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Abstract

ABSTRACT

Analysis of the Effect of Climate Change Impacts on Floods in Kelani River Basin, Sri Lanka

Sri Lanka is highly vulnerable to climate change impacts, including rising land and sea temperatures,
changing precipitation patterns, more extreme weather events, and sea-level rise. Notably, climate
change has been observed to increase flood frequency, expand flood areas, and intensify flood damages.
Previous research in Sri Lanka has mainly focused on rainfall estimation using weather models and
examining climate change scenarios. This study aims to improve flood forecasting by analyzing climate
change-induced changes in rainfall depths from Intensity-Duration-Frequency (IDF) curves and
considering design sea levels. The objective is to gain insights into future flood characteristics,
specifically the projected increases in discharges and water levels.

The HEC-HMS Hydrological modelling tool was selected for the hydrological modelling of the entire
Kelani Basin, while the HEC-RAS model was used for flood modelling in the Lower Kelani Basin which
is downstream from Glencourse. HEC-HMS simulating discharges from rainfall inputs that served as
boundary conditions for the HEC-RAS model. The verified models are utilized to simulate the 50-year
design rainfall dataset lasting 3 days, incorporating published IDF equations from selected rain gauge
locations along with the calibrated models. Rainfall depth multipliers of 1.100, 1.122, and 1.140 were
applied to the design rainfall dataset for the RCP4.5, RCP6.0, and RCP8.5 projections, respectively.
Simulations also considered sea-level rise values of 0.47 m, 0.48 m, and 0.63 m corresponding to the

respective climate change projection scenarios.

Calibration and validation of the three HEC-HMS models (Kelani Upper, Kelani Middle, and Kelani
Lower) and the HEC-RAS Flood model for Lower Kelani (downstream to Glencourse) Basin were
successfully calibrated using 2016 May and validated using 2017 May flood event data. The Nash
Efficiency values during calibration were 0.79, 0.95, and 0.85 for the Kelani Upper, Kelani Middle, and
Kelani Lower models, respectively. During validation, the Nash Efficiency values were 0.87, 0.85, and
0.25, respectively. The calibration Nash Efficiency values for the HEC-RAS model were 0.57, 0.56, and
0.52, and the validation Nash Efficiency values were 0.80, 0.57, and 0.53 for the respective models
considering Hanwella Discharges, Hanwella Water Levels and Nagalagama Street Water levels,

respectively.

The research concluded that, under climate change projections, the Glencourse Peak Discharge is
projected to increase by approximately 13.3% to 16.2%. Similarly, at Hanwella, the peak discharge is
expected to increase by approximately 6.4% to 8.8%, while the maximum water level is anticipated to
rise by approximately 3.1% to 4.2%. Moreover, the maximum water level at Nagalagama Street is likely

to experience an increase of around 16.2% to 21.7% under climate change projections.
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Dedication

DEDICATION

This thesis work is dedicated to my wife Champika, and my two sons lhansa, and Mihinsa who have
been a constant source of support and encouragement during the challenges of academic commitments
and life. I am truly thankful for having you in my life. This work is also dedicated to my parents, Nimal
and Ranjani, who have always loved me unconditionally and whose good examples have taught me to

work hard for the things that | aspire to achieve.



Acknowledgement

ACKNOWLEDGEMENT

I would like to express my sincere gratitude to my research supervisor, Prof. R.L.H.L Rajapakse for the
continuous support extended for this research and case study, for his patience, motivation and guidance.
Without his dedicated supervision and continued guidance, this thesis would not have been a success. |
am really grateful to him for spending his valuable time with me towards completing this research.

I wish to convey my sincere gratitude to the overall course director, Senior Professor N.T.S. Wijesekera
for extending all necessary help to achieve success in the program. His kindness to provide me with all
the guidance, help and support amidst his busy schedule and sincere and consistent encouragement are
greatly appreciated.

I would also like to thank Late Shri Madanjeet Singh, the Founder of SAF-Madanjeet Singh Foundation
(MSF), the South Asia Foundation (SAF) and the University of Moratuwa for enabling me to join this
study towards a Master's Degree of Water Resource Engineering and Management, at UNESCO
Madanjeet Singh Centre for South Asia Water Management (UMCSAWM), Department of Civil
Engineering, University of Moratuwa, Sri Lanka.

My gratitude is also extended to all Department staff and all Centre staff including Mr. Wajira
Kumarasinghe, Mr. Samantha Ranaweera, Ms. Vinu and Ms. Janani who gave me support to carry out
the studies successfully within the university and their encouragement are greatly appreciated.

Finally, 1 would like to express my very profound gratitude to my parents, my wife and my two sons

and my friends for providing unfailing support and continuous encouragement throughout this research
work.

VI



Acknowledgement

TABLE OF CONTENT

DECLARATION OF THE CANDIDATE AND SUPERVISOR ..ot 1
F A ST T I X v
(DT ] L0 ANy I 1O ] N \V
ACKNOWLEDGEMENT ..ottt ettt e et e e s bt e e s s b e e s s ebbe e e s ebbeeessabeeessasbeesssabasesssbbesesasreeeens Vi
[ ISR IO L o K107 T X
LIST OF TABLES. ... oottt et e e s ettt e e s e et e e s bt e e e s ebbeeeseabeeeesbeeessbbesesssbenessirbeneas X1V
LIST OF ABBREVIATIONS ... .ottt ettt et e ettt e e e ettt e e s sttt e e s eb b e e e s sab e e e e sbaeessesbaesssabenessrbaneas XVI
1 INTRODUGCTION Lottt ettt ettt e e ettt e e s ettt e s sttt e s aaeteesaabaeessabeeessbaeeessaseeesssbbesssaseesessabeeesasbaneeias 1
R A €= =1 7 PR 1
1.1.1 Climate Change DefiNitiON ........ccooiiiiiieiece et sre e 1

