
 
 

 

GIS-Based Automated Flood Forecast Modelling Application 

Using Climatic Data in Daduru Oya River Basin 

 

 

 

 

 

 

 

M. N. L. Bandara 

189464U 

 

 

 

 

 

 

 

 

 

 

Faculty of Information Technology 

University of Moratuwa 

Sri Lanka 

 

 

August 2021 



 
 

 

GIS-Based Automated Flood Forecast Modelling Application 

Using Climatic Data in Daduru Oya River Basin 

 

 

 

 

 

 

 

M. N. L. Bandara 

189464U 

 

 

 

 

Dissertation submitted to the Faculty of Information Technology, 

University of Moratuwa, Sri Lanka for the partial fulfilment of the 

requirements of the Master of Science Degree in 

Information Technology 

 

 

 

 

 

 

August 2021 

 

 



i 
 

 

Declaration 
 

 

I declare that this thesis is my own work and has not been submitted in any form for 

another degree or diploma at any university or other institution of tertiary education. 

Information derived from the published or unpublished work of others has been 

acknowledged in the text and a list of references is given. 

 

Name of Student      Signature of Student 

 

M. N. L. Bandara     ……………………. 

Date: 

 

Supervised by: 

Name of Supervisor      Signature of Supervisor 

 

Professor H. M. R. Premasiri    ……………………… 

Date:  

 

Mr. B. H. Sudhantha     ……………………… 

Date:   



ii 
 

Dedication 
 

To my loving parents for being the guiding light that illuminate the path of knowledge 

throughout my life.  



iii 
 

Acknowledgment  
 

First and foremost, I would like to express my sincere gratitude towards my supervisors, 

Professor H. M. R. Premasiri, Senior Lecturer, Department of Earth Resources 

Engineering, Faculty of Engineering, University of Moratuwa and Mr. B. H. 

Sudhantha, Dean, Faculty of Information Technology, University of Moratuwa for their 

guidance, supervision, advice, and support by spending their valuable time thorough 

out the research project to make it a success. 

 

Furthermore, I would like to thank Mr. S.C. Premaratne, Head of the Department of 

Information Technology, Faculty of Information Technology and Mr. C. 

Wijesiriwardana, MSc. In IT Course Coordinator, Faculty of Information Technology 

for their support throughout the project. Not only that my thanks should go to all the 

lecturers in MSc. in Information Technology degree program of Faculty of IT, who 

gave their hands to sharpen our knowledge and ideas over the course of two years as 

they were the light that illuminated our path to success.  

 

Irrigation Department contribute to this research by giving their rainfall and water level 

data. Special thanks to Eng. S.P.C. Sugeeshwara, Director of Irrigation (Hydrology) for 

his kind support without which the success of the project was not possible, and Eng. 

(Ms.) T. Kodippili, Eng. N. De Silva, Engineers of the Irrigation Department for 

initiating the contact with the department and helping to receive data needed, Eng. 

K.A.S. Samarajeewa, Divisional Irrigation Engineer, Wariyapola for his kind 

assistance and the staff of Hydrology division in Colombo for their support. So, thank 

you all for your great support. 

 

Eng. N. Ranaweera, Systems Engineer, Centre for IT Services, University of Moratuwa 

and Mr. R. Ferdinando, Mr. S. Siriwardane GIS Solutions (Pvt.) Ltd., Esri Sri Lanka 

staff, Ms. U.N. Kodithuwakku, Ms. D.N.T. Gunawardhana, Mr. C.N.D. Punchihewa, 

Senior Assistant Librarians of the University of Moratuwa Library thank you for your 

valuable support in ArcGIS licensing and providing access to e-learning resources. 

 



iv 
 

A big thank goes to Dr. G.V.I Samaradivakara, Head of the Department, Department 

of Earth Resources Engineering, Faculty of Engineering, Eng.(Ms.) S. 

Thiruchittampalam, Lecturer, Department of Earth Resources Engineering, Faculty of 

Engineering, and Ms. P. Dissanayake, Technical Officer, and Mr. S.D. Sumith, Lab 

Attendant, Geology Laboratory of Department of Earth Resources Engineering, Faculty 

of Engineering, Ms. Hashini Hemanjalee,  Instructor, Shamika Ariyasinghe, Isuru 

Mahesh, past students and staff of Faculty of Information Technology, University of 

Moratuwa for their support in various stages of the project.  

 

My heartfelt gratitude for family and friends for the support they provided me through 

the entire research project. I must acknowledge my husband’s encouragement and all 

the assistance, and my two son’s patience and help without which I would not have 

finished this thesis. 

  

 

  



v 
 

Abstract 

 
Flood is the most common and deadliest form of disaster that affects lives and 

properties all around the world. Predicting natural disasters is very complex due to lack 

of proper methods and resources in countries like Sri Lanka. But if there is an efficient 

prediction system it helps to save not only lives but the environment and infrastructure 

too. Therefore, the aim of this study is to pave the pathway to build an efficient and 

effective flood prediction system through analysing available flood modelling 

techniques and their applications to find their strengths and weaknesses. Then the result 

of the study could be used to put the foundation for the main requirement of building 

the system to predict natural disasters. To achieve this the GIS technology, Big data 

analytic and IoT with machine learning techniques, two-dimensional hydrodynamic 

flood models, statistical models, rainfall-runoff models, Fuzzy-neuro approach and data 

mining and data analysis applications were analysed by a thorough review of available 

recent literature. 

 

A generic model was developed to take any DEM data and a pour point feature class 

layer for the specific DEM to generate outputs based on other variable that could input 

to the model. It gave model calibration capability as well as significant time saving on 

tasks. Use of special tools like ‘Parse Path’ tool, gave the capability to name outputs 

easily and quickly. And it also made saving so efficient because it automatically saves 

all the results to the file path of the DEM. Due to these factors, when it starts raining in 

upper catchment area, could forecast due inundation area in minutes. 

 

Including the GIS technology could improve the data quality and availability while 

incorporating different data sources for more in-depth analysis could give more 

accurate predictions. Using GIS based hydrological model, a suitable system to 

implement in Sri Lanka could be developed.   



vi 
 

Abbreviations 
 

 

2D – Two Dimensional 

3D – Three Dimensional 

AI - Artificial Intelligence 

ANN - Artificial Neural Networks 

API - Application Programming Interface 

AWS - Automatic Weather Stations 

CDMA - Code Division Multiple Access 

CEB - Ceylon Electricity Board 

CNN - Convolutional Neural Network 

CRML - Convolution Regression based on Machine Learning 

DDMCU - District Disaster Management Coordinating Units 

DEM – Digital Elevation Model 

DMC - Disaster Management Centre 

DSTA - Dynamic Spatiotemporal Attention 

ELM - Extreme Learning Machine 

GIS – Geographical Information Systems 

GUH - Geomorphologic Unit Hydrograph 

GWO - Grey Wolf Optimizer 

HEC-HMS - Hydrologic Engineering Centre’s-Hydrologic Modelling System  

HEC-RAS – Hydrologic Engineering Centre’s-River Analysis System 

HMM – Hidden Markov Model 

ID – Irrigation Department 

KNN - K-Nearest Neighbour 

LSTM - Long Short-Term Memory 

MAE - Mean Absolute Error 

MAPE - Mean Absolute Percentage Error 

MASL - Mahaweli Authority Sri Lanka 

ML – Machine Learning 



vii 
 

MWOA - Mutated Whale Optimization Algorithm 

NBRO - National Building Research Organisation 

NCDM - National Council for Disaster Management 

RH - Relative Humidity 

RMSE - Root Mean Square Error 

RNN - Recurrent Neural Networks 

SVM – Support Vector Machine 

SWAT - Soil and Water Assessment Tool 

UH – Unit Hydrograph 

WMO – World Meteorological Organisation 

  



viii 
 

Table of Contents 

 

Declaration i 

Dedication ii 

Acknowledgment iii 

Abstract v 

Abbreviations vi 

Table of Contents viii 

List of Tables xii 

List of Figures xiii 

Chapter 1 - Introduction 1 

1.1 Background and Motivation 1 
1.1.1 The vision behind the ancient 1 
1.1.2 Background 2 
1.1.3 Motivation for the research 6 

1.2 Research Problem 6 
1.2.1 Research questions 7 

1.3 Scope of the Research 8 

1.4 Aim and Objectives of the Study 8 
1.4.1 Aim of the project 8 
1.4.2 Objectives of the project 8 
1.4.3 Significance of the study 9 

1.5 Limitations of the Project 9 

1.6 Thesis Structure 9 

Chapter 2 - Literature Review 10 

2.1 Introduction 10 

2.2 Importance of Water and Water Management 11 

2.3 Flood Disaster 13 
2.3.1 Definitions of flood 13 
2.3.2 Flood types 13 

2.3.2.1 Flash floods 13 
2.3.2.2 Fluvial (riverine) floods 14 
2.3.2.3 Single event floods 14 
2.3.2.4 Multiple event floods 14 
2.3.2.5 Seasonal floods 14 
2.3.2.6 Coastal floods 15 
2.3.2.7 Estuarine floods 15 



ix 
 

2.3.2.8 Urban floods 16 
2.3.2.9 Snowmelt floods 16 
2.3.2.10 Ice- and debris-jam floods 16 

2.4 Flood Management Initiatives 17 

2.5 Flood Forecasting and Warning 17 
2.5.1 The role of flood forecasting in flood management 18 
2.5.2 Elements of flood forecasting systems 18 
2.5.3 Basic contemplations 19 
2.5.4 Type of services offered 20 
2.5.5 Required Data 21 

2.6 Methods of Flood Prediction and Modelling 22 
2.6.1 Why model? 22 
2.6.2 Process of model building 24 
2.6.3 Understanding flood hydrology 26 
2.6.4 Selection of appropriate lead times 28 

2.7 Available Technological Options 28 
2.7.1 Artificial Intelligence based methods 28 
2.7.2 Sensors and Gauges-based measurement 33 
2.7.3 Radar and Satellite-based observation 34 
2.7.4 Other modelling methods 37 
2.7.5 Integrated methods 38 

2.8 Geographic information systems (GIS) 39 
2.8.1 Water resources engineering applications of GIS 40 

2.9 Present Flood Management Systems in Sri Lanka 44 
2.9.1 Floods in Sri Lanka 46 

2.9.1.1 Flood types 46 
2.9.1.2 Area prone to flood 46 
2.9.1.3 Damage from floods 47 

2.9.2 Early warning process 49 
2.9.2.1 Daily reports issued by the Department of Irrigation to the community 54 
2.9.2.2 Hydro-meteorological network 55 
2.9.2.3 Station distribution 56 
2.9.2.4 Forecasting methods 58 
2.9.2.5 Real-time rainfall data input 58 
2.9.2.6 The theory used in the hydrological model 59 
2.9.2.7 Warning methods 61 
2.9.2.8 Inundation mapping 62 

2.9.3 Conclusion 63 

Chapter 3 - Methodology 64 

3.1 Introduction 64 

3.2 Study Area 65 
3.2.1 Topography and climate of Sri Lanka 65 
3.2.2 Water sources 68 
3.2.3 General information on the Daduru Oya basin 69 

3.2.3.1 Groundwater 72 
3.2.3.2 Pattern of land use 72 
3.2.3.3 Soil types 73 



x 
 

3.2.3.4 Major and medium irrigation systems including major diversions 73 
3.2.3.5 Small tanks and diversions 74 

3.3 Users 75 
3.3.1 Identification of stakeholders 75 

3.4 Inputs 75 

3.5 Outputs 76 

3.6 Data Collection 76 

3.7 Selection of Models/ Tools for Analysis 77 
3.7.1 Spatial analysis in ArcGIS Pro 77 
3.7.2 Modelling and scripting 78 
3.7.3 What is geoprocessing? 79 
3.7.4 Create a model tool 79 

3.7.4.1 Add data 79 
3.7.4.2 Add geoprocessing tools 79 
3.7.4.3 Connect data and tools 80 
3.7.4.4 Change tool parameters 80 
3.7.4.5 Set model parameters 80 
3.7.4.6 Validate a model 80 
3.7.4.7 Validate data variables 81 
3.7.4.8 Validation of a tool 81 
3.7.4.9 Run the model 81 
3.7.4.10 Add to Display 81 
3.7.4.11 As a geoprocessing tool, run a model 81 

3.8 Technology Adopted 81 

3.9 Summary 82 

Chapter 4 - Implementation 83 

4.1 Model Developed for Daduru Oya Flood Forecast 83 

4.2 Understanding Drainage Systems 84 

4.3 Digital Elevation Models (DEM) 85 

4.4 Deriving Runoff Characteristics 87 
4.4.1 Hydrologic conditioning 87 

4.4.1.1 Fill sinks 88 
4.4.2 Watershed delineation 89 

4.4.2.1 Estimate flow directions 90 
4.4.2.2 Flow accumulation 91 
4.4.2.3 Snap outlet to stream 92 

4.4.3 Construct a velocity field 94 
4.4.3.1 Generate the slope raster 95 
4.4.3.2 Determine the slope-area term 97 
4.4.3.3 Compute the velocity field 99 
4.4.3.4 Bound the velocities 102 

4.4.4 Generate an isochrone map 105 
4.4.4.1 Produce a weight grid 106 
4.4.4.2 Calculate the flow time to the outlet pour point 108 
4.4.4.3 Flow time reclassification into isochrone zones 109 

4.4.5 Create a unit hydrograph 112 



xi 
 

4.4.5.1 Formulate the unit hydrograph table 112 
4.4.5.2 Develop a unit hydrograph 116 

4.4.6 Additional Processes 117 
4.4.6.1 Identifying stream networks 117 
4.4.6.2 Stream ordering 118 
4.4.6.3 Stream links 119 
4.4.6.4 The vectorization of a raster stream network 120 
4.4.6.5 Creating flood depth and flood extent using HAND tool 122 
4.4.6.6 Flow distance 122 

4.5 Summary 125 

Chapter 5 - Evaluation 126 

5.1 Introduction 126 

5.2 Evaluation of the Final Model 127 
5.2.1 With Kelani river map 127 
5.2.2 With Kalu ganga(river) map and data 128 

5.3 Summary 130 

Chapter 6 - Conclusion and Future Work 131 

6.1. Conclusion 131 

6.2. Challenges 131 

6.3. Future Work 132 

References 133 

Appendix A – Getting DEM and Pour Point 139 

Appendix B - Reclassification Table 143 

Appendix C - Kalu Ganga 144 

Appendix D - Kalani Ganga 157 

Appendix E - Python Code of the Model 169 

Appendix F - PRISMA Statement 177 

 

  



xii 
 

List of Tables 
 

Table 1.1: Number of houses damaged/ destroyed due to various disasters in Sri Lanka         3 

Table 1.2: Damage in 2017 due to disasters in Sri Lanka 3 

Table 1.3: Amount of money allocated for disaster mitigation projects after taking into 

consideration the damages caused by the flood disaster 5 

Table 1.4: Relief expenditure: 2007-2011 5 

Table 1.5: SWOT analysis 7 

Table 2.1: Types of river basins 19 

Table 2.2: Physical processes of flooding 20 

Table 2.3: Latest remote sensing technology and sensors are used for water resources, 

hydrological fluxes, drought, and flood mapping 42 

Table 2.4: Natural disasters in Sri Lanka from 1957 to 2003 47 

Table 2.5: Damage in 2015 48 

Table 2.6: Damage in 2016 48 

Table 2.7: Damage in 2017 48 

Table 2.8: Authorities in charge of early warning for different disasters 50 

Table 2.9: Hydro-meteorological Network in Sri Lanka 55 

Table 3.1: Methodology of the project 64 

Table 3.2: Five Seasons in Sri Lanka 66 

Table 3.3: Average rainfall in the Daduru Oya basin                                                                       70 

Table 3.4: Monthly long-term, average rainfall (mm)                                                                     70 

Table 3.5: Basic features of the Daduru Oya                                                                                    71 

Table 3.6: Daduru Oya run off (Daduru Oya long-term annual discharge at Chilaw)                71 

Table 3.7: Land use pattern in the Daduru Oya basin                                                                     72 

Table 3.8: Soil types in the basin                                                                                                        73 

Table 3.9: Basic data on reservoirs (tanks) and diversions (anicuts)                                            73 

Table 3.10: Small tanks and diversions in the sample DS divisions in the basin                        74 

  

file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc79849291
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc79849292
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004811
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004812
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004812
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004813
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004815
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004816
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004818
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004819
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004819
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004819
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004822
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc79849307
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc79849308
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc79849312
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc79849313
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc79849314


xiii 
 

List of Figures 

 
Figure 1.1: Families affected in May 2018 Flood in Sri Lanka 3 

Figure 1.2: The number of deaths and disappearances due to disasters in year 2017 in Sri 

Lanka 4 

Figure 1.3: People affected due to disasters in Sri Lanka – annual time series distribution 4 

Figure 2.1: The Hydrologic Cycle 11 

Figure 2.2: Water resources engineering 12 

Figure 2.3: A general framework for the application of a river basin model 23 

Figure 2.4: Schematic diagram of the components of a river basin system 24 

Figure 2.5: General diagram of the steps in the model building process 26 

Figure 2.6: The source-pathway-receptor approach (Hankin et al., 2008) 27 

Figure 2.7: The trade-off between warning time and flood forecast accuracy for flash flood 

situations (Wright, 2001) 28 

Figure 2.8: Disaster Occurrence 1990-2018 44 

Figure 2.9: Damages caused by disasters between 1990-2018 in Sri Lanka 48 

Figure 2.10: Satellite Products Used in Forecasting 51 

Figure 2.11: Numerical Weather Prediction (NWP) Activities in the ID 51 

Figure 2.12: Flood Forecasting and Decision Support System of Irrigation Department 52 

Figure 2.13: Multi-Hazard Early Warning Dissemination System 53 

Figure 2.14: Early Warning System of Sri Lanka 53 

Figure 2.15: Irrigation Department Hydro Information 54 

Figure 2.16: Daduru Oya Reservoir Status 54 

Figure 2.17: Water Level of Daduru Oya at Ridi Bendi Ella 55 

Figure 2.18: River Gauging Station Distribution 56 

Figure 2.19: Types and numbers of Hydro-meteorological stations 56 

Figure 2.20: Instruments installed 57 

Figure 2.21: Reservoir stations 57 

Figure 2.22: Side Looking Doppler 57 

Figure 2.23: Real Time Rainfall Data Input 58 

Figure 2.24: Theory used in Hydrological model 59 

Figure 2.25: Flood Forecasting/ Reservoir Operation in Daduru Oya River 59 

Figure 2.26: HEC HMS model Daduru Oya 60 

Figure 2.27: Rainfall stations in Daduru Oya basin 60 

Figure 2.28: Flood status report by Irrigation Department 61 

Figure 2.29: Inundation Map for Kelani Ganga during the previous (2016) major flood 62 

Figure 3.1: Map of Sri Lanka 65 

Figure 3.2: Seasonal Rainfall Distribution of Sri Lanka 67 

Figure 3.3: Distribution of Mean Annual Rainfall 67 

Figure 3.4: River basins of Sri Lanka 68 

Figure 3.5: Renewable freshwater resources of Sri Lanka 69 

Figure 3.6: Daduru Oya river basin and the study region concerning the climatic zones of Sri 

Lanka              70 

Figure 4.1: Developed flood model for Daduru Oya 83 

Figure 4.2: Generic flood model 83 

Figure 4.3: Components of drainage basin 84 

file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004892
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004893
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004893
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004894
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004895
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004896
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004902
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004903
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004905
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004904
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004907
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004909
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004910
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004911
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004912
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004914
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004915
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004916
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004917
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004918
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004919
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004920
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004921
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004922
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004923
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004924
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004925
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004926
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004927
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004928
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004929
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004930


xiv 
 

Figure 4.4: A Digital Elevation Model 85 

Figure 4.5: Daduru Oya DEM 86 

Figure 4.6: Parse Path tool 86 

Figure 4.7: Hydrologic conditioning flowchart 87 

Figure 4.8: Filling sinks 898 

Figure 4.9: Using the Fill tool 898 

Figure 4.10: Fill sinks tool parameters 89 

Figure 4.11: Model part for watershed delineation 89 

Figure 4.12: Watershed delineation flow chart 90 

Figure 4.13: Flow direction D8 method 90 

Figure 4.14: Flow direction coding 91 

Figure 4.15: Using flow direction tool 91 

Figure 4.16: How flow accumulation works 92 

Figure 4.17: Using flow accumulation tool 92 

Figure 4.18: The snap pour point tool 93 

Figure 4.19: Watershed tool 94 

Figure 4.20: Model part for slope tool 95 

Figure 4.21: The slope tool utilisation 96 

Figure 4.22: Creating the velocity field steps 96 

Figure 4.23: Calculating slope area term and velocity unlimited 97 

Figure 4.24: Raster calculator tool 97 

Figure 4.25: Developed Map Algebra expression for the model 98 

Figure 4.26: Code part for raster calculator 98 

Figure 4.27: Change environment for raster calculator tool 99 

Figure 4.28: Finding mean value of slope area term 99 

Figure 4.29: Raster Calculator to get velocity unlimited 100 

Figure 4.30: Layer symbology compared 100 

Figure 4.31: Model part for calculate value tool and raster calculator tool 101 

Figure 4.32: Calculate value tool's parameters dialog box 101 

Figure 4.33: Code snippet 1 for calculate value tool 101 

Figure 4.34: Code snippet 2 for calculate value tool 102 

Figure 4.35: Model part for calculate the velocity field and weight raster 102 

Figure 4.36: Setting the velocity lower limit 103 

Figure 4.37: Con tool parameters for velocity lower limit 103 

Figure 4.38: Code snippet for velocity lower limit 104 

Figure 4.39: Setting the velocity upper limit 104 

Figure 4.40: Con tool parameters for velocity upper limit 104 

Figure 4.41: Code snippet for velocity upper limit 105 

Figure 4.42: Steps of creating an isochrone map 105 

Figure 4.43: Using raster calculator to create weight raster 106 

Figure 4.44: Creating weight raster 107 

Figure 4.45: Part of the model for extracting flow direction for the watershed 107 

Figure 4.46: Use of extract by mask tool 108 

Figure 4.47: Model part to assess flow time 108 

Figure 4.48: Using flow length tool 109 

Figure 4.49: Reclassifying Isochrones 110 

Figure 4.50: Output of the reclassification of Isochrones 110 

file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004932
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004933
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004934
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004935
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004936
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004936
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004936
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004937
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004938
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004939
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004941
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004942
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004943
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004944
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004946
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004947
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004948
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004949
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004950
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004951
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004952
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004953
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004954
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004955
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004956
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004957
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004958
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004959
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004960
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004961
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004962
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004963
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004965
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004964
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004966
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004967
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004968
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004969
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004970
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004971
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004972
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004973
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004974
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004975
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004976


xv 
 

Figure 4.51: Picking the Isochrone nearest to the outflow for analysis 111 

Figure 4.52: Picking an Isochrone near to Kandy for analysis 111 

Figure 4.53: Part of the model for creating Unit Hydrograph table 112 

Figure 4.54: Using table to table tool 112 

Figure 4.55: Using add field tool 113 

Figure 4.56: Using calculate field tool 114 

Figure 4.57: Using add field tool to add one more field 114 

Figure 4.58: Calculating the field 115 

Figure 4.59: Unit hydrograph at outlet point of Daduru Oya 116 

Figure 4.60: Model part for stream networks 117 

Figure 4.61: Raster calculator to calculate stream network 117 

Figure 4.62: Stream network calculation by raster calculator 118 

Figure 4.63: Stream order tools usage 119 

Figure 4.64: How stream link tool works 119 

Figure 4.65: Links in a stream channel 119 

Figure 4.66: Stream link tool 120 

Figure 4.67: Model part for stream order and stream to feature tools 120 

Figure 4.68: Stream to feature tool 121 

Figure 4.69: How to use HAND tool 122 

Figure 4.70: HAND concept         122 

Figure 4.71: Flow distance tool usage        123 

Figure 4.72: Flood Extent map of Daduru Oya for depth of 4m     123 

Figure 4.73: Flood Depth map of Daduru Oya for depth of 4m     124 

Figure 4.74: Flood depth of 9m near Pallekelle       124 

Figure 5.1: Observed flood event in Kelani River in May 2016 127 

Figure 5.2: Predicted flood extent map using the model for Kelani River 127 

Figure 5.3: Observed flood inundation map for Kalu Ganga in year 2003    128 

Figure 5.4: Predicted flood extent map using the model for Kalu Ganga    128 

Figure 5.5: May 2003 flood details of Kalu Ganga      129 

Figure 5.6: Putupaula flood depth from the model      129 

Figure 5.7: Millakanda flood depth from the model      129 

Figure 5.8: Ellagawa flood depth from the model      130 

Figure 5.9: Rathnapura flood depth from the model      130 

 

 

 

file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004977
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004978
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004979
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004980
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004981
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004982
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004983
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004984
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004985
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004986
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004987
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004988
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004989
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004990
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004991
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004992
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004993
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004994
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004995
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004996
file:///E:/MSc/Research/Final%20Thesis/Research%20Thesis%20v11.docx%23_Toc80004997


1 
 

Chapter 1  

Introduction 

1.1 Background and Motivation 

1.1.1 The vision behind the ancient 

The long-lasting Sri Lankan civilization is mainly due to the environmentally friendly 

water management system which supported the agrarian civilization for many centuries 

in the country.  Ancient civilizations were located on the banks of major rivers. The 

scientific concepts of the integrated management of water resources are the basis of the 

Sri Lankan hydraulic civilization. Substantial accomplishments in the fields of 

irrigation, drinking water supply, public health, sustainable planning, and ecological 

protection were unique [1]. 

