stations

4 WRF models 
4 times a day

2 WRF models 1 
time a day

3 level nested 
27x9x3 km



Center for Urban Water, Sri Lanka

System Implementation



Weather Stations
Sensor types:

• Tipping Bucket
Transmission:

• Radio + Wi-Fi
• GSM
• Fiber Optic
• Things Network

Resolution:
• 0.1mm,  and 0.2mm

Schools Community
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W e a t h e r  S t a t i o n  M a pW e a t h e r  S t a t i o n  M a p
C e n t e r  f o r  U r b a n  W a t e rC e n t e r  f o r  U r b a n  W a t e r

µ

0 10 205 Km

ID Name Location_Information
1 Dickoya  (Study) 6.935762: 6.8722<br>79.947458: 80.60312
2 Orugodaw atta (Study) 6.935762: 6.943737<br>79.947458: 79.8788606
3 Batapotha (Study) 6.935762: 6.9016082<br>79.947458: 79.9369273
4 Maw aramandiya (Study) 6.935762: 6.9983267<br>79.947458: 79.9870956
5 Jalthara (Study) 6.935762: 6.9002821<br>79.947458: 80.0463009
6 Padukka (Study) 6.935762: 6.8395849<br>79.947458: 80.0886652
7 Papiliyaw ela (Study) 6.935762: 6.997471<br>79.947458: 80.1280702
8 Bogaw antalaw a (Study) 6.935762: 6.7935966<br>79.947458: 80.6821913
9 Ranjan Wijerathna Maha Vidyalaya... (Study) 6.935762: 6.8930163<br>79.947458: 80.2739561

10 Rajasinghe Central College (Study) 6.935762: 7.039894<br>79.947458: 80.2557892
11 1.Palliyaw atta- Mattakkuliya (Wattala) (permanent) Don Bossco Collage 
12 2.Kittampahuw a (permanent) Kotuw ila Gamini Vidyalaya
13 3.Salamulla Henry Olcott maha vidyalaya
14 4.Kotikaw atta (f ixed) Somadevi Balika Vidyalaya
15 5. Malabe Boys School Malbe
16 6.Mutw al St. Andrew s College
17 7.Mulleriyaw a Ediriw eera Sarathchandra Vidyalaya
18 8.Attidiya SLLRDC Sub Office
19 9.Mahapallegama Senanayaka Maha Vidyalaya
20 10.Waga Waga Sri Rathanasara Maha Vidyalaya
21 11.Hingurana Hingurana Kanishta Vidyalaya
22 12.Kitulgala Kalyani Maha Vidyalaya
23 13.Kelaniya Helena Wijew ardena Balika Vidyalaya
24 14.Gonaw ala Kelanithissa Vidyalaya
25 15.Maradhana St. Joseph's Collage 
26 16.Kaduw ela Hew agama Kanishta Vidyalaya
27 17.Colombo 07 Thurstan College
28 18.Kirimandala Maw atha RTC Center
29 19.Battaramulla Diyatha Uyana
30 20.Urumew ella Urumew ella kanishta vidyalaya
31 21.Wellaw atta St. Peter's Collage
32 22.Nugegoda Anula Vidyalaya - Primary School
33 23.Madiw ela Jaya Sri Rahula Maha Vdyalaya
34 24.Thalaw athugoda Vidura College
35 25.Hokandara East Rathana Kanishta Vidyalaya
36 26.Mt. Lavinia St. Thomas' College
37 27.Boralasgamuw a Chandrarathna Manaw asinghe Vidyalaya
38 28.Pannipitiya Dharmapala Vidyalaya
39 29.Malapalla Vijayaghosha Vidyalaya
40 30.Maskeliya Saman Eliya Maha Vidyalaya
41 31.Dehiow ita Dehiow ita National collage
42 32.Kottaw a North Dharmapala vidyalaya (permanent)  

Past 1,3 and 24 Hour 
summaries, Hourly summaries 
and past data at stations

Monitoring Systems and Information Sharing



Rainfall Forecasts

• 4 weather models are 
run twice or 4 times a 
day for a 3 day 
forecast.