1.1.2 Effects Due to CliIMate Change.........cccviiiiiiiiiiiece ettt ste e sne e 1

1.1.3 Climate Change Impacts 0n Natural DISASIErS.........ccvuvueiiieiieiieeie e 2

1.1.4 Climate Change Impacts 0N FIOOAING .......ccooeiiiiiiiiieiee e 2

1.2 FLOOD CHARACTERISTICS OF SRI LANKA AND KELANI RIVER BASIN......cciiiiiiiiiiiiiee ettt 3
1.3 CLIMATE CHANGE IMPACTS ON FLOODING IN SRILANKA .. .ovvtiiiiiiiiicitiieee ettt e e s eabanan e 3
1.4 IMPORTANCE OF PROPOSED STUDY ...uuviiiiittiieiitetesiisteessstessssisessssisssssssssesessessssssissssesssssssssssssessssssesssssesssns 4

1.5 PROBLEM STATEMENT Luutiiiiiiiiiiittititeetssiitbreteeesssssssbasteesssssisbastessssssaasbbasesseessaasbbaaaeseesssasbbbaessesssassbbbaseeeeas 4
I @Y/ = oY N I O =1 =0 1 AV =P 5
Ao =l od [ =l o2 O =N =l o LV = TP 5
1.8 SCOPE AND LIMITATION OF THE STUDY ..uutttiiiiiiiiiiitiiiieeee e s iiibiriees e e s sssiitrsesseessssssbsssessessssssstsssssssssasssssssssenns 5

2 LITERATURE REVIEW ...ttt ettt ettt e e et e e sttt e e e ettt e s et a e e s aab e e e s eateeessaeeeesenteeas 6
2.1 CLIMATE CHANGE STUDIES ...ceiiiiittttttiee e e s ietiett et e e e st eettttt et e e e s s sasbbtaeesesssaasabbaeeseesssaabbaesseesssssbbbeeseessssssrreees 6
2.1.1 Climate Change Impacts 0N SOULN ASTA.......cviiiiiiirieiie e 6

2.1.2 Climate Change Effects 0N Sri LanKa ..........covciiiiiiniiiiicie s 6

2.1.3 Climate Change Effect on Kelani RIVEr BaSin..........cccooiveiiiiiiiiesie s 8

2.2 MODEL STUDIES REGARDING KELANI RIVER BASIN.....uuviiiiiiiiiiiiiiiiie ettt ssibbane e 10
2.2.1 Hydrological Modelling of Kelani RIVE ..........ccoiiiiiiiiiiiieeee e 10

2.2.2 Flood Modelling of Kelani RIVEN .........cccoiiiiiiiiiiieee e 10

2.2.3 Climate Change Projection for Rainfall in Kelani River Basin...........ccccocovviiiniiiinenienccen, 12

2.3 STUDIES ON OTHER RIVER BASINS OF SRI LANKA ....ooictteiiie e ettt e s e eiitttt e e e e s e ssatteseeeesssssibbanesesesssanns 13
2.4 RAINFALL TREND IN SRILANKA .....otttiiiiee i ieicttiet e e e e e e s ettt e e e e e st sasbbatesseesssssabsesseessesssbaesseeessssasbrstesesesssnes 15
2.5 OBJECTIVE FUNCTIONS FOR MODEL PERFORMANCE EVALUATION .......coiiiitiiiieeeiisiiirei e e sibrrie e e e 16
2.5.1 ODJECHIVE FUNCHIONS ......viitiieitieiieiee ettt bbbttt e bbb b ebeene e 16

2.5.2 Selection of ObJECtiVE FUNCLIONS .........oiiiiiiiiiice e 17

K\ | = I = (G150 ] 0 1€ TR 18
B S U0 )22 = 18

Vil



Acknowledgement

3.2 METHODOLOGY DEVELOPMENT ....tiitiitieiieiiriitesresiesieeseesessesresne bt sbe st sn b bt sne st sse s snesn e nne s ene s 19
3.2.1 Hydrological MOGelling .......ccooeiiiiieieiie e 20
KT = (o To o I (oo (<1 | T SRS 27

3.3 METHODOLOGY FLOW CHART ...cututitiiititititeteteteies ettt bbbttt bbb bbbttt bbb 31

4 DATA CHECKING AND ANALYSIS ..ottt 33

4.1 DATA COLLECTION ...ttttututsiutttateteteteteseseststtstsssessesebesesesesesest e sesebebebebebeses et s st bbb b eb e b e s ettt et e bbb bt 33

4.2 DATA AND DATA CHECKING ... ceitiittitiaiieiiesiest ittt sttt ettt r sttt sr bbbt e e an e resnesr e 34
4.2.1 TOPOGraphiCal DALA.........coveiiuerieiiitiiteiiite sttt sttt eb ettt et b bbbttt nb e ebesr e ebe e 34
4.2.2 MEteorologiCal DALA...........civiuirieiitiiieiiite sttt b bbbt er e 38
G T o 1Yo o] [T oz I D - USSP 50

4.3 DATAPROCESSING .....ccutiiiiiiie ittt sttt st sb bbb bbb bbb bbb e b e bbb e e e bbb e b 56
4.3.1 Design Rainfall Developed by the Alternative Block Method...........c.cccoovvivieiiiecciccc e, 56

5 MODEL DEVELOPMENT AND APPLICATIONS. ... ..ottt 59

5.1 HYDROLOGICAL MODEL DEVELOPMENT BY HEC HMS ..ottt 59
5.1.1 Parameter ESHIMALION ........coiiiiiiiiiieiee ettt bbb 59
5.1.2 Hydrological Model Parameter Sensitivity ANalYSis ..........cccvviriiiieniinineisese e, 63
5.1.3 Hydrological Model Calibration ..o 67
5.1.4 MOel VaAlIHALION ..ot 69
5.1.5 Hydrological Model Simulation for Statistical Rain EVent............cccccvvevieiieice e 72
5.1.6 Hydrological Model Simulations Considering Climate Change Projections ............ccccccevvvevuenee. 78

5.2 FLOOD MODEL DEVELOPMENT ...viitiiiiitieiieiti sttt st bbbt bbb 82
5.2.1 HEC-RAS MOUEL .....cueeiiieieceeeeee ettt sttt sttt n et e e naeneesneeneenens 83
5.2.2 Parameter Sensitivity Analysis DY HEC RAS ... 84
5.2.3  MOEl CalIDIALION ...t bbbt 87
5.2.4 MOl VAIIHALION .....voiiiiiieiieiiieee bbbt ee e 87
5.2.5 Flood Model Simulation for Statistical Rain Event and Climate Change Projections.................. 88

