IDENTIFICATION OF APPROPRIATE FLOOD HAZARD
MITIGATION STRATEGIES FOR KELANI RIVER BASIN:
SPECIAL REFERENCE TO CITY OF COLOMBO AND

SUBURBS

By

NADEEKA SARANGA VITHANAGE

Thesis submitted to the University of Sri Jayewardenepura
for the award of the Degree of Doctor of Philosophy in

Geography on 22.07.2017



Declaration by the Candidate

The work described in this thesis was carried out by me under the supervision of Prof.
Krishan Deheragoda and a report on this has not been submitted in whole or in print to

any university or any other institution for another Degree/Diploma.

.................................... 29.07.2017
N.S.Vithanage



Certificate by the Supervisor

I certify that the above statement made by the candidate is true and that this thesis is

suitable for submission to the University for the purpose of evaluation

.................................... 29.07.2017

Prof. Krishan Deheragoda



TABLE OF CONTENTS

Table of Content 1
List of Figures vii
List if Tables xii
List of Abbreviations Xiv
Acknowledgement XVvi
Abstract Xvii
Chapter 1: INTRODUCTION . ....cuiuiititii e 1
1.1 Background of the Study .......cccecieiiiiiieieee e 1
1.2 Justification 0f the StUAY ......cceeciiieiiiiiiiiiceee e 5
1.3 Objectives of the ReSearch..........cccceviieiieiieie e 9
1.3.1 General ODJECLIVE ....cccvieivieciieciie ettt ettt e eereeeraeeeaeeebeenreenns 9
1.3.2 SPECIfIC ODJECLIVES o.vveiiieieiieeiieiiestie st ettt sttt sr e ere e s e sbeesreees 9
1.4 Research QUECHION .....c.eeeiuiiiiiiiciie ettt et stv e ete e e stveeesareeeene e 10
1.5  Study Area DeSCription......ccccvieciieeiiereiieiiiecie e eiee e eee e esteeseeeeeseseenseenns 11
1.5.1  Geomorphological Features of Kelani River Basin...........cccccecevcveuennnn. 11
1.5.2  Geographical Condition of City of Colombo and Suburbs...................... 13
1.5.3  Administrative Setting of City of Colombo and Suburbs ........................ 14
1.5.4  Land use pattern of the City of Colombo and Suburbs...........cccccvenneennee. 15
1.5.5 Population Pattern of City of Colombo and Suburbs...........cccccceruenenne. 18
1.6 Limitation of the StUAY ....ccccoveeiiiiiiiiiiiecee e 20
1.7 Structure of the TResSIS......cccoiriiiiiiic e 20
Chapter 2: LITERATURE REVIEW .....cocoiiiiiiiiiieeeeeeeeee s 22
2.1  Flood Hazard Identification and ASSESSMENt ...........ccccueeriverirerrerinienennens 22
2.1.1 Flood Hazard...........cccoeiiiiiiiiniiiiiccecescee e 25



2.1.2 The Flood Hydrograph...........cceeeieviiriieiiiieeeeeeeeeeee e 28
2.13 Return Period, Probability and Plotting Position............cccccceeeerreeeeennne. 29
2.14 Hydrologic Frequency Analysis .........cccoecieriiriieiieiieeeee e 30

2.1.5 Use of Remote Sensing Data and GIS Techniques for Flood Hazard

ASSESSIMENL ...c.veeieieitiereeetee et etee st et ete e ebaesateeubeesbeestaesareebeenaeesuneeune 32

