USE OF SATELLITE-BASED DATA AND REAL-TIME
RAINFALL DATA TO IMPROVE FLOOD PREDICTIONS
IN THE LOWER KELANI RIVER BASIN

Dissanayaka Mudiyanselage Pavithra Sudeshika

208043B

Degree of Master of Science

Department of Civil Engineering

University of Moratuwa

Sri Lanka

September 2021



USE OF SATELLITE-BASED DATA AND REAL-TIME
RAINFALL DATA TO IMPROVE FLOOD PREDICTIONS
IN THE LOWER KELANI RIVER BASIN

Dissanayaka Mudiyanselage Pavithra Sudeshika

208043B

Thesis submitted in partial fulfillment of the requirements for the degree Master of

Science in Civil Engineering

Department of Civil Engineering

University of Moratuwa

Sri Lanka

September 2021



DECLARATION

| declare that this is my own work and this thesis does not incorporate without
acknowledgment any material previously submitted for a Degree or Diploma in any
other University or institute of higher learning and to the best of my knowledge and
belief it does not contain any material previously published or written by another

person except where the acknowledgment is made in the text.

Also, | hereby grant to the University of Moratuwa the non-exclusive right to
reproduce and distribute my thesis, in whole or in part in print electronic, or another
medium. | retain the right to use this content in whole or part in future works (such as

articles or books)

Signature: Pt Date: 2021-09-06
The above candidate has carried out research for the Masters under my supervision.

Name of the supervisor: Prof. R. L. H. L. Rajapakse

Signature of the supervisor: @ Date: 2021-09-06



ACKNOWLEDGEMENT

I would like to take this opportunity to express my gratitude to the individuals who
have supported me throughout the research to complete the Master's Degree.

I would like to express my sincere gratitude to my research supervisor
Prof. R. L. H. L. Rajapakse, Professor, Department of Civil Engineering, University
of Moratuwa for his immense support, guidance, and motivation throughout the
MSc. Program.

| wish to convey my sincere gratitude to Prof. S. A. S. Kulathilaka, Head of
Department of Civil Engineering, University of Moratuwa, and Prof N. T. S.
Wijesekera for their support to achieve success in the MSc. Program. | would like to
appreciate the valuable suggestions and comments given by Prof. (Mrs.) J. C. P. H.
Gamage and Dr. T. M. N. Wijerathna.

I would also like to express my gratitude to South Asia Foundation (SAF) and
UNESCO Madanjeet Singh Centre for South Asia Water Management
(UMCSAWM) for financially supporting me to undertake this Master Degree at
UNESCO Madanjeet Singh Centre for South Asia Water Management
(UMCSAWM), Department of Civil Engineering, University of Moratuwa.

I am obliged to give my special thanks to the Department of Meteorology, Irrigation
Department, and Center for Urban Water (CUrW) for acquiring necessary
meteorological and hydrological data for this research. 1 would like to appreciate the
free software access for the RRI model provided by International Centre for Water
Hazard and Risk Management (ICHARM).

Furthermore, sincere thanks to the staff of the Department of Civil Engineering,

University of Moratuwa for their massive support towards this research.

Finally, I would like to express my heartfelt gratitude to my parents and my friends

for their support and constant encouragement throughout this research work.



Use of Satellite-based Data and Real-time Rainfall Data to Improve

Flood Predictions in the Lower Kelani River Basin

ABSTRACT

The downstream of the Kelani river with relatively flat terrain is extremely important
as a region with high population density and semi/highly built-up areas. However,
this part of the basin is highly flood-prone and frequently affected. Therefore,
simulation of rainfall-runoff-inundation processes using hydrological modelling
plays a vital role in flood management. However traditional distributed hydrological
models are unsuitable due to higher computational time, uncertainties, and no link to
accommodate actual and real-time data. The distributed hydrological models such as
MIKE-SHE, LISFLOOD, and Rainfall-Runoff-Inundation model are considered to
be informative and efficient models. Those have been applied to several event-based
flood simulations and inundation analyses.

The research aims to develop a Rainfall-Runoff-Inundation model to improve model
accuracy by using available real-time precipitation and satellite-based data for the
Lower Kelani River Basin to enhance flood prediction and risk mitigation. It includes
three major components named study on impacts of DEM products on RRI model,
impacts of land-use change on RRI model, and improvement of RRI model using
real-time data such as AWS rainfall data, and satellite-based data such as MODIS
yearly global land cover data, and SMAP/ Sentinel-1 soil moisture data.

The RRI model using surveyed cross-sections and satellite-based land-use and soil
moisture data shows the best performance with the lowest RMSE of 0.69 m and
lowest ME of 0.18 m. The weakest performance indices were shown in the RRI
model using AWS with the lowest R? of 0.65, and the highest RMSE of 2.4 m. The
RRI models using 3-arc resolution SRTM and ALOS PALSAR DEMs performed
well for flood modelling in the Lower Kelani River Basin compared to ASTER, and
HydroSHEDS 3-arc resolution DEMs. The upstream flood shows an increasing trend
while the downstream water depths and flood inundation show a decreasing trend for
the 10 and 50 years return period floods of the Lower Kelani River Basin from 2001
to 2019. However, total flood inundation is in an increasing trend. This study
concluded that the RRI performs well for the Lower Kelani River Basin when using
SRTM 90-m DEM, surveyed cross-section data, and satellite-based data such as
MODIS yearly global land cover and SMAP/Sentinel-1 soil moisture data.

Keywords: AWS, DEM, Event-based Flood Modelling, MODIS, Rainfall-Runoff-
Inundation Modelling
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