B RESULT S ettt h e bbbt s bt e e bt e b e e bt e R bt e R b e e b £ e b e e bt e b e e h et e R e b e e bt e bt e n e enrenne e 91

6.1 HYDROLOGICAL MODEL RESULTS ....ciiuiiiiiiiiiiii ittt s s 91
6.1.1 Hydrological Model Parameter Sensitivity Analysis ReSUILS...........ccoceviiiiiiiiiniiiineeee, 91
6.1.2 Hydrological Model Calibration and Validation ReSUILS ...........cccoevivrivniviiveierene e 102
6.1.3 Hydrological Model Simulation for Statistical Rain Event and Climate Change Projections

RESUIES ...ttt bbb bbbttt 105

6.2 FLOOD MODEL RESULTS ..ottt sttt et sn e 106
6.2.1 Flood Model Parameter Sensitivity AnalysisS RESUILS .........cccveiiiiiiiiiiineicie e 106
6.2.2 Flood Model Calibration and Validation RESUILS............cccoereiiiineiiiresee e 109

T DISCUSSION ..ottt et bbbt b bRt bt e bt st e et n Rt e bt bt e bt et e b e nn e b b e b enes 118
7.1 DATA COLLECTION ..uuteuteutetestesteasesseeseessesseasesteasesseaseassessesseabeabeabeeheeseessesseabeabesbe e b e e seesrenn e b e nbeabenbeareeneas 118
7.2 MODELLING TOOLS SELECTION ....ttttiuiestetetesteasesseeseeseesessessessessesseaseessessessessessessesseassessessensessessessessens 119

VIl



7.3 MODELS PARAMETER SENSITIVITY ANALYSIS .iiiiiiiiiiiitiiiieeeiiiiiiiei e e e s s ssiasbasssssssssssbsssssssesssssssssesesesssssns 120
7.4 MODELS CALIBRATION AND VALIDATION ...uuttiiiiieiiiiiitiiitieessiiisttiesseessessssbssssssssssisssssssessssissssssssesesssses 121
7.5 HYDROLOGICAL AND FLOOD MODELS OUTPUTS FOR DESIGN RAINFALL EVENT SIMULATIONS

CONSIDERING CLIMATE CHANGE PROJECTION ...iiiiiiiitieiieeeieeasieesieessieessteesssessseessessseessseessssesnsessssnas 122
8 CONCLUSIONS ...t e bbb 123
9 RECOMMENDATIONS. ..ot 124
BIBLIOGRAPHY ..o bt r bbbt et e e e sr e r e b r e 125



List of Figures

LIST OF FIGURES

FIGURE 3-1:STUDY AREA....c.oetttstetetrteteststetesessssestssesesessssssesesesessssestssesesessesesessesesessssessssesessssesesessesesessesesessesesesss 19
FIGURE 3-2:KELANI BASIN ELEVATION MAP WITH RAIN GAUGES, RIVER GAUGES AND SUB-BASINS................... 22
FIGURE 3-3: METHODOLOGY FLOWCHART ...cuttiittittetieiteettenttenteeteetesatesitesutesaeesseentesatesasesseasseanbeenbeenbesasesasesasesas 32
FIGURE 4-1:DIGITAL ELEVATION MODEL (DEM) OF 2M RESOLUTION .....vveveeiierererirtesieesesesessesessesesessssesessesssenens 35
FIGURE 4-2::SRTM DIGITAL ELEVATION MODEL (DEM) OF 30 M RESOLUTION ......ceveiriereeirirteireeresesessssessesnsennns 35
FIGURE 4-3: KELANI RIVER CROSS SECTIONS MEASUREMENT LOCATIONS......ccutirtiriieiieiieniienieenieesieesieeeesee e 36
FIGURE 4-4: SAMPLE CROSS SECTION (CS) PROFILE AT 43+325 CHAINAGE ......ceeiririeeiriereesessesesseesessssssessssesennns 37
FIGURE 4-5: KELANI BASIN LAND USE IMAP ..ottt sttt ettt ettt ese e sbee b e sbe s smne s e 37
FIGURE 4-6: KELANI BASIN SOIL IMIAP ..ottt ettt ettt st st sttt et et st esa e sb e be e beenbeensesntesaeesas 38
FIGURE 4-7: 2016 MAY HOURLY RAINFALL DATA - COLOMBO STATION ...ocutiiiieiieieeieeeteeeeesitesieesieesieesesneesaeesaes 39
FIGURE 4-8: 2016 MAY HOURLY RAINFALL DATA - HANWELLA STATION ....coiteriietieiieiteeieesieenieenieesnesresee e 39
FIGURE 4-9: 2016 MAY HOURLY RAINFALL DATA - GLENCOURSE STATION .....covtiriteieeiieneienieenieesieesseseeseesaeesaes 40
FIGURE 4-10: 2016 MAY HOURLY RAINFALL DATA - DERANIYAGALA STATION....c.utectteiiriienieenieenieesieeeeseeseenees 40
FIGURE 4-11: 2016 MAY HOURLY RAINFALL DATA - KITHULGALA STATION ...coiuteiieiieniinieenieenieenieesnesnesmeesmeenees 40
FIGURE 4-12: 2016 MAY HOURLY RAINFALL DATA - NORWOOD STATION ...cccuteriieiieiieieenieenieenieenieesiesreseesmeeseee 41
FIGURE 4-13: 2016 MAY HOURLY RAINFALL DATA - BASIN AVERAGE ......ccteiterteieeieeeieeetesitesseesieessessessesaeesas 41
FIGURE 4-14: 2016 MAY EVENT SINGLE IMASS CURVE.......cciitiiieiieieetestestesteesteesteetesnsesseesseesseesseessesnsesnsesanesaes 42
FIGURE 4-15: 2016 MAY EVENT DOUBLE MASS CURVE .....cccutiitteiteieniesite sttt sttt et st sbeesbeesbeesbeesbessesanesaeesaee 43
FIGURE 4-16: 2017 MAY HOURLY RAINFALL DATA - COLOMBO STATION ....cevuteriieereieenieseeenieesieesseensessessesnesees 43
FIGURE 4-17: 2017 MAY HOURLY RAINFALL DATA - HANWELLA STATION ...cuteriieiieieeteeeeeneeenieesieenseeseseeseeesees 44
FIGURE 4-18: 2017 MAY HOURLY RAINFALL DATA - GLENCOURSE STATION ...cccuteitteiieiiinteenieenieenieenieseeseesaeesaee 44
FIGURE 4-19: 2017 MAY HOURLY RAINFALL DATA - DERANIYAGALA STATION...ccuteitteiinreenieenieeieenieneeseesee e 44
FIGURE 4-20: 2017 MAY HOURLY RAINFALL DATA - KITHULGALA STATION ...cecteruieieeieeeienieenieesieensesssessesnnesens 45
FIGURE 4-21: 2017 MAY HOURLY RAINFALL DATA - NORWOOD STATION ...cccueertieiieiieiiinieenieenieenieeniessesneesmeenaes 45
FIGURE 4-22: 2017 MAY HOURLY RAINFALL DATA - BASIN AVERAGE ......cccteiterttetieieeiteeteesieesieesieesiessesaeesaeesaee 45
FIGURE 4-23: 2017 MAY HOURLY SINGLE IMASS CURVE .........ccstetteieeieseeseesieesieesteetesnsesssesseenseesseessessesnsesneesees 46
FIGURE 4-24: 2017 MAY HOURLY DOUBLE MASS CURVE ......cccteitieierieseeseeseeesteesseesesssesssessaesseesseessesssesssssneesees 46
FIGURE 4-25: PUBLISHED IDF CURVES FOR COLOMBO STATION. ....ccttrteriteriterieenieenteeeeeueesseesseenseesessesasesasesmeesaes 47
FIGURE 4-26: PUBLISHED IDF CURVES FOR HANWELLA STATION ..cc.vtveitiieieereesieenteeeeeeeeseessnesseesseessesssessseseesees 48
FIGURE 4-27: PUBLISHED IDF CURVES FOR GLENCOURSE STATION ....cvtvttiteseeerieenseeeeeseeseesssesseesseessesssessseseesees 48
FIGURE 4-28: PUBLISHED IDF CURVES FOR DERANIYAGALA STATION ...c.ciiuteiitenieeieeieeteseeesieesieesseessessesnsesaeesaes 49
FIGURE 4-29: PUBLISHED IDF CURVES FOR KITHULGALA STATION ....ccttittiiterieenteenteeteeateeseesieesteesseessessesneesaeesaes 49
FIGURE 4-30: PUBLISHED IDF CURVES FOR NORWOOD STATION .....ccuteettruereereesseesseeeeeseeessesssesseesseessesssesssesneesees 50
FIGURE 4-31: 2016 MAY OBSERVED DISCHARGE DATA .....oociiitieiieieeie e seeseesieeste e sntesseessaesseesseessesnsesnsesneesnes 51
FIGURE 4-32: 2017 MAY OBSERVED DISCHARGE DATA .....oiitiiiieiieieete ettt ettt sttt ettt et s 51
FIGURE 4-33: 2016 MAY OBSERVED WATER LEVEL DATA.....ccctiietiirieteiriseenie ettt ssssese e 52