2.2 Flood Vulnerability ASSESSIMENL ........ccccovuereieirreiierieeeireeeeeeeereereeieeseeesneans 35
2.2.1 Losses due to fl00dS......c..ccueiiiririnirininienccceecee e 35
222 Methods to Determine Flood Vulnerability ...........cccoooeeviiiiinniiieene 39
2.3 Flood Risk ASSESSIMENL ........coeriiriiriiiiiiiieeiiestene ettt 40
2.4 Evolving Concepts on Collaborative Disaster Risk Management ................... 43
2.5  Flood Disaster Mitigation MEASUIES .........ccceeeereveeceeeeeeieeieesieeereeseeseseneens 45
2.5.1 Structural MEASUIES ........cccoiririeriirieriiniiientciene ettt 46
2.5.1.1 Watershed Management and Reservoirs.........ccocceeeeeeeevevienceeeennee. 46
2.5.1.i Confining River Flow by Embankments ...........c..ccocvnninnnnnnnee. 47
2.5.1.1ii Channel Improvement Works...........ccoecvveiieriiriiiceeeceeere e, 48
25.1.1v ChanneliZation ............coevereriienieiiienciereeee e 48
25.1.v Diversion WOrKS .....c..ccoevirininininiiincncieeccrcee e 50
2.5.1.vi F100d Wall ....ooiiiiiiiiiiice e 50
2.5.1.viii  Construction on High Earthen Platforms..........cccocoeeiiiiiininnnan. 51
252 Non — Structural MEaSUIES .........ccererierierieieieiieieecieeeeeeee e 51
2.5.2.1 Flood Plain Zoning ..........ceeeeeeiierieiie et 51
2.5.2.1i Flood FOrecasting........co.vuuiriveineiiniiiiieiene e 51
2.5.2. iii Flood Preparedness Education..............coovviiiiiiniiininnnnen.. 52
252.1v Evacuation Plan ... 52
Chapter 3: METHODOLOGY .....oooiiiieiiceie ettt ettt sene s 53
3.1 Introduction to MethodOlOZY .......ccccveiiieiieiiieie ettt 53



3.2 Data and data acquiSition PhaSE.........ccceevuiervierieeiiee et e e 58

3.3 Models and Validations phase ..........ccccceerieriieriirniieneee e 61
3.3.1 3D Model Generation and Validation Technique...........ccoecveiieiiencienennnee. 61
3.3.2 Flood Frequency Model and Validation Technique ...........ccceeveevieeeennennee. 62
3.3.3 Flood Inundation Model and Validation Technique...........ccccoveevverevrennnnnee. 63
3.3.4 Flood Early Warning Model and Validation Technique ............c..ccveennennee.. 65

3.4 ANALYSIS 1S PRASEC...c.ueieeiieiieieee ettt ettt et ennes 67
3.4.1 Flood Hazard ANalysisS.......cccerierieeoiieieiieeiee ettt 67
3.4.2 Flood Vulnerability ANalysiS........cccccuervireriieriieniieeiieneiesreeeeeeeeesreesreesneennes 68

3.4.2.i Flood Vulnerability Analysis.........ooevuiiiiiiiiniiiiiiiiiiiiaeananen. 69

3.4.3 Flood Consequence ANAlYSiS........cceeeuerireiiieriienieeiieseieseeeeee e seee e 69
3.4.4 Flood Risk ASSESSIMENL......cceiruiriiiiiriiriiniieie ittt 70

3.5 Decision Making and Data Sharing Phase..........cccccooceviiiiicinie e 72
3.3.1 Comprehensive Flood Management Standards.............ccceeeveecnieverenneennenn, 73
3.3.2 Web Application for Manage Flood Information ...........cccecceeeveniinneennne. 74
Chapter 4: RESULTS - MODELS AND VALIDATIONS ....ccccoviiiiiiiiicincceninceeenen 76
4.1 Generating 3D Models for Kelani River Basin.........ccccocceveerieniinenieninccienee 76
4.1.1 Validation of 3D mOdelS ........ccceririiriiiiiniiiiiiniciicicteeeee e 80

4.2 Flood Return Period Modeling for Kelani River Basin..........cccoccceveiiiiiciennnns 84
4.2.1 Stream Gauge Data Modeling........cccoooveeoiieiieiiere et 85
4.2.2 Rainfall Return Period Modeling for Kelani River Basin..........c..cccccceen.ee. 86
4.2.3 Validation of Stream Gauge and Rainfall Return Period Model ................. 87

4.3 Flood Inundation and Rainfall Distribution Modeling ............ccccoeeveiinennnnnne. 90
4.3.1 Flood Inundation Modeling ..........ccceeveeriieiiinieiie et 91
4.3.2 Rainfall Distribution Modeling..........cccecceerieeireiienie e 94



4.3.3 Validation of Stream Gauge and Rainfall Return Period Model ................. 94

4.4 Flood Early Warning Model ...........cccoeiiiiieiiiieeeee e 99
4.4.1 Validation of Early Warning Modeling ...........ccoeeeeviieiieiieiieeeieeeeee, 105
4.42 Recommended Early Warning System ..........ccceevvevviiciinciieneinieeieeieenen. 106

