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Proceedings of the 39th IAHR World Congress
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The 39" World Congress of IAHR (International Association for Hydro-Environment Engineering and
Research) was held in Granada, Spain, from June 19 to 24, 2022.

The Organisers of the Congress have been the IAHR and the University of Granada, together with the
General Directorate of Water and the General Directorate of the Coast and Sea (Ministry for the Ecological
Transition and the Demographic Challenge, Spain), the Centre for Studies and Experimentation of Public
Works (CEDEX), which constitute “Spain Water”, and the China Institute of Water Resources and Hydropower
Research (IWHR). The Congress was supported by the Andalusian Regional Government, Local Entities and
more than 20 sponsors.

Innovative approaches to water management challenges are needed more than ever to ensure sustainable
and resilient societies worldwide. Under the overall theme "From Snow to Sea", this Congress edition in
Granada focused on the importance of an integrated and intelligent approach to managing the whole water
cycle to address the global challenges' people face and the environment. It highlighted IAHR's commitment to
the critical role that sound understanding of the water cycle plays in achieving the Sustainable Development
Goals (SDGs) and Agenda 2030.

After the review process, 1.034 papers were accepted for the regular scientific program of the Congress
according to the following themes:

Theme 1: Human-water relationships (42),

Theme 2: Snow, river and sediment management (132),

Theme 3: Environmental hydraulics and urban water cycle (129),
Theme 4: Hydraulic structures (108),

Theme 5: Water resources management, valuing and resilience (109),
Theme 6: Computational and experimental methods (256),

Theme 7: Coasts, estuaries, shelves and seas (81) and

Theme 8: Extreme events: from droughts to floods (177).

Furthermore, 4 High-Level Panels, 15 Special Sessions, 4 Side Events, 8 Technical visits, 3 Workshops and 2
Master classes were also organised.

On behalf of the organisers of the 39" World Congress of IAHR, we sincerely thank the speakers and
delegates, the members of the different Committees involved in the organisation (the International Steering
Group, the International Scientific Committee, the National Organising Committee and the Congress
Organising Group), the IAHR Council, the IAHR Technical Committees, the Chairs of Sessions, the
Convener(s) of the Special Sessions, Side Events and Workshops, as well as the colleagues and volunteers
from all the involved institutions. Although the organisation of this event has been very complex due to the
global COVID pandemic, the combined effort and work of all parties has made this event a success.

Miguel Ortega-Sanchez
Head of the Congress Organising Group
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International Steering Group

Chairs

Maria Bermudez
MSCA-COFUND Athenea3i Postdoctoral Research Fellow, University of Granada (Spain)

Hyoseop Woo
Professor, Gwangju Institute of Science and Technology (Korea)

Members
Sergio Arjona
Secretary General for Environment, Water and Climate Change, Andalusian Regional Government

(Spain)

Jean-Paul Chabard
Scientific Director R&D, Electricité de France (France)

Fernando Delgado
Director-General for Planning and Water Resources, Andalusian Regional Government (Spain)

Teodoro Estrela
Director General del Agua, Ministerio para la Transicion Ecoldgica y el Reto Demogréafico (Spain)

Robert Ettema
Professor, Colorado State University (USA)

Ramon Gutiérrez
Secretary General IAHR (Spain)

Torkil Jeanch Clausen
International Water Adviser (Denmark)

Ana Maria OfRoro
Directora General de Sostenibilidad de la Costa y del Mar, Ministerio para la Transicion Ecologica y
el Reto Demografico (Spain)

loana Popescu
Associate Professor, IHE Delft Institute for Water Education (The Netherlands)

Aurea Perucho Martinez
Directora General CEDEX (Spain)

Alvaro Real Jiménez
Director-General for Water Infrastructures, Andalusian Regional Government (Spain)

Tom Soo
Executive Director IAHR
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International Scientific Committee

The International Scientific Committee (ISC) and the Advisory Board will provide counsel and
support to the Congress Organising Group (COG) for the scientific and technical coordination of the
congress.