 

Disaster Risk Reduction (DRR) is evident in Sri Lanka from ancient times with a 

recorded history of village tank(reservoir) cascade system that was with an eco-friendly 

and efficient management approach keeping with the Buddhist philosophy. Around 

2100 years ago Sri Lankan engineers invented the ‘Sluice’ with a mechanism to 

dissipate hydraulic energy and control water flow, which enabled them to build very 

large reservoirs. These systems were disrupted during the European colonial period and 

natural systems and human life's equilibrium, as well as community resilience, were 

gradually degraded. The potential for disaster has increased because of modern 

challenges such as population growth, resource shortages, conflicts, and development-

related changes to land use and landscape conditions, particularly with the influence of 

such human-induced disaster factors [1][2]. 
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1.1.2 Background 

Flood is the most common and disastrous form of disaster that affects lives, 

infrastructure, properties, and environment all around the world which is amounting to 

around 520 million people a year affecting on average. Floods are a common aspect of 

people's lives all over the world. For centuries, humans have become accustomed to 

floods of different extent and rate of recurrences. In many places of the world, floods 

are anticipated and appreciated since they replenish the soil by providing nutrients that 

inseminate the flood plains. But, if the flood is unexpected due to sudden heavy rain, 

damage to a dam, or human activities it will damage the environment as well as causing 

loss of lives, livelihoods, and infrastructure. The challenge is to keep the positive effects 

on the environment while keeping out or minimize the negative effects on people due 

to floods [3].  

 

The increase of flood risk in most of the areas around the world is due to factors such 

as the increase of human population and variability of climatic changes. Increased 

population affected to increase of property values and people tend to build their 

livelihood in flood-prone areas they previously avoided because of the diminishing land 

area available. Unplanned growth and developments increase flood risk substantially. 

Government policymakers should consider these factors when they make decisions 

while making the climatic changes in the centre of all decision-making activities and 

they should keep in mind the changing risk profile. There is always uncertainty 

involved with these models and the decision-makers need to understand that [3].  

 

Sri Lanka is a tropical Island having a land area of 65 610 km2 and is closer to the 

southeast tip of India in the Indian Ocean with a population of just over 21 million [4]. 

According to statistics flood is becoming more frequent than drought events and other 

natural disasters [5] and people, housing, agriculture, irrigation, roads, and livestock 

are affected by that. For example, from the 3rd to the 23rd of December 2019, the late 

arrival of the north-eastern monsoon following a lengthy inter-monsoon period in Sri 

Lanka produced floods and landslides in thirteen districts. “64, 608 people (18, 840 

families) have been affected, with two persons reported dead, 62 houses fully damaged 

and 1, 463 houses partially damaged. 17, 766 people (5, 255 families) have been 

evacuated to the 133 locations set up to assist people displaced” [6]. Therefore, it is 
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clear that taking effective mitigation measures to floods is very essential to preserve 

life, property, economy and environment [7]. Figure 1.1 shows families affected in May 

2018 flood in Sri Lanka. 

Table 1.1 depicts number of houses damaged or destroyed due to various disasters in 

year 2015, 2016 and 2017 in Sri Lanka. 

 

Table 1.2 illustrates damage in year 2017 due to various disasters in Sri Lanka. 

Table 1.2:  Damage in 2017 due to disasters in Sri Lanka [5]. 

Figure 1.1:  Families affected in May 2018 Flood in Sri Lanka [44]. 

Table 1.1: Number of houses damaged/ destroyed due to various disasters in Sri Lanka [5]. 
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The number of deaths and disappearances in year 2017 due to various disasters in Sri 

Lanka is illustrated in figure 1.2. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.3 depicts annual time series distribution for people affected due to disasters 

without Tsunami from 1974 to 2008 in Sri Lanka.  

Figure 1.3: People affected due to disasters in Sri Lanka – annual time series distribution [48]. 

Figure 1.2: The number of deaths and disappearances due to disasters in year 2017 in Sri Lanka 
[5]. 
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In table 1.3, amount of money allocated for disaster mitigation projects after taking into 

consideration the damages caused by the flood disaster in year 2012 to 2017 in Sri 

Lanka is displayed. 

 

 

 

Relief expenditure from year 2007 to 2011 for various disasters in Sri Lanka is given 

in table 1.4. 

 

  

Table 1.3: Amount of money allocated for disaster mitigation projects after taking into consideration the 
damages caused by the flood disaster [5].  

Table 1.4: Relief expenditure: 2007-2011 [2]. 
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1.1.3 Motivation for the research 

Sri Lanka is an agricultural country and due to that, time and quantity variation in 

rainfall could have a direct impact on the Gross National Product of the country. Since 

Sri Lanka is situated in a tropical location near the equator, there could be high 

variability of weather conditions causing unexpected heavy rain, floods, landslides, 

high wind, and lightning. 

 

Frequent floods and landslides are causing extensive damage to infrastructure and 

threaten development. Advanced knowledge of these disasters will assist early 

prevention and control mechanisms as well as future preparedness. It is crucial to make 

effective and efficient decisions and planning to prevent future disasters.  

 

Therefore, it was decided to create a tool that can assist in achieving this goal to 

contribute to the Sri Lankan economy and welfare of people in the hope of developing 

it further to make it applicable to any country in the world in water resources 

management. 

 

1.2 Research Problem 

Riverine floods, urban floods, and reservoir-induced floods are the three types of floods 

in Sri Lanka [8]. Predicting natural disasters is very complex due to the lack of proper 

methods and resources in countries like Sri Lanka. But if there is an efficient prediction 

system it helps to save not only lives but the environment and infrastructure too. 

 

The present situation in Sri Lanka is that there is no proper integration tool to predict 

natural disasters from water [5]. There is an abundance of data available in isolation, 

but it is difficult in analysis to use those related data because they are with different 

authorities in different formats, and no integration among them. It will give more 

accurate results if integrated. Could save lot of time by making a model that can use 

again and again with minimal changes that could be done easily. 
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1.2.1 Research questions 

1) What are the GIS-based flood modelling techniques available and what are their 

applications? 

2) What are the advantages and disadvantages of each method? 

3) What are the research gaps? 

4) What will be the data needed to solve the identified gap? 

5) What are the relevant characteristics of the data? 

6) What are the strategies to design and implement the system? 

7) How to evaluate the accuracy of the model? 

8) What kind of improvements will be beneficial in the future? 

In table 1.5, SWOT analysis is done assuming Sri Lanka is the internal boundary of the 

analysis and natural and external factors that cannot be controlled by Sri Lanka 

internally as the external boundary. 

Table 1.5: SWOT analysis. 

STRENGTHS 

 Network covering the whole island provides the 

basis for track information regarding disasters.  

 Flood warning system installed in one major river 

basin. 

 Formal communication between officials. 

 Flood Protection Ordinance No. 20 of 1931 was 

implemented by Irrigation Department. 

 The Town and Country Planning Ordinance of 

1946 contains provisions for zoning land for 
planned land-use schemes, thus providing 

important measures against threats of disasters like 

floods and landslides due to unplanned 

development activities.  

 Sri Lanka Disaster Management Act no. 13 of 

2005 was enacted to provide the legal basis for 

disaster risk reduction instrumentation. 

WEAKNESSES  

 No sufficient information to predict floods in Daduru Oya 

river basins. 

 The low priority for data collection and non-uniform data 

collection. 

 Documents are posted between officials which is a very 

slow process. 

 Delays in entering data into registers. 

 The same data are repeated in several reports. 

 Delays in receiving reports. 

 Lack of data analyzing capabilities using geographical 

maps.  

 In general, risk management pre-warning systems are 

insufficient. 

 Absence of a single authority to issue warnings. 

 Takes a long time to make decisions due to lack of 
integration among different authorities. 

 Inadequately managed relief work. 

 Lack of dependable communication network during 

disasters. 

 Inadequacy of public awareness and education 

mechanisms. 
 Lack of coordination in research and implementation of 

results. 

OPPORTUNITIES 

• Already established data collection systems. 

• Institutional arrangement for risk 

management evolving. 

• New ongoing research in universities with 

new technology such as Remote Sensing & 

GIS, AI, Big data analytics, ML, etc. 

THREATS 

• Lack of Satellite information. 

• Rainfall intensity increasing irregularly. 

• Difficult to forecast due to variable weather 

conditions. 

• Time duration is law due to the steep slope. 
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1.3 Scope of the Research 

This research attempts to create a tool to integrate data related to flood and use it to 

predict future flood events more accurately with data in the Daduru Oya river basin and 

any other river basin in Sri Lanka. However, it does not attempt to:  

• Apply to other natural disasters or to apply to the whole world. 

 

1.4 Aim and Objectives of the Study 

1.4.1 Aim of the project 

The project aims to integrate data from different sources into one platform using 

ArcGIS and create a tool using python language with ArcGIS so that it will be more 

efficient and effective, and accurate in modelling, analysing, predicting, and managing 

floods.  

 

1.4.2 Objectives of the project 

• Review about flooding and flood prediction.  

• Gather data about the Flooding conditions in the Daduru Oya basin area and 

prevailing mitigation methods.  

• Analyse different flood management strategies and select the best method for 

the scenario.  

• Collect data from different weather stations related to the Daduru Oya basin 

from different sources.  

• Design a method to quantify, rate, and integrate the above factors to get more 

complete and precise outcomes.  

• Analyse existing pluviometric and hydrometric data. (Rainfall, groundwater 

characteristics, flow characteristics of surface waters, etc.) 

• Analyse river basin characteristics. (Land use, soil, topography, etc.) 

• Do water level modelling based on weather conditions.  

• Forecast floods based on weather and geographical conditions.  

• Analyse the strategies to integrate the model in a real-time forecasting system. 

• Evaluate the accuracy of the models.  

• Propose future improvements. 
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1.4.3 Significance of the study 

• Minimizing flood-prone areas will reduce the risk of life and property, 

infrastructure destruction, production losses, and long-term economic loses.  

• In the long run, it will cause to increase the financial strength of the urban 

council.  

• Investors can be attracted to the country.  

• The flood insurance premium will be decreased for the citizens and businesses.  

• Will increase the standard of living in the area.  

1.5 Limitations of the Project 

Due to time and resource constraints, the research will be conducted only for the river 

basin areas in Sri Lanka, and information technology, and geographical information 

systems technology will be used to aid the entire process. 

1.6 Thesis Structure 

Chapter 1 - Introduction, begins with an illustrative discussion of vision behind the 

ancient and the background of the project followed by motivation for the research. Then 

a clear statement of research problem with research questions that have been answered 

throughout the project and a comprehensive SWOT analysis. It flows into scope of the 

research, aim and objectives, significance of the research to the society and limitations. 

In Chapter 2 – Literature review, a thorough review of literature was carried out to 

cover aspects such as, why the study is important, theoretical aspects of the research 

area, available technology and tools and finally current flood management techniques 

in Sri Lanka. Chapter 3 – Methodology, introduce the area of study, users of the project, 

inputs and outputs and data collection. Then it explains the selection of models and 

tools for analysis followed by the technology adopted. Chapter 4 – Implementation 

illustrates the model developed for flood forecasting and then a comprehensive 

discussion of underlying theory with step-by-step explanation of the model building 

process. Chapter 5 – Evaluation, evaluates research outcomes with Irrigation 

department flood inundation map comparison and finally in Chapter 6 – Conclusion 

and Future Work followed by references and Appendix A, B, C, D, E and F with model 

outcomes, reclassification table, code and PRISMA statement.  
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Chapter 2  

Literature Review 

2.1 Introduction 

The aim of this chapter is to pave the pathway to build an efficient and effective flood 

prediction system through understanding theory behind the selected domain, analysing 

available flood modelling techniques and their applications, to find their strengths and 

weaknesses. Then the result of the study could be used to put the foundation for the 

main requirement of building the system to predict natural disasters as given under aims 

and objectives in previous chapter. To achieve this, related theories were analysed and 

technologies such as the big data analytic and IoT with machine learning techniques, 

two-dimensional hydrodynamic flood models, statistical models, rainfall-runoff 

models, Fuzzy-neuro approach and data mining and data analysis applications were also 

analysed by a thorough review of available recent literature. Then current flood 

management activities in Sri Lanka are reviewed.  

 

It was developed a search strategy to discover applicable literature. This search tactic 

was tailored to databases: IEEE Explore, ACM, and ScienceDirect and the search terms 

used were the following: Flood, Modelling, Techniques, Forecasting, Prediction, and 

GIS based. The selection criteria were based on the PRISMA statement [9] and it could 

refer from Appendix - F. The search mainly focused on mapping existing literature on 

GIS based flood modelling techniques in the fields of Computer Science, Earth and 

Planetary Sciences, and Environmental Science. The search then narrowed to the 

subject areas of geographic information systems, remote sensing, data analysis, and 

data mining fields. The search span was from year 2010-2020 and include journal 

articles, review articles, research articles, book chapters, and conference abstracts. All 

articles before 2010 were excluded from the search except few articles that were 

published before 2010 according to the importance, and presentation slides from 

important sources also selected. Only open access articles in English language were 

selected. A total of 3459 research articles were excluded and 51 records were extracted. 
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2.2 Importance of Water and Water Management 

For the healthy functioning of the planet’s ecosystem and for sustainable human 

development, water is a necessity. The hydrologic cycle is illustrated in figure 2.1. 

Accessible fresh water makes up less than one percent of all the water on the Earth, in 

the form of rivers, lakes, ponds, and wetlands. Even though nearly 70 percent of the 

world is covered by water, when the fresh water that is trapped in glaciers, icebergs, 

and groundwater is included in the total amount of fresh water it is still comprises less 

than 3% of Earth’s water and the rest is saline, and ocean based. Only 0.007 percent of 

the planet's water is available to fuel and feed its 6.8 billion inhabitants [10].  

Water resources are vital to civilization because they support our way of life as well 

as the environs on which we rely. Though, there may be insufficient or excessive 

water, and what is available may not be situated where we require it, or it may be too 

contaminated or costly. Population expansion, land-use fluctuations, urbanization, 

and movement from countryside to city regions, as well as global climate change, are 

all contributing to a rising global water issue. All these issues highlight the need for 

prudent water resource development and management (figure 2.2). Water supply and 

wastewater disposal facilities, flood runoff collection and management, and habitat 

Figure 2.1: The Hydrologic Cycle [10]. 
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maintenance are all examples of relevant water resources engineering applications 

[10].  

 

The ability to balance the supply and demand of water of acceptable quality for various 

populations and consumers is critical to human survival. Our houses, industries, towns, 

farms, and leisure places all require water, and the effective operation of natural and 

human water delivery systems is critical to their performance (i.e., sustainability). To 

maintain modern lifestyles and avoid shortages (droughts), surpluses (floods), and 

resource deficiency, a lot of time, energy, and effort has gone into learning more about 

the spatial and temporal trends and characteristics of individual hydrological systems 

so that we can predict, control, and adjust system activity [11]. 

  

Figure 2.2: Water resources engineering [10]. 
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2.3 Flood Disaster  

2.3.1 Definitions of flood 

There are several definitions available from a variety of domestic and global sources. 

The World Meteorological Organization (WMO)/UNESCO International Glossary of 

Hydrology (WMO No. 385, 1992) defines terminology in many languages. The term 

‘flood’ is defined as follows in the Glossary: 

(1) A short increase in the water level in a stream to a peak, after which the water 

level falls more slowly. 

(2) An elevated flow rate, as determined by the stage height or release. 

(3) The turn of the tide. [12] 

 

Teeming the water of the typical bounds of a stream or other body of water, or build-

up of water by drainage over regions that are not ordinarily underwater is described 

as ‘flooding’, which refers to the impacts of a flood rather than the flood itself [12]. 

 

River floods, coastal floods, pluvial and groundwater floods, and manmade system 

failures can all cause flooding in human settlements. Overflows are generally the 

consequence of a complicated set of causes issued by a mixture of climatic and 

hydrological extremities, such as heavy rainfall, and increasing river flows. 

Inundating, on the other hand, is a common occurrence as a result of human activities 

such as uncontrolled expansion and development in floodplains or as a result of a dam 

or embankment failing [3]. 

 

2.3.2 Flood types 

2.3.2.1 Flash floods 

Flash floods are usually linked to short-duration strong convection storms that fall 

over a narrow region. Flash flooding may occur in nearly any region with steep slopes, 

although it is most prevalent in mountainous areas where strong thunderstorms occur 

often. Flash floods are frequently caused by heavy rainfall that lasts only a short 

period. This sort of flooding frequently sweeps away buildings, roads, and bridges 
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across small streams, posing a serious threat to communities and transportation in 

these isolated locations [12]. 

 

2.3.2.2 Fluvial (riverine) floods 

Fluvial flooding may occur in a variety of river and watershed systems. Flows 

surpassing the volume of stream channels and spill out over natural banks or 

constructed dams produce overflows in river valleys, which usually happen on flood 

plains or wash lands. Flash floods, which occur in narrow, steep, and restricted valleys 

and are characterized by their rapid formation following rainfall and high flow 

velocities, are typically more destructive. They are extremely hazardous to human life 

because of their speed [12]. 

 

2.3.2.3 Single event floods 

The most frequent type of flooding occurs when significant rains fall in a drainage 

basin for hours to days, resulting in catastrophic flooding. Torrential rains are usually 

linked with cyclonic disturbances, mid-latitude depressions, and storms, as well as 

well-defined synoptic-scale frontal systems [12]. 

 

2.3.2.4 Multiple event floods 

These are the outcome of severe rainfall and a series of meteorological disturbances 

that follow one other closely. The channel of a succession of low-pressure zones or 

depressions from the Bay of Bengal, which follows a similar course is the reason for 

frequent floods in the Indo-Gangetic plains and central Indian regions. Over western 

Europe, several event floods can affect vast basins in mid-latitude locations in the 

winter, when sequences of active depressions occur [12]. 

 

2.3.2.5 Seasonal floods 

As a result of heavy seasonal rainfall these floods occur regularly. Monsoonal climatic 

zones are generally the worst hit, and catastrophic circumstances occur when ‘normal’ 

flooding is substituted by protracted or high-runoff floods. Inundating is typically a 

basin-wide occurrence that might continue for many weeks. Various separate peak 
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events can occur throughout a flood season in vigorous monsoon conditions. Seasonal 

floods occur due to extreme water levels in lakes in the upper sections of a river basin, 

such as Lake Victoria and the River Nile. Wet circumstances in the top section of a 

watershed, which has a dissimilar climatic system than the lower, impacted portions, 

might cause another form of a seasonal flood. Rivers like the Nile and Yangtze are 

good examples [12]. 

 

2.3.2.6 Coastal floods 

The most common causes of this sort of flooding are rainstorm surges and strong 

winds that coincide with high tides. The surge is caused by a rise in sea levels caused 

by low air pressure. The piling up of water is magnified in some configurations, such 

as big estuaries or limited marine regions, by a combination of seabed shallowing and 

return flow retardation. When hurricanes (cyclones) hit, major deltas like the 

Mississippi and Ganges are susceptible to this sort of flooding. Because of specific 

paths of winter depressions, the southern North Sea in western Europe is another 

vulnerable location. If the surge happens at the mouth of a river that streams into the 

sea, the surge will impede the river's flow, causing in acute inundating along and close 

to the shore. Tsunamis caused by sub-seabed earthquakes are a highly specialized 

source of significant coastal flooding on occasion [12]. 

 

2.3.2.7 Estuarine floods 

Inlet regions of the coastline where a concentrated seaward flow of fresh water in a 

river meets the coastal tide are Estuaries. During high tides, the collaboration between 

the seaward flow of river water and the landward flow of salty water can result in a 

water build-up or inland-moving tidal bore. The funnel form of many estuaries 

frequently increases high water levels in the linked river's higher, narrower sections. 

These sorts of floods are particularly common in deltaic sections of rivers near 

coastlines, such as the Ganges Mouths. In terms of flooded depth and area, they are 

more common and less severe than floods produced by storm surges [12]. 
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2.3.2.8 Urban floods 

Severe precipitation within towns and cities causes fast overflow from paved and 

built-up areas, surpassing the volume of storm drainage systems, resulting in urban 

flooding. Ponds arise in low-lying regions of cities not just because of high rainfall 

rates, but also as a result of drainage blockages produced by material clogging 

drainage culverts and outlets, frequently owing to a lack of maintenance. 

Embankments and pumped drainage systems safeguard several major cities in delta 

areas, including New Orleans, Dhaka, and Bangkok. When rainfall rates surpass 

pumping capacity, storm runoff accumulates quickly, causing widespread flooding 

[12]. 

 

2.3.2.9 Snowmelt floods 

The spring thaw creates meltwater flow in upland and high-latitude locations where 

large amounts of snow accumulate during the winter. If temperatures rise quickly, the 

pace of melting may accelerate, resulting in floods that can spread to lower sections 

of river systems. Meltwater floods will be more severe if the melting is followed by 

intense rain, and they will be made worse if the subsurface stays frozen. Even though 

a seasonal phenomenon in which significant snowfields exist in headwaters, resulting 

in favourable flooding in downriver zones, catastrophic impacts can happen on minor 

scales, particularly in locations vulnerable to fluctuations in cold and warmer wet 

winter weather [12]. 

 

2.3.2.10 Ice- and debris-jam floods 

Ice floes can build in rivers in places where seasonal melting is rapid, producing 

impediments and obstructing flows, creating river levels to increase upriver of the ice 

jam. A flood wave, like that generated by a dam breach, might flow downstream if 

the “ice jam” is suddenly released. Landslips and debris floods can be caused by both 

meltwater and strong rains in steep regions. Major constrictions can form as these 

migrate downstream. Severe floods can occur if these structures collapse or are 

compromised. Both of these events are extremely difficult to forecast [12]. 
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In Sri Lanka, other than snowmelt floods and ice-and debris-jam floods, all other 

categories of floods may occur from time to time. 