Chapter 5: RESULTS - FLOOD HAZARD VULNERABILITY, CONSEQUENCE

AND RISK ANALYSIS ..ot 110

5.1 Flood Hazard in the Colombo City and Suburbs ...........cccecveiiieiieicinnieeeee 110
5.1.1 Historical Flood Records in Colombo City and Suburbs..........c..ccceeeueenenn 111
5.1.2 Longitudinal Bed Profile of Kelani River Basin...........cccocceeiiiicininnnnnnen. 113
5.2 Flood Vulnerability in the Colombo City and Suburbs ..........ccccceeeeeiiriiennnns 120
5.3 Flood Consequence in the Colombo City and Suburbs ..........cccccevevriiecienenns 129
5.4 Flood Early Warning Model ............cooiiriiiiiinieieeeeeeeee e 130
5.4.1 Flood Hazard RanKing ...........ccceeevieeuieriiniieiieeeeie e eveeseeseee s eneens 131
5.4.2 Flood Vulnerable Ranking...........ccoecveeiriiieiieiieeiieeeseeeeei e e e e e e 133
5.4.3 Flood Consequence Ranking...........coceveviviiiiiiiiniiniiiiniinennen 134
5.4.4 Flood Risk Ranking .........cccooiiiiiiiiiii e 135
5.4.4.1 Patterns of Flood Risk Variables in Different Flood Frequency......... 136

5.5 Risk Evaluation for the Colombo City and Suburbs..........ccccceveiiiiinninnennnen. 138

Chapter 6: DISCUSSION- COMPREHENSIVE FLOOD MANAGEMENT

STANDERDS. ..ottt 140

6.1 Flood Hazard Management Plan ...........cccccooviriiieiieiinnie e 140
6.2 Pre Disaster Protections for Flood Hazard in Colombo City and Suburbs....... 140
6.2.1 Flood Hazard Assessment for Pre Planning.............cccceeeveeevvieniieneinneeennenns 142
6.2.2 Flood Vulnerability Assessment for Pre Planning..........c.cccocovvvevinnnenne. 153
6.2.3 Flood Consequence Assessment for Pre Planning...........cocceeeeeiiinnnncnne. 155



6.2.4 Risk Assessment for Pre Planning............cccoeevveeiirciincieciiceeiieeeecee e 157
6.2.5 Flood Mitigation for Pre Planning ............ccoecveeienienieenienieeieeieeeeeee 163
6.2.6  Flood Preparedness for Pre Planning............ccoecvevienieniieninnieeieeieee 170

6.3 During Disaster Response for Flood Hazard in Colombo City and Suburbs ... 175

6.4 Recommended Flood Early Warning and Emergency Plan .............cccoeeee.. 184
6.5 Post DiSaSter RECOVETY .....iooviiiiiiieiiiiiieieeceeee ettt st e e srnens 186
6.6 Web Based Component for Sharing Data............ccoeceeviiniiniiiniiiieeieeeeee 186
6.2.1 Web Based Interfaces for Sharing Data...........ccceveeieieninninncieceeeee 187
Chapter 7: CONCLUSION AND RECOMMENDATIONS......c.cceiiinininenenenene 190
7.1 CONCIUSION ...ttt ettt e s 190

T LD MOAEIS .ttt e 190

7.1.2 Model Validation .........cccoeririiirieiiinicieeiececeesiece et 192

7.1.3 Flood Hazard, Vulnerability, Consequence and Risk Analysis............. 193

7.1.4 Comprehensive Flood Management Plan...............ccoccooioiiiiiiiiiinnen. 194

7.1.5 Web Based Component for Sharing Data...........cccccoevieriieninncnnnen. 196

7.2 RecOMMENAAtION .....cueviiiiiiiiieiietciit ettt sttt 197
LIST OF REFERENCES .......ciiiiiiiiiiiiente ettt s 200
APPENDICES ..ottt sttt 205
F N 0] 03816 1 ST 205

F N 0] 03816 1G0T 206
APPENAIX 38 oottt ettt ettt be b e e sraeetae e beesteanteeeereenteenes 207
APPENAIX 3D 1ottt ettt e e ta et be e teensaeeabeenseennes 207