file:///F:/My%20Projects/Kelani/Submission/Thesis/179239C%20CE6801%20%20Final%20Thesis%20%5bSupun%20Kulathunga%5d.docx%23_Toc139050614

List of Figures

FIGURE 4-34: 2017 MAY OBSERVED WATER LEVEL DATA. ..ottt s s e 52
FIGURE 4-35: 2016 MAY OBSERVED SEA LEVEL DATA ....cutitiitettee ettt ettt sttt s s 53
FIGURE 4-36: 2017 MAY OBSERVED SEA LEVEL DATA ....couiieieirieieiiniee sttt ssese s ssssesessssesenens 53
FIGURE 4-37: PUBLISHED 2016 MAY OBSERVED FLOOD MAP (SOURCE: IRRIGATION DEPARTMENT)...c..cccvvereenenn 54
FIGURE 4-38: PUBLISHED 2016 MAY OBSERVED FLOOD MAP (SOURCE: SURVEY DEPARTMENT) ...c.covevueuerreuennn 55
FIGURE 4-39: PUBLISHED 2017 MAY OBSERVED FLOOD MAP (SOURCE: SURVEY DEPARTMENT) ...cccvrvrrreirvereennnns 55
FIGURE 4-40: 50-YEAR 3-DAY DESIGN RAINFALL OF COLOMBO STATION ....cevveteeirirteeiseereseressesessesesessssesessssssennns 56
FIGURE 4-41: 50-YEAR 3-DAY DESIGN RAINFALL OF HANWELLA STATION ...cccuteitietteieeteeiiesieesieenieesieseesneeseesaes 57
FIGURE 4-42: 50-YEAR 3-DAY DESIGN RAINFALL OF GLENCOURSE STATION .....evevtririeeiiereeeressesessesesessssesessesssenens 57
FIGURE 4-43: 50-YEAR 3-DAY DESIGN RAINFALL OF DERANIYAGALA STATION....cccutitieiiinieenieeieeieenieeresee e 58
FIGURE 4-44: 50-YEAR 3-DAY DESIGN RAINFALL OF KITHULGALA STATION ....ccevetirieierisreeeressessesessessesessessesenns 58
FIGURE 4-45: 50-YEAR 3-DAY DESIGN RAINFALL OF NORWOOD STATION ...cccevviverierirenierisreeesestesseseeressesessesseseens 58
FIGURE 5-1: 2016 MAY THIESSEN AVERAGED HOURLY RAINFALL DATA - KELANI UPPER BASIN.......cccccvuerunenee. 64
FIGURE 5-2: BASIN MODEL OF KELANI UPPER HEC-HMS MODEL USED FOR SENSITIVITY ANALYSIS.....cccccoeen.e. 65
FIGURE 5-3: BASIN MODEL OF KELANI MIDDLE HEC-HMS MODEL USED FOR SENSITIVITY ANALYSIS................ 66
FIGURE 5-4: 2016 MAY THIESSEN AVERAGED HOURLY RAINFALL DATA FOR KELANI MIDDLE BASIN ................ 67
FIGURE 5-5: 2016 MAY THIESSEN AVERAGED HOURLY RAINFALL DATA FOR KELANI LOWER BASIN.................. 68