• We select the model 
based on closeness to 
observations

• Forecast is corrected 
using past observed 
data until present 
time. 

Basin mean rain – forecast and observed
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Water Level Stations

Sensor types:
• Ultrasonic
• Radar

Transmission:
• GSM

:
• 2mm and 3mm



Canal Water Level Forecasts



RISK BASED FLOOD MANAGEMENT



Population Density: Persons per 30m grid, distributed according to building type

Population and Buildings

214 GN divisions, 1.3m population
50 100 150 200

5000

10000

15000

Ten types of building categories à 3 categories for 
commercial loss estimation

Four structural categories for damage estimation



Impact Comparison



Impact Comparison
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Figure 3.7: Surveyed building types and their percentage distributions 

 

 

 

 

 

 

 

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

A B 

C 

Loss Functions 

Derived flood damage  coefficients 
Building Types C1 C Adjusted R 

squared 
(%) 

Unreinforced 
Masonry walls 
(URM) 

10.55 11.487 57 

Concrete frame 
with 
unreinforced 
Masonry fill 
 Walls 

8.0826 9.0925 58 

Wooden 40.211 32.656 54 
Commercial 
building 

4.8745  7.7563 43 

19 

 Residential Unreinforced Masonry (URM)  Residential Concrete Frame with URM 

 Residential Wooden Structure Commercial Building 

Max. Predicted damage ratio: 
Wooden : ~70%; 
Unreinforced masonry walls: 26%,  
Concrete frame with unreinforced masonry: 
19%.  
Commercial structures: 14%.  

Ch. 3 
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flood damage coefficients (C1 and C) for all the building as defined by the logarithm model 

in Equation 3.9 as listed in Table 3.6. 

  

 

 

 

 

  

 

  

 

 

 

 

 

 

 

 

 

 

Figure 3.20: Flood damage curves for: A Residential Unreinforced Masonry (URM) B. Residential Concrete 
Frame with Unreinforced Masonry Walls C. Residential Wooden Structure D. Commercial Building 

 

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

96 

  

y = 40.211ln(x) + 32.656 
R² = 0.5371 

0

10

20

30

40

50

60

70

80

90

100

0 1 2 3

Da
m

ag
e 

Ra
tio

 (%
) 

Water Depth (m) 

C 
y = 4.8745ln(x) + 7.7563 

R² = 0.4322 

0

5

10

15

20

25

0 1 2 3 4

Da
m

ag
e 

Ra
tio

 (%
) 

Water Depth (m) 

D 

y = 10.55ln(x) + 11.487 
R² = 0.5658 

0

5

10

15

20

25

30

35

0 1 2 3 4 5

Da
m

ag
e 

Ra
tio

 (%
) 

Water Depth (m) 

A 
y = 8.0826ln(x) + 9.0925 

R² = 0.584 

0

5

10

15

20

25

30

0 1 2 3 4

Da
m

ag
e 

Ra
tio

 (%
) 

Water Depth (m) 

B 

flood damage coefficients (C1 and C) for all the building as defined by the logarithm model 

in Equation 3.9 as listed in Table 3.6. 

  

 

 

 

 

  

 

  

 

 

 

 

 

 

 

 

 

 

Figure 3.20: Flood damage curves for: A Residential Unreinforced Masonry (URM) B. Residential Concrete 
Frame with Unreinforced Masonry Walls C. Residential Wooden Structure D. Commercial Building 

 

Risk Based Flood Management

• All buildings are 
classified to 10 
categories

• Damage functions 
developed for 4 
building categories

• All building mapped to 
one of the 4 DF.