F N 0] 013816 1 USSP 208

F N O] 013116 1 G PP 209

F N 0] 03816 1 o TR 209



APPENAIX 5C ettt ettt et et ettt eb et et sneenee 209

F N 0] 01316 Q. PSP 210
F N 0] 013816 1 ) o PP 211
APPENAIX OC oeviieeiieiiieiiecie et eetteetteeteesteeetaeeeseeeteessbessseesseesseesssessseesseanseessseesseeses 212
APPENAIX TA oottt etteete et et e steeetbeeeteetbestbeetbeesteeetaeesbeesteanteeesreenteeres 213
APPENAIX 7D oottt ettt ettt eteeae et stbeeae e staeetae e beenteantaeeebeenseenees 214
F N 0] 013816 1 G PP 215
F N 0] 013116 1 < PP 216
APPENAIX D oottt st be e ta e taeesbeenteentbeeareenteenes 217

vi



LIST OF FIGURES

Figure 1.1: Geomorphological Setting of Kelani River Basin..................c.ocoiui. 12
Figure 1.2: Location map of the Colombo City and Sub Urban Areas..................... 14
Figure 1.3: Land Use Map of the Colombo City and Sub Urban Areas................... 16
Figure 1.4: Percentage of Land Use Changes in Study Area .........ccccovervevenvenennennnn. 18
Figure 1.5: Population Changes in Between 2001- 2012 in Study Area.................. 19
Figure 1.2: Location map of the Colombo City and Sub Urban Areas..................... 14
Figure 2.1: Rapid Onset F1ood..........cooviiiiiiiiiiiiiiiiiiiit e 27
Figure 2.3: Localized and urban floods............ccoevuiiiiiiiiniiiiiiiii e, 27
Figure 2.4: Flood Hydrograph............oeoiiiiiiiii e 28
Figure 2.5: Return Period Representing Graph..........c.cccveeveevieeiieciiiciiiiieeesee e 30
Figure 2.6: LIDAR Data and the Application of 3D Modeling.............c..coveiiinennn. 34
Figure 2.7: Types of Flood Damage...........o.oiiuiiuiiiiiiiiiiiiicieeeeeea 37
Figure 2.8: FEMA “Multi Hazard Identification and Risk Assessment” Risks Matrix..41
Figure 2.9: Structural Mitigation of Reservoir for Flood Management.................... 46
Figure 2.10: River Bank for Flood Mitigation...........cccvvieiiiiiiiiniiniiininenennns 48
Figure 2.11: Channelization of a River Basin............cocoiiiiiiiniiiiiiiiiiiiienen, 49
Figure 2.12: Sand Bag Flood Wall...........ooiiiiiiiiiii e 50
Figure 2.13: Flood Safety Signs.........oouiiiiiiiiii e, 52
Figure 3.1: The Descriptive Methodology ........c.cevieeiieiieeieeieeie et 54
Figure 3.2: 3D Model Generation and Validation Technique ..........cccoeeceevierieiieennnns 62
Figure 3.3: Flood Inundation Model and Validation Technique ..........c.ccccceecvevineennnne. 63
Figure 3.4: Flood Early Warning Model and Validation Technique...........c.ccccevueenenee. 66
Figure 3.5: Flood Hazard ANalysis .......ccccecveverieninieieneeie et 67
Figure 3.6: Flood Vulnerability ANalYSiS ........ccceevveeviieriiiiiiieeeeieeeveesieeie e e ene e enes 68
Figure 3.7: Flood Consequence ANalYSis ........cccoeveeriieniieniiirieereeee e 70
Figure 3.8: Flood Risk ASSESSIMENt. ... ..o.iiiiiiiiiiitiiiii i, 72
Figure 3.9: Comprehensive Flood Management...........coccecueveeiereenieninnieneeieniesee e 73
Figure 3.10: River Bank for Flood Mitigation............cceeereeviereeninieeienieiesieeienieeeee 74
Figure 4.1: TIN Model for Kelani River Basin..........ccccocevirviniiienenieiieeiencseee 77
Figure 4.2: LIDAR 3D Model for Lower Kelani Basin.........ccccccecevincciininiciincncnnenn 78

vii



Figure 4.3: Digital Elevation Model (DEM) for Colombo City and Suburbs ................ 79
Figure 4.4: Terrain is represented using 1—-150 m grid spacing DEM...............cccccvene. 81
Figure 4.5: Cross Validation Results of 1-150 m grid spacing DEM ..............cccccene. 84

Figure 4.6: Comparison of Predicted and Real Flood Levels in Four Gauge Stations... 89

Figure 4.7: Comparison of Predicted and Real Rainfall Levels in Gauge Stations of