LLOWER ..viutettetiteeeeteste et te st et st e et et e e b et ase et e st e st e s et e st ese s e st e st e s e st e st s e st e st e b e b e s e eb e b ensebe b ensebe b enseneebenbeneeteaenene 68
FIGURE 5-7: 2017 MAY THIESSEN AVERAGED HOURLY RAINFALL DATA FOR KELANI UPPER BASIN................... 70
FIGURE 5-8: 2017 MAY THIESSEN AVERAGED HOURLY RAINFALL DATA FOR KELANI MIDDLE BASIN ................ 70
FIGURE 5-9: 2017 MAY THIESSEN AVERAGED HOURLY RAINFALL DATA FOR KELANI LOWER BASIN.................. 71

2 | PR TRSR 73
FIGURE 5-13: COMPARISON OF % CUMULATIVE RAINFALL OF KELANI UPPER MODEL .......ccovvverieeiieesreesieesneens 74
FIGURE 5-14: COMPARISON OF % CUMULATIVE RAINFALL OF KELANI MIDDLE MODEL.....cccccveeiveeiieesreesieennens 74
FIGURE 5-15: COMPARISON OF % CUMULATIVE RAINFALL OF KELANI LOWER MODEL.......cccoveevveeiiiieeveeeieenneann 75
FIGURE 5-16: COMPARISON OF SUB-BASIN AVERAGE CUMULATIVE RAINFALL WITH DESIGN RAINFALL................ 75
FIGURE 5-17: COMPARISON OF DESIGN RAINFALL SHIFTING WITH OBSERVED RAINFALL ......cvevvveeiiieesveesieenneens 76
FIGURE 5-18: 8 HOURS SHIFTED DESIGN RAINFALL FOR KELANI UPPER .....cccvtiiiieeiieesieecreesreeeveesreesreesreesanee s 77
FIGURE 5-19: 8 HOURS SHIFTED DESIGN RAINFALL FOR KELANI IMIDDLE ......ccccvveetiieiieesreesreeeveesveesveesseesaneens 77
FIGURE 5-20: 8 HOURS SHIFTED DESIGN RAINFALL FOR KELANI LOWER ....c..cttiiieniieiieenieesreesreesveesreesveesanees 77

FIGURE 5-21: TEMPERATURE AND RAINFALL PROJECTIONS WITH CLIMATE CHANGE, SOURCE: DORIJI ET AL. (2017)

Xl


file:///F:/My%20Projects/Kelani/Submission/Thesis/179239C%20CE6801%20%20Final%20Thesis%20%5bSupun%20Kulathunga%5d.docx%23_Toc139050640
file:///F:/My%20Projects/Kelani/Submission/Thesis/179239C%20CE6801%20%20Final%20Thesis%20%5bSupun%20Kulathunga%5d.docx%23_Toc139050640
file:///F:/My%20Projects/Kelani/Submission/Thesis/179239C%20CE6801%20%20Final%20Thesis%20%5bSupun%20Kulathunga%5d.docx%23_Toc139050644
file:///F:/My%20Projects/Kelani/Submission/Thesis/179239C%20CE6801%20%20Final%20Thesis%20%5bSupun%20Kulathunga%5d.docx%23_Toc139050644

List of Figures

FIGURE 5-22: RAINFALL PROJECTIONS WITH CLIMATE CHANGE, SOURCE: CRIP (2019)......cceceviriiiniiecnieiennn 80
FIGURE 5-23: COMPARISON OF 50-YEAR 3-DAY DESIGN RAINFALL FOR CC PROJECTIONS - KELANI UPPER ......... 81
FIGURE 5-24: COMPARISON OF 50-YEAR 3-DAY DESIGN RAINFALL FOR CC PROJECTIONS - KELANI MIDDLE....... 81
FIGURE 5-25: COMPARISON OF 50-YEAR 3-DAY DESIGN RAINFALL FOR CC PROJECTIONS - KELANI LOWER......... 81
FIGURE 5-26: 2D FLOW AREA GRID OF HEC-RAS FLOOD MODEL ...c..eriiuiiieiieieieie sttt 83

FIGURE 5-27: DESIGN SEA LEVELS USED FOR DESIGN RAIN EVENT SIMULATIONS AS HEC-RAS MODEL
DOWNSTREAM BOUNDARY CONDITIONS......ecttiteitietesteereesessessessessesseessessessessessessesssssssssessessessessessessessesssessens 89
FIGURE 6-1: COMPARISON OF PEAK DISCHARGE, NASH AND R? WITH SCS CURVE NUMBER .....c.cvveeeeieverererernes 92
FIGURE 6-2: OBSERVED DISCHARGES COMPARISON WITH SIMULATED DISCHARGES VARIES WITH SCS CURVE
INUMBER ... vevtettestetestesteeseestessessestesseasesseessessessessesssasesssassassessassesseasesssassessessessessensesssasenseassessessensessensensessnnsans 92
FIGURE 6-3: COMPARISON OF PEAK DISCHARGE, NASH AND R? WITH INITIAL ABSTRACTION .....ccvcveuevereeeivereneanas 93
FIGURE 6-4: OBSERVED DISCHARGES COMPARISON WITH SIMULATED DISCHARGES VARIES WITH INITIAL
AABSTRACTION ...uiiiteeetieteeteeteetestesteesteeaseesseeseeasesssesssaesaesseeaseessesssesasesseesseenseenseenseassasssenteenteenseensesssesneesses 94
FIGURE 6-5: COMPARISON OF PEAK DISCHARGE, NASH AND R? WITH TIME OF CONCENTRATION (TC) ...vevevveenes 95
FIGURE 6-6: OBSERVED DISCHARGES COMPARISON WITH SIMULATED DISCHARGES VARIES WITH TIME OF
CONCENTRATION. ...tttuttesuteeeteesteessteesteeesstesssesesssessesssssessssesssssssesesssesssseesssssnsesessessssesssessssessnsessssessssessssees 95
FIGURE 6-7: COMPARISON OF PEAK DISCHARGE, NASH AND R? WITH STORAGE COEFFICIENT ....oveveveiveveeeeeereeeanas 96
FIGURE 6-8: OBSERVED DISCHARGES COMPARISON WITH SIMULATED DISCHARGES VARIES WITH STORAGE
(@] =1 1 o] = N S 97
FIGURE 6-9: COMPARISON OF PEAK DISCHARGE, NASH AND R? WITH RECESSION CONSTANT ....vovvvreeeiiiereererennas 98
FIGURE 6-10: OBSERVED DISCHARGES COMPARISON WITH SIMULATED DISCHARGES VARIES WITH RECESSION
(10 NSy 7Y 1 OSSR 98
FIGURE 6-11: COMPARISON OF PEAK DISCHARGE, NASH AND R?Z WITH RATIO TO PEAK .....c.ooviveieeeteeeeeeeeeeeeeeenas 99

