INVESTIGATION OF HEC-HMS MODEL PARAMETER
TRANSFERABILITY FOR DAILY RAINFALL RUNOFF
SIMULATION IN MAHA OYA BASIN

Medaweriye Herath Bandaralage Chulani Wathsala Herath

(189240F)

Degree of Master of Science in Water Resources Engineering and

Management

Department of Civil Engineering

University of Moratuwa

Sri Lanka

July 2020



INVESTIGATION OF HEC-HMS MODEL PARAMETER
TRANSFERABILITY FOR DAILY RAINFALL RUNOFF
SIMULATION IN MAHA BASIN

Medaweriye Herath Bandaralage Chulani Wathsala Herath

(189240F)

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

Science in Water Resources Engineering and Management

Supervised by

Professor N.T.S. Wijesekera

UNESCO Madanjeet Centre for South Asia Water Management (UMCSAWM)

Department of Civil Engineering

University of Moratuwa

Sri Lanka

July 2020



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 other
medium. | retain the right to use this content in whole or part in future works (Such as

articles or books).

Medaweriye Herath Bandaralage Chulani Wathsala Herath Date

The above candidate has researched for the Masters thesis under my supervision.

Professor N.T.S.Wijesekera Date



ACKNOWLEDGMENT

I would like to express my sincere and heartfelt gratitude to my research supervisor,
Professor N.T.S. Wijesekera, Senior Professor Overall Program Director, UNESCO
Madanjeet Singh Center for South Asia Water Management (UMCSAWM),
University of Moratuwa for giving me an opportunity to continue my research under
his invaluable guidance and the continuous support of my study with his patience,
motivation and immense knowledge. His dynamism, vision, sincerity and
motivation have deeply inspired me. He has taught me the methodology to carry
out the research and to present the research works as clearly as possible. It was a
great privilege and honor to work and study under his guidance. Without his
dedicated supervision and continued guidance, this thesis would not be successfully
completed within the time frame. During my period, he consistently allowed this
research to be my own work, but steered me in the right direction whenever he thought

| needed it.

Further, | would like to extend my gratitude to the course coordinator Dr. R. L. H.
Lalith Rajapaksha, for his guidance and the encouragement for completing my master.
He was always kind enough to provide the necessary direction and support even with
his tight schedules. His sincere and consistent encouragement is greatly appreciated.

Then I would like to thank, all the lectures, who conducted postgraduate lectures.

Next, I would also like to thank all staff at UMCSAWM, who encouraged, inspired,
supported, assisted, and sacrificed their time and efforts to help my studies of a
Master’s degree. | am grateful to thanks my colleagues with whom | worked together
and always they supported me notwithstanding their own work. Their support is also
very valuable toward the successful completion of the master programme.

Not only that, but also | would like to extend my honest thanks to Eng. D. C. S.
Elakanda, Project Director, Climate Resilience Improvement Project (CRIP) and
Eng(Mrs). P. A. A. P. K. Pannala, Deputy Project Director (CRIP-DBIP) for providing
me their support to complete a master’s degree. Moreover, it is my responsibility to
thank all the organizations, who provided the data to carry out this study including,

Irrigation Department, Meteorological Department and survey Department.

Finally, I would like to thank my family, and friends for giving me the strength to finish

this thesis fruitfully.



Investigation of HEC-HMS Model Parameter Transferability for Daily Rainfall

Runoff Simulation in Maha Oya basin

Abstract

Water is an essential finite natural resource for the developing world, however water is under
growing stress due to, increased water consumption resulting from rapid population growth,
development activities and industrialization for economic prosperity. Therefore, considerable
attention for water resource management and development activities are required. The main
challenge in this context is the unavailability of observed flow data. To address the prevailing
condition, it is necessary to understand the catchment behavior from the hydrological point of
view. Therefore, water quantification with the aid of hydrological modeling is an essential
requirement, to facilitate the water resource development in ungauged watersheds.

The objective of this work is to investigate the level of applicability of hydrological parameter
transferability by using the HEC-HMS model for Badalgama and Giriulla catchments in the
Maha Oya basin, for sustainable development and management of water Resources.

The HEC-HMS model has been developed for Giriulla and Badalgama watersheds in the Maha
Oya basin with the use of hydro-meteorological data, climatic data, and topographical data.
Then model development, parameter estimation and simulation of the model have been
performed systematically. Thereafter model calibration and validation were carried out based
on identified objective function as RMSE and model performance evaluation criteria as
MRAE. Optimized parameters were transferred by deploying different approaches, including
temporal, spatial, and spatiotemporal methods. Model performance evaluation was carried out
by observing total flow hydrograph, annual and seasonal water balance, behavior of low,
medium and high flow regimes in the flow duration curve.

Developed HEC-HMS models of Giriulla and Badalgama catchments were calibrated with
0.24 and 0.25 of MRAE values, while validated with 0.18 and 0.19 of MRAE value
respectively. In addition to that, flow hydrographs and flow duration curves matched well with
the observed data. According to the transferability results, it was revealed that best approach
for reproducing streamflow in both catchments are temporal transferability, which showed
approximately 80% accuracy level. The spatial and spatiotemporal transferability approaches
were not capable enough to capture the streamflow in satisfactory accuracy level, as it was
approximately less than 50% for both catchments. Further, based on model results, it shows
good performance for high and medium flows when compared with low flows in both
catchments. Accordingly, at Giriulla watershed high and medium flow prediction accuracy for
temporal transferability are 76% and 85%, while same for Badalgama watershed are 89% and
84%. However low flow prediction accuracy maintained approximately less than 60%.
Further, annual average water balance error at Giriulla is overestimated 20%, while indicating
seasonal water balance errors are overestimated 23% (Maha) and 17% (Yala). Similarly, at
Badalgama average water balance error is underestimated 11%, and seasonal water balance
errors are underestimated 8% and 20% for Maha and Yala seasons respectively.

In the light of these findings, calibrated and validated HEC-HMS model can be utilized for
water resources development activities in daily timescale with approximately 75% accuracy
for both catchments. Further, low flow estimation with this model must be carried out with
caution due to selection of one layer precipitation loss model. The temporal transferability
could be done for the selected catchments with good level of confidence (80% for both
catchments), while spatial transferability and spatiotemporal transferability cannot be done
with acceptable accuracy, though both catchments are in the same river basin.

Key Words:

HEC-HMS, Hydrological Model, parameter transferability, Calibration, and Validation, Maha
Oya Basin
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