Chair
Prof. Dr. Robert Ettema (Colorado State University, USA), IAHR Vice President

Members

1.

11.
12.

13.

14.
15.
16.

17.

18.

19.
20.
21.

22.
23.
24.

Dr. Alastair G. Barnett (HYDRA Software Ltd, New Zealand), Chair of the IAHR Technical
Committee on Flood Risk Management

Prof. A. Baquerizo (University of Granada)
Dr. M. Bermudez (University of Granada)

Dr. Ir. Sébastien Erpicum (Liege University, Belgium), Chair of the IAHR Technical Committee
on Hydraulic Structures

Prof. Roger Falconer (Cardiff University, UK), Chair of the IAHR Working Group on Global
Water Security

Prof. M. Clavero (University of Granada)
Prof. J.M. Civantos (University of Granada)

Dr. Ing. Eva Fenrich (Esslingen University of Applied Sciences, Germany), Chair of the IAHR
Technical Committee on Education and Professional Development

Prof. M. Diez (University of Granada)

. Prof. Rui M.L. Ferreira (Instituto Superior Técnico, Portugal), Chair of the IAHR Technical

Committee on Experimental Methods and Instrumentation
Prof. M. Losada (University of Granada)

Adj. Prof. Angelos N. Findikakis (Bechtel Global Corporation and Stanford University,
USA), Chair of the IAHR Working Group on Sustainable Development Goals

Prof. Gabriele Freni (Universita Di Enna Kore, Italy), Chair of the IAHR/IWA/IAHS Joint
Committee on Hydroinformatics

Ana Maria Garcia Fletcher (General Directorate of Coasts, Spain)
David Lépez Gémez (Centre of Hydrographic Studies of CEDEX, Spain)

Prof. Harindra Joseph Fernando (University of Notre Dame, USA), Chair of the IAHR
Technical Committee on Fluid Mechanics

Dr. Kamal El Kadi Abderrezzak (Electricité de France, Division R&D, France), Chair of the
IAHR Working Group on Reservoir Sedimentation

Dr. Elpida Kolokytha (Aristotle University of Thessaloniki, Greece), Chair of the IAHR
Technical Committee on Water Resources Management

Dr. Moez Louati (The Hong Kong University of Science and Technology)
Fernando Magdaleno Mas (General Directorate of Water, Spain)

Dr. Daniela Molinari (Politecnico di Milano, ltaly), Vice Chair of the IAHR Technical Committee
on Flood Risk Management

Prof. A. Moiino (University of Granada)
Prof. J. Martin (University of Granada)
Prof. Silvia Meniconi (The University of Perugia, ltaly)
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Prof. A. Millares (University of Granada)

Prof. Em. Arthur Mynett (IHE Delft Institute for Water Education, Netherlands), Chair of the
IAHR Technical Committee on Global Water Issues

Prof. L. Nania (University of Granada)
Prof. M. Ortega (University of Granada)

Dr. André Paquier (INRAE, France), Chair of the IAHR Technical Committee on Fluvial
Hydraulics

Prof. P. Ortiz (University of Granada)

Dr. Paolo Paron (IHE Delft Institute for Water Education, Netherlands), Chair of the IAHR
Working Group on Drones

Prof. Dr. Roberto Ranzi (Universita Degli Studi di Brescia, Italy), Chair of the IAHR Technical
Committee on Climate Change Adaptation

Prof. J.M. Poyatos (University of Granada)

Prof. Stefan Riedelbauch (Institute of Fluid Mechanics and Hydraulic Machinery,
Germany), Chair of the IAHR Technical Committee on Hydraulic Machinery and Systems

Prof. E. Sanchez (University of Granada)
José Francisco Sanchez (Centre for Harbours and Coastal Studies of CEDEX, Spain)

Prof. Michael Stewardson (University of Melbourne, Australia), Chair of the IAHR Technical
Committee on Ecohydraulics