Kelani River Basin.......c.ccooiiiiiiiiniiiiiccieccnece e 89
Figure 4.8: Correlation Coefficient between Actual and Predicted Rainfall Level........ 90
Figure 4.9: Correlation Coefficient between Actual and Predicted Stream Gauge........ 90
Figure 4.10: 2 Year Flood Inundation Areas in Kelani River Basin ............c.ccccccceneee. 91
Figure 4.11: 10 Year Flood Inundation Areas in Kelani River Basin .............cccceeee..... 92
Figure 4.12: 50 Year Flood Inundation Areas in Kelani River Basin .............cccccece...... 92
Figure 4.13: Flood Inundation Areas in 2016 Kelani River Basin ..........cc.cccooveeenenne. 93
Figure 4.14: 10Year Isohyet in Kelani River Basin.........c.cccccovceeeninieniniineciecnene, 95
Figure 4.15: 50Year Isohyet in Kelani River Basin............c..c.cooiiiiiiiiininin.. 96
Figure 4.16: The comparison of Predicted 50Year Flood Inundation Areas and Real
Flood Inundation Areas in 2016 .........c.coeeeiiiriininiininecieneeceeeeceene 98
Figure 4.17: Stream Gauge and Rain Gauge Stations in Kelani River Basin............... 100
Figure 4.18: Flood Inundation Areas in Kelani River Basin between 1989-2016........ 101
Figure 4.19: Rainfall Distribution Pattern in Kelani River Basin in 2016 May ........... 102
Figure 4.20: River Level Details in Kelani River Basin in 2016 May ...........ccccceueneee 103
Figure 4.21: Watershed Delineation Model in Kelani River Basin ............ccccceeuueeneee. 103
Figure 4.22: Catchment Based Generated Flood Early Warning System for Kelani
RIVET BASIN..c..iiiiiiiiiiiciietcic et 105
Figure 4.23: Upstream to Downstream High Intensive Rainfall Received Areas in
Extreme F1ood EVents.........ccccoeoiiiiniiiiiiiiiiicincesccec e 106
Figure 4.24: Flood warning Symbols introduced by England in 1998 ...............c..c...... 109
Figure 5.1: Kelani River Floods at Nagalagam Street from 1837-2008 ....................... 112
Figure 5.2(a): Kelani River Floods at Pettha-1974 ............ccooviiiiiiieeee e, 112
Figure 5.2(b): Kelani River Floods at Sri Jawardhanapura Kotte — 2010 .................... 112
Figure 5.2(c): Kelani River Floods at Malambe- 2016...........cccceoevieiinenneninniceenene 113
Figure 5.3: Longitudinal Bed Profile of Kelani River Basin...........cccoccoeiviiiininnnnne. 113
Figure 5.4: Floodplain Map of Kelani River Basin .........cccoceveiiiciiiiiiie e 114

viii



Figure 5.5: Minor Flood Inundation in City of Colombo and Suburbs ..............cc.c...... 116
Figure 5.6: Major Flood Inundation in City of Colombo and Suburbs ..........cccccce..... 117
Figure 5.7: Dangerous Flood Inundation in City of Colombo and Suburbs................. 118
Figure 5.8: Flood Hazard Zones of Colombo City and Suburbs ..........cccccevereeennns 119

Figure 5.9: Flood Vulnerable Land Use in City of Colombo and Suburbs............. 121

Figure 5.10: Flood Vulnerable Roads in Colombo City and Suburbs...........c..c..c....... 123
Figure 5.11: Vulnerable Score for Built-Up Area for 50-Year Flood ...........ccceveenee. 124
Figure 5.12: Vulnerable Score for Homestead Areas for 50-Year Flood..................... 125
Figure 5.13: Vulnerable Score for Cultivated Area for 50-Year Flood........................ 125
Figure 5.14: Vulnerable Score for Natural Area for 50-Year Flood...........cccecveeennien. 125
Figure 5.15: Vulnerable Score for Road Length for 50-Year Flood.............ccceeneenneen. 126
Figure 5.16: Element at RisSK CUIVE.......c.cociiiiiiieeie et 126
Figure 5.17: VUInerability CUIVE ........cccveviieiieiiecieee ettt e ere e 127
Figure 5.18: Recorded Flood Deaths in Colombo City and Suburbs from