 

2.4 Flood Management Initiatives  

Activities related to flood management may be divided into four categories: 

1. Efforts to mitigate the flood. 

2. Efforts to reduce flood damage vulnerability. 

3. Efforts to change the loss load. 

4. Coping with the loss. [13] 

All these flood-control techniques fall under the following categories: Measures that 

are structural and non-structural. All actions performed as part of the activity of 

“Modifying the flood” that is physical are referred to as “Structural measures”, while 

those used as management tools without substantial construction activity are referred 

to as “Non-structural measures” [13]. Flood prediction and early warning have proven 

to be an efficient and cost-effective non-structural technique that can be used to limit 

the damaging consequences of floods, which often affect lives [3].  

 

2.5 Flood Forecasting and Warning  

Flood forecasting allows for forewarning of when and to what degree the river will 

use its flood plain, as well as for how long. A countrywide flood forecasting, and 

warning system might be created as part of the policy of putting more focus on non-

structural solutions. Human suffering can be mitigated to a significant amount with 

credible advance information/warning about coming floods, loss of human lives, and 

movable property. People and livestock can be relocated to safer areas. Similarly, 

important movable properties might be relocated to safer locations outside of the flood 

zone. During various plan eras, the nation may implement many reservoir systems to 

harness water resources for agriculture, electricity, and other purposes. Flood control 

has been attempted to be achieved as one of the objectives of multi-purpose dams by 

providing flood cushion, recognizing the tremendous possibility of reservoirs in 

seizing floods, and managing downstream flows for flood control [3][13]. 
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2.5.1 The role of flood forecasting in flood management 

Flood prediction is an important element of flood management planning and 

development. Temporary flood gates or moveable barricades, home protection such 

as sandbagging, and local evacuation to flood shelters can be successful non-

structural solutions for target inhabited flood plain regions [3][12]. 

 

The collaboration of water management organizations, local or municipal 

governments, transportation, and communications operations, and emergency 

services are necessary in flood managing. These consumers may plan ahead of time 

and respond appropriately if information from flood forecasting is offered. Flood 

forecasting may be part of a larger disaster management expertise delegated from the 

highest levels of government in extreme situations. Flood forecasting’s precise role 

will vary depending on the circumstances required by both the hydro-meteorological 

and built-up environments [3][12]. 

 

2.5.2 Elements of flood forecasting systems 

A critical component in building inundation alert method is guaranteeing their 

resilience so that they can handle a wide variety of possible occurrences. Flooding is a 

phenomenon with a broad range of magnitude and intensity. As a result, inundation 

alert procedures must be built to anticipate both uncommon and more damaging 

occurrences, as well as less dangerous and more regular ones. Nevertheless, during 

catastrophic occurrences, the ambiguities intrinsic in predicting are probable to be 

amplified, and such scientific and technical constraints must be recognized [3]. 

 

The “United Nations” published its “Global Survey of Early Warning Systems” in 

2006, and it highlighted four aspects in environmental threat early warning methods, 

including inundation predicting:  

1) Risk awareness is the systematic evaluation of risks and vulnerabilities, 

including the plotting of patterns and trends. 

2) Monitoring and alerting services: precise and early predicting of dangers via the 

use of dependable, scientific techniques and technology. 
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3) Distribution and transmission: unambiguous and timely delivery of alerts to all 

vulnerable individuals. 

4) Reaction ability: nationwide and provincial capabilities that provide 

information about how to respond appropriately when alerts are sent. [3] 

  

2.5.3 Basic contemplations 

To design a suitable flood forecasting service, it is necessary to understand: the hydro-

morphological characteristics of the basin topography, geology, and soils, and the 

degree of structural development; the main physical processes occurring during hydro-

meteorological events; and the type of service that is required and that can be achieved 

technically and economically [3].  

 

Each river basin has its own set of flood features and patterns. In general, five types of 

basins can be classified based on their temporal and spatial responses to a 

hydrometeorological incident (Table 2.1) [3]: 

  

By analysing the table, it could be derived that the river basins of Sri Lanka come under 

the category of medium-sized rivers since their size is between 500 and 10 000 km2 and 

other characteristics also match. 

Table 2.1:  Types of river basins [3]. 
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Any forecasting service’s nature is mostly determined by the sorts of flooding that occur 

in the basin. Table 2.2 depicts these procedures and demonstrates how a single service 

may need to support a variety of basin categories [3]. 

 

Watersheds in Sri Lanka comes under long river category as derived earlier. Therefore, 

wind, rainfall intensity, run off, propagation and water table should be considered. 

 

2.5.4 Types of services offered 

By balancing the technical feasibility of forecasting flood threats with the economic 

justification for protecting sensitive persons and infrastructure, it could determine the 

category and amount of service that can be offered. The varieties of services, from the 

most basic to the highest level of quality, are briefly given below: 

1) Threshold-based flood warning 

Rather than a quantitative projection, this is a qualitative estimate of the rise in river 

flows or levels. Extrapolations are conducted at regular intervals to adjust the 

projected or actual flood situations [3]. 

2) Flood forecasting  

A more decisive service that is based on simulation and modelling technologies. 

Simple procedures such as statistical curves, level-to-level correlations, or time-of-

travel relationships could be used in the simulation. These procedures enable a 

quantifiable and time-based forecast of water levels, allowing for inundation alerts 

with an appropriate level of assurance and consistency [3]. 

3) Vigilance mapping  

An extension of the site-specific alert strategy outlined in 2). Several countries’ 

inundation alert services now provide map-based visualizations as an Internet 

Table 2.2:  Physical processes of flooding [3]. 
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service (for example, France’s “vigilance map”). The risk levels obtained from 

observations or models are denoted by a colour code (in the French example, green, 

yellow, orange, red) representing the gravity of the event [3]. 

4) Flood prediction  

The most advanced facility and necessitates the use of a hydrological or 

hydrodynamic level-and-flow model in conjunction with digital depictions of the 

inundation land surface. The type of the risk region is the determinant of the level of 

detail and precision of the terrain model. Models like this may forecast floods in 

extremely specific regions, such as housing areas or important infrastructures like 

power plants and highway or rail crossings. Creating this technique necessitates a 

comprehensive understanding of floods linked with previous extreme occurrences 

[3]. 

 

It was decided that the study should be carried out in a manner that it could facilitate 

Inundation forecasting type of service to be given in foreseeable future. 

 

2.5.5 Required data 

Flood prediction and alert necessitates the collection of many technical data sets, which 

include: 

1) Hydrological data  

River level and flow, and especially for predicted spots and high-risk areas.  

2) Meteorological data  

Rainfall statistics, weather predictions, and rainfall incident alerts. 

3) Topographic data  

physical spatial characterization of runoff-influencing variables that may be 

necessary for models; and 

4) Structural and social data  

Population density, high-risk areas, reservoirs and flood protection, electricity, 

and transportation infrastructure. [3] 

 

Other than structural and social data, all other data sets will be used in the study. 
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2.6 Methods of Flood Prediction and Modelling 

2.6.1 Why model? 

To assist decision-makers in developing water resource options, analysing their 

implications, and interpreting and selecting viable solutions for implementation, river 

basin models which are interactive programs that use analytical approaches like 

simulation and optimization algorithms could be used. Models mimic the behaviour 

of water resource systems based on a set of rules that control water distribution and 

infrastructure functioning. Models could also be used to optimize the behaviour of 

water resource systems based on an objective function and associated restrictions. 

Models tend to shorten the time required for decision-making in various applications 

while improving the consistency and quality of those judgments [14]. 

 

River basin modelling necessitates, to various degrees depending on the situation at 

hand, the following activities: 

• Data Measurement and Gathering – receiving different data (e.g., water level and 

temperature, precipitation, air temperature, concentrations, and so on) from 

stations located across a river basin. Various economic and social statistics are also 

measured and gathered. 

• Data Processing – the storing and processing of data relating to the basin’s 

processes of interest, including both spatial and time-series data. A relational 

database is used to store the measured data in this context, a data model is used to 

organize the data in the database using the “basin” concept, and a geographic 

information system is used to show the data visually. 

• Analytical Tools – models that anticipate basin responses to various climate and 

development states. 

• Decision Formulation and Selection – use of model findings and engagement with 

users to make water management decisions in the basin; and 

• Decision Implementation – distribution of water usage decisions under diverse 

situations. [14] 
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A generic framework for the usage of a river basin model is depicted in figure 2.3. 

 

Figure 2.3: A generic framework for the application of a river basin model [13]. 

 

Flooding event protection necessitates advanced dimension models and fewer time 

steps than numerous other water resource management models, such as municipal or 

agricultural water supply, recreation, water quality, and so on. Inundation drifts 

typically happen at brief time intervals (hours, days, or weeks), which makes it hard to 

prototype such occurrences using simple mass balances in multifunctional water 

resource planning models. Flood overflow due to flood wave distribution in a watershed 

necessitates two-dimensional modelling rather than one-dimensional modelling. To 

defend against floods, both structural (e.g., reservoirs, levees, floodproofing) and non-

structural (e.g., land use regulations and zoning, inundation alert, and removal 

strategies) methods are utilized. Upriver reservoir operatives must offer storage space 

for inundation security and emergency notice to downriver floodplain residents. These 

operatives must be aware of how much water to discharge and when to release it to 

limit predicted flood destruction downriver. Overflow storage volume and flood flow 

discharge rules influence flood flow and peak in a basin. These may be calculated by 

modelling flood events as they enter basin reservoirs. Flood destruction may be 

anticipated if the peak flow dissemination and the connections between flood phase and 
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destruction, as well as flood phase and peak flow, are identified [14]. A schematic 

diagram of the components of a river basin system is illustrated in figure 2.4. 

Figure 2.4: Schematic diagram of the components of a river basin system [14]. 

 

2.6.2 Process of model building 

Following are the steps of river basin model building process: 

• Identifying the problem – main aspects of the basin to be modelled should be 

identified, as well as their relationships and interactions. That is, the model’s overall 

outline and purpose must be determined. Given the time and resources available for 

modelling, the modeler must choose the right sort of model for the system as well as 

the level of precision required. In general, the simplest model with the fewest 

parameters that produces accurate outcomes in the time allotted is selected. 

• Conceptualization and development – provide a mathematical representation of the 

formerly discovered links in this stage, relevant computing approaches for the issue are 

also developed and implemented. 
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• Calibration – Obtain trustworthy estimations of the model’s parameters. Prototypical 

outputs are likened to real, past, or assessed system outputs, and model parameters are 

modified till the values projected by the model coincide with the measured to a fair 

degree of accuracy. 

• Verification – The model uses a separate set of input data, such as a dissimilar form 

from that utilised in the calibration stage, and the model outcomes are compared to 

assessed outcomes. If they match, the model has been validated and is complete for 

utilisation. 

• Sensitivity Analysis – Many of the input data and assumptions used to build a model 

are measured incorrectly, calculated from insufficient data, or are poor estimates. 

People who build models must understand the influence of these various sources of 

fault or indecision on their model findings. Sensitivity analysis investigates and 

computes the effects of potential input data mistakes on anticipated model outputs and 

system execution indicators. Minor variations in model parameters could sometimes 

result in huge, sudden fluctuations in model results. Frequently, sensitivity analysis is 

a trial-and-error method of modifying model parameters, coefficients, and inputs 

progressively and then solving the model. In this manner, the person who model may 

see the modification in model output values caused by minor changes in input values 

and evaluate the significance of inaccuracy or indecision in model inputs in the 

modelling procedure. [14] 
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A generic illustration of the stages in the model construction procedure is as of figure 

2.5. 

Figure 2.5: Generic illustration of the stages in the model construction procedure [14]. 

 

2.6.3 Understanding flood hydrology  

While developing flood forecasting models, it is critical to recognise the origins of 

inundating in each specific catchment or river basin. The catchment’s magnitude, form, 

and geographical construction determine the fundamental response to the primary cause 

of floods, which is precipitation input. The pace with which the catchment responds to 

rainfall is affected by land use, geology, soils, and vegetation. Losses to soil and deeper 

recharging are also important aspects of inundation response [3]. 

 

In this context, the characteristic of the rainfall triggering inundation must be 

completely aware of. Both in terms of incidents and seasonal climatology variables are 
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caused by diverse kinds of rainfall. Reactions in a specific catchment, as well as the 

comparative significance of the effect of various kinds of incidents, must be examined 

to determine the best strategy for the development of flooding warnings. Under these 

situations, contemporary remote sensing techniques may be more valuable than 

traditional arrangement. It may be feasible to see rainfall via satellite or radar 

surveillance. River conditions must be monitored in appropriate locations for 

vulnerable areas, but it is critical that these monitoring offer enough lead time because 

the rapidity of inundating at a high rate is also prevalent in dry and semi-arid 

environments [3]. 

 

The emphasis on flood risk, as well as the necessary actions for flood forecasting and 

warning, must be identified via comprehensive investigations. This has recently been 

described by the “Source- Pathway-Receptor” concept, as shown in Figure 2.6. Flood 

hydrology must be understood from the watershed and river system to the “targets.” 

[3]. 

 

 

Figure 2.6: The source-pathway-receptor approach (Hankin et al., 2008) [3]. 
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2.6.4 Selection of appropriate lead times 

The lead time provided by an inundation alert must be sufficient to allow for responsive 

action. The delivery of data from the observation system must be included in the lead 

time, and model prediction turns must be rapid enough to have the information 

accessible in time for predictions to be provided. Figure 2.7 is an example of a trade-

off among the amount of alert time available and the level of precision [3]. 

 

Figure 2.7: The trade-off among alert time and inundation prediction precision for flash flood situations (Wright, 
2001) [3]. 

 

2.7 Available Technological Options  

2.7.1 Artificial Intelligence (AI) based methods 

Even though many parameters need to be manually calibrated in traditional 

hydrological models, they could generate good prediction results by precisely 

modelling the flood formation process. Based on historical data, data-driven models 

can readily achieve the short lead time flood-forecasting as an alternative but its 

performance in long lead time hydrology forecasting is weak. To offset the performance 

gap between these two types of models, a novel hydrology forecasting model has been 
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proposed in this paper and it uses a convolution regression algorithm based on the basic 

principle of flood formation. The impact of rainfall on the flow of the basin section is 

reflected by this model. The output of the model is a series of data rather than a single 

value because it superimposes the effect of unit hourly rainfall on the future n-hour flow 

changes. The factors such as predicting the process of a flood, peak value, and its arrival 

time that is most important in flood forecasting are possible due to that. The flow 

changes are predicted by superimposing the impacts of hourly rainfall on the future 

flow changes which are reflected by the model. As the first step, the work is 

implemented on historical data onto the Xixian River Basin in Henan Province, China. 

The training set of the model is constructed by using the flood process selection 

algorithm proposed in the paper through data filtering. The next step is to update the 

weights of the model using the gradient descent algorithm, and ten flooding events 

generated in the past ten years were used to verify the optimal weights. The most 

significant contributions of this article can be generalized as follows: 

1) The first main contribution of this paper is it proposed a novel convolution 

regression algorithm, derived its closed-form expression, and gave its iterative 

solution by using a machine learning method. Not all samples are required to be 

structurally consistent because of the characteristics of the convolution function. The 

number of inputs and outputs of each sample only need to match the same 

quantitative relationship, and this feature makes sample selection highly flexible, 

since flood processes of varying duration may be chosen to train the model. This 

feature is also relevant in the field of signal processing.  

2) The second contribution is that a flood process selection algorithm is proposed to 

extract the flood processes in historical data. 

3) Finally, the flood forecasting model based on the proposed CRML is validated by 

historical flooding events. The results showed that the model has high accuracy in 

predicting flood peaks and their arrival time. 

This study proposes a flood process selection algorithm based on the sliding window to 

apply the suggested CRML to hydrology forecasting. After using this algorithm, a set 

of samples consisting of flood processes was generated. The convolution coefficients 

are obtained after several rounds of iterations with reasonable parameters. Finally, the 

hydrology forecasting model based on the CRML was verified by 10 flood events, the 

result shows that it has high accuracy in flood peak and its arrival time and complies 
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with the requirements of hydrology forecasting. The hydrology forecasting model 

based on CRML can effectively predict short and long lead-time floods due to its 

physical meaning. The key difference of the proposed model to previous work is that 

this model does not need to calibrate complex parameters compared with the traditional 

hydrological forecasting models, but only needs to learn convolution coefficients from 

historical data. This greatly simplifies the flood forecasting work and improves the 

forecasting efficiency. Meanwhile, this model could predict flood processes directly by 

using the rainfall data and the trained convolution coefficients without more complex 

calculations and has a good effect in long lead-time flood forecasting.  

Finally, the numerical results show that the qualified rates of the model in predicting 

flood peak flow and its arrival time are approximately 90% and 100%, respectively. 

Compared with the latest popular artificial intelligence schemes, the model structure is 

clear and concise. And, when coupled with the physical meaning of the traditional 

model and machine learning technology, the model can perform the work of long and 

short lead time hydrological forecasting with accuracy. In addition to uncontrollable 

factors such as manual intervention, rainfall forecasting errors, etc., data processing 

methods such as quadratic interpolation, smoothing, and other model errors, etc. will 

affect the result of the model. Therefore, further work needs to be done in the processing 

and extraction of data. Future study will begin with a quantitative examination of 

historical data, followed by the development of more scientific and effective 

experimental procedures and the determination of model parameters. The future work 

will also investigate the combination of advanced communication technology with 

artificial intelligence, to introduce real-time flooding measurement monitoring, 

intelligent parameters filtering, and adaptive model selection, into flood forecasting as 

well as controlling. [15] 

 

The extreme learning machine (ELM), a well-known single-layer feedforward neural 

network, has been widely utilized to handle regression and classification issues due to 

its satisfactory generalization ability and search rate. However, because to the random 

assignment of network parameters, the conventional ELM approach frequently falls 

into second-best solutions with a high likelihood. To overcome this problem, this article 

aims at developing a hybrid model for monthly runoff time series forecasting. The study 

area is Semarang city of Indonesia in Java. In the hybrid approach, an effective swarm 
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intelligence method, grey wolf optimizer (GWO), is used to optimize the ELM 

method’s input-hidden weights and hidden biases, and the Moore-Penrose generalized 

inverse method is used to find the hidden-output weights. It can be found that the 

traditional ANN model provides the worst results among all the considered models, 

which proves the modelling difficulty of nonlinear monthly streamflow time series. 

Besides, three other methods produce different results while the results of the standard 

ELM and SVM model are inferior to the proposed ELM-GWO model at both the 

training and testing stage, demonstrating the feasibility of swarm intelligence in 

optimizing the model parameters. For instance, compared with the ANN, ELM, and 

SVM models at the training phase, the ELM-GWO method can make about 25.6%, 

20.1%, and 19.8% improvements in the RMSE value, and about 37.9%, 33.7%, and 

37.7% improvements in the MAPE value; at the testing phase, the improvements in the 

R-value are close to about 7.4%, 5.9%, and 6.4% while the improvements in the CE 

value are about 15.0%, 11.0%, and 12.2%. Thus, the proposed method proves to be an 

effective method for monthly hydrological forecasting. In the future, numerous 

interesting research directions can be considered: One is to assess the viability of 

recently updated GWO versions in which the algorithm’s swarm diversity and global 

search capabilities are boosted by hybrid techniques such as parallel computing, local 

search, and chaotic mutations. Besides, the other is to design more effective initial 

modules that can enhance the network compactness of the extreme learning machine; 

while the last one is to explore the feasibility of ELM-GWO method in various time-

scaled hydrologic forecasting for Three Gorges and other reservoirs around the world. 

[16] 

 

The Baliqlu Chai Watershed is a study region in Iran’s Ardabil province, having an area 

of 1036 km2 and an average rainfall of 280.9 mm. Mismanagement of water resources 

has been a problem in the area. Runoff increases when vegetation degrades, which can 

pose issues. Thus, predicting runoff over the next several years can aid in water resource 

management. The application of SWAT and ANN models for estimating runoff has 

been studied in this work, as has been done in previous studies. The key idea and 

distinction in this study is that an optimum neural network using SWAT and ANN 

models is utilized to produce more accurate runoff forecast results by minimizing 

constraints and errors. The research also improves the basic optimization algorithm to 
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resolve the algorithm in terms of premature convergence. This study will be conducted 

to help spread the research to different regions of the world in a region different from 

other regions. In this study, the use of the SWAT and ANN models and an improved 

model of a metaheuristic were employed for resolving the explained shortcoming. The 

method of optimization is based on a Mutated model of the Whale Optimization 

Algorithm (MWOA) that enhances the expected results by reducing the error in the 

ANN. First, the runoff estimated by the SWAT model, for this purpose, is used of 30 

years of statistical data for the calibration and validation model. The ANN was fed 

simulated runoff, which was then assessed, and the MLP/MWOA method was utilized 

to enhance the accuracy of the projected runoff. The findings demonstrate that the 

points distribution in the SWAT-MLP/MWOA model is smaller and has the best linear 

fit, according to the regression model. The results of statistical indices revealed that the 

SWAT-ANN outperformed the SWAT model, with R2=0.80, RMSE=1.61, NSE=0.79, 

and RE=-0.11. However, the SWAT-MLP/WOA model has R2=0.84, RMSE=1.42, 

NSE=0.81, and RE=-0.09, making it the best model for runoff prediction. For future 

study, a runoff forecast can be conducted using the K-Nearest Neighbour (KNN) and 

fuzzy meta-heuristic method. Also, in other applied models, the impact of the upstream 

watershed can be investigated by raising or reducing the coefficients of the valid model 

equation. [17] 

 

Two spatiotemporal predictive stream-flow tasks from the Yangtze River’s main 

channel and tributaries are assessed. Recent advancements in stream-flow prediction 

utilizing Recurrent Neural Networks (RNN) or Long Short-Term Memory (LSTM) 

have sparked interest in their application in hydrology. Predicting hydrological time 

series is of great importance but is very challenging as it is influenced by many complex 

factors such as dynamic spatiotemporal feature correlation and nonlinear 

meteorological-hydrological. In this regard, a framework based on dynamic 

spatiotemporal attention (DSTA) was suggested to forecast the streamflow of a 

hydrological station over a period of several days. It is divided into three major 

modules: a spatial module, a temporal module, and a trend input module. This paper 

proposes a deep learning model that focuses on the attention mechanism of 

spatiotemporal flow forecasting features and brings about improved prediction 

accuracy. Provide three main contributions as listed below. (1) Propose a new Dynamic 

Spatiotemporal Attention (DSTA) framework, which contains two types of attention 
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modules: temporal attention learned by the same monitoring station input features for 

temporal correlation, and spatial attention learned by different monitoring station input 

features for spatial correlation. (2) The decoder of the framework has an additional 

consideration for the impact of future factors of input to provide a trending direction 

for the output. (3) Conducted extensive experiments on the research watershed, 

including the upper, middle, and lower reaches of the Yangtze River. The experimental 

results show that the method is significantly improved compared with the existing 

methods and reveal the contribution of all input features. Experiments on real data sets 

from four watersheds in the Yangtze River’s main channel demonstrated that the 

method outperforms the six baseline methods. Experiments demonstrate that the 

spatiotemporal attention model framework may greatly improve the standard LSTM 

model and the generic Attention-LSTM model when tested in four watersheds. In terms 

of three measures, the model also achieves the best predictive performance for all 

baselines (MAE, RMSE, and R2). In the future, the approach could be expanded to 

cover both long-term and real-time flood predictions. Furthermore, the spatiotemporal 

attention model could be used to investigate more complex flood forecasting problems 

in small and medium watersheds. [18] 

 

2.7.2 Sensors and Gauges-based measurement 

In the study, a novel approach for detecting flooding levels is developed, which requires 

no additional equipment and hence no installation or maintenance expenses. 