Dr. James Sutherland (HR Wallingford, UK), Chair of the IAHR Technical Committee on
Coastal and Maritime Hydraulics

Dr. Mathew Wood (HR Wallingford, UK), Chair of the IAHRI/IWA Technical Committee on
Marine Outfalls Systems

Prof. Zhongbo Yu (Hohai University, China), Chair of the IAHR Technical Committee on
Groundwater Hydraulics and Management

Carmen Hervas (Tragsatec (Grupo Tragsa), Teaching Assistant at the University of Granada,
Spain)

Advisory Board
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Abdolmajid Mohammadian (University of Ottawa, Canada)
Agustin Millares (University of Granada, Spain)

Alain Recking (INRAE, France)

Alastair G. Barnett (HYDRA Software Ltd, New Zealand)
Alejandro Rodriguez Sanchez (Purdue University, USA)
Alejandro Lopez Ruiz (University of Seville, Spain)

Alessandra Crosato (IHE Delft Institute for Water Education, Netherlands)
Alessio Radice (Politecnico di Milano, Italy)

Alvaro Rodriguez Garcia (SUEZ, Spain)

An Ruidong (Sichuan University, China)

Ana Adeva-Bustos (SINTEF, Norway)

Ana M. Ricardo (CERIS, Portugal)

Ana Maria Ferreira da Silva (Queen’s University, Canada)

Ana Maria Garcia Fletcher (General Directorate of Coasts, Spain)
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15. André Paquier (INRAE, France)

16. Andy Nichols (The University of Sheffield, UK)

17. Angelo Leopardi (University of Cassino and Southern Lazio, Italy)

18. Angelos N. Findikakis (Bechtel Global Corporation and Stanford University, USA)
19. Antonio Mo#ino (University of Granada, Spain)

20. Arthur Mynett (IHE Delft Institute for Water Education, Netherlands)

21. Asensio Navarro (University of Granada, Spain)

22. Asuncion Baquerizo (University of Granada, Spain)

23. Ata Riadh (Flow Science Inc., USA)

24. Benjamin Dewals (University of Liege, Belgium)

25. Benoit Camenen (French National Institute for Agriculture, Food and Environment, France)
26. Blair Johnson (University of Texas at Austin, USA)

27. Brian Crookston (Utah State University, USA)

28. Camilo Farias (Federal University of Campina Grande, Brazil)

29. Carlos Castillo (Universidad de Cordoba, Spain)

30. Carlos Galvao (Federal University of Campina Grande, Brazil)

31. Carmelo Conesa (Universidad de Murcia, Spain)

32. Carmen Perez Martinez (Universidad de Granada, Spain)

33. Carmen Hervas (Tragsatec-Grupo Tragsa, Spain)

34. Carmen Zarzuelo Romero (University of Seville, Spain)

35. Caroline Le Bouteiller (INRAE, France)

36. Chunjing LIU (China Institute of Water Resources and Hydropower Research, China)
37. Claudia Adduce (Roma Tre University, Italy)

38. Corrado Gisonni (Universita della Campania ‘Luigi Vanvitell’, Italy)

39. Corrado Altomare (Universitat Politecnica de Catalunya, Spain)

40. Cybelle Braga (Federal Institute of Paraiba (IFPB), Brazil)

41. Daisuke Nohara (Kyoto University, Japan)

42. Dalila Loudyi (Hassan Il University of Casablanca, Morocco)

43. Dan Liberzon (Israel Institute of Technology, Israel)

44. Daniel Valero (Karlsruhe Institute of Technology (KIT), Germany)

45. Daniel B. Bung (FH Aachen University of Applied Sciences, Germany)

46. Daniela Molinari (Politecnico di Milano, Italy)

47. David Ferras (IHE Delft, Netherlands)

48. David Lépez Gomez (Centre of Hydrographic Studies of CEDEX, Spain)
49. Demetrio Zema (Mediterranean University of Reggio Calabria, Italy)