1989 — 2016, 128
Figure 5.19: Flood Affected Population in Colombo City and Suburbs from

1989 2016 ..t 129
Figure 5.20: Flood Damage Residential Units in Colombo City and Suburbs from

LOBO9-2016 ..ttt e 129
Figure 5.21: Predicted Flood Frequency Curve for Study Area........cccceevevveveveenveenen. 132
Figure 5.22: Flood Hazard Score Value..........ccccoeoiieiieiieiiieeeeeeee e 132
Figure 5.23: Flood Vulnerable Score Value ...........cccceeriiioirnieniiieeeee e 133
Figure 5.24: Flood Consequence Score Value.........cccecvereeeieeiienieeie e cieeee e 134
Figure 5.25: Flood Risk Score Value.........coccveiiieiiiiiiieiieeieeeeeeeeeee e 135
Figure 5.26: Patterns of Flood Risk Variables in Minor Flood ............ccccecevirnenennnens 136
Figure 5.27: Patterns of Flood Risk Variables in Major Flood ............................ 137
Figure 5.28: Patterns of Flood Risk Variables in Dangerous Flood...........cccccueeuenneen. 137
Figure 5.29: F1o0od RiSK MatTiX ....cooiiiiiiiieiieciie ettt 138
Figure 6.1: The Process of Pre, During and Post Disaster Management Phases........... 141
Figure 6.2: Recommended Components for Hazard Analysis............ccceeevvereirvenenenne. 142
Figure 6.3: Flood Hazard Brainstorming Workshop in Kolonnwa DS Division.......... 143
Figure 6.4: Colombo Existing Flood Plan Evaluation Work Shop..........cccccecevieninnces 143



Figure 6.5: Flood Management activates in the Department of Irrigation.................... 146

Figure 6.6: Components of Climate Resilience Improvement Project (CRIP)............. 147
Figure 6.7: Flood Management Activities in (SLLRDC) .......ccccceviriiiiieiieer e, 149
Figure 6.8: Manual Gauge Reading Techniques in Kelani River Basin....................... 150
Figure 6.9: Flood Hazard Identification Event Tree..........cccoeeevciieiieiieneeeeeeeeee, 152
Figure 6.10: Recommended Database for Link Spatial and Statistical Data................ 154
Figure 6.11: Component 0f CONSEQUENCE........ccueerveerreeeiierienieieeieteesieeseeesreeseesseesnnas 155
Figure 6.12: Component of Risk Assessment in Study .........cccoeeveeeiievienieeciieneenieeenn. 158
Figure 6.13: Screen View of Risk INfO ......c.oooiiiiiiiiiiiieee e 159
Figure 6.14(a)/(b): Flood affected Main Administrative Buildings in Study Area
22010 FLOOQ...ceiiiieieieee e 161
Figure 6.15(a)/(b): Flood Inundation at Underserved Settlements of the Low-Lying
Areas- 2016 F1o0d .......ccccovinininiininiiniiencieeeeecee e 162
Figure 6.16: Goals of Flood Mitigation .............cceevuieiuieriirereieeieeeeeeve e e eee e 163
Figure 6.17(a)/(b): Flood Mitigation Colombo DS Division by DMC —
Before Clean the Channel ...........c.ccccoooininiiiiiniiniiiiiccec 164
Figure 6.18 (a)/(b): Flood Mitigation Colombo DS Division by DMC-
After Clean the Channel ..............cooiiiiiiiiiiiiiii 164
Figure 6.19: Madiwela East Diversion Project ATea ..........ccocovveevievirneeneenieneeienennns 165
Figure 6.20: Drainage Management Plan in MCUDP ...........cccccooiiiininiiiinniieieene 166

Figure 6.21(a)/(b): Middle Income Level Food Inundation Areas in Malambe Basin.167

Figure 6.22 (a)/(b): Stakeholder Meeting in Flood Protection Act- DMC ................... 170
Figure 6.23(a)/(b): Flood Preparedness Drill in Colombo DS Division....................... 171
Figure 6.24 (a)/(b)/(c): Flood Preparedness Tabletop Exercise in Kolonnawa DS
DIVISION ..oniiieiiiiciiciiciic e 172
Figure 6.25 (a)/(b): Developed Flood Awareness Material for School Community .... 173
Figure 6.26: Flood Hydrographs for Kelani River Basin in 2016 ............ccccceeeerrnrnee. 177
Figure 6.27 Rainfall Distribution for Kelani River Basin in 2016 ...........cccccevceeuenene 178
Figure 6.28: Flood evacuation Route Map/ Flood evacuation Route Sign................... 179