Smartphone sensors have captured the stride features in various flooding levels, which 

are subsequently utilized to categorize flooding levels. To do this, 12 volunteers took 

smartphone sensor readings in pools of varying depths, which were then used to train 

machine learning models in a supervised way. Support vector machines, random 

forests, and I Bayes models have all been tried, with support vector machines 

outperforming the others with a classification accuracy of 99.45 percent. Further 

analysis of the most relevant characteristics of the gait in different water levels was 

easily distinguished using accelerometer and gyroscope readings and was using to 

identify flooding levels. Random forest, SVM, and NB classifiers were attempted to 

predict the flooding level, of which SVM performed best with 99.45% accuracy. The 

most relevant features for classification match the intuitive understanding of gait in 

different flooding levels. In future work, other models for classification like kNN, 
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CNN, deep belief networks, or HMMs may be attempted. Features for classification 

agree with the intuition of gait characteristics in different depths. In this work, 

prediction of flooding-level, which could be one of four values, has been performed, 

and this is a classification problem. It may alternatively be treated as a regression 

problem, and flooding level may be predicted as a continuous value; this would require 

data from all flooding levels. To take full advantage of smartphone sensors, the authors 

believe that a body position-independent mechanism should be used; further, flooding 

level detection should automatically be triggered without user involvement. A 

combination of the above two features would enable flooding data to be automatically 

transferred to the central server, leading to the generation of a ‘flood map’ of the 

locality. For this approach to be feasible, continuous mobile sensing, and energy-

efficient mechanisms on the lines should be used. Another interesting research direction 

would be the classification of flooding levels using sensor signals picked up from 

vehicles moving on flooded roads. [19] 

 

2.7.3 Radar and Satellite-based observation  

The goal of this research is to explain the mechanism of the floods that occurred in the 

Keçidere basin in 2009. The major data sources in this study were discharge data from 

1981 to 2009, digital elevation model (DEM), satellite photos, and field investigations. 

LPT3 was applied to 29-year maximum flow data to generate flood return periods 

ranging from 2, 5, 50, 100, 200, 500, and 1000 years. The DEM was produced in 

geographical information systems using 1:25,000 topographic contours and Topo to 

Raster interpolation methods (GIS). For hydraulic modelling, high-resolution satellite 

photos were used to digitize land use and certain geometric data. One-dimensional 

hydraulic modelling using HEC-RAS was used to simulate the 2009 flash flood event 

and different return periods flow data. In the last step, the simulation and field work 

outcomes were compared based on fit statistics and mean absolute error in terms of 

extent and depth. The outcome of an examination of water extent and depth features 

recorded during the greatest flow ever measured in the basin overlapped with a 500-

year inundation extent. Overall, the study’s findings show that GIS is an excellent 

environment for flood plain mapping and analysis. 
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The possible flow values and ranges of each river must be estimated based on changes 

in precipitation characteristics in recent years. Inundation hazards must be illustrated 

using inundation extents acquired. Keçidere, which was improved based on the 

estuary’s 25-year inundation volumetric flow rate of 110 m3/s, is also used for irrigation 

in the Gönen irrigation region. As a result, the bed improvement plan must be revised 

to account for the reduction in efficiency that would result from the covering of 

agricultural areas that were opened to irrigate farming with sediments brought by 

inundations. A high resolution and precise DEM are necessary to prepare river hydro-

geometry and terrain topography for accurate estimation of inundation area extent and 

flood depth, which are the most important parameters for flood hazard mapping. The 

inundation area obtained by flood flow simulation could not be verified by comparing 

it with the actual flooded area derived from satellite images due to the non-availability 

of satellite data during the flooding. However, the study reveals that micro-topography 

is not important when the 500-year flood event occurs in the narrow floodplain 

environment. Also, it shows, some signatures of the real flood event after the flooding 

can be used as a benchmark to understand the flood magnitude and characteristics. [20] 

 

During recent years, Geographic Information Systems (GIS) as a powerful tool have 

had a tremendous impact on research techniques in the realm of geography and spatial 

analysis. The integrative ability of GIS to capture, store, manipulate, analyse, manage, 

and finally present all types of geographical spatial data, has drawn much attention to 

it. Water Resources Engineering as an interdisciplinary field requires modelling and 

analysing data with different spatial resolutions. Therefore, GIS could be utilized as a 

suitable tool for solving water resources problems from local to global scale. This study 

attempts to offer a broader scheme of the benefits of GIS applications in water 

resources, with a focus on hydrological modelling. The primary rationale for combining 

GIS and hydrological modelling is briefly explained, and several tools are provided. 

Also, various examples of GIS applications are presented to create a better 

understanding. Case studies such as the Wadi Madoneh Basin in Jordan, Kuronagi 

River in Japan, and San Antonio River Basin in Central Texas, USA, are presented. The 

strong agreement between the findings of a very simple GIS model and observations in 

examples such as Kuronagi River and Wadi Madoneh suggests that GIS applications in 



36 
 

hydrological modelling have a bright future. Finally, the advantages of using GIS in the 

field are explored and summarized. 

 

GIS (and GIS-based models) might be useful for many hydrological modelling tasks 

such as rainfall-runoff. A GIS-based model, for example, can be used to calculate runoff 

or flood in a specific location. For that model one can set parameters such as soil type, 

topography, vegetation, and so on (which are not changing throughout time rapidly) 

and then calibrate them based on historical time series. The calibrated model, afterward, 

could project new data (e.g., flood movement) for different scenarios of future climate 

and climate change. Using such models in a fairly user-friendly environment of GIS, 

one can get rid of dealing with lots of equations and calculations of different parameters. 

Engaging such models, the modification and updating of the model parameters (data 

sets) would be easy and straight forward and the user is not dealing with equations but 

the visualized results that could enhance the perception and understanding of different 

plausible scenarios. It should be noted that the user has to be qualified and aware of the 

algorithms and mathematical functions behind different commands and operations in 

the GIS. Lack of sufficient knowledge could lead to a misleading and incorrect solution 

for the working issue. GIS-based hydrologic models can give a spatial component that 

conventional hydrologic models lack. This might be accomplished by analysing 

characteristics such as slope, aspect, and watershed or catchment area. Because water 

constantly flows down a slope, topography analysis is essential in hydrology. DEMs 

are particularly useful for hydrological assessments since fundamental terrain analysis 

of a DEM includes calculating slope and aspect. 

Another advantage of using GIS-based approaches in hydrological modelling is the 

ability to combine different layers of geographic data to generate new integrated 

information that can be used to create dependent or independent hydrological variables, 

such as generating evaporation from temperature and relative humidity (RH). 

Temperature and RH may be kept as dependent variables in distinct layers, and the 

combination of these two layers could produce the evaporation layer. It should be noted 

that combining different layers needs all the sources to be projected into the same 

coordinate system and scale. Moreover, users should be aware of different operations 

for combining layers otherwise the generated information could be far from reality or 

might not be the wanted information. 
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The final stage of every research, i.e., the presentation of results, might be of less 

importance to many researchers. In most cases, however, both classification and 

presentation of results could be a serious challenge due to the huge amount of spatial 

information as the outcome. In some cases, poor presentation of the results could 

become even misleading and could lead to misinterpretations. A well-structured 

representation of results will enhance the possibility of better understanding and 

obtaining a perception closer to reality. GIS as a smart map and through different 

generalizations, for example, simplification and symbolization, and with the aid of 

different visualization methods could produce efficient maps and figures which are not 

only comprehensive but also easy to understand and comfortable for future alterations. 

[21] 

 

2.7.4 Other modelling methods 

The Brahmani-Baitarni River basin is the second-largest drainage basin in Odisha, 

behind the Mahanadi basin. The Koel River basin, a sub-basin of the Brahmani-Baitarni 

River basin, was chosen as the research region for the implementation of the GIUH 

method in the current study. To provide an effective solution technique for producing 

the geomorphologic transfer function (GIUH) and then construct the geomorphologic 

unit hydrograph (GUH) for the Koel River basin using Horton’s ratios. This research 

included geomorphological inquiry and the creation of GUH for the Indian Koel River 

basin. The primary goal of this article is to create a GUH for the Koel River basin to 

estimate flood hydrographs. GUH was calculated for the Sankha River basin in India 

to evaluate the accuracy of the GIUH approach. The comparison of the calculated GUH 

with the observed UH shows that the suggested technique is appropriate and efficient 

for the derivation of UH. The second instance illustrates the use of the GIUH approach 

to calculate GUH for the Koel River basin. The resulting GUH with a dynamic flow 

velocity of 0.90 m/s (37 pprox.) agrees better with the SUH produced using the CWC 

method. Because the CWC method is independent of climatic parameters (i.e., dynamic 

flow velocity) and geomorphologic factors other than slope, drainage area, and length 

of the mainline, the resultant UH may have a larger computational error. As a result, 

the GUH-based method will outperform the CWC technique. Finally, it should be noted 

that the proposed technique will aid engineers in the correct estimate of flood 

hydrographs as well as the modelling of pollution transport. Aside from that, the given 
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approach is both cost-effective and accurate for estimating the GUH and flood 

hydrograph for an ungauged catchment, as it just requires the catchment’s DEM, which 

is freely available from the SRTM source. [22] 

 

2.7.5 Integrated methods 

The study intends to use GIS spatial analysis functions, data from hydrometric and rain 

gauge stations, satellite images, and thematic data layers in the form of an Artificial 

Neural Network Algorithm for the prediction of discharge values and spatial modelling 

of floods in the Kan River Basin, which is in Tehran province. An optimal artificial 

neural network with seven inputs, including slope, slope curvature, flow accumulation, 

NDVI, geological units, soil type, and rainfall data, was created and built, along with 

eight, sixteen, and one neuron for the first, second, and output hidden layers, 

respectively. The neural network produced discharge values in stations as its output. In 

flood modelling, the ANN approach has one of the greatest correlations and lowest 

RMSE. Precision metrics like R2, RMSE, and MAE were utilized to demonstrate the 

effectiveness of the suggested model, yielding values of 0.82, 0.18, and 0.13, 

respectively. The current study shown that combining a GIS spatial analysis function 

with a neural network algorithm is one of the most effective ways for predicting the 

possibility of natural catastrophes such as floods. The current study's findings can be 

used to improve environmental management at the local level in future environmental 

planning [23]. 

 

The research area consists of small watersheds (O[25 km2]) in southern California's 

mountain areas. This article investigates variations in flash flood incidence caused by 

anticipated climate change in southern California. The methodology combines aspects 

of meteorological modelling, hydrology, and geomorphology into an integrated 

modelling approach to describe flash flood occurrence on a regional scale with high 

spatial and temporal resolution suitable for flash flooding. To drive simulations for 

historical and future eras, a single climate model with three-dimensional atmospheric 

information was utilized as input. The research region's flash flood incidence has 

increased, according to the findings. The increase in flash flood occurrence frequency 

is on average between 30% and 40% for the two distributed hydrologic models used. 

The occurrence of regional flash floods is characterized by close saturation of the upper 
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soil layer and larger variations in lower soil layer saturation and precipitation. Overall, 

there was a decline in the overall number of precipitation events, but with greater 

precipitation intensity, longer event length, and higher soil saturation levels during the 

twenty-first century. This combination may indicate more dangerous circumstances, 

with fewer precipitation episodes but higher rainfall intensity and over soils with higher 

initial soil moisture saturation, resulting in more frequent flash floods. A lucrative next 

step would be to investigate variations in evapotranspiration caused by changes in 

surface temperature (a more consistent signal across climate models than changes in 

precipitation). A variable variation in evapotranspiration demand might be included. 

Another intriguing extension would be to look at not only the prevalence of flash floods 

but also anticipated changes and regional differences in larger-scale soil moisture 

throughout the region [24]. 

 

After reviewing different technologies GIS technology was selected as the preferred 

technology to carry out the project which is justified further by the following literature 

review. 

 

2.8 Geographic Information Systems (GIS) 

GIS is said to have originated in the 1960s with Roger Tomlinson’s Canadian natural 

resource inventory computer software [25]. GIS have gained much importance as a tool 

for understanding and dealing with the world’s critical challenges of water and 

associated resource management. GIS ideas and technology assist us in collecting and 

organizing data regarding such challenges, as well as understanding their spatial 

linkages [11]. Database systems offer complete tools for storing, retrieving, presenting, 

and modifying data that is critical to decision-making. The geographic database (or 

geographic information system-GIS) conveys information about essential spatial 

features such as points, lines, and polygons in a tabular format [26]. 

  

There are numerous stratagems for coupling ecological models to GIS, ranging from 

loose couplings in which data is moved among models and GIS, each with distinct 

database management abilities and systems, to tight couplings in which data 

management in the GIS and model is integrated and they share the same database. The 

Arc Hydro data model can easily represent the watershed in the GIS, which improves 
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the connection between the GIS and the watershed model. Arc Hydro created a data 

structure that includes the catchment area, cross section, measurement point, and time 

series that correspond to the underlying physical catchment area. It also establishes data 

links so that the catchment area of the river knows which point represents its outflow, 

or the measurement point knows the time series record of that location [14][25]. 

 

Geographic Information System concepts and technologies are widely used in water 

resources planning and design, changing the implementation of these operations. We 

are living in an era where natural resources are increasingly scarce, and the influence 

of human activities is everywhere. In this case, it is necessary to use the best available 

technology to define the environment, predict the impact and identify measures to 

reduce the impact and improve sustainability. GIS technology, tools and processes 

provide significant advantages for resource inventory, modelling, decision-making, and 

communication with relevant agencies and data subjects [11]. 

 

GIS displays information in the form of maps and feature symbols and is linked to a 

database that provides attribute data about features. The map provides information 

about where the objects are, what they are, and how they are linked. GIS can also 

provide tabular reports on map elements, list all content connected on the network, and 

simulate river flow, travel time, and pollution distribution. GIS is a computerized 

information system that can collect, model, modify, query, analyse and display 

geographic data. This is a common description that does not highlight the role of GIS 

as an integrator of data management operations and decision support in the 

organization. The broader view is that the goal of GIS is to provide a framework to 

support decisions about how to use the earth’s resources intelligently and manage 

established and natural ecosystems [11]. 

 

2.8.1 Water resources engineering applications of GIS 

GIS provides an integrated data and modelling environment for these operations. GIS 

is a tool for collecting and archiving environmental data. Location, distance, and flow 

measurements from various devices are usually processed in digital form and quickly 

integrated into a geographic database. GIS can be used to support data processing, 

synthesis, and modelling operations, and can retain analysis results. The spatial and 
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attribute information from the GIS can then be used to generate reports and maps, 

usually interactively, to help make decisions about which design decisions are best and 

what impact they will have. Maps are also an effective communication tool; therefore, 

this information can be displayed in public forums so that those interested in planning 

and design decisions can better understand and participate [11]. 

 

In water management planning and design, maps of different sizes are usually used, and 

documents are created in map format. For example, in watershed research, the map 

scale usually spans part of a province, and spans multiple counties and other units. River 

drainage land with topography, geology (including soil type), vegetation, and 

hydrological characteristics. Cities and man-made facilities are scattered along the 

banks of the river and throughout the basin, connected by a network of transportation 

and pipelines [11]. 

 

All these data sets must be developed in a similar geo-referenced framework so that 

theme overlays and feature coincidences may be detected during the planning and 

design process. All this data is managed using GIS. It gives a complete method for 

processing data that would be impossible to do manually. Because there may be many 

thousands of features with a location, associated characteristics, and relationships with 

other features, the huge quantity of data involved necessitates the use of a GIS. The GIS 

allows for the capture and preservation of this data, as well as the reading and evaluation 

of the data in color-coded map forms. This data-review capability aids quality control 

by making mistakes more visible. Furthermore, visualization allows the viewer to 

acquire a deeper grasp of patterns and trends in the data in a way that would be 

impossible if the data were just in tabular format. The GIS also has analytical 

capabilities. Computer software can access the information and utilize it as input to 

various modelling methods to create derived products [11]. 

 

Geographic information systems (GIS) have grown in importance as a tool for 

understanding and dealing with the world’s critical challenges of water and associated 

resource management. GIS ideas and technology assist us in collecting and organizing 

data regarding such challenges, as well as understanding their spatial linkages. GIS 

analytical skills enable the modelling and synthesis of information that contributes to 

the support of resource management choices at a variety of measures, from regional to 
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international. A GIS also allows for the visualization of resource attributes, which 

improves knowledge in assistance of decision making [11]. 

 

The study of geospatial data is an important part of disaster management decision-

making and planning. GIS software, such as ArcGIS, offers extensive analytical and 

mapping capabilities. We can now gather and store vast volumes of geographical data 

because to advances in technology. The data formats differ greatly, and analysis 

necessitates several iterations. These features need the use of computer programming 

to investigate this data [27]. 

 

Esri fully embraces Python for: 

1. Data analysis 

2. Data conversion 

3. Data management 

4. Map automation [28] 

 

Table 2.3: Latest remote sensing technology and sensors are used for water resources, hydrological fluxes, 

drought, and flood mapping [16]. 

 

GIS (and GIS-based models) can be useful for many hydrological modeling tasks, such 

as rainfall runoff. For example, a GIS-based model can be used to calculate runoff or 

flooding at a specific location. Properties such as soil type, topography, vegetation, etc. 

(which do not change rapidly over time) can be defined for this model and then 

calibrated using historical time series. The calibrated model can then project new data 

(e.g., flood movements) for various future temperature and climate change scenarios. 
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If these models are used in a reasonably user-friendly GIS environment, they can cope 

with many equations and multi-parameter calculations [30]. Table 2.3 lists the latest 

remote sensing technologies and sensors used for water resources, hydrological rivers, 

droughts, and flood mapping. 

 

When using such models, changing, and updating the model constraints (data sets) is 

simple and straightforward, and the user is not dealing with equations but with visible 

outcomes that can improve insight and comprehension of many probable situations. It 

should be emphasized that the user must be certified and knowledgeable about the 

algorithms and statistical functions that underpin the various commands and operations 

in the GIS. Inadequate information may result in a deceptive and inaccurate result to 

the operating problem [21]. 
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2.9 Present Flood Management Systems in Sri Lanka 

During the British period, many types of land and water management laws were 

promulgated from time to time, such as the Crown Land Ordinance, Land Development 

Ordinance, Irrigation Ordinance, and Wastelands Ordinance. During the British era, 

institutions such as the Department of Irrigation, the Kachcheri System of Government 

Agents, and the Land Commission were established for general administration, 

agricultural crop production, and land and water resource management [41]. 

 

There have been programs to develop irrigation infrastructure since gaining 

independence from the British in 1948. Senanayaka Samudraya, Mahaweli 

Development projects were some of the major water resources development projects 

undertaken. Flood protection, hydroelectric power generation and domestic water 

supply were substantial benefits gained by these projects apart from the impact on 

agriculture [1]. 

 

The deadliest and most common forms of disasters in Sri Lanka are landslides, floods, 

and droughts and landslides have direct implications on flooding. Inadequate 

regulations on impact evaluations make it difficult to accurately assess losses [1]. In 

figure 2.8, disaster occurrence from year 1990 to 2018 in Sri Lanka is given as a pie 

chart and from the chart it is very clear that flood is the most common form of disaster 

in Sri Lanka. 

Figure 2.8: Disaster Occurrence 1990-2018 [31]. 
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Structural measures or innovations in reservoirs and flood protection infrastructures, 

non-structural measures against disasters such as early warning systems, guidelines and 

practical rules based on research studies can be used as management tools against 

extreme events [1]. 

 

Barriers to the development of efficient and effective emergency response programs 

include:  

• Inadequate data sharing mechanisms.  

• Inadequate data storage and distribution resources.  

• Lack of consistent obligations and lack of communication between 

organizations. 

• Weaknesses and inadequacy of early warning systems. [1] 

 

Floods are the only natural disaster that has a law that is the flood protection ordinance 

No. 20 of 1931 implemented by the irrigation department [1]. 

 

Following are the four main phases of disaster management covered by the National 

Disaster Management plan prepared in 1999 by the Ministry of Social Services: 

 

In 2005, the Sri Lankan government took important steps to strengthen legal and 

institutional arrangements for disaster risk management, largely building on the 

experience of the 2004 tsunami [7]. 

 

To create the legal basis for disaster risk reduction in the country, the Sri Lanka Disaster 

Management Law No. 13 of 2005 was enacted. The establishment of the Disaster 

Management Center (DMC) under the National Council for Disaster Management 

(NCDM), a high-level inter-ministerial body led by His Excellency the President was 

envisaged. DMC is the supreme body for planning, coordinating, and implementing 
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relevant measures to contain certain forms of natural and other disasters. The 

development of such plans is required under the Sri Lanka Disaster Management Act 

and the National Disaster Management Policy. [7]. There are District Disaster 

Management Coordination Units (DDMCU) as the central point of contact at the 

district, division, municipal and Grama Niladhari levels for the coordination of the 

response, as well as the management and dissemination in emergencies [1]. 

 

The water-related components of the National Policy Framework have been outlined in 

the Central Bank of Sri Lanka – 2005 as follows: “Disaster management is recognised 

as a priority issue. The adverse impact on the economy by natural disasters underlines 

the necessity for national disaster avoidance and management strategies to address the 

issue.” [1] 

 

2.9.1 Floods in Sri Lanka 

2.9.1.1 Flood types 

Floods are most severe in the Wet Zone of the country from May to July, and in the 

Dry Zone from November to January. The country is mostly affected by three types of 

floods: 

1. Riverine floods are another term for river flooding. When a river reaches the flood 

stage, the water can rise and overflow the banks of the river (Nearly 25 rivers are 

vulnerable to flooding) 

2. Urban floods are floods that occur over a short period and can inundate a region with 

several feet of water. (Mainly due to intense rainfall) 

3. Reservoir Induced floods are defined as floods that happen downstream of a 

reservoir owing to reservoir spilling during heavy rains or due to dam breach. 

(Around 100 major/medium reservoirs) [7] 

 

2.9.1.2 Area prone to flood 

Of the 103 watersheds, 16 were classified as critical for flood protection and prevention 

because they are more than 100 kilometers long and have a catchment area of 1,000 

square kilometers or more. The catchment areas identified as critical are in places where 

rapid development has led to the loss of surrounding forests and permeable areas. As a 
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result, surface runoff has increased, causing more water to flow into the ocean than is 

used. This event has the potential to cause flooding, flood a vast region, and cause 

significant agricultural and property damage [7]. The names of the major designated 

watersheds are listed below: 

 

2.9.1.3 Damage from floods 

Table 2.4 illustrates damage from natural disasters in Sri Lanka from 1957 to 2003.   

 

 

 

 

 

 

 

 

 

 

Table 2.4: Natural disasters in Sri Lanka from 1957 to 2003 [5]. 
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Damage due to various disasters in year 2015 is in table 2.5, in year 2016 is in table 2.6 

and in year 2017 is in table 2.7. Damages caused by disasters from year 1990 to 2018 

in Sri Lanka is illustrated as a pie chart in figure 2.9.  

 

 

 

 

 

From these charts and tables, it is clear that how much lives, property and infrastructure 

are damaged by various disasters in Sri Lanka and how much money that should spent 

on recovering those losses, but lost lives are irrevocable.  

  

Figure 2.9: Damages caused by disasters between 
1990-2018 in Sri Lanka [31]. 

Table 2.6: Damage in 2016 [5]. Table 2.5: Damage in 2015 [5]. 

Table 2.7: Damage in 2017 [5]. 
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2.9.2 Early warning process 

Weather information for decision-making is provided mainly by the Department of 

Meteorology, which is responsible for weather forecasting in Sri Lanka. For some 

stations, it has records of rainfall for more than 150 years. Network of 37 automatic 

weather stations (AWS) which update every 10 minutes are maintained by the 

department at present. And this data is shared among key organisations like the 

Irrigation Department, Mahaweli Authority Sri Lanka (MASL), Agricultural 

department, National Building Research Organisation (NBRO), Fisheries department, 

Coast Conservation Department, and Ceylon Electricity Board (CEB), etc. as required 

[7].  