FIGURE 6-12:OBSERVED DISCHARGES COMPARISON WITH SIMULATED DISCHARGES VARIES WITH RATIO TO PEAK

FIGURE 6-13: COMPARISON OF PEAK DISCHARGE, NASH AND RZWITH MUSKINGUM K ...voveeeeieeeeeeeeeeeeeeeeenns 100

FIGURE 6-14: OBSERVED DISCHARGES COMPARISON WITH SIMULATED DISCHARGES VARIES WITH MUSKINGUM K

FIGURE 6-15: COMPARISON OF PEAK DISCHARGE, NASH AND R? WITH MUSKINGUM X...vveuveveeeeeeeeeseeeeeeeeneanens 102

FIGURE 6-16: OBSERVED DISCHARGES COMPARISON WITH SIMULATED DISCHARGES VARIES WITH MUSKINGUM X

.................................................................................................................................................................... 102
FIGURE 6-17: HEC-HMS RESULTS (GRAPHS) GENERATED BY CALIBRATION AND VALIDATION .....ccevveueruerrenenes 104
FIGURE 6-18:COMPARISON HEC-HMS RESULTS CONSIDERING CC PROJECTIONS - GENERATED FROM KELANI

UPPER SUB-BASIN .....eitteittetteuteettenttenteeteeutesatesutesteesueesseeaseaaeeeusesbeeabeenbeaabeeabesasesabesheesbeenbeenseenseensenbeenbeenbenn 105

FIGURE 6-19: COMPARISON HEC-HMS RESULTS CONSIDERING CC PROJECTIONS - GENERATED FROM KELANI
IMIIDDLE SUB-BASIN ....cuuttittteitteeitetesteesssesessaeessesesseesssessssessssesesssesssesessessssessssessssesessessssesessessssssessessssessssessnns 105

FIGURE 6-20: COMPARISON HEC-HMS RESULTS CONSIDERING CC PROJECTIONS - GENERATED FROM KELANI
LLOWER SUB-BASIN ....eeutteittteitteeiteeesteeettsesseessesesaeassesasseesssesanssesssesassessssesansessssessssessssssensesessssensessssssanessns 106

FIGURE 6-21:0BSERVED AND SIMULATED HANWELLA DISCHARGE COMPARISON VARIES WITH MANNING'S N .. 107

Xl


file:///F:/My%20Projects/Kelani/Submission/Thesis/179239C%20CE6801%20%20Final%20Thesis%20%5bSupun%20Kulathunga%5d.docx%23_Toc139050660
file:///F:/My%20Projects/Kelani/Submission/Thesis/179239C%20CE6801%20%20Final%20Thesis%20%5bSupun%20Kulathunga%5d.docx%23_Toc139050662
file:///F:/My%20Projects/Kelani/Submission/Thesis/179239C%20CE6801%20%20Final%20Thesis%20%5bSupun%20Kulathunga%5d.docx%23_Toc139050663
file:///F:/My%20Projects/Kelani/Submission/Thesis/179239C%20CE6801%20%20Final%20Thesis%20%5bSupun%20Kulathunga%5d.docx%23_Toc139050663
file:///F:/My%20Projects/Kelani/Submission/Thesis/179239C%20CE6801%20%20Final%20Thesis%20%5bSupun%20Kulathunga%5d.docx%23_Toc139050678

List of Figures

FIGURE 6-22: OBSERVED AND SIMULATED HANWELLA WATER LEVEL COMPARISON VARIES WITH MANNING'S N

FIGURE 6-23: OBSERVED AND SIMULATED NAGALAGAMA STREET WATER LEVEL COMPARISON VARIES WITH
IMIANINING'S N .ttt e e st e e e e e s e et et e e eeesessaab e e e e eeeeesaasbaaeeeeeeesasbabaeeeesssesaabeseseessesssnrrnreeeeas 108

FIGURE 6-24: COMPARISON OF OBSERVED AND SIMULATED HANWELLA DISCHARGE OF HEC-RAS CALIBRATION

FIGURE 6-25: COMPARISON OF OBSERVED AND SIMULATED HANWELLA WATER LEVEL OF HEC-RAS
CALIBRATION ...titteteetteite et sitesieesieesbeeste e bt et e s st e sbeeebe et e e s e e b e sasesaeesheesbeesae e st eme e emeeese e b e et e e s e enresanesmnesmeeneee 110

FIGURE 6-26: COMPARISON OF OBSERVED AND SIMULATED NAGALAGAMA STREET WATER LEVEL OF HEC-RAS
CALIBRATION ...vtitteteetteutt et setesteestee s bt e ste e bt et e e st e ebeeebe et e e st earesasesaeesheesbe e bt e st eme e eaeeebe e b e e b e e resaresanesmnesmeeneee 111

FIGURE 6-29: COMPARISON OF OBSERVED (IRRIGATION DEPARTMENT) AND SIMULATED FLOOD MAPS FOR 2016
IVIAY EVENT -ttt ettt ettt sttt b et eb et eb bt e bt b e e e bt b e e e bt e b e a b eb e b ea s e bt b e s eb e e b et ebe st e b eneebebeneenn 112