Figure 6.29: Identified Safety Centers of Flood Affected Areas in Colombo City
and Suburbs — 2016 F1oOd .........ccociviminininiiniicniccccecec 180



Figure 6.30: Rainfall Distribution Pattern of Study Area in 2016 Flood...................... 183
Figure 6.31: Stream Gauge Levels of Study Area in the 2016 Flood..........c.ccccceeennen. 183
Figure 6.32: Recommended Flood Hazard Early Warning Plan ..............c.ccoocoe . 184
Figure 6.33: Recommended Flood Hazard Emergency Operation Plan....................... 185
Figure 6.34: Structure of Recommended We Based System with Arc GIS Online...... 187
Figure 6.35: ArcGIS Online Account Interface for Web Based System ...................... 188
Figure 6.36: Home Page Interface for Web Based System ........cccccccevvvevivciienicnennn. 188
Figure 6.37: Generated Interface for Add Layers ........ccoceecvevierienenieniineeie e 188
Figure 6.38 (a)/(b): Data Sharing Templates...........ccooeveviiiiiiiiiiniiniiiiiine e, 189

xi



LIST OF TABLES

Table 1.1: The Demographics of the Three Most Affected Divisions .................. ... 3
Table 1 2: Area Extent of the Colombo city and its sub urban .......................o. 15

Table 3:1 Summary of Research Questions, Tasks, Variables and Data Collection

and  Analysis Methods .......c.ccccveviiiiiiiiiiieiietie e e e 55
Table 3:2 The Details of the Primary Data...........ccoovveviiiviiciiiciins veeeienieeneenenn...59
Table 3:3 The Details of the Secondary Data... .......cccceeveeriiinieneeniiieeeecee e, 60
Table 4.1: RMSE Values for before and after Interpolation of 3D Models.................... 82

Table 4.2: Flood Calculations using Gumbel's Distribution for
Nagalamgama Station.......ooceieeintintinti e 85
Table 4.3: Summery of Different Return Period Flood Heights in Four

GaUGING StALIONS ....eieiieiieciieeie ettt et e eeteeeteeteeeeteenteeteenaeesnee e 86
Table 4.4: Predicted Rainfall Return Period Values.........ccccoceecveniinciiiiiiniiiininicce 87
Table 4.5 CHI Square Test for Gumbel's Method ..........cccvveiiiciiiiiiiiicicecece e, 88
Table 4.6: Comparison between Source Map and the River Flood Model.................... 97
Table 4.7: Historical Major Extreme Events in Kelani River Basin.............cccccccee...... 102
Table 4.8: Stream Gauge and Rain Gauge Locations in identified Catchments........... 104
Table 4.9: Recommended Flood Early Warning Model for Kelani River Basin
based on Rainfall........c..ocoeiiiiiiiniiii e 107
Table 4.10: Recommended Flood Early Warning Model for Kelani River Basin
based on RIVer Level........cocoiiiieiiniiiiiniiniienciciccceccce e 106
Table 5.1: Severity Levels of Flood in Nagalagam Street....................cocooiiii 111
Table 5.2: The River Flood Area of Depth Class and their Flooded Area ................... 115
Table 5.3: Flood Vulnerable Area Extent of Built- Up and Homestead Area in
Colombo City of and Suburbs...........cccceereerirriierieeeeee e 122
Table 5.4: Flood Vulnerable Area Extent of Cultivated Area in City of
Colombo and Suburbs...........coeviviiiiniiien 122
Table 5.5: Flood Vulnerable Area Extent of Natural Area in City of Colombo and
SUBUIDS. ettt 122
Table 5.6: Flood Vulnerable Road Length in City of Colombo and Suburbs .............. 123

Xii



Table 5.7: Flood Risk Levels and Recommended Actions for

Colombo City Suburbs .........c.ccveenneenee.

Table 6.1: Summarize of Standard Risk Evaluation Criteria........ccoeeeeueeeeeeeeeeennnnee.