 

In addition, weather stations are maintained by some of these departments. The 

Irrigation Department presently operates 32 permanent river gauging stations at 

strategic sites throughout the country's rivers and reservoirs. To guarantee a rapid flow 

of information, it updates its weather stations to 122 automatic weather stations, as it 

oversees forecasting floods and early warning of the population for self-protection and 

evacuation in the event of flooding of rivers or reservoirs. The irrigation department 

updates the reservoir levels daily, with more frequent entries during times when the 

reservoirs are at or near full capacity. These sites' water levels and rainfall data are 

currently being sent online. Close collaboration with the Metrological Department 

allows for the establishment of a credible forecasting regime. The same occurs with 

MASL and CEB in the reservoirs managed by them [7]. 

 

The river gauges were calibrated relative to the flood status in the respective flood area 

as follows: 
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These are the authorities in charge of providing early warning in the event of certain 

catastrophes (table 2.8): 

Table 2.8: Authorities in charge of early warning for different disasters [8][29]. 

Disaster Responsible Agency for Early 

Warning 

Cyclones and heavy rainfall/strong 

winds 

Department of Meteorology 

Floods Irrigation Department 

Landslides National Building Research 

Organization 

Tsunami Department of Meteorology (with the 

consultation of Geological Survey and 

Mines Bureau) 

Earthquakes Geological Survey and Mines Bureau 

 

In the event of a flood, only the Kalani river flood warning system can provide an early 

warning. Due to the short travel time of the flood wave that reaches the city of 

Rathnapura in the case of Kalu Ganga, efforts to warn people in the city were 

unsuccessful. In the other basins, there are no adequate warning systems. Flood alerts 

are currently issued in these basins based on rainfall events and past experiences. 

Government Agents/District Secretaries are given such warnings to disseminate among 

those who live in low-lying areas [1]. 

 

Kelani, Kalu, Gin and Nilwala are the most important river basins of the Sri Lankan 

wetlands that are viable for regular flooding. The stages of flow and precipitation of the 

most important stations of these rivers are continuously monitored (3 times a day, also 

on non-working days) by the Colombo Irrigation Department (ID) headquarters. When 

there is heavy rain and the river level is approaching the lower flood level, a special 

flood monitoring unit is installed in the Colombo office to monitor the water level 
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hourly, day, and night until the weather situation improves. All these stations have 

CDMA telephones that are connected to the Colombo office, allowing for real-time 

data transmission. Prior flood warnings are provided by this agency to the appropriate 

authorities, including DMC, so that suitable mitigation or preventative measures may 

be taken [7]. 

 

The Department of Meteorology is consulted for rainfall forecasts for the next 24 hours 

as well as rainfall data from their stations. The data from these gauging stations are 

currently transferred over the phone to the Irrigation Department's Hydrology Branch 

[7]. Satellite products used in forecasting is given in figure 2.10 and numerical weather 

prediction activities in the irrigation department is illustrated in figure 2.11. 

Figure 2.101: Numerical Weather Prediction (NWP) Activities in the ID [8]. 

Figure 2.110: Satellite Products Used in Forecasting [8]. 
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The water levels of all of ID's major reservoirs are monitored daily by Divisional 

Irrigation Engineering division workers and recounted to the District Director and 

Water Management Division in Head Office daily. When a reservoir's water level 

approaches the spill level, procedures are made to carefully observe the reservoir. The 

reservoir data transfer and distribution scheme are as of figure 2.12: [7] 

 

Figure 2.12: Flood Forecasting and Decision Support System of Irrigation Department [7]. 

 

The Director-General and Additional Director General (System Management) of 

Irrigation are directly responsible for the Irrigation Department Flood Monitoring 

Committee. Directors of Irrigation-Asset Management, Hydrology, Water 

Management, and Flood Studies, Drainage, and Disaster Management make up the 

group. The Emergency Operation Room is staffed 24 hours a day, 7 days a week by 

officers from the Flood Monitoring Committee and their representatives [7]. 

 

According to the Early Warning framework, when a disaster is imminent, the technical 

agency accountable for the threat establishes the severity of the disaster, and the 

decision is sent to the Ministry of Disaster Management and the Disaster Management 

Centre's Emergency Operation Centre [7]. Multi-hazard early warning dissemination 

system is illustrated in figure 2.13. 
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Early warning system of Sri Lanka is illustrated in figure 2.14. 

 

 

Figure 2.14: Early Warning System of Sri Lanka [8][29]. 

  

Figure 2.13: Multi-Hazard Early Warning Dissemination System [7]. 
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2.9.2.1 Daily reports issued by the Department of Irrigation to the community 

• River Stages at crucial locations 

• Rainfalls (Catchment Based) 

• Reservoir Status (Through the Irrigation Dept. Website, e-mail and Fax) [8]  

 

 

Sri Lanka Irrigation Department’s hydro information page is as of figure 2.15 and 

online reservoir status link leads to the following dashboard given in figure 2.16. 

Figure 2.15: Irrigation Department Hydro Information [49]. 

Figure 2.16: Daduru Oya Reservoir Status [50]. 



55 
 

Daduru Oya Ridi Bendi Ella station data are as of figure 2.17. 

 

2.9.2.2 Hydro-meteorological network 

Hydro-meteorological network in Sri Lanka is given in table 2.9. 

 

Table 2.9: Hydro-meteorological Network in Sri Lanka [8]. 

Station 

Type 

Number of 

Stations 

Interval of 

Record 

Data Availability 

 

Manual 

System 

35 1 hour Some of the 

stations 

were inundated 

Automated 

System 

160  

 

10 minutes Recently Installed 

 

Figure 2.17: Water Level of Daduru Oya at Ridi Bendi Ella [38]. 
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2.9.2.3 Station distribution   

 

 

Irrigation Department 

Mahaweli Authority 

C. E. B. 

 

Total 160 

 

[8][30] 

Proposed river gauging station distribution in Sri Lanka under Irrigation Department, 

Mahaweli Authority, and Ceylon Electricity Board are as of figure 2.18. And types and 

numbers of hydro-meteorological stations in Sri Lanka are as of figure 2.19. 

 

Figure 2.19: Types and numbers of Hydro-meteorological stations [30]. 

 

 

Figure 2.18 River Gauging Station Distribution 
[8]. 
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Instruments installed in various stations are shown in figure 2.20. 

 

Some of the reservoir stations in Sri Lanka in figure 2.21. 

 

Side looking doppler sites on irrigation canal Galoya is given in figure 2.22. 

 

 

Figure 2.20: Instruments installed [30]. 

Figure 2.21: Reservoir stations [30]. 

Figure 2.22: Side Looking Doppler [30]. 
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2.9.2.4 Forecasting methods 

• Mode of Data Transmission: Satellite transmission and GPRS 

• Input Data: Observed rainfalls in the upper catchments and the discharges at 

upstream river gauging stations. 

• Mathematical Models used: 

MIKE 11 

HEC HMS 

Flood Routing Methods  

• Gaps: The waiting time (between the forecast and the flood) is insufficient to 

evacuate people and valuables from the endangered areas. [8][30] 

 

2.9.2.5 Real-time rainfall data input 

The real-time data input of HEC-HMS model for Kelani River is as of figure 2.23. 

  

  

Figure 2.23: Real Time Rainfall Data Input [8]. 
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2.9.2.6 The theory used in the hydrological model 

 

Figure 2.24 shows the theory used in hydrological model in Irrigation Department of 

Sri Lanka. 

Figure 2.25 shows flood forecasting and reservoir operation in Daduru Oya river. 

 

 

  

Figure 2.24: Theory used in Hydrological model [8]. 

Figure 2.25: Flood Forecasting/ Reservoir Operation in Daduru Oya River [8]. 
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HEC HMS model of Daduru Oya river is depicted in figure 2.26. 

 

Rainfall stations in Daduru Oya basin is given in figure 2.27. 

  

Figure 2.26: HEC HMS model Daduru Oya [8]. 

Figure 2.27: Rainfall stations in Daduru Oya basin [8]. 
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2.9.2.7 Warning methods 

Mainly through the Disaster Management Centre (Publish forecasting levels at gauging 

stations together with areas of having flood risk). Figure 2.28 shows a flood status 

report by the Irrigation Department. 

 

• Directly to the people through the media (television and Radio) by the Disaster 

Management Centre 

• Issue the level of an expected flood (minor, major or critical) with respective 

levels and the time duration. 

• Inundation maps, concerning major floods and above, have been issued to all 

authorities including Disaster Management Centre. They will take action 

accordingly. [8] 

 

  

Figure 2.28: Flood status report by Irrigation Department [8]. 
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2.9.2.8 Inundation mapping 

Following each major flood occurrence, Inundation Area Survey is done, and a map is 

created using Arc GIS to assist flood control officials and the general public in future 

flood situations. figure 2.29 displays inundation map for Kalani river during 2016 major 

flood [8]. 

 

 

  

Figure 2.29: Inundation Map for Kelani Ganga during the previous (2016) major flood [8]. 
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2.9.3 Conclusion 

GIS and GIS-based models could be beneficial for various hydrological models, such 

as stormwater runoff. For example, to calculate runoff or flooding in a certain region, a 

GIS-based model can be set up. For this model, parameters such as soil type, 

topography, vegetation, etc. which do not change rapidly over time, can be set and then 

calibrate them based on historical time series. The calibrated model could then project 

new data (e.g., flood movements) for different future climate and climate change 

scenarios. When these models are used in an easy-to-use GIS environment, many 

equations and multi-parameter calculations can be handled. 

 

Flash Flood Guidance will be extremely useful in improving current flood forecasting 

facilities for Sri Lanka. It will save the lives of people and reduce the damages and loss 

of properties. With gauged data and local expertise, model performance should be 

enhanced even more. Catchment behaviour is influenced not just by soil moisture and 

evaporation, but also by reservoir status and river channel capacity. It is feasible to give 

all important data that is now accessible while also collecting data that is currently 

unavailable. 

 

In the next chapter under methodology could discuss methods that will be used to 

achieve this target.  
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Chapter 3  

Methodology 

3.1 Introduction 

Table 3.1 illustrates the methodology followed when carrying out the project. ‘Review’ 

and ‘Analyse’ parts are done in the Literature Review which is explained in chapter 2. 

‘Gather’ and ‘Collect’ activities as well as the initial steps of the ‘Design’ is explained 

in this chapter and major parts of ‘Design’, ‘Model’ and ‘Forecast’ is explained in 

chapter 4, Implementation. Finally, ‘Evaluate’ activity will be explained in chapter 5, 

Evaluation. 

 

 

 

Evaluate Evaluate the accuracy of the models. 

Forecast
Forecast floods based on weather and geographical 
conditions. 

Model Do water level modelling based on weather conditions. 

Collect
Collect data from different weather stations related to 
Daduru Oya basin. 

Design
Design a method to quantify, rate and integrate above 
factors to get more complete and precise outcomes. 

Review Review flooding and flood prediction. 

Analyse
Analyse different flood management strategies and select 
the best method for the scenario.

Gather
Gather data about the Flooding conditions in Daduru Oya 
basin area and prevailing mitigation methods. 

Table 3.1: Methodology of the project 
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Figure 3.1: Map of Sri Lanka [4]. 

3.2 Study Area 

3.2.1 Topography and climate of Sri Lanka  

Sri Lanka is a humid tropical island staying near to the southeast point of India close to 

the equator with a land area of 65 610 km2 (figure 3.1) [1][4]. With 75m above sea 

level average elevation, a broad first peneplain covers three-quarters of the land. A 

second peneplain soars to 500m. A mountain massif that rises steeply and that reaches 

an elevation of 2500m is formed with a third peneplain towards the south. For 

administrative purposes, the country is divided into nine provinces: Central, Eastern, 

North Central, Northern, North-western, Sabaragamuwa, Southern, Uva, and Western 

[4][31]. 
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Sri Lanka is situated in the path of two monsoons, the southwest, and north-east 

monsoons. High temperatures and monsoonal winds give rise to rainfall patterns with 

spatial and temporal variations. The major share of the annual rainfall in Sri Lanka is 

originated from multiple rainfall types such as monsoonal, convectional, and 

depressional [8]. The mean annual rainfall is 1861 mm, and annual runoff is estimated 

to be around 35% of the annual rainfall. About half of the annual surface runoff is 

carried about by 20 out of 103 rivers in Sri Lanka which are classified as wet zone 

rivers. Building numerous reservoirs and diverting water to the dry zone compensate 

for the unequal distribution due to considerable variations of individual values across 

rivers. According to the ‘International Commission of Large Dams’, 80 dams qualify 

under the major dam category, and it is estimated that there are about 13, 000 man-

made reservoirs in the country. Seven major types of ground water aquifers have been 

identified and groundwater resources are lesser compared to surface water resources. 

7800 MCM per annum is the estimated groundwater potential [1]. 

 

Several agroclimatic regions can be recognized, such as wet zone, intermediate zone, 

dry zone, and arid zone based on rainfall and Sri Lanka’s climatic year can be divided 

into five seasons depending on the rainfall pattern (table 3.2) [4]:  

Table 3.2: Five Seasons in Sri Lanka [4]. 

Season Period Description 

The convectional-

convergence period 

March to mid-April when the island comes under the influence of the 

inter-tropical convergence zone 

The pre-monsoon 

period 

mid-April to late May presents transitional weather patterns, with 

convectional weather gradually being suppressed 

by surges of the southwest monsoon 

The southwest 

monsoon 

late May to late 

September 

brings the largest amount of rainfall to the 

southwest lowlands and windward slopes of the 

central hills. After the rains, dry desiccating 

monsoon winds blow across the north, north 

central, and southeast regions 

The convectional 

cyclonic period 

from late September 

to late November 

begins with the weakening of the southwest 

monsoon. This period can include cyclones and 

may result in heavy rainfall 

The northeast 

monsoon 

November to 

February 

though weak compared to the southwest monsoon, 

brings agriculturally important rainfall to the 

northern and eastern parts of the island 
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Rainfall is the only source of useful precipitation, its uneven distribution largely due to 

two monsoons and the orographic influence of the central mountain region. Local 

thunderstorms during the transition period between the monsoons and convection 

effects from depressions in the Bay of Bengal are causes for some of the rains. In 

October – November which is the inter monsoon periods that have most favourable 

conditions due to tropical cyclones approaching from the Bay of Bengal, there is heavy 

rainfall, which could be expected during either monsoon periods as well and their 

contribution to the total volume of rain during these events is significant (figure 3.2 and 

3.3) [1]. 

 

The mean annual temperature is about 27ºC in the lowlands and 15ºC in the central 

highlands. The temperature decreases with increasing altitude, approximately 2ºC per 

300 m of elevation [4]. 

Figure 3.3: Distribution of Mean Annual Rainfall [4] [9]. 

Figure 3.2: Seasonal Rainfall Distribution of Sri Lanka [9][10]. 
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3.2.2 Water sources  

 

The radial network of rivers in Sri Lanka originates in the middle highlands. There are 

around 103 different river basins that span 90 percent of the island as depicted in figure 

3.4. The majority of Sri Lanka's river basins are small. Only 17 of the 103 basins are 

larger than 1000 km2. Aside from the Mahaweli basin, four others are larger than 2 500 

Figure 3.4: River basins of Sri Lanka [1]. 
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km2. Sri Lanka's total runoff is estimated to be 52 km3/year. Annual runoff estimates 

with 75 and 50 percent dependable rainfall are 42 and 49 km3, respectively [1]. 

 

Internal renewable groundwater resources are projected to be 7.8 km3, with the majority 

(about 7 km3/year) returning to river systems and being included in the estimate for 

surface water resources. As a result, the total renewable water resources are projected 

to be 52.8 km3/year as given in figure 3.5 [1]. 

 

Most studies on water scarcity assessment classify Sri Lanka as having little or no water 

shortage or moderate water scarcity, however they do not consider the geographical and 

temporal fluctuation of water availability. The bi-monsoonal climate pattern causes 

significant seasonal and regional variability in rainfall in Sri Lanka (northeast monsoon 

from October to March and southwest monsoon from April to September) [1].   

 

3.2.3 General information on the Daduru Oya basin  

Daduru Oya is considered in the category of both monsoonal basins even though it is 

not strictly a bi-monsoonal river that is 142 km long [1]. The main water source in the 

basin is the Daduru Oya river, which originates on the eastern border of the central 

province. It flows through the districts of Kurunegala and Puttalam before entering the 

sea in Chilaw. The river's mainstream is approximately 115 kilometres long, and the 

river consists of nine branches. The basin covers around 2,600 square kilometres, with 

3% in the Central Province (Kandy and Matale districts) and the rest in the North-

western Province (88 percent in Kurunegala and 9 percent in Puttalam districts) [32]. 

 

The Daduru Oya river basin's only source of water is rainfall because there are no trans 

basin diversions to the Daduru Oya basin. Direct rainfall, streamflow consisting of 

Figure 3.5: Renewable freshwater resources of Sri Lanka [1]. 
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direct runoff, baseflow or groundwater discharge, surface water storage in reservoirs, 

and groundwater storage all assist water consumers in this basin. From September 

through December, the basin area receives monthly rainfall ranging from 108 mm to 

280 mm on average and this main agriculture season in the country is known as the 

‘Maha’ (wet) season. The ‘Yala’ (dry) season lasts from March to June and is marked 

by minimal rainfall (table 3.3). The basin region is divided into two climatic zones: wet 

and intermediate, as well as their subdivisions (figure 3.6). The amount of rain that falls 

in these three zones varies greatly. The wet zone of the basin's upper watershed 

generates runoff, which falls into the basin's bottom section (table 3.4)[32]. From year 

1992 to 2003 at Chilaw station, the average annual rainfall is 1611 mm, average annual 

runoff is 947 mm, average annual runoff to rainfall ratio is 59% and three rainfall 

stations were used for averaging [1]. 

  

 

 

Table 3.3: Average rainfall in the Daduru Oya basin 
[32]. 

Figure 3.6: Daduru Oya river basin and the study 
region concerning the climatic zones of Sri Lanka [51]. 

Table 3.4: Monthly long-term, average rainfall (mm) [36]. 
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Basic features of Daduru Oya river basin are given in table 3.5. 

 

Table 3.5: Basic features of the Daduru Oya [36]. 

 

Daduru Oya long-term annual discharge at Chilaw from year 1951 to 1980 is given in 

table 3.6. 

Table 3.6: Daduru Oya run off (Daduru Oya long-term annual discharge at Chilaw) [36]. 
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3.2.3.1 Groundwater 

The western part of the basin, with its deep weathered profile and sandy soils, may hold 

a significant quantity of groundwater in the regolith. The basin's north-central region 

(Wariyapola, Nikaweratiya, and Mahawa regions) has a relatively thin regolith soil 

profile and little groundwater. Because of the limited circulation of groundwater, a 

typical trait is poor quality in terms of salinity, hardness, fluoride, and iron [32]. 

 

3.2.3.2 Pattern of Land Use 

Table 3.7, Land use pattern in the Daduru Oya basin, shows that the majority of the 

lands are used for coconut, highland crops, paddy, and settlement needs. The basin's 

forest area has been decreased to 3% of the entire land area (including forest 

plantations) [32]. 

 

Table 3.7: Land use pattern in the Daduru Oya basin [32]. 
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3.2.3.3 Soil Types  

Information on soil types in the basin is given in Table 3.8 [32].  

 

3.2.3.4  Major and medium irrigation systems including major diversions 

In different parts of the basin there are four major and four medium irrigation schemes 

as indicated in table 3.9. Major schemes are confined to the middle part of the basin 

[32]. 

 

 

 

 

 

Table 3.9: Basic data on reservoirs (tanks) and diversions (anicuts) [32]. 

Table 3.8: Soil types in the basin [32]. 
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3.2.3.5 Small tanks and diversions 

More than 3,000 minor irrigation schemes are scattered over the whole basin. Their 

distribution in sample DS divisions is illustrated in table 3.10. The density of these tank 

systems increases in the DS divisions Ibbagamuwa, Ganewatte, Wariyapola, and 

Bingiriya, in the middle portion of the basin [32]. 

 

Since ancient times, the basin's water resources have been used mostly for agriculture, 

primarily paddy farming. Currently, the basin has four large irrigation systems, many 

medium schemes, and about 3000 minor tank systems to supply irrigation for about 

50,000 ha, or nearly 18% of the basin's developed land area. The primary irrigation 

systems are restricted to the basin's central section, where river diversion works have 

been built. The smaller schemes and systems are dispersed throughout the basin [32]. 

  

Table 3.10: Small tanks and diversions in the sample DS divisions in the basin [32]. 
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3.3 Users 

3.3.1 Identification of stakeholders 

As this is a study purpose project it is not needed to consider the investors or funding 

organisations.  

1. Sri Lankan Government stakeholders are  

• Irrigation Department  

• Department of Meteorology  

• Regional Planning Agency 

• National Building Research Organization  

• North-western Provincial Council 

• Kurunegala and Puttalam District Secretariat and Divisional Secretariate offices 

• Urban Councils in Kurunegala and Puttalam Districts 

• Gramaniladhari Divisions in Kurunegala and Puttalam Districts 

• Archaeological centres in Kurunegala and Puttalam districts under the 

department of Archaeology  

• Department of Forestry  

• Electricity Board 

• Water Board 

• Telecommunication service providers 

• Higher-studies organizations such as Universities, Technical Colleges, 

Vocational Training Centres 

• Hospitals, Medical Dispensaries, Public Health Inspection Office  

• Postal Department 

• Transport sector 

• Petroleum distribution centres  

• Schools 

• Police 

 

2. Non-Government Organizations in the in Kurunegala and Puttalam Districts 

3. Business Community in the North-western Province  

4. Local Community in the affected area 

5. Insurance Organization and Doners for the flood-affected people 

 

3.4 Inputs 

Inputs to the proposed systems are the DEM (Digital Elevation Model) of Daduru Oya 

with 30m resolution, outlet pour point shape file of Daduru Oya, Flood Model 

geodatabase, snap distance for pour point, lower and upper limits for velocity, flood 

depth and reclassification values for isochrone map as a text file. 
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3.5 Outputs 

System outputs are the unit hydrograph, flood extent map and the flood depth map and 

related tables. 

 

3.6 Data Collection 

It has been collected data from the Department of Irrigation Sri Lanka and some of the 

data was available from stations managed by Faculty of Information Technology of 

University of Moratuwa. And DEM data was available from the Department of Earth 

Resources Engineering, University of Moratuwa. 

1. Sri Lanka DEM with a resolution of 30m 

2. Daily rainfall 2016-2019 

Ethiliyagala 

Diniminiyatenna 

Ridi Bendi Ela 

Daisy Maspotha 

Valley  

Vijaya Katupotha 

Amunugama 

Ma Eliya 

3. Daily Water level in meters 2016-2019 

Amunugama – 2 times daily – max 3.98, avg 1.24 

Ridi Bendi Ela – once daily 

Ethiliyagala– 2 times daily – max 6.67, avg 1.71 

Maspotha– 2 times daily – max 7.10, avg 0.84 

4. Daily discharge in cumecs 1990-2019 

Chillaw 

Ridi Bendi Ela 
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3.7 Selection of Models/ Tools for Analysis 

3.7.1 Spatial analysis in ArcGIS Pro 

Spatial analysis enables to solve complicated location-based issues, discover patterns, 

evaluate trends, and make decisions. Beyond mapping, spatial analysis allows to 

investigate the features of locations and their interactions. Spatial analysis broadens the 

decision-making horizons. By using a set of spatial operators, it is possible to integrate 

information from many sources and extract new information via spatial analysis. It may 

use this set of spatial analysis tools to address complicated spatial problems. Statistical 

analysis can help to evaluate whether the patterns seeing are significant. Could use 

image analysis to detect change over time and evaluate multiple layers to determine the 

appropriateness of a location for a specific activity. These tools enable to answer critical 

problems and make decisions that go beyond the realm of basic visual examination 

[33].  

 

Following could be done using spatial analysis: 

• Determine relationships. 

• Understand and describe locations and events. 