FIGURE 6-30: COMPARISON OF OBSERVED AND SIMULATED HANWELLA DISCHARGE OF HEC-RAS VALIDATION

FIGURE 6-31: COMPARISON OF OBSERVED AND SIMULATED HANWELLA WATER LEVEL OF HEC-RAS
WV ALIDATION .t tttttteteeeieitttteeeeeeeeesabteeeseeesesisabeseseeesesassbaseeeeeeesassbassesseeesasbassessesssansstassseeesesassteaseeeeeesassbrsreeeeas 113
FIGURE 6-32: COMPARISON OF OBSERVED AND SIMULATED NAGALAGAMA STREET WATER LEVEL OF HEC-RAS

AV 07 1 (0] TP 114

AV = N SRR 115
FIGURE 6-35: COMPARISON OF HANWELLA DISCHARGE CONSIDERING CLIMATE CHANGE PROJECTIONS ........... 116
FIGURE 6-36: COMPARISON OF HANWELLA WATER LEVEL CONSIDERING CLIMATE CHANGE PROJECTIONS....... 116

FIGURE 6-37: COMPARISON OF NAGALAGAMA STREET WATER LEVEL CONSIDERING CLIMATE CHANGE

PROJECTIONS ....eetttetttette e sttt ettt e sttt e sttt e subeesateesuteesue e e sateesaseesabeesaeeesabeesaseesabeesaseesabeesaseesabeesaseesnbeenaneesabeenaneens 117

X1


file:///F:/My%20Projects/Kelani/Submission/Thesis/179239C%20CE6801%20%20Final%20Thesis%20%5bSupun%20Kulathunga%5d.docx%23_Toc139050685
file:///F:/My%20Projects/Kelani/Submission/Thesis/179239C%20CE6801%20%20Final%20Thesis%20%5bSupun%20Kulathunga%5d.docx%23_Toc139050685

List of Tables

LIST OF TABLES

TABLE 4-1: DATA SOURCES AND RESOLUTIONS ...cuveteitietisteereestesessessessesseesesssessessessessessesssssssssessessessessessessesssessens 33
TABLE 4-2: GEOGRAPHICAL COORDINATES OF SELECTED RAIN GAUGE LOCATIONS ....cccveiiiieeieeeieeeieeeiveeseneanns 39
TABLE 4-3: KELANI BASIN AVERAGE THIESSEN WEIGHTS ....eicctteiiieeitieeieeesieesteeeseestesesseesssesssessssasessessssesansesann 41
TABLE 4-4: PUBLISHED IDF EQUATIONS FOR SELECTED RAIN GAUGES .....cccvevevieriertesteseeereeseessessessessessessesseessensens 57
TABLE 5-1: HEC-HMS PARAMETERS FOR EACH IMODEL ELEMENTS ...c.ueiutetieierieriestesieseeeteeseesessessesseseessesseessennens 60
TABLE 5-2: ESTIMATED SCS CURVE NUMBERS FOR EACH SUB-BASINS .....ccueiiiiiiiiieiieecee et 60

TABLE 5-3: TIME OF CONCENTRATION (TC) CALCULATION FOR EACH SUB-BASINS USING TRAVEL TIME METHOD

TABLE 5-4: ASSUMED PARAMETERS IN HEC-HMS MODELS......cuoiiiiiiiiiiiiieiee ettt eeeirtee e eseivanee e e e e e seeannees 63

TABLE 5-5: PARAMETERS VALUES USED FOR SENSITIVITY ANALYSIS - SUB-BASIN ELEMENT IN HEC-HMS....... 63

TABLE 5-6: PARAMETERS VALUES USED FOR SENSITIVITY ANALYSIS - REACH ELEMENT INHEC-HMS ............. 64
TABLE 5-7: THIESSEN WEIGHTS FOR RAIN GAUGES OF KELANI UPPER BASIN .....cocveiiiiieniieniieniieiceieeeesieenieeeen 64
TABLE 5-8: HEC-HMS MODEL SETUP OF KELANI UPPER FOR PARAMETER SENSITIVITY ANALYSIS ...c..ccvverveenen. 65
TABLE 5-9: HEC-HMS MODEL SETUP OF KELANI MIDDLE FOR PARAMETER SENSITIVITY ANALYSIS .....ccceveenuen. 66
TABLE 5-10 : THIESSEN WEIGHTS FOR KELANI MIDDLE AND LOWER BASINS ......ccveiiiiieiiriciecsiceee e 67
TABLE 5-11:HEC-HMS MODEL SETUPS FOR CALIBRATION ......teittetieutinteenteesieetesresseesieesseesseenseensesseesseesseessesssens 69
TABLE 5-12: HEC-HMS MODEL SETUPS FOR VALIDATION.......eeittetteteeutesttenteetessesneesaeesseesseenseesesssessesseessessses 71
TABLE 5-13: AREAL REDUCTION FACTORS APPLIED FOR RAINFALL CORRECTION .....cvocveviiviiererriseressesseseesesseseens 72
TABLE 5-14: HEC-HMS MODEL SETUP FOR DESIGN RAINFALL SIMULATIONS ....cccuertertenieenieeneeeeeenresaeesseesseennens 78
TABLE 5-15: SELECTED CLIMATE CHANGE PROJECTIONS AND RAINFALL INCREASING FACTORS .......ccceveenveennenn 80
TABLE 5-16: HEC-HMS MODEL SETUPS FOR DESIGN RAINFALL SIMULATIONS WITH CC PROJECTIONS ............... 82
TABLE 5-17: HEC-RAS FLOOD MODEL GENERAL SETUP .....eeittiittetieitenteenteesieetestesieesieesseesseenseensesnsesssessesssesnsens 84
TABLE 5-18: ESTIMATED MANNING’S N ROUGHNESS VALUES FOR LAND USE TYPES .....covvterieeniieieeieneesieenieenens 85
TABLE 5-19: MANNING'S N VALUES USED FOR FLOOD MODEL PARAMETER SENSITIVITY ANALYSIS.....ccccvrvennene. 86
TABLE 5-20: HEC-RAS FLOOD MODEL SETUP USED FOR PARAMETER SENSITIVITY ANALYSIS....cccvecveverrenreennens 86
TABLE 5-21: HEC-RAS FLOOD MODEL SETUP USED FOR CALIBRATION ....ccttiitteterieniieseenieesieenteeeeensesaeesseesseensens 87
TABLE 5-22: HEC-RAS FLOOD MODEL SETUP USED FOR VALIDATION .....cevttertiereeteseeseesseesseesseenseessessessessseenses 88
TABLE 5-23: SEA LEVEL RISING FACTORS FOR SELECTED CLIMATE CHANGE PROJECTIONS ...cccvvevveireeienereneeeneens 89