Table 6.2: Risk Assessment Values in Study Area

xiii



CFM

CRIP

DEM

DOM

DOI

DMC

DRR

DSD

DSM

DTM

GND

GIS

EFAS

EWM

HFA

HFL

IDW

ISDR

JICA

LiDAR

NCDM

ABBREVIATION

Consequences-Frequency Matrices
Climate Resilience Investment Project
Digital Elevation Model

Department of Meteorology

Department of Irrigation

Disaster Management Centre

Disaster Risk Reduction

Divisional Secretariat Division

Digital Surface Model

Digital Terrain Model

Grama Niladari Division

Geographic Information System
European Flood Awareness System
Early Warning Model

Hyogo Framework for Action

Earthen platforms higher than flood level
Inverse Distance Weighted

International Strategy for Disaster Reduction
Japan International Cooperation Agency
Light Detection and Ranging

National Council for Disaster Management

Xiv



PDNA

MIWRM

NBRO

NNDIP

NITF

MASL

MCM

UDA

UNDP

RDA

RMSE

RS

SFDRR

SLRDC

TIN

Post-Disaster Needs Assessment

Ministry of Irrigation and Water Resources Management
National Building Research Organization

National Natural Disaster Insurance Policy

National Insurance Trust Fund

Mahaweli Authority of Sri Lanka

Million Cubic Meters

Urban Development Authority

United Nations Development Programme

Road Development Authority

Root Mean Square Error

Remote Sensing

Sendai Framework for Disaster Risk Reduction

Sri Lanka Land Reclamation & Development Corporation

Triangular Irregular Network

XV



ACKNOWLEDGEMENT

The completion of this study could have been not possible without the support from
numerous individuals and organizations. First and foremost I convey my sincere
gratitude to Prof. Krishan Deheragoda and late Prof.Ranitha Rathnayaka constructive
comments and tireless support made a strong base for my thesis. Their combined
expertise made this study to be a more knowledge diverse which broadened my

understanding in Flood Risk Assessment and Management.

It is my pleasure also to thank the Disaster Management Centre for the support during
data collection particularly activities. I would like to convey my gratuities for residents
in study area and government officials in relevant authorities gave time to interview and

discussion.

Last but not least my special thanks to my family and my husband even in my absence

you remained strong and encouraged me to be even stronger.

XVi



IDENTIFICATION OF APPROPRIATE FLOOD HAZARD MITIGATION
STRATEGIES FOR KELANI RIVER BASIN: SPECIAL REFERENCE TO CITY
OF COLOMBO AND SUBURBS
By

NADEEKA SARANGA VITHANAGE

ABSTRACT

Flood risk is the result of natural processes and anthropogenic activities. Development
of flood hazard mitigation strategies for risk management of the Kelani River Basin
with special reference to the City of Colombo and its Suburbs has been adopted in this

research.

First and second objectives of the research has focused to developed three dimensional
(3D) models, flood frequency models, flood inundation models and flood early warning
models respectively. Preparation of the integrated risk assessment by combining the
hazard, vulnerability and consequence has the third objective of this research and finally
preparation of comprehensive flood management standards and web based component

were the fourth objective of this study.

Flood inundation models were generated based on different flood heights of return
period and frequency analysis based on selected return periods of 2, 10, 50, and 100
years. generated different resolution DEM models using Arc Map 10.2.2 and ILWIS.

The early warning model has based on flood inundation, rainfall, and watershed
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delineation models and rainfall model has developed for 10 and 50 years. Flood hazard,
vulnerability and consequence assessment has consisted of the calculation of the
flooded area for each water depth class, land use sub group calculation for different
elements at risk, damages details from 1989 to 2016 in Colombo City and Suburbs
respectively. Risk assessment was a combination of the hazard, vulnerability and
consequence score values. Kaduwela, Colombo and Dehiwala were identified as high,
moderate and low risk DS division respectively. The results from this study were further
investigated in a comprehensive analysis of flood management plan. Comprehensives
flood management standards has consist three stages as a pre, during and post hazard.
ArcGIS Online is a Complete, Cloud-Based Mapping Platform and very much user
friendly which has used of the web based system. Web portal has designed for sharing

research outcome.

It is recommended to develop high accurate topographic statistical data for Kelani River
Basin, integrated hydrological and topographical information are needed, flood zone
maintaining. Establishment of Early Warning and Monitoring System has recommended
for cover entire Kelani River Basin, strengthening technical agencies, local authorities
and local communities were more essential and finally establishment of Flood
Management Department of maintaining, pre during and post flood management

activities.

Key words: Consequence, DEM, Hazard, Risk, Vulnerability
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