50. Dijordje Cantrak (University of Belgrade, Serbia)

51. Donatella Termini (University of Palermo, Italy)

52. Edgar Gerardo Mendoza Baldwin (Universidad Nacional Autbnoma de México, Mexico)
53. Ekkehart Holzbecher (German University of Technology, Oman)

54. Elena Pummer (Norwegian University of Science and Technology, Norway)
55. Elena Quevedo Baquerizo (SENER, Spain)

56. Elena Sanchez (University of Granada, Spain)
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57. Ellis Penning (Deltares, The Netherlands)

58. Elpida Kolokytha (Aristotle University of Thessaloniki, Greece)
59. Encarnacién Taglas Ruiz (Universidad de Cordoba, Spain)

60. Encarnacion Medina Lopez (University of Edinburgh, UK)

61. Enrica Viparelli (University of South Carolina, USA)

62. Enrique M. Padilla de la Torre (University of Granada, Spain)
63. Eva Fenrich (Esslingen University of Applied Sciences, Germany)
64. Fabian Bombardelli (University of California, USA)

65. Fernando Magdaleno Mas (General Directorate of Water, Spain)
66. Florian Cordier (Electricité de France, France)

67. Francesco Comiti (Free University of Bozen-Bolzano, Italy)

68. Francisco Martinez Capel (Polytechnic University of Valencia, Spain)
69. Francisco Rueda Valdivia (University of Granada, Spain)

70. Franck Mazas (ARTELIA Group, France)

71. Frédérique Larrarte (Université Gustave Eiffel, France)

72. Gabriel Diaz Hernandez (IH Cantabria, Spain)

73. Gabriele Freni (Universita Di Enna Kore, Italy)

74. Gensheng Zhao (Nanjing Hydraulic Research Institute, China)
75. George Constantinescu (University of lowa, USA)

76. Giovanni De Cesare (Swiss Federal Institute of Technology Lausanne, Switzerland)
77. Gudrun Hillebrand (Federal Institute of Hydrology, Germany)

78. Harindra Joseph Fernando (University of Notre Dame, USA)

79. Heide Friedrich (University of Auckland, New Zealand)

80. Heidi Nepf (Massachusetts Institute of Technology, USA)

81. Huayang Cai Sun (Yat-sen University, China)

82. Hubert Chanson (The University of Queensland , Australia)

83. Ibrahim Demir (University of lowa, USA)

84. loana Popescu (IHE Delft Institute for Water Education, The Netherlands)
85. Isabel Reche (Universidad de Granada, Spain)

86. Isabel Caballero (ICMAN, Spain)

87. lIsabel Jalon Rojas (University of Bordeaux, France)

88. lzaskun Benedicto Iruifia (PROES Consultores S.A., Spain)

89. Jaime Martin (University of Granada, Spain)

90. James Sutherland (HR Wallingford, UK)

91. Javier Orddnez Garcia (University of Granada, Spain)

92. Javier Lopez Lara (IH Cantabria, Spain)

93. Jennifer Duan (University of Arizona, USA)

94. Jerdénimo Puertas Agudo (University of La Corufa, Spain)

95. Jesus Gonzalez Lopez (University of Granada, Spain)

96. Joanna Szmelter (Loughborough University, UK)

97. Joaquin Andreu (Polytechnic University of Valencia, Spain)

98. Joaquin Melgarejo Moreno (Universidad de Alicante, Spain)
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99. Joaquin Ortega Casanova (University of Malaga, Spain)

100. Jorge Matos Matos (University of Lisbon, Portugal)

101. Jorge Molina Moya (University of Granada, Spain)

102. Jorge D. Abad (Universidad de Ingenieria y Tecnologia, Peru)

103. Joris de Vente (CEBAS-Spanish Research Council, Spain)

104. José Rodriguez (University of Newcastle, Australia)

105. José Francisco Sanchez (Centre for Harbours and Coastal Studies of CEDEX, Spain)
106. José M. Civantos (University of Granada, Spain)