• Total potential damage 
from a future flood 
past flood can be 
estimated from DF + 
Inundation Simulation

Present Status



Business/Industry Loss Estimation
2010 November floods
30 m model: simulated

2016 May floods
30 m model: simulated

Flash floods (CMC)
10 year return periods 
simulated

427
locations

• Collected attributes on affected 
buildings

• GPS coordinates (using the mobile phones)
• Name of the institution

• Address of the institution

• Type of the industry
• Name of the owner and contact details (tel/email)

• Number of employees

• Approximate floor area used by the institution ….

12 
 

4.3.Derivation of the damage-clusters according to the base damage values  

Damage clusters were defined according to the base value of the building use categories, and reclassified 
accordingly. The clusters are:  

Cluster Building category Derived base value (LKR) 
Cluster 01 Hardware 34,007 

Mechanical  20,586 
Textile  35,325 

Cluster 02 Garages 10703 
SpareParts and Service 1058 
ComResGrocery 4890 
Communnication 9203 
Grocery 6949 
Medicine 9004 
Restaurent 3530 
Misc 6492 

Cluster 03 Offices 72959 
 

Then similar to the method mentioned in 4.2, depth-damage curves and the base values are calculated 
accordingly, as shown below.  
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The base value derivation appears as follows.  

Cluster 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 29121.41 
Mechanical  20,586 7 144102 
Textile  35,325 10 253250 

Cluster 02 Garages 10703 16 171248 6180.57 
Spare Parts and Service 1058 10 10580 
ComResGrocery 4890 59 288510 
Communnication 9203 11 101233 
Grocery 6949 30 208470 
Medicine 9004 7 63028 
Restaurent 3530 9 31770 
Misc 6492 9 58428 

Cluster 03 Offices 72959 7 510713 72959 
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The base value derivation appears as follows.  

Cluster 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 29121.41 
Mechanical  20,586 7 144102 
Textile  35,325 10 253250 

Cluster 02 Garages 10703 16 171248 6180.57 
Spare Parts and Service 1058 10 10580 
ComResGrocery 4890 59 288510 
Communnication 9203 11 101233 
Grocery 6949 30 208470 
Medicine 9004 7 63028 
Restaurent 3530 9 31770 
Misc 6492 9 58428 

Cluster 03 Offices 72959 7 510713 72959 
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Aveage Scenario
Measure Capital Cost (m) Annual Benefit Recovery Period

All 22500 1460 15
SLPS 1200 116 10

�������

High Kelani Scenario
Measure Capital Cost (m) Annual Benefit Recovery Period

All 22500 2720 8
SLPS 1200 168 7
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Effectiveness of measures for flood damage reduction

• Project objectives of 
reducing flood area can be 
achieved

• Pump characteristics in loss 
reduction can be used in 
pumping strategy 
development

• Real time impact 
assessment is coupled to 
pump operation selection



 

Climate Change

Mean (10%-23%), 
Maximum(2%-24%), 
peaks over the 
threshold of 50mm 
daily precipitation 
(30%-90%), 95 
percentile precipitation 
(8%-21%) For Colombo 
RCP4.5 and RCP8.5 for 
the 2075 to 2100 
period relative to 1981 
to 2005



Increasing Surface Retention, Infiltration

USING  WETLANDS FOR  STORAGE MANAGEMENT



Urban Storm water retention and Infiltration

Edmonton Infiltration Tank Proposal CUrW

Fig. 2: Retention-Infiltration-Discharge arrangement for Edmonton

3 Hydrological Analysis

3.1 Design Rainfall

We have selected 1:10 year return period storm event as the design event for this intervention

in accordance with the design standards for Metro Colombo loacal drainage. The design hyeto-

graph was derived from the rainfall study carried out as part of the MCUDP project component

Development and Application of Urban Drainage Model ([udm˙2013 ]).

The study has analysed 15 min rainfall data for the Colombo catchment and proposed the

following formula to derive Intensity-duration relation for 1:10 year return period.

Id =
3473.1

(Td + 19.0520)0.8059
(1)

where Id is the intensity for duration d rainfall event and Td is the rainfall duration. Table 9 in

the Appendix H of the Development and Application of Urban Drainage Model ([udm˙2013 ])

, page 104 lists the lists the Annual maximum rainfall series for durations 15 min, 30 min, 60

min, 90 min, 120 min, 180 min and 240 min in mm for the period 1981- 2010. The performance

of the equation (1) was tested by comparing with these observed values.

A peak-centred 10min duration rainfall for 1 hour was estimated from the above equation

and used for the design analysis. The design rainfall is shown in Figure (3). The rainfall

volumes in each 10 min intervals are given below.

May 10, 2018 3 SH

• Large residential complex 
developers need to manage 
storm water onsite

• Predevelopment drainage 
allowed

• 1:5 Year return period 
rainfall runoff to be 
managed.

• CUrW requested to provide 
designs by CMC.

• High ground water reduces 
infiltration capacity and 
storage potential.

• Need to use also storage 
above ground.



Capacity Development and Sustainability

Agreements with leading Engineering Universities make it possible for staff to complete a 
research M.Eng/M.Sc based on the work done at the center (half currently enrolled)
Last year 30 graduate students doing final year projects and internships (3-6 months)



Contributions

Weather Forecast Platform 

Information Flow Platform 

Public Service Platform 

2.2&&Opera?on&System&of&MHEWS&&

Weather Forecast Platform 

Information Flow Platform 

Public Service Platform 

2.2&&Opera?on&System&of&MHEWS&&

CUrW aims to help the stakeholder agencies and local 
community in flood risk reduction with available 
investments using ICT. It aims to raise the levels of the 
research staff through applied research and international 
collaboration. 
The Center building will contribute to develop an ecosystem 
to foster research, development and innovation among 
government, academia and private sector.  

•1st Floor & 2nd floor, Public outreach, education, equipment 
maintenance, information
•3rd floor Information integration, forecasting and operation
•4rth floor Environmental services/Innovation center
•5th floor R&D:



Thank you

https://www.curwsl.org



CUrW Academic Programs

1. Faculty of Engineering - University of Ruhuna

Internships

13 Undergraduate students (1st year) for 2 months (2019 02
18 - 2019 04 20) -- Completed.
• Flo-2D model setup for Flash flooding Locations
• Economic Exposure Field data collection

2. Earth Resource Management - University of 
Moratuwa

5 Undergraduate students (3rd year) for 6 months (2019 06
24 - 2019 12 24) -- Ongoing.
Project - GIS for Flood Safe and Livable City
• Hydrodynamic information and Monitoring Device
maintenance
• City behavior on City Engine
• Disaster Response and Recovery Assistance

Faculty of Engineering - University of Ruhuna

Comprehensive Design Project (CDP)

7 Undergraduate students (4th year) for 7 months (2019 06 01
- 2019 12 31) -- Ongoing.

Title : Development of a Master plan to convert
'Diyasaru Park' into Sustainable Wetland

Undegraduate Research Projects (URPs)

Faculty of Engineering - University of Ruhuna

6 Research areas collaborative with CUrW ongoing
studies by Undergraduate students (4th year) for 8
months (2019 05 01 - 2019 12 31) -- Ongoing.

q Flood damage estimation model to 
evaluate economic and lifelines losses

q The impact of intense weather conditions 
on surface transport: A depth/Duration-
disruption function 

q Kelani river basin water resources analysis 
to optimize the hydropower reservoir 
operations

q Evaluation of Storm water drainage 
options with respect to national policy 
making; Case study for Galle Municipal 
area

q Study the management of Wetland water 
storage for flood mitigation; A case study 
at Diyasaru Uyana, Colombo

q Study on on-site water management in 
urban areas to mitigate flash floods



Rainfall Forecasting 
 Numerical weather forecasting model, WRF (Weather 

Research and Forecasting) is used 

Currently, the rainfall is forecasted for three cascading 
domains as shown below.  

 

Rainfall Forecasting Domains