• Detect and quantify patterns. 

• Make predictions. 

• Find the best locations and paths. 

ArcGIS Pro's analysis and geoprocessing capabilities may be used to answer a variety 

of geographic queries and perform spatial analysis. To begin doing geographical 

analysis, frame the inquiry. Then must prepare and evaluate the data. Finally, 

must make a visual representation of the findings and share them to others. ArcGIS 

Pro's spatial analysis has been expanded from 2D to 3D and through time [33]. 
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Using geoprocessing tools in ArcGIS Pro, it is possible to perform the following types 

of operations on geographic data: 

• Extract and overlay data. 

• Add and calculate attribute fields. 

• Summarize and aggregate data. 

• Calculate statistics. 

• Model relationships and discover patterns. [33] 

 

3.7.2 Modelling and scripting 

ModelBuilder is a tool for creating, editing, and managing geoprocessing models that 

automate those techniques. Models are processes that connect sequences of 

geoprocessing tools by feeding the result of one tool into the input of another. 

ModelBuilder is also a visual programming language for creating processes [33]. 

 

To create a geoprocessing model in ModelBuilder, should add tools and data to a model 

and connect them to determine the order of execution. Models could reduce the time 

spent on repetitive procedures, minimize errors, and iterate the analysis more 

effectively. By combining models and spatial algorithms into a single process, could 

create end-to-end workflows. ModelBuilder allows to construct fully functional models 

without writing a single line of code or can use Python to script the workflows and 

produce ready-to-share models [33]. 

 

ModelBuilder in ArcGIS Pro allows to do the following: 

• Build a model by adding and connecting data and tools. 

• Iteratively process every feature class, raster, file, or table in a workspace. 

• Visualize the workflow sequence as an easy-to-understand diagram. 

• Run a model step-by-step, up to a selected step, or run the entire model. 

• Make the model into a geoprocessing tool that can be shared or can be used in 

Python scripting and other models. [33] 

  

https://pro.arcgis.com/en/pro-app/2.7/help/analysis/geoprocessing/modelbuilder/add-connect-and-modify-data-and-tools-in-a-model.htm
https://pro.arcgis.com/en/pro-app/2.7/help/analysis/geoprocessing/modelbuilder/iterators-for-looping.htm
https://pro.arcgis.com/en/pro-app/2.7/help/analysis/geoprocessing/modelbuilder/run-a-model.htm
https://pro.arcgis.com/en/pro-app/2.7/help/analysis/geoprocessing/modelbuilder/create-a-model-tool.htm
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3.7.3 What is geoprocessing? 

Geoprocessing is a framework and collection of tools used to handle geographic and 

related data. The full range of geoprocessing tools may be used to undertake spatial 

analysis or automate the management of GIS data. A typical geoprocessing tool works 

with a dataset, such as a feature class, raster, or table, to generate an output dataset. In 

addition to the tools, geoprocessing provides a sophisticated framework that allows the 

user to control the processing environment and develop new tools to further automate 

the job. ArcGIS Pro's geoprocessing tools may be used as building blocks to develop 

an unlimited number of custom tools that automate repetitive activities or solve 

complicated issues [34]. 

 

3.7.4 Create a model tool 

A geoprocessing model is kept in a toolbox as a model tool. Model tools, like every 

other geoprocessing tool in the Geoprocessing pane, may be utilized in other models 

and Python scripts. It could create a model tool to process different datasets with 

different parameters than those supplied in the model without having to change the 

model variables in ModelBuilder [35]. To make a model tool, perform the following 

steps: 

1. Create and save a model in ModelBuilder. 

2. Configure the model parameters. 

3. Specify the model tool's attributes. 

4. Make a record of the tool. [35] 

 

3.7.4.1 Add data 

Models operate on data, with the output of one geoprocessing tool being utilized as the 

input to another. It could begin creating the model by first importing the data that need 

to process [35]. 

 

3.7.4.2 Add geoprocessing tools 

Geoprocessing technologies are an essential component of the model. ArcGIS Pro has 

a plethora of geoprocessing capabilities for performing a wide range of GIS operations. 
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Once it is identified the appropriate tools for the job, it's simple to include them into a 

model [35]. 

 

3.7.4.3 Connect data and tools 

Geoprocessing models enable the integration of data and technologies into processes. 

It must indicate which of the model's data variables should be handled by which 

geoprocessing tools [35]. 

 

3.7.4.4 Change tool parameters 

Tools in ModelBuilder, like geoprocessing tools in the Geoprocessing pane, contain 

required and optional parameters. For the tool to operate within the model, the required 

parameters must be supplied [35]. 

 

3.7.4.5 Set model parameters 

Any variable may be converted into a model parameter. There are two main reasons for 

making a model variable a parameter: 

• When the model is performed as a geoprocessing tool, the output variables that 

are set as model parameters are added to the map. 

• When the model is run as a geoprocessing tool, variables defined as model 

parameters appear as tool parameters, allowing to specify different data or 

values for the model to process than what was supplied when the model was 

constructed. [35] 

 

3.7.4.6 Validate a model 

When building a model, the data and tools that are added and connected are 

automatically validated or reviewed to ensure that the data exists, is valid for use with 

a tool, and that the tool parameter settings are correct. It might manually validate the 

model by going to ModelBuilder > Run > Validate. This is generally only necessary 

when a model's data or tools have been changed, relocated, renamed, or deleted. It must 

also verify the model if you it is to execute all the processes in the model again [35]. 
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3.7.4.7 Validate data variables 

Data variables are used to refer to data routes and to hold descriptive data information. 

When a model is validated, each data variable is reviewed to ensure that it exists and 

can be used by the tools to which it is attached [35]. 

 

3.7.4.8 Validation of a tool 

Each parameter of a geoprocessing tool automatically validates the data or value given 

for that parameter [35]. 

 

3.7.4.9 Run the model 

The model is ready to run after it is built and verified that all processes are legitimate. 

In ModelBuilder, you can run the model step by step or as a whole, and it can also be 

used as a geoprocessing tool in the geoprocessing panel [35]. 

 

3.7.4.10 Add to Display 

It could add output datasets to a map while executing a model in the ModelBuilder 

window [35]. 

 

3.7.4.11 As a geoprocessing tool, run a model 

Models might be stored in a toolbox as geoprocessing tools [35]. 

 

3.8 Technology Adopted 

Arc GIS Pro 2.7.3 which is a current version of Arc GIS software by Esri was selected 

as the main software package in which an education license was given to University of 

Moratuwa to use for educational purposes. 

 

It is selected over other available GIS software due to reasons such as: 

• It has higher data management, map creation, and spatial analysis capabilities. 

• Simplicity of the product which provide learnability. 

• Easy navigation of file system and management of geodata. 
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• ArcGIS Online is a richer source of GIS data. 

• Variety of specialised tools. 

• ModelBuilder and ArcPy to automate everything. 

• More options for advance editing, visualisation, analysis, sharing and 

collaboration, big data analytic, machine learning and artificial intelligence. 

• There is a bigger user community and lot of resources available for learning. 

Python is the scripting language of ArcGIS that help to automate GIS tasks. 

 

Following are the tools used for the project: 

• ArcGIS Pro 

Spatial Analysis and Data Science Tools 

ArcPy 

ArcGIS API for Python 

ModelBuilder 

Arc Hydro Tools 

• ArcGIS Online 

• StoryMap Builder 

 

3.9 Summary 

In this chapter the methodology that pave the path to model building process was 

discussed. A comprehensive insight into the area of study, users, inputs and outputs 

were discussed. Which followed by a discussion about the underline tools and 

technology that will be used throughout next steps of the research to give a foundation 

for the project. In following chapters implementation and evaluation of the project that 

was carried out based on this chapter will be discussed in detail.  
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Chapter 4  

Implementation 

4.1 Model Developed for Daduru Oya Flood Forecast 

A Model was created to forecast Daduru Oya floods as illustrated in figure 4.1 and then 

later developed to forecast floods for any given digital elevation model and pour point 

is illustrated in figure 4.2, it was developed so that it could be used for any DEM pre-

processing and watershed delineation as well as creating hydrographs and Hand-based 

flood depth and flood extent mapping. For this purpose, it was necessary to change the 

model so that the user can change inputs to the model and get the desired outcome that 

is needed as well as to save the output in the desired geodatabase very easily. 

 

Coloured processes are in ‘ready-to-run’ state or ‘has been run’ state. If any process is 

in ‘not ready-to-run’ state it will be in grey colour. Input data are in blue colour, Derived 

data are in green colour, and Tools are in amber colour. Letter ‘P’ appears near model 

parameters which becomes tool parameters, allowing to specify different values or data. 

 

Figure 4.2: Generic flood model. 

Figure 4.1: Developed flood model for Daduru Oya 
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Following sections will explain the model building process and underlying techniques 

and theories which are used to build the model for flood analysis. 

 

4.2 Understanding Drainage Systems 

A drainage system is the region where water falls and the network that it flows through 

to reach an exit. Water flow via a drainage system is just one part of the hydrologic 

cycle, which also includes precipitation, evapotranspiration, and groundwater flow. 

Hydrology instruments are focused with the movement of water across a surface [36]. 

 

A drainage basin is a site where water and other pollutants are drained to a single point. 

A drainage basin may also be referred to as a watershed, basin, catchment, or 

contributing area. This region is sometimes referred to as the whole area flowing to a 

certain outlet or pour point. A pour point is generally defined as the lowest point along 

the drainage basin's boundary where water departs a region. A drainage divide, often 

known as a watershed border, is the dividing line between two basins [36]. 

 

The network that transports water to the outflow may be seen as a tree, with the outlet 

at the trunk's base. The tree's branches indicate stream channels. A node, also known 

as a junction, is the point at where two stream channels intersect. Stream links are 

sections of a stream channel that connect two consecutive junctions or a junction and 

the outflow [36]. Figure 4.3 illustrates components of drainage basin. 

Figure 4.3: Components of drainage basin [36]. 
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4.3 Digital Elevation Models (DEM)  

A digital elevation model (DEM) is a raster depiction of a continuous region, most often 

the earth's surface. The resolution is the major factor of the accuracy of this data (the 

distance between sample points). Other factors impacting accuracy include data type 

(integer or floating point) and surface sampling during the original DEM generation 

[37]. Figure 4.4 illustrates a DEM  [38]. 

 

The first main input to the model is the DEM of the river basin, and a DEM of Sri Lanka 

with a resolution of 30m was available. It was necessary to extract the Daduru Oya 

DEM from that. First, using Raster Functions -> Data Management -> Clip tool the 

unnecessary parts of the Whole DEM was clipped to get a neater DEM of Sri Lanka. 

For that purpose, as the clipping geometry raster, LKA_Adm0 shape file was 

downloaded from ‘diva-gis.org’ [39] and used in the tool. Then using ‘Export Raster’ 

tool the DEM was clipped to get a smaller DEM of Daduru Oya watershed area to 

minimise processing load and to reduce running time of the model. This process is 

illustrated with screen shots of each step in ArcGIS Pro in the Appendix – A and the 

outcome is as of figure 4.5. 

 

 

 

 

 

 

 

Figure 4.4: A Digital Elevation Model. [38] 
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Then a special tool, ‘Parse Path’ from ModelBuilder ‘Utilities’ toolbox is used as given 

in figure 4.6. The reason for using this tool is, then for any given DEM input it will be 

able to extract path, name, extension, and workspace from the file path and later could 

use these to generalise the model. In subsequent steps this usage will be explained in 

detail. 

 

 

Figure 4.5: Daduru Oya DEM. 

Figure 4.6: Parse Path tool. 
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4.4 Deriving Runoff Characteristics 

 It should go through a variety of procedures while outlining watersheds or defining 

stream networks. Depending on the properties of the supplied data, certain stages are 

essential, while others are optional. Flow will always be in the sharpest downslope 

direction over a surface. It is feasible to identify which and how many cells flow into 

any cell once the direction of flow out of each cell is known. This data may be used to 

establish watershed boundaries and stream networks [40]. 

 

4.4.1 Hydrologic conditioning 

The model will begin with preconditioning of the elevation model that requires DEM 

preparation to get accurate hydrological analysis for the area around Daduru Oya basin. 

And the steps are: 

1. Assessing flow direction. 

2. Identifying and fulfilling the sinks. 

“Digital Elevation Models comprise sinks which are areas of low elevation enclosed by 

higher elevation values and sinks can happen naturally but are more often data errors 

in a DEM raster data set. To remove imperfections in elevation models it is imperative 

to identify sinks” [40]. 

 

Figure 4.7: Hydrologic conditioning flowchart [40]. 
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As given in the flow chart (figure 4.7) After identifying the flow direction for the region 

with the 'Flow Direction' tool, it is possible to locate sinks, which are locations where 

water can no longer flow. The 'Sink' tool is then used to detect regions of internal 

drainage (sinks) inside the flow direction layer. The sink raster will be the output. 

 

In the implemented model ‘Sink’ tool is not used because it was not necessary to get 

the sink raster for this analysis. Instead ‘Fill’ tool has been directly used to fill the sinks 

in the DEM. 

 

4.4.1.1 Fill sinks 

All sinks in the new DEM will be modified to have the elevation value of the lowest 

cell close to the sink (figure 4.8). Each cell in the new DEM will be a component of at 

least one continuous decreasing route of cells heading to the dataset's edge. This 

updated DEM will enable more precise hydrological study of the region. 

 

In figure 4.9 it has been illustrated how the ‘Fill’ tool is used. Input is the clipped DEM 

and the last option, Z limit, allows you to specify the greatest elevation difference at 

Figure 4.8: Filling sinks [40]. 

Figure 4.9: Using the Fill tool. 
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which sinks can be filled. If the height difference between a sink and its edge exceeds 

the limit, the sink will not be filled. [41]. Since it is needed to fill all the sinks in the 

data, it was decided to leave this parameter unchanged.  

 

Output raster is given as an inline variable substitution ‘%Path%\%Name%Fill’ as of 

figure 4.10. ‘Path’ and ‘Name’ variables will be given by the ‘Parse Path’ tool. Then 

the output will be saved in the same geodatabase that the DEM is saved and will have 

DEM name as first part of the output file name. This process was carried out for all the 

tools to make things easier and neater. Could refer Appendix – E for python code of the 

model to see how this is applied. 

  

4.4.2 Watershed delineation 

 Figure 4.11: Model part for watershed delineation 

Figure 4.10: Fill sinks tool parameters. 
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As of figure 4.11, The hydrologically conditioned DEM was then used to calculate the 

watershed area for the Chilaw outflow point. A watershed area is defined as a region in 

which all flowing water flows toward a single point—the outflow. It will be able to 

confine the future analysis findings to the appropriate area for the outflow using the 

watershed area. [41]. The flow chart given in figure 4.12 depicts this process.  

 

To delineate the watershed should assess flow direction to determine the area where 

water will flow to the outlet. 

 

4.4.2.1 Estimate flow directions 

The first stage in defining a watershed is determining the direction of water flow in the 

DEM. As a result, it will be able to calculate the places where water will flow to the 

outlet. To accomplish so, a flow direction raster layer with filled sinks must be created 

for the DEM. The D8 flow technique was used to assign it a flow direction. This method 

assigns flow direction to the steepest downslope neighbour as depicted in figure 4.13 

[42].  

 

Figure 4.12: Watershed delineation flow chart [40]. 

Figure 4.13: Flow direction D8 method [42]. 



91 
 

A flow direction raster layer's cell values can typically only be one of eight integers: 1, 

2, 4, 8, 16, 32, 64, and 128. These eight numbers represent the eight different flow 

directions (as any given cell is surrounded by eight cells). Because the new flow 

direction layer only contains eight values (figure 4.15), each value was automatically 

represented by a different colour (figure 4.14) [41]. 

 

 

 

 

 

 

4.4.2.2 Flow accumulation 

Then should assess flow accumulation. The 'Flow Accumulation' tool generates a raster 

layer that indicates the areas where water is most likely to accumulate. Figure 4.16 

depicts the flow accumulation for each cell as a numeric value depending on the number 

of cells that flow into that cell. Cells with high values of accumulation often coincide 

with the locations of flowing water bodies. With the flow accumulation raster, could 

identify the Daduru Oya that flows through the region [43]. 

32 64 128 

16 
 1 

8 4 2 

Figure 4.14: Flow direction coding [41]. 

Figure 4.15: Using flow direction tool. 
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In figure 4.17 the ‘Flow Accumulation’ tool is depicted. Input for the tool is ‘Flow 

Direction’ raster. The remaining settings remained unaltered. The first parameter 

provides a weight to each cell, which is useful when water is expected to be distributed 

in non-uniform ways, such as in larger study areas where precipitation levels vary 

significantly. The second option determines whether accumulation is tracked using 

integers or floating points. The floating-point value, which is the default, allows for the 

addition of decimal places, making it more accurate in most instances. The third 

parameter, D8, specifies the direction of the input flow [41].  

 

 

4.4.2.3 Snap outlet to stream 

The flow direction layer completes the first component for defining a watershed. The 

position of an outlet point is the other component. The pour point layer represents the 

outlet downstream of Daduru Oya in Chilaw. 

Figure 4.16: How flow accumulation works [43]. 

Figure 4.17: Using flow accumulation tool. 
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For an appropriate watershed, the outflow must be precisely located on the stream as 

represented in the DEM (which may differ somewhat from the actual location of the 

stream due to DEM resolution or other issues). First, the exact position of the stream 

must be determined by determining the areas where the most water collects. This was 

done in the previous phase. The output point's location should then be snapped to 

exactly match the stream. The 'Snap Pour Point' tool automatically clips a point feature 

to the cell with the largest flow accumulation within a given distance. Because of the 

magnitude of the watershed, the snap distance was set at 500 in this case. The snapped 

outlet raster layer is added to the map when the tool is executed. The raster shows a 

single cell that reflects the new position of the outlet [41]. This process is illustrated 

with screen shots of each step in ArcGIS Pro in the Appendix – A and the outcome is 

as of figure 4.18. 

 

In the model it was created so that both pour point and snap distance could be input to 

the model as variables. Therefore, those two could change as required to calibrate the 

model. 

 

Now that both the flow direction layer and the precise outlet layer are available, it could 

determine the area of the basin upstream of the outlet. The watershed was derived from 

the ‘Watershed’ tool as given below in figure 4.19. Inputs to the tool are flow direction 

Figure 4.18: The snap pour point tool. 
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raster and output of the snap pour point tool. Pour point field value is taken, not the 

count. 

 

Figure 4.19: Watershed tool. 

The next step is to utilize the previously constructed hydrologic and elevation layers to 

calculate how quickly water will flow to the output point. 

4.4.3 Construct a velocity field 

The previously constructed Daduru Oya watershed will be used as the research area for 

the ensuing investigation. Following that, it will begin calculating how long it takes 

water to reach the exit, allowing officials to better anticipate when flooding will occur 

during a simulated rainfall storm. To calculate how long it takes for water to go 

someplace, first needs to determine how quickly water flows. A velocity field, a 

different form of raster layer, might be used to compute the speed of flowing water. 

There are many different types of velocity fields, and they may be computed using a 

wide range of mathematical formulae. It was chosen to generate a velocity field that is 

spatially variable but time and discharge invariant for the investigation. The velocity 

field makes the following assumptions to do this: 

• Velocity is influenced by spatial variables such as slope and flow accumulation 

(spatially variant). 

• Over time, the velocity at a specific point remains constant (time invariant). 

• The velocity at a given location is unaffected by the rate of water flow at that location 

(discharge invariant).[41] 
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In fact, velocity may fluctuate over time and is plainly discharge-dependent. However, 

including these variances would involve the use of additional information that might 

not be available, as well as modelling techniques that would not be repeatable in a GIS 

environment. Although any approach will only provide a rough estimate of visible 

events, the spatially varying, time- and discharge-invariant velocity field will provide a 

reasonably accurate result.  [41]. 

 

A technique for generating velocity fields proposed by [44] is used in the study. In this 

method, each cell in the velocity field is assigned a velocity based on the local slope 

and the upstream contributing area (the number of cells that flow into that cell, or flow 

accumulation). They used (1): 

 

Where ‘V' represents the velocity of a single cell with a local slope of ‘s' and an 

upstream contributing area of ‘A' Calibration, a statistical process of modifying model 

parameters such that projected data is as near to observed data as feasible, may be used 

to calculate coefficients b and c. In this case, the method's suggested value of b = c = 

0.5 was utilized, and Vm is the average velocity of all cells in the watershed. It is 

possible to assume an average velocity of Vm = 0.1 m/s. Finally, sbAc
m is the watershed's 

average slope-area term. Set boundaries for minimum and maximum velocities to avoid 

outcomes that are unreasonably fast or sluggish. The lower limit is 0.02 meters per 

second, while the top limit is 2 meters per second [41]. 

  

4.4.3.1 Generate the slope raster 

 The key variables in the velocity field equation are slope and upstream contributing 

area. The flow accumulation layer that was generated in the previous phase already has 

a raster layer for the upstream contributing area. So, now need to create the slope layer. 

The part of the model depicting this process is given below in figure 4.20. 

Figure 4.20: Model part for slope tool. 
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In Figure 4.21, it is shown how to utilize the 'Slope' tool. In contrast to a measurement 

in degrees, the ‘Percent increase' measurement option calculates slope as a proportion 

of vertical elevation over horizontal elevation. The remaining settings remained 

unaltered. The planar approach is ideal for usage on small size regions, but geodesic 

method gives a more accurate slope since it uses 3D cartesian coordinate system. 

Therefore, it was used in this watershed. The Z unit is given as Meters [41]. 

 

 

The slope is steeper in the deeper colours. While mountain peaks have the steepest 

slopes, stream beds have a comparatively level slope. 

 

Figure 4.22 illustrates the next few steps of creating the velocity field. 

 

  

Figure 4.21: The slope tool utilisation. 

Figure 4.22: Creating the velocity field steps. 



97 
 

4.4.3.2 Determine the slope-area term 

Now that a raster layer for both slope and flow accumulation area is available, a new 

raster layer that combines both may be calculated. The slope-area term will be shown 

on this layer (the value sb Ac from the [44] equation). This process is shown in figure 

4.23. 

 

The following step is to employ the ‘Raster Calculator' tool, which enables the creation 

of bespoke raster layers based on an equation provided below. 

For ‘Map Algebra expression’, (2) is entered: 

SquareRoot("Daduru_slope") * SquareRoot("Daduru_FlowAcc") (2) 

The square root of the slope and flow accumulation are calculated because the 

suggested coefficients (b = c = 0.5) of [56] are used. A coefficient of 0.5 is equal to the 

value's square root [41]. This process is shown in figure 4.24. 

 

Figure 4.23: Calculating slope area term and velocity unlimited. 

Figure 4.24: Raster calculator tool. 
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To generalise the model, it was needed to find a way to enter these two values as 

variables so it could take any DEM’s slope and flow accumulation for the calculation. 

This is achieved by using inline variable substitution as of figure 4.25 in the final model. 

 

And the python code for this step is given below in figure 4.26. 

 

Finally, the environment for the geoprocessing tool must be changed so that the output 

layer is masked (or limited) by the area of the Daduru watershed. This allows it to later 

compute the average slope-area term throughout the watershed, which is a critical 

component of the velocity field equation [41]. This step is illustrated in figure 4.27 and 

could see how it was done in python code line 79 of figure 4.26. 

Figure 4.25: Developed Map Algebra expression for the model. 

Figure 4.26: Code part for raster calculator. 
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4.4.3.3 Compute the velocity field 

Now that the slope-area term is known, it is possible to compute a velocity field using 

it (1) which was explained in the previous part: 

 

As previously stated, Vm is the average velocity of all cells in the watershed. The 

assumed average value of Vm = 0.1 was utilized, as advised by [56]. Similarly, sbAc
m is 

the watershed's mean slope-area term. Because the slope-area term for the watershed 

had already been computed, the precise average could be determined rather than relying 

on an assumed value [41]. The mean could be found at ‘Layer Properties’ -> ‘Statistics’ 

as given in figure 4.28. 

Figure 4.27: Change environment for raster calculator tool. 

Figure 4.28: Finding mean value of slope area term. 
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If the model is created to use in only Daduru Oya flood modelling, this value could be 

hard coded into the raster calculator equation as given in figure 4.29. 

 

The layer is added to the map when the tool is run. The new layer resembles the slope-

area term layer since it was calculated by multiplying the cells in the slope-area term 

layer with fixed values. The layer symbology values confirm that the two layers are 

distinct as in figure 4.30, even if they look the same in the map. 

 

To use the model for any DEM there should be a way to get this value automatically 

without hardcoding. For that purpose, it was decided to use the ‘Calculate Value’ tool 

to get the raster property ‘MEAN’ to use as a variable in the ‘Raster Calculator’ tool. 

Figure 4.29: Raster Calculator to get velocity unlimited. 

Figure 4.30: Layer symbology compared. 
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This process is shown in the part of the model in figure 4.31 and the code snippets to 

achieve the result are given in figure 4.32, 4.33 and 4.34. 

 

To get the property ‘Mean’ from the ‘Slope area term’ raster, the method 

‘GetRasterProperties_management()’ from ‘arcpy’ was used as of figure 4.32. 

 

 

 

Figure 4.31: Model part for calculate value tool and raster calculator 
tool. 

Figure 4.32: Calculate value tool's parameters dialog box. 

Figure 4.33: Code snippet 1 for calculate value tool. 
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4.4.3.4 Bound the velocities 

 

 

The generated raster layer is a velocity field, but its velocities are unnaturally high and 

low. Some values in the field, for example, have a velocity of 0 meters per second, 

which is improbable during an intense rainfall event. Similarly, even with a large flood, 

the maximum figure of roughly 46.8362 meters per second is impractical. It was agreed 

to set a lower restriction of 0.02 meters per second and an upper limit of 2 meters per 

second for the velocity data. And in the final model, those two values could change at 

any time using ‘LowerLimit’ and ‘UpperLimit’ variables. Because of that model 

calibration is possible with those two values.  

Model part for this process is given in figure 4.35. 

The Con tool is used in the first phase of this task to execute a conditional assessment 

of the values in a raster layer depending on an expression that was supplied. First, the 

lowest limit for velocity must be established. It could be done as given in figure 4.36. 

 

  

Figure 4.35: Model part for calculate the velocity field and weight raster. 

Figure 4.34: Code snippet 2 for calculate value tool. 
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If the clause is true, the value to use for each cell should be added next. Because it must 

maintain the same values if they are higher than or equal to 0.02, it will utilize the same 

raster layer as the input layer. If the clause for a cell is false (meaning the cell value is 

smaller than 0.02), the cell value is set to 0.02. 

 

The new generalised model is modified to take this value in to a variable ‘LowerLimit’ 

so that user can change it any time and could run the model to see the effect. It is 

illustrated in figure 4.37 in the model and figure 4.38 of the code snippet. 

Figure 4.36: Setting the velocity lower limit. 

Figure 4.37: Con tool parameters for velocity lower limit. 
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The tool is launched, and a new layer is added to the map. However, the new layer is 

merely an intermediate layer because the higher limit must still be added. The Con tool 

is also used in the task's last phase, as seen in figure 4.39. 

 

The new generalised model is modified to take this value in to a variable ‘UpperLimit’ 

so that user can change it any time and could run the model to see the effect. It is 

illustrated in figure 4.40 in the model and figure 4.41 of the code snippet. 

Figure 4.39: Setting the velocity upper limit. 

Figure 4.38: Code snippet for velocity lower limit. 

Figure 4.40: Con tool parameters for velocity upper 
limit. 
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In this stratum, darker colours indicate slower velocity, whereas brighter colours 

indicate rapid velocity. Water flows quickest in streams that have accumulated the 

greatest water. It indicates that when water is funnelled downstream of the river's 

outflow point, it will flow the fastest. 

 

From flow accumulation and slope raster layers, a spatially varied, time- and discharge-

invariant velocity field was constructed. Now that it knows how fast water flows 

through Daduru Oya during a hypothetical rainfall event, could estimate how long it 

takes for water to reach the outlet. 

 

4.4.4 Generate an isochrone map 

The velocity field revealed that water moves fastest along the streams that go through 

town, but can not build a unit hydrograph since it do not know how long it will take for 

water to flood to the outflow point. The next stage is to construct an isochrone map, 

which shows how long it takes to go from one point to another in a certain region. It 

should first construct a weight grid before creating the isochrone map. The time it takes 

for water to reach the outflow may then be assessed and reclassified into isochrone 

zones [41]. The steps are as of figure 4.42. 

 

  

Figure 4.42: Steps of creating an isochrone map. 

Figure 4.41: Code snippet for velocity upper limit. 
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4.4.4.1 Produce a weight grid 

A reasonably simple equation is used to determine flow time: The length of the water 

flow must be divided by the rate of flow. The velocity field tells how fast water flows, 

but it doesn't tell how long it flows. To calculate flow length, two variables are required: 

flow direction (which is known) and weight (which still do not know). In terms of flow, 

weight indicates impedance. Water running across wooded area, for example, takes 

slower than water flowing over smooth rock because it is obstructed by topography. 

While calculating weight may appear challenging in the absence of precise 

topographical data, it is possible to develop an equation based on the following two 

equations (3) and (4) for determining flow time: 

 

By combining these equations, it may obtain the following new equation (5): 

 

As a result, weight may be calculated using the velocity field layer. Later, the weight 

grid layer, in conjunction with the flow direction layer, could be used to calculate flow 

length and flow time [41]. 

 

The first step is to launch the Raster Calculator tool and enter the weight equation to 

generate a weight grid of the Daduru watershed, as shown in Figure 4.43. 

 

Figure 4.43: Using raster calculator to create weight raster. 
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Figure 4.44 shows parameters of ‘Raster Calculator’ to create weight raster to 

generalise the model using inline variable substitution. 

 

While this layer does not provide much information on its own, it can be combined with 

the flow direction layer that was built before to determine flow time. 

 

Because the flow direction layer was produced prior to establishing the Daduru 

watershed, its length extends well beyond the region of interest. As a further step, a new 

version of the flow direction layer that just covers the watershed may be extracted. 

 

For that, could use the 'Extract by Mask' tool, which trims a raster layer to a specific 

extent based on the extent of another layer. Figure 4.45 shows the part of the model, 

and figure 4.46 shows how to utilize the tool.  

 

Figure 4.45: Part of the model for extracting flow direction for the watershed. 

Figure 4.44: Creating weight raster. 
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4.4.4.2 Calculate the flow time to the outlet pour point 

All of the layers needed to calculate flow time are now available. The ‘Flow Length' 

tool is used in the task's following stage. While this tool is typically used to compute 

flow length, it also provides an option to incorporate a weight raster. The utility instead 

calculates flow time when a weight raster is included [41]. Following figure 4.47 

depicts this process in the model. 

 

The tool is run, and a raster indicating the flow time to the outlet, as shown in figure 

4.48, is added to the map. Each cell in this raster layer has a number that indicates how 

long it takes for water to flow from the cell to the outlet in seconds. Shorter flow periods 

Figure 4.46: Use of extract by mask tool. 

Figure 4.47: Model part to assess flow time. 
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are indicated by darker colours. Water flows the quickest from low-lying stream beds 

closest to the exit, whereas water descending in the mountains takes the longest.  

 

The time it takes water to flow to the outlet ranges from 0 seconds (rain that falls on the 

outlet itself) to about 219456 seconds—over 60.96 hours. 

219456 seconds = 60.96 hours = 2.54 days 

 

4.4.4.3 Flow time reclassification into isochrone zones 

The flow time raster layer has a large number of unique data, making further analysis 

difficult and time-consuming. To make things easier, the flow time layer must be 

reclassified into isochrone zones. 

 

An isochrone is a contour line that connects points with roughly equal travel times to 

the watershed's outlet. Isochrones with equal time intervals of 7200 seconds were 

defined. For smaller areas, isochrones can use different intervals, but for the Daduru 

watershed, this time interval should be appropriate. With this time interval, every cell 

in the first isochrone zone will take about 7200 seconds to reach the outlet, every cell 

in the second isochrone zone will take about 14400 seconds, and so on. It will later use 

these time intervals as the ordinate in the unit hydrograph. 

Figure 4.48: Using flow length tool. 
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The task's following step, as shown in figure 4.49, opens the 'Reclassify' tool for this 

purpose. This tool will be used to categorize flow time values that lie between a 

particular range of values (for example, 0 and 7200 or 7200 to 14400) to the upper limit 

of the range. Should input the reclassification values for this. Because the times in the 

flow time layer span from 0 to about 219456 seconds, reclassification intervals that 

cover all values are required. This is given as a notepad text file in to the ‘Reclassify’ 

tool then it takes the values and display it as a table as shown in the figure 4.49. The 

notepad text file is given in Appendix – B. 

With the symbology as in figure 4.50, it is easier to pick out the individual isochrones. 

Figure 4.49: Reclassifying Isochrones. 

Figure 4.50: Output of the reclassification of Isochrones. 
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The layer's attribute table was then analyzed to see how many cells were classified as 

each isochrone and to choose certain isochrones for further research (figure 4.51). 

The stream bed closest to the outflow creates the first isochrone. According to the table 

data, only around 4224 cells are present in the first isochrone, indicating that water 

arrives at the outlet in 7200 seconds (2 hours). Other isochrones have far more cells, 

which indicates that significantly more water will reach the outflow point many hours 

after a rainfall event than when it first begins, as seen in figure 4.52. 

 

The bigger isochrones frequently comprise cells from all across the watershed that 

happen to rush to the outflow around the same time. 

Figure 4.52: Picking an Isochrone near to Kandy for analysis. 

Figure 4.51: Picking the Isochrone nearest to the outflow for analysis. 
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4.4.5 Create a unit hydrograph 

The isochrone map will then be converted into a table that shows the link between time 

and the area of water flowing into the outlet. The model portion for this procedure is 

depicted in Figure 4.53. The table may then be used to create a unit hydrograph that 

shows the times when the most water flows into the outflow, allowing for better flood 

prediction in future rainfall events. 

 

4.4.5.1 Formulate the unit hydrograph table 

To build a unit hydrograph, first it needs to create a stand-alone table from the attribute 

table of the isochrone map. The area of each isochrone is currently measured in number 

of cells in the attribute table; consequently, the area should be changed to metric units 

as well. The first step is to start the 'Table to Table' tool, which may convert a table 

(including an attribute table) into a standalone table in a geodatabase, as shown in figure 

4.54. 

 

The tool is run, and a new table is added to the window titled 'Contents.' Now, this data 

is similar to the Daduru isochrones layer attribute table. The table has fields for both 

Figure 4.53: Part of the model for creating Unit Hydrograph table. 

Figure 4.54: Using table to table tool. 



113 
 

sets of information necessary to produce a unit hydrograph (time and drainage area per 

time), however the drainage area is measured in cells rather than metric units. The next 

task step starts the 'Add Field' tool, which is used to add a new field to the database to 

compute area in square meters. 

 

The 'Double' field type may hold data with several decimal places. Using this approach, 

the area values will be more accurate. The 'Field Precision' and 'Field Scale' options 

allow you to limit the number of digits and decimal places in the field. The remaining 

options provide further field options. To keep things simple, we chose to leave these 

fields alone. 

 

The tool is executed, and a new field is added to the stand-alone table. To ensure that 

the field was successfully added, examine the table as shown in figure 4.55. 

 

The field was successfully inserted using the field alias, however there are presently no 

values in the field. 

 

The next task step launches the 'Calculate Field' tool. This tool might be used to 

compute the area of each isochrone in square meters. The initial Daduru DEM layer 

had 30-meter cell sizes, which meant that each cell contained a 30 meter by 30-meter 

area. Because all subsequent layers were based in some way on the DEM layer, they all 

Figure 4.55: Using add field tool. 
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have the same cell size. That is, it may compute area by multiplying the 'Count' field of 

the table by the size of a single cell. Figure 4.56 shows an example of this. 

 

The tool is executed, and the field is calculated. Because there is still one more field to 

add to the table, the task's next step reopens the 'Add Field' tool, as shown in figure 

4.57, but it is based on the table's existing fields. This field will hold the unit hydrograph 

ordinate, which indicates the discharge at the outlet per second. 

 

 

Figure 4.56: Using calculate field tool. 

Figure 4.57: Using add field tool to add one more field. 
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It could only know how much water is reaching the exit at 7200 second intervals (or 2 

hours) if a graph was created with time on one axis and drainage area on the other. This 

interval was useful in lowering the enormous number of unique values in the original 

flow time layer to a more manageable 31 unique values. However, in a true emergency, 

2 hours might be the difference between life and death. Authorities will want a more 

precise time frame to plan. The new field will compute how much water goes through 

the outlet each second. 

 

The slope of the time-cumulative area diagram across the period [(i - 1)Δt,iΔt] gives 

the unit hydrograph ordinate, Ui, at time  iΔt, where i = 1,2,....n. This is demonstrated 

by the following (6): 

 

where: 

o A(t) is the total drainage area that drains to the outlet since rainfall 

commenced at time t. 

 

The following is a rewrite of (6): 

where: 

o  Ai is the ith isochrone zone's incremental drainage area. 

 

The tool is executed, and the field is appended to the table. As previously, the field 

should be calculated. The task's next step reopens the 'Calculate Field' tool. To compute 

area per second, divide the drainage area by the time period (7200). Figure 4.58 depicts 

this procedure. 

Figure 4.58: Calculating the field. 
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4.4.5.2 Develop a unit hydrograph 

In ArcGIS Pro, a chart could be created from any standalone table. This capability may 

be used to generate a unit hydrograph using the table's ordinate field. 

 

Finally, as shown in figure 4.59, utilize the table to generate a unit hydrograph that 

indicates when water outflow at the outlet is at its peak during a projected rainfall event. 

Finally, the findings will assist officials in Daduru Oya in better planning for and 

responding to flood occurrences. 

  

Figure 4.59: Unit hydrograph at outlet point of Daduru Oya. 
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4.4.6 Additional processes 

4.4.6.1 Identifying stream networks 

Stream networks may be defined from a digital elevation model (DEM) using the output 

of the ‘Flow Accumulation’ tool. A stream network can be delimited by using the ‘Con’ 

or ‘Set Null’ tools to apply a threshold value to the results of the ‘Flow Accumulation’ 

tool (figure 4.60). For example, to create a raster with the value 1 indicating a stream 

network on a ‘NoData’ background, the tool settings may be as follows (figure 4.61) 

[45]: 

 

All cells with more than 1000 cells flowing into them are assigned a value of 1, while 

all other cells are assigned a value of ‘NoData’. The stream network, which is a 

collection of raster linear features, must be represented as values on a ‘NoData’ 

background for future processing. The tool's operation is depicted in Figure 4.62. The 

stream network can then be studied further with the ‘Stream Organize’, ‘Stream Link’, 

and ‘Stream to Feature’ tools, which allow you to order (rank) the streams, assign 

unique IDs to stream connections, and create a feature dataset, respectively. The 

threshold for determining the starting point of a permanent river or canal is affected not 

only by the area of contribution, but also by climate, slope, and soil characteristics [45]. 

Figure 4.61: Raster calculator to calculate stream network. 

Figure 4.60: Model part for stream networks. 
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4.4.6.2 Stream ordering 

This program provides a numerical order to raster segments representing linear network 

branches. There are two ways to apply a numerical order to links in a stream network 

using the ‘Stream Order’ tool. While the default ‘Strahler’ approach is the most often 

used, the ‘Shreve’ method has the advantage of being less sensitive to the inclusion and 

removal of connections from further analysis. 

 

Strahler — Strahler's stream ordering technique, developed in 1952. When streams of 

the same order cross, the order of the streams rises. As a result, the intersection of a 

first-order and second-order link will result in a second-order link rather than a third-

order connection. This is the default setting. 

 

Shreve – A technique of ranking streams by size suggested by Shreve in 1967. A 

magnitude (order) of one is applied to all connections that have no tributaries. 

Downslope, magnitudes are cumulative. When two links meet, the magnitudes of the 

intersecting links are summed and allocated to the downslope link. [45] 

 

In Daduru Oya model, how the stream order tool was used is given in figure 4.63. 

Stream network is the input stream raster and watershed flow direction are the input 

flow direction raster to the tool. Method of stream ordering was selected as ‘Shreve’ 

since it gives flexibility. 

Figure 4.62: Stream network calculation by raster calculator. 
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4.4.6.3 Stream links 

It could use the ‘Stream Link’ tool to set unique values to each link in a raster linear 

network. This is particularly helpful as an input to the ‘Watershed’ tool, which allows to 

easily build watersheds based on stream junctions. It can also be used to link relevant 

attribute information to particular stream segments. Figure 4.64 shows how it works 

[45]. 

 

The parts of a stream channel that connect two successive junctions, a junction and the 

outflow, or a junction and the drainage division, are referred to as links. The linkages 

in a stream channel are depicted in Figure 4.65. 

Figure 4.64: How stream link tool works [45]. 

Figure 4.65: Links in a stream channel [45]. 

Figure 4.63: Stream order tools usage. 
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The input stream raster may be generated by thresholding the ‘Flow Accumulation’ tool 

results. On a ‘NoData’ backdrop, the stream raster linear network should be represented 

as values greater than or equal to one. The ‘Stream Link’ tool only accepts a D8 raster 

as an input flow direction raster. The ‘Flow Direction’ tool, with the default flow 

direction type D8, may be used to generate D8 flow directions. This program allows for 

parallel processing. Better performance may be obtained if the computer has several 

processors or processors with many cores, especially on bigger datasets [45]. Figure 

4.66 illustrates the ‘Stream Link’ tool. In the final model this tool was not used since it 

does not need for the analysis. 

 

 

 

 

 

 

 

 

 

 

 

4.4.6.4 The vectorization of a raster stream network 

The ‘Stream to Feature’ tool accurately converts a raster linear network to feature data. 

Figure 4.67 shows the model part representing the tool. On a ‘NoData’ backdrop, the 

input stream raster linear network should be represented as values greater than or equal 

Figure 4.67: Model part for stream order and stream to feature tools. 

Figure 4.66: Stream link tool. 
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to one. The ‘Flow Accumulation’ tool output may be used to generate a raster stream 

network by applying a threshold value to cells with a high accumulated flow. Cells with 

more than 1000 cells flowing into them, for example, are utilized to define the stream 

network. could use the ‘Con’ or ‘Set Null’ tool to construct a stream network raster in 

which flow accumulation values of 1000 or above are set to 1 and the remainder are put 

to the background (NoData).  

 

The stream network that results may be utilized in ‘Stream Link’ and ‘Stream to 

Feature’ tools. Contiguous features with the same value, such as the results of the 

‘Stream Order’ or ‘Stream Link’ tools, should exist. ‘Stream to Feature’ should not be 

used on a raster with a small number of neighbouring cells with the same value. The 

output characteristics will be oriented downstream [45]. How ‘Stream to Feature’ tool 

is used is given in figure 4.68. 

 

 

  

Figure 4.68: Stream to feature tool. 
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4.4.6.5 Creating flood depth and flood extent using HAND tool 

In figure 4.69, HAND based flood depth and extent mapping tool is depicted. Flood 

depth is entered into the model using a variable so that the user can change it and see 

the effect. 

 

4.4.6.6 Flow distance 

Calculate the vertical or horizontal downslope distance to streams using a single or 

multiple flow routes. For computing flow distance, D8, D-infinity, and MFD algorithms 

are supported. When there are numerous flow routes, the lowest, weighted mean, or 

maximum flow distance can be calculated. ‘Height Above Nearest Drainage’ is a term 

that is used in the calculation of Height Above Nearest Drainage (HAND). Flooding 

happens when the depth of the water exceeds HAND [50]. Figure 4.70 displays this 

scenario [42]. 

‘Flow Distance’ tool uses DEM, watershed flow direction and stream network as input 

raster data. Input flow direction type was selected as D8 since it has been the method 

throughout the project. This process in the flow distance tool is illustrated in figure 

4.71. 

Figure 4.69: How to use HAND tool. 

Figure 4.70: HAND concept. [42] 
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Now the ‘Define Hand-based Flood Depth and Extent’ tool available in ‘ArcHydro 

Tools Pro’ -> ‘H & H modelling’ -> ‘Hand Processing’ toolbox could be used to get 

maps showing flood extent of Daduru Oya and the flood depth of Daduru Oya 

according to the flood depth the user input into the model. In the final model this value 

can change and could run the model to see the effect of the change. So, the authorities 

could decide on the cause of action according to the map, it clearly shows the area that 

will flood and the depth of the flood in any place in the watershed. Figure 4.72 depicts 

the flood extent map and figure 4.73 depicts the flood depth map for 4m depth. 

 

 

 

 

 

 

 

 

 

Figure 4.71: Flow distance tool usage. 

Figure 4.72: Flood Extent map of Daduru Oya for depth of 4m. 
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By clicking on a place in the map will give the relevant flood depth of that place as 

given in figure 4.74. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.73: Flood Depth map of Daduru Oya for depth of 4m. 

Figure 4.74: Flood depth of 9m near Pallekelle. 
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4.5 Summary 

In this chapter the model building process was discussed in detail step by step with 

illustrations for each step of the process as well as an explanation of the underlying 

theory and concepts with formulae when needed. The model validation process will be 

discussed in the next chapter.  
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Chapter 5  

Evaluation 

5.1 Introduction 

When creating a model, the data and tools that are added and connected are 

automatically verified or reviewed to confirm that the data exists, is valid for usage with 

a tool, and that the tool parameter values are provided appropriately. It may manually 

assess the model after generating a model and modifying, moving, renaming, or 

deleting the data or tools in the model. Also, if all processes in the model have been 

performed and wish to run them again, it must verify the model. 

 

In this chapter, flood inundation maps of Kelani River and Kalu Ganga was downloaded 

from the Irrigation department website for two flood events and compared with flood 

extent maps generated from the final model for those two rivers to evaluate the accuracy 

of the model. Since some data of Daduru Oya like velocity, time it takes water to travel 

from starting position of the river to pour point was not available and available data is 

also not in a suitable form or sufficient for analysis, it was decided to use this method 

for the evaluation of the model.  
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5.2 Evaluation of the Final Model 

5.2.1 With Kelani river map 

From the Irrigation department website, a flood inundation map for an actual flood 

event in May 2016 for Kelani river was downloaded (figure 5.1) [46] and compared 

with the predicted flood depth map from the model (figure 5.2). It could be seen that 

fairly similar results were obtained, and differences may be due to factors such as not 

considering soil and land use data in modelling due to simplification and time limits. In 

Appendix – D, all the diagrams for Kelani flood prediction modelling process is given. 

 

 

Figure 5.1: Observed flood event in Kelani River in May 2016. [46] 

Figure 5.2: Predicted flood extent map using the model for Kelani River. 
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5.2.2 With Kalu Ganga(river) map and data 

From the Irrigation department website, a flood inundation map for an actual flood 

event in year 2003 for Kalu Ganga was downloaded (figure 5.3) [47]and compared with 

the predicted flood depth map from the model (figure 5.4). It could be seen that fairly 

similar results were obtained, and differences may be due to factors such as not 

considering soil and land use data in modelling due to simplification and time limits. In 

Appendix – C, all the diagrams for Kalu flood prediction modelling process is given. 

  

Figure 5.3: Observed flood inundation map for Kalu Ganga in year 2003. [47] 

Figure 5.4: Predicted flood extent map using the model for Kalu Ganga. 
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In an observed flood event in year 2003 for Kalu Ganga the following flood levels in 

figure 5.5 were calculated [47]. 

 

From the model very similar results were obtained as shown in figure 5.6 for Putupaula, 

5.7 for Millakanda, 5.8 for Ellagawa and 5.9 for Rathnapura.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.5: May 2003 flood details of Kalu Ganga. [47] 

Figure 5.7: Millakanda flood depth from the model. 

Figure 5.6: Putupaula flood depth from the model. 
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5.3 Summary 

From the results of the evaluation, it is clear that very similar results were obtained 

from the model compared to actual events. If the model is developed further, then more 

accurate results could be obtained. It will be discussed in the following chapter under 

future work. 

 

 

  

Figure 5.8: Ellagawa flood depth from the model. 

Figure 5.9: Rathnapura flood depth from the model. 
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Chapter 6  

Conclusion and Future Work 

6.1 Conclusion 

The main objective of the project was to create a model tool using ArcGIS software to 

make the flood prediction process more efficient and effective. By creating a 

generalised model that could take any DEM data and a pour point feature class layer 

for the specific DEM that objective was achieved. Now it takes only few minutes to 

complete this task when it may have taken hours without the model and each time it 

had to be repeated for every DEM. And by giving significant values as variables, it 

could calibrate the model further and compare results very easily. It should only change 

the value of the variable and run the model to see the result of the change and model 

will only run from the place of the change. It makes the task easier and less time 

consuming. Because of the ‘Parse Path’ tool naming outputs have become very easy 

and saves a lot of time that should have spent on otherwise a less important tasks. And 

it also made saving so efficient because it automatically saves all the results to the file 

path of the DEM. Due to these factors, when it starts raining in upper catchment area 

could forecast due inundation area in minutes. 

 

6.2 Challenges 

Collecting Daduru Oya data have been a challenge because no hourly rainfall data was 

available and other data such as velocity of the river, how much time it takes to a drop 

of rain to reach pour point from the starting position of the river was not available.  
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6.3 Future Work 

The model could be further developed to include factors such as soil, land use, 

evaporation, etc. to make it more accurate. Using ArcGIS City Engine, the model could 

further develop to make a 3D model of the watershed to show inundation area with 

buildings and other important developments and sites that will be flooded in a 

hypothetical situation to get a clear idea about places that will flood so it could take 

preventive action suitable for the scenario. And it could include HEC-RAS and HEC-

HMS modelling to model with real-time data. Further an ArcGIS Dashboard could 

create to display data in online format, and it could use to give real-time flood 

forecasting by giving data through a server in real-time. And the possibility of including 

technologies available with ArcGIS such as machine learning, regression analysis and 

artificial intelligence could be explored to make the model more accurate and effective. 
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Appendix A – Getting DEM and Pour Point 

 

Adding DEM Data 

 

 

Using Raster Function Clip Tool 
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Clipped DEM 

 

 

Clipping to Make a Smaller DEM 
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Create New Feature Class Pour Point 

 

 

Create Feature 
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Snap Pour Point Tool 
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Appendix B - Reclassification Table 

 

FROM_,TO,OUT,MAPPING 
0.000000000000000,7200.000000000000000,7200,ValueToValue 
7200.000000000000000,14400.000000000000000,14400,ValueToValue 
14400.000000000000000,21600.000000000000000,21600,ValueToValue 
21600.000000000000000,28800.000000000000000,28800,ValueToValue 
28800.000000000000000,36000.000000000000000,36000,ValueToValue 
36000.000000000000000,43200.000000000000000,43200,ValueToValue 
43200.000000000000000,50400.000000000000000,50400,ValueToValue 
50400.000000000000000,57600.000000000000000,57600,ValueToValue 
57600.000000000000000,64800.000000000000000,64800,ValueToValue 
64800.000000000000000,72000.000000000000000,72000,ValueToValue 
72000.000000000000000,79200.000000000000000,79200,ValueToValue 
79200.000000000000000,86400.000000000000000,86400,ValueToValue 
86400.000000000000000,93600.000000000000000,93600,ValueToValue 
93600.000000000000000,100800.000000000000000,100800,ValueToValue 
100800.000000000000000,108000.000000000000000,108000,ValueToValue 
108000.000000000000000,115200.000000000000000,115200,ValueToValue 
115200.000000000000000,122400.000000000000000,122400,ValueToValue 
122400.000000000000000,129600.000000000000000,129600,ValueToValue 
129600.000000000000000,136800.000000000000000,136800,ValueToValue 
136800.000000000000000,144000.000000000000000,144000,ValueToValue 
144000.000000000000000,151200.000000000000000,151200,ValueToValue 
151200.000000000000000,158400.000000000000000,158400,ValueToValue 
158400.000000000000000,165600.000000000000000,165600,ValueToValue 
165600.000000000000000,172800.000000000000000,172800,ValueToValue 
172800.000000000000000,180000.000000000000000,180000,ValueToValue 
180000.000000000000000,187200.000000000000000,187200,ValueToValue 
187200.000000000000000,194400.000000000000000,194400,ValueToValue 
194400.000000000000000,201600.000000000000000,201600,ValueToValue 
201600.000000000000000,208800.000000000000000,208800,ValueToValue 
208800.000000000000000,216000.000000000000000,216000,ValueToValue 
216000.000000000000000,223200.000000000000000,223200,ValueToValue 
223200.000000000000000,230400.000000000000000,230400,ValueToValue 
230400.000000000000000,237600.000000000000000,237600,ValueToValue 
237600.000000000000000,244800.000000000000000,244800,ValueToValue 
244800.000000000000000,252000.000000000000000,252000,ValueToValue 
252000.000000000000000,259200.000000000000000,259200,ValueToValue 
259200.000000000000000,266400.000000000000000,266400,ValueToValue 
266400.000000000000000,273600.000000000000000,273600,ValueToValue 
273600.000000000000000,280800.000000000000000,280800,ValueToValue 
280800.000000000000000,288000.000000000000000,288000,ValueToValue 
288000.000000000000000,295200.000000000000000,295200,ValueToValue 
295200.000000000000000,302400.000000000000000,302400,ValueToValue 
302400.000000000000000,309600.000000000000000,309600,ValueToValue 
309600.000000000000000,316800.000000000000000,316800,ValueToValue 
316800.000000000000000,324000.000000000000000,324000,ValueToValue 
324000.000000000000000,331200.000000000000000,331200,ValueToValue 
331200.000000000000000,338400.000000000000000,338400,ValueToValue 
338400.000000000000000,345600.000000000000000,345600,ValueToValue 
345600.000000000000000,352800.000000000000000,352800,ValueToValue 
352800.000000000000000,360000.000000000000000,360000,ValueToValue 
360000.000000000000000,367200.000000000000000,367200,ValueToValue 
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Appendix C - Kalu Ganga 
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Watershed Flow Direction 
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Statistics of Slope Area Term 
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Velocity lower limited 
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Unit Hydrograph 
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Flood Depth at 3.5m 

 

 

 

Flood Extent at 3.5m 
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Flood Extent at 10m 
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Appendix D - Kelani Ganga 
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Watershed Flow Direction 
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Statistics of Slope Area Term 
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Velocity Lower Limited 
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Flood Depth at 10m 
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Appendix E - Python Code of the Model 

 

# -*- coding: utf-8 -*- 

""" 

Generated by ArcGIS ModelBuilder on : 2021-08-06 16:17:58 

""" 

import arcpy 

from arcpy.sa import * 

from sys import argv 

 

def fn(y): 

 x=arcpy.GetRasterProperties_management(y, "MEAN") 

 z = x.getOutput(0) 

 return z 

 

 

def FloodModel(Output_Filled_DEM=fr"{Path}\{Name}Fill", 

Output_Slope=fr"{Path}\{Name}Slope", 

Output_Flow_Direction=fr"{Path}\{Name}FlowDir", 

Output_Flow_Accumulation=fr"{Path}\{Name}FlowAcc", 

Output_SlopeAreaTerm=fr"{Path}\{Name}SlopeAreaTerm", 

Output_Snap_PourOut=fr"{Path}\{Name}PourOut", 

Output_Watershed=fr"{Path}\{Name}Watershed", 

Output_Velocity_Unlimited=fr"{Path}\{Name}VeloUnLim", 

Output_Stream_Network=fr"{Path}\{Name}StreamNet", 

Output_Watershed_FlowDir=fr"{Path}\{Name}WatershedFlowDir

", LowerLimit=0.02, 

Output_Velocity_LowLimited=fr"{Path}\{Name}VeloLowLim", 

Output_Stream_Order=fr"{Path}\{Name}StreamOrder", 

UpperLimit=30, Output_Time=fr"{Path}\{Name}Time", 

Output_Velocity=fr"{Path}\{Name}Velocity", 

Output_Weight=fr"{Path}\{Name}Weight", 

Output_Isochrones=fr"{Path}\{Name}Isochrones", 

Output_Stream_To_Fea=fr"{Path}\{Name}StreamToFea", 

Output_Flow_Distance=fr"{Path}\{Name}FlowDis", 

Output_Flood_Ext10m=fr"{Path}\{Name}FloodExt10m", 

Output_Flood_Depth=fr"{Path}\{Name}FloodDepth", 

FloodModel_gdb=f"{Path}", 

Output_Drop_Ras=fr"{Path}\{Name}OutDropRas", 

FloodModel_KelaniPourPt_Points_="FloodModel KelaniPourPt 

(Points)", DEM="E:\\MSc\\Research\\Final 
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Thesis\\DaduruOyaModel\\KalaniFloodModel.gdb\\KelaniDEMCl

ip", SnapDistance=60):  # FloodModel 

 

# To allow overwriting outputs change overwriteOutput option 

to True. 

    arcpy.env.overwriteOutput = False 

 

# Check out any necessary licenses. 

    arcpy.CheckOutExtension("spatial") 

    arcpy.CheckOutExtension("3D") 

    arcpy.CheckOutExtension("ImageAnalyst") 

arcpy.ImportToolbox(r"c:\program 

files\arcgis\pro\Resources\ArcToolbox\toolboxes\Arc_Hydro

_Tools_Pro.tbx") 

     

# Model Environment settings with  

arcpy.EnvManager(outputCoordinateSystem="PROJCS['WGS_1984_Web_

Mercator_Auxiliary_Sphere',GEOGCS['GCS_WGS_1984',DATUM['D_WGS_

1984',SPHEROID['WGS_1984',6378137.0,298.257223563]],PRIMEM['Gr

eenwich',0.0],UNIT['Degree',0.0174532925199433]],PROJECTION['M

ercator_Auxiliary_Sphere'],PARAMETER['False_Easting',0.0],PARA

METER['False_Northing',0.0],PARAMETER['Central_Meridian',0.0],

PARAMETER['Standard_Parallel_1',0.0],PARAMETER['Auxiliary_Sphe

re_Type',0.0],UNIT['Meter',1.0]]",  

 

scratchWorkspace=r"E:\MSc\Research\Final 

Thesis\DaduruOyaModel\FloodModel.gdb",  

 

workspace=r"E:\MSc\Research\Final 

Thesis\DaduruOyaModel\FloodModel.gdb"): 

         

KelaniPourPoint = "E:\\MSc\\Research\\Final 

Thesis\\DaduruOyaModel\\KalaniFloodModel.gdb\\KelaniPourPoint" 

         

FloodDepth = 3 

         

KaluPourPt = "KaluPourPt" 

         

Pour_Pt = "DaduruPourPoint" 

        

Snap_Pour_Point_Input_raster_or_feature_pour_point_data_Points

_ = "Snap Pour Point Input raster or feature pour point data 

(Points)" 
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# Process: Fill Sinks (Fill Sinks) (archydropro) 

arcpy.archydropro.FillSinks(Input_DEM_Raster=DEM, 

Output_Hydro_DEM_Raster=Output_Filled_DEM, 

Fill_Threshold=None, 

Input_Deranged_Polygon_Feature_Class="", 

Use_IsSink_Field="ISSINK_NO") 

 

# Process: Flow Direction (Flow Direction) (sa) 

        Flow_Direction = Output_Flow_Direction 

Output_Flow_Direction = 

arcpy.sa.FlowDirection(in_surface_raster=Output_Filled

_DEM, force_flow="NORMAL",  

out_drop_raster=Output_Drop_Ras, 

flow_direction_type="D8") 

Output_Flow_Direction.save(Flow_Direction) 

Output_Drop_Ras = arcpy.Raster(Output_Drop_Ras) 

 

# Process: Flow Accumulation (Flow Accumulation) (sa) 

        Flow_Accumulation = Output_Flow_Accumulation 

Output_Flow_Accumulation = 

arcpy.sa.FlowAccumulation(in_flow_direction_raster=Out

put_Flow_Direction, in_weight_raster="", 

data_type="FLOAT", flow_direction_type="D8") 

Output_Flow_Accumulation.save(Flow_Accumulation) 

 

# Process: Snap Pour Point (Snap Pour Point) (sa) 

        Snap_Pour_Point = Output_Snap_PourOut 

        with arcpy.EnvManager(snapRaster="Daduru_DEM"): 

Output_Snap_PourOut = 

arcpy.sa.SnapPourPoint(in_pour_point_data=KelaniPourPo

int, in_accumulation_raster=Output_Flow_Accumulation, 

snap_distance=SnapDistance, 

pour_point_field="OBJECTID") 

        Output_Snap_PourOut.save(Snap_Pour_Point) 

 

# Process: Watershed (Watershed) (sa) 

        Watershed = Output_Watershed 

Output_Watershed = 

arcpy.sa.Watershed(in_flow_direction_raster=Output_Flo

w_Direction, in_pour_point_data=Output_Snap_PourOut, 

pour_point_field="VALUE") 

         

Output_Watershed.save(Watershed) 
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# Process: Extract by Mask (Extract by Mask) (sa) 

        Extract_by_Mask = Output_Watershed_FlowDir 

Output_Watershed_FlowDir = 

arcpy.sa.ExtractByMask(in_raster=Output_Flow_Direction

, in_mask_data=Output_Watershed) 

        Output_Watershed_FlowDir.save(Extract_by_Mask) 

 

# Process: Slope (Slope) (sa) 

        Slope = Output_Slope 

Output_Slope = arcpy.sa.Slope(in_raster=DEM, 

output_measurement="PERCENT_RISE", z_factor=1, 

method="PLANAR", z_unit="METER") 

        Output_Slope.save(Slope) 

 

# Process: Raster Calculator (Raster Calculator) (sa) 

        Raster_Calculator = Output_SlopeAreaTerm 

        with arcpy.EnvManager(mask=r"%Path%\%Name%Watershed"): 

Output_SlopeAreaTerm = SquareRoot(Output_Slope) * 

SquareRoot(Output_Flow_Accumulation) 

        Output_SlopeAreaTerm.save(Raster_Calculator) 

 

# Process: Calculate Value (Calculate Value) () 

        if Output_SlopeAreaTerm: 

            Value = fn("Output_SlopeAreaTerm") 

 

# Process: Raster Calculator (2) (Raster Calculator) (sa) 

        Raster_Calculator_2_ = Output_Velocity_Unlimited 

        if Output_SlopeAreaTerm: 

         with arcpy.EnvManager(mask="%Output_Watershed%"): 

Output_Velocity_Unlimited =  0.1 * 

(Output_SlopeAreaTerm/Value) 

Output_Velocity_Unlimited.save(Raster_Calculator_2_) 

 

# Process: Con (Con) (sa) 

        Con = Output_Velocity_LowLimited 

        if Output_SlopeAreaTerm: 

Output_Velocity_LowLimited = 

arcpy.sa.Con(in_conditional_raster=Output_Velocity_U

nlimited, 

in_true_raster_or_constant=Output_Velocity_Unlimited

, in_false_raster_or_constant=LowerLimit, 

where_clause=f"VALUE >= {LowerLimit}") 

           Output_Velocity_LowLimited.save(Con) 
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# Process: Con (2) (Con) (sa) 

        Con_2_ = Output_Velocity 

        if Output_SlopeAreaTerm: 

Output_Velocity = 

arcpy.sa.Con(in_conditional_raster=Output_Velocity_L

owLimited, 

in_true_raster_or_constant=Output_Velocity_LowLimite

d, in_false_raster_or_constant=UpperLimit, 

where_clause=f"VALUE < {UpperLimit}") 

           Output_Velocity.save(Con_2_) 

 

# Process: Raster Calculator (3) (Raster Calculator) (sa) 

        Raster_Calculator_3_ = Output_Weight 

        if Output_SlopeAreaTerm: 

            Output_Weight = 1/ Output_Velocity 

            Output_Weight.save(Raster_Calculator_3_) 

 

# Process: Flow Length (Flow Length) (sa) 

        Flow_Length = Output_Time 

        if Output_SlopeAreaTerm: 

Output_Time = 

arcpy.sa.FlowLength(in_flow_direction_raster=Output_

Watershed_FlowDir, 

direction_measurement="DOWNSTREAM", 

in_weight_raster=Output_Weight) 

           Output_Time.save(Flow_Length) 

 

# Process: Reclassify (Reclassify) (sa) 

        Reclassify = Output_Isochrones 

        if Output_SlopeAreaTerm: 

            Output_Isochrones = 

arcpy.sa.Reclassify(in_raster=Output_Time, 

reclass_field="VALUE", remap="0 21600 21600;21600 43200 

43200;43200 64800 64800;64800 86400 86400;86400 108000 

108000;108000 129600 129600;129600 151200 151200;151200 172800 

172800;172800 194400 194400;194400 216000 216000;216000 237600 

237600;237600 259200 259200;259200 280800 280800;280800 302400 

302400;302400 324000 324000;324000 345600 345600;345600 367200 

367200;367200 388800 388800;388800 410400 410400;410400 432000 

432000;432000 453600 453600;453600 475200 475200;475200 496800 

496800;496800 518400 518400;518400 540000 540000;540000 561600 

561600;561600 583200 583200;583200 604800 604800;604800 626400 

626400;626400 648000 648000;648000 669600 669600;669600 691200 
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691200;691200 712800 712800;712800 734400 734400;734400 756000 

756000;756000 777600 777600;777600 799200 799200;799200 820800 

820800;820800 842400 842400;842400 864000 864000;864000 885600 

885600;885600 907200 907200;907200 928800 928800;928800 950400 

950400;950400 972000 972000;972000 993600 993600;993600 

1015200 1015200;1015200 1036800 1036800", 

missing_values="DATA") 

            Output_Isochrones.save(Reclassify) 

 

# Process: Table To Table (Table To Table) (conversion) 

        if Output_SlopeAreaTerm: 

            Output_IsoTable = 

arcpy.conversion.TableToTable(in_rows=Output_Isochrones, 

out_path=FloodModel_gdb, out_name=f"{Name}_IsoTable", 

where_clause="", field_mapping=fr"VALUE \"VALUE\" false true 

true 0 Long 0 0,First,#,{Path}\{Name}Isochrones,VALUE,-1,-

1;COUNT \"COUNT\" false true true 0 Long 0 

0,First,#,{Path}\{Name}Isochrones,COUNT,-1,-1", 

config_keyword="")[0] 

 

# Process: Add Field (Add Field) (management) 

        if Output_SlopeAreaTerm: 

            Output_IsoTable_2_ = 

arcpy.management.AddField(in_table=Output_IsoTable, 

field_name="Area_meters", field_type="DOUBLE", 

field_precision=None, field_scale=None, field_length=None, 

field_alias="", field_is_nullable="NULLABLE", 

field_is_required="NON_REQUIRED", field_domain="")[0] 

 

# Process: Calculate Field (Calculate Field) (management) 

        if Output_SlopeAreaTerm: 

            Output_IsoTable_3_ = 

arcpy.management.CalculateField(in_table=Output_IsoTable_2_, 

field="Area_meters", expression="!Count! * 30 * 30", 

expression_type="PYTHON3", code_block="", 

field_type="TEXT")[0] 

 

# Process: Add Field (2) (Add Field) (management) 

        if Output_SlopeAreaTerm: 

            Output_IsoTable_4_ = 

arcpy.management.AddField(in_table=Output_IsoTable_2_, 

field_name="UH_ordinate", field_type="DOUBLE", 

field_precision=None, field_scale=None, field_length=None, 
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field_alias="Unit Hydrograph Ordinate", 

field_is_nullable="NULLABLE", 

field_is_required="NON_REQUIRED", field_domain="")[0] 

 

# Process: Calculate Field (2) (Calculate Field) (management) 

        if Output_SlopeAreaTerm: 

            Output_IsoTable_5_ = 

arcpy.management.CalculateField(in_table=Output_IsoTable_4_, 

field="UH_ordinate", expression="!Area_meters! / 21600", 

expression_type="PYTHON3", code_block="", 

field_type="TEXT")[0] 

 

# Process: Raster Calculator (4) (Raster Calculator) (sa) 

        Raster_Calculator_4_ = Output_Stream_Network 

Output_Stream_Network =  

Con(Output_Flow_Accumulation>1000, 1) 

        Output_Stream_Network.save(Raster_Calculator_4_) 

 

# Process: Stream Order (Stream Order) (sa) 

        Stream_Order = Output_Stream_Order 

Output_Stream_Order = 

arcpy.sa.StreamOrder(in_stream_raster=Output_Stream_Ne

twork, 

in_flow_direction_raster=Output_Watershed_FlowDir, 

order_method="STRAHLER") 

        Output_Stream_Order.save(Stream_Order) 

 

# Process: Stream to Feature (Stream to Feature) (sa) 

        

arcpy.sa.StreamToFeature(in_stream_raster=Output_Stream_Order, 

in_flow_direction_raster=Output_Watershed_FlowDir, 

out_polyline_features=Output_Stream_To_Fea, 

simplify="SIMPLIFY") 

 

# Process: Flow Distance (Flow Distance) (sa) 

        Flow_Distance = Output_Flow_Distance 

        Output_Flow_Distance = 

arcpy.sa.FlowDistance(in_stream_raster=Output_Stream_Network, 

in_surface_raster=DEM, 

in_flow_direction_raster=Output_Watershed_FlowDir, 

distance_type="VERTICAL", flow_direction_type="D8", 

statistics_type="MINIMUM") 

        Output_Flow_Distance.save(Flow_Distance) 
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# Process: Define HAND-based Flood Depth and Extent (Define 

HAND-based Flood Depth and Extent) (archydropro) 

        

arcpy.archydropro.DefineHANDbasedflooddepthandextent(Input_HAN

D_Raster=Output_Flow_Distance, Input_Flood_Depth=FloodDepth, 

Output_Flood_Depth_Raster=Output_Flood_Depth, 

Output_Flood_Extent_Polygon=Output_Flood_Ext10m) 

        Output_Flood_Depth = arcpy.Raster(Output_Flood_Depth) 

 

# Process: Parse Path (Parse Path) (mb) 

        Path, Name, Extension, Workspace_Name = 

arcpy.mb.ParsePathExt(in_data_element=DEM, 

format="NOT_FORMAT") 

 

        return Output_IsoTable, Output_IsoTable_2_, 

Output_IsoTable_3_, Output_IsoTable_4_, Output_IsoTable_5_ 

 

if __name__ == '__main__': 

    FloodModel(*argv[1:]) 
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 Appendix F - PRISMA Statement 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Records identified through 

database searching  

(n = 3492) 

Additional records identified 

through other sources  

(n = 18) 

Records after 6 duplicates removed 

(n = 3504) 

Records screened  

(n = 3504) 

Records excluded  

(n = 3386) 

Full text articles 

assessed for eligibility 

(n = 118) 

Full text articles excluded, 
with reasons 

(n = 45) 

- No access to full text 
(n = 14) 

- Corelation study (n 
= 30) 

- Non-English (n = 1) 

Studies included in 

qualitative assessment 

(n = 73) 

Studies included in data 

extraction 

(n = 51) 

Full text articles excluded, 

with reasons 

(n = 22) 

- Sensitivity analysis 

Id
en

ti
fi

ca
ti

o
n

 
Sc

re
en

in
g 

El
ig

ib
ili

ty
 

In
cl

u
d

ed
 