107. José M. Poyatos (University of Granada, Spain)

108. José M. Carrillo (Universidad Politécnica de Cartagena, Spain)

109. José Manuel Adriasola Velasco (Bechtel, Chile)

110. Jose Maria Santos (Universidade de Lisboa, Portugal)

111. José Maria Terrés (Oritia y Boreas, Spain)

112. Juan Carlos Leyva Diaz (University of Granada, Spain)

113. Juan Pablo Rodriguez Sanchez (Universidad de los Andes, Colombia)
114. Kamal El Kadi Abderrezzak (Electricité de France, Division R&D, France)
115. Katinka Koll (TU Braunschweig, Germany)

116. Kenichiro Kobayashi (Kobe University, Japan)

117. Keri Hornbuckle (University of lowa, USA)

118. Kordula Schwarzwalder (Norwegian University of Science and Technology, Norway)
119. Leonardo Nania (University of Granada, Spain)

120. Luigi Falleti (University of Padova, Italy)

121. Luigia Brandimarte (Kungliga Tekniska Hogskolan, Sweden)

122. Luis Cruz Pizarro (University of Granada, Spain)

123. Luis Garrote de Marcos (Polytechnic University of Madrid, Spain)

124. Luis Mediero Orduna (Polytechnic University of Madrid, Spain)

125. Luis Cea Gomez (University of A Coruia, Spain)

126. Manousos Valyrakis (University of Glasgow, UK)

127. Manuel Pulido Velazquez (Polytechnic University of Valencia, Spain)
128. Manuel Diez (University of Granada, Spain)

129. Manuel Gomez Valentin (Universitat Politécnica de Catalunya, Spain)
130. Manuel Esteban Lucas-Borja (Universidad de Castilla-La Mancha, Spain)
131. Marcela Politano (US Army Engineer Research and Development Center, USA)
132. Marcelo H. Garcia (University of lllinois at Urbana-Champaign, USA)
133. Margaret Chen (Vrije Universiteit Brussel, Belgium)

134. Maria Graga Neves (Laboratério Nacional de Engenharia Civil, Portugal)
135. Maria Clavero (University of Granada, Spain)

136. Maria Maza Fernandez (IH Cantabria, Spain)

137. Maria Bermudez (University of Granada, Spain)

138. Maria Del Mar Mufio (University of Granada, Spain)

139. Maria Esther Gomez Martin (Universidad Politécnica de Valencia, Spain)
140. Maria Gabriela Castrellon (Universidad del Istmo, Panama)
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Maria José Polo Gomez (Universidad de Cérdoba, Spain)

Mariano I. Cantero (Instituto Balseiro, Univ. Nac. De Cuyo, Argentina)

Mario Franca (Karlsruher Institut fir Technologie, Germany)

Mario Oertel (Helmut-Schmidt-University Hamburg, Germany)

Massimiliano Fenice (Universita degli Studi della Tuscia, Italy)

Massimo Guerrero (University of Bologna, Italy)

Mathew Wood (HR Wallingford, UK)

Mengzhen Xu (Tsinghua University, China)

Micha Werner (IHE Delft Institute for Water Education, Netherlands)

Michael Tritthart (University of Natural Resources and Life Sciences, Austria)
Michael Nones (Institute of Geophysics — Polish Academy of Sciences, Poland)
Michael Stewardson (University of Melbourne, Australia)

Michel Benoit (EDF R&D Laboratoire National d’Hydraulique et Environnement (LNHE),
France)

Michele Palermo (University of Pisa, Italy)
Miguel Ortega (University of Granada, Spain)
Miguel Losada (University of Granada, Spain)

Miguel Angel Reyes Merlo (Ministerio para la Transicion Ecoldgica y el Reto Demografico,
Spain)

Miguel Angél Gomez Nieto (University of Granada, Spain)

Mohammed Habi (University Abou Bekr Belkaid of Tlemcen, Algeria)
Muhammad Wagar (Hong Kong University of Science and Technology, Hong Kong)
Nils Ruther (Norwegian University of Science and Technology, Norway)
Pablo Tassi