TABLE 5-24: HEC-RAS FLOOD MODEL SETUP USED FOR DESIGN RAINFALL SIMULATIONS WITH AND WITHOUT CC

PROJECTIONS ....euvveeesteteneseetesesessesessssesessssesessssasessssesessssesessesesessssesensssesessnsesensasesensssesensesesensssesensesesessnsesesnsens 90
TABLE 6-1: HEC-HMS PARAMETER SENSITIVITY ANALYSIS RESULTS - SCS CURVE NUMBER......cccccecueneenieenen. 92
TABLE 6-2: HEC-HMS PARAMETER SENSITIVITY ANALYSIS RESULTS - INITIAL ABSTRACTION.....cccvevererenereneens 93
TABLE 6-3: HEC-HMS PARAMETER SENSITIVITY ANALYSIS RESULTS - TIME OF CONCENTRATION (TC)............. 94
TABLE 6-4: HEC-HMS PARAMETER SENSITIVITY ANALYSIS RESULTS - STORAGE COEFFICIENT ...cceeevenveenieenens 96
TABLE 6-5: HEC-HMS PARAMETER SENSITIVITY ANALYSIS RESULTS - RECESSION CONSTANT ....ccveeieniienieennens 97
TABLE 6-6: HEC-HMS PARAMETER SENSITIVITY ANALYSIS RESULTS - RATIO TO PEAK ....ovvveeiieieeiinieeieeeeens 99

XV



List of Tables

TABLE 6-7: HEC-HMS PARAMETER SENSITIVITY ANALYSIS RESULTS - MUSKINGUM K.....oooviiiiiiiiiieieeiiiinnns 100
TABLE 6-8: HEC-HMS PARAMETER SENSITIVITY ANALYSIS RESULTS - MUSKINGUM X ..ovvveiiiiiiiiiieieeeeeeeeianes 101
TABLE 6-9: CALIBRATED PARAMETER VALUES OF HEC-HMS MODELS ......cootvieiiiteie et eeeee e eevvee e 103

TABLE 6-10: HEC-HMS MODELS PERFORMANCE EVALUATION RESULTS FOR CALIBRATION AND VALIDATION 103
TABLE 6-11: HEC-RAS FLOOD MODEL SENSITIVITY ANALYSIS FOR HANWELLA DISCHARGE .......cccceverueruenne. 106
TABLE 6-12: HEC-RAS FLOOD MODEL SENSITIVITY ANALYSIS FOR HANWELLA WATER LEVELS...........ccon...... 107
TABLE 6-13: HEC-RAS FLOOD MODEL SENSITIVITY ANALYSIS FOR NAGALAGAMA STREET WATER LEVELS... 108
TABLE 6-14: OPTIMIZED MANNING'S N VALUES FOR LAND USE CATEGORY OF HEC-RAS FLOOD MODEL ........ 109
TABLE 6-15: HEC-RAS FLOOD MODEL PERFORMANCE EVALUATION RESULTS FOR CALIBRATION AND

W ALIDATION ....uiutettstitetestestesestessestesesseseesesseseesesseseesessaseessssassesessassasessessesessessesessessesessaseesessaseasessensesessansasens 109
TABLE 7-1: DISCHARGES AND WATER LEVELS INCREASING OF CLIMATE CHANGE PROJECTIONS FOR 50-YEAR.

RETURN PERIOD c.eeiiiiiiiittiiies ettt ettt e ettt e e e e e s ettt b e e e e e e seeaaabaaeseeeseasssbaasaesssesassbbaseeeeeesassbrareeeeas 122

XV



List of Abbreviations

LIST OF ABBREVIATIONS

1D

2D
ALOS
AMC
ANN
ASTER
BIMSTEC
CanESM2
CC
CHIRPS
CMIP
CN

C0O2
CRIP

CS

DEM
DHI
DIAS
GCM
GIS
HadCM3
HEC
HMS

ID

IDF
IPCC
iRIC
ITCZ
LiDAR
MCM
MSL
NASA
NEX-GDDP
NSE
PALSAR
PPM

RZ

RAS
RCM
RCP

RF

RRI

SCS

SD

One Dimensional

Two Dimensional

Advanced Land Observing Satellite

Antecedent Moisture Condition

Artificial Neural Network

Advanced Spaceborne Thermal Emission and Reflection Radiometer
Bay of Bengal Initiative for Multi-Sectoral Technical and Economic Cooperation
Canadian Earth System Model, version 2

Climate Change

Climate Hazards Group Infrared Precipitation with Station Data
Coupled Model Inter-Comparison Project

Curve Number

Carbon Dioxide

Climate Resilient Improvement Project

Cross Section

Digital Elevation Model

Danish Hydraulic Institute

Data Integration and Analysis System

General Circulation Models

Geographic information system

Hadley Centre Coupled Model version 3
Hydrological Engineering Center

Hydrological Modelling System

Irrigation Department

Intensity Duration Frequency

Intergovernmental Panel on Climate Change
International River Interface Cooperative
Intertropical Convergence Zone

Light Detection and Ranging

Million Cubic Meters

Mean Sea Level

National Aeronautics and Space Administration
NASA Earth Exchange Global Daily Downscaled Climate Projections
Nash-Sutcliffe model efficiency

Phased Array type L-band Synthetic Aperture Radar
Parts Per Million

Coefficient of Determination

River Analysis System

Regional Climate Model

Representative Concentration Pathway

Rainfall

Rainfall-Runoff-Inundation

Soil Conservation Service

Survey Department

XVI



List of Abbreviations

SDSM Statistical Downscaling Model

SDSM Statistical Downscaling Model

SHER Similar Hydrologic Element Response

SPI Standard Precipitation Index

SRTM Shuttle Radar Topography Mission

UH Unit Hydrograph

UK United Kingdom

UNFCCC United Nations Framework Convention on Climate Change
WEB-RRI Water Energy Budget-based Rainfall-Runoff-Inundation model
WL Water Level

WRF Weather Research and Forecasting

Yr. Year

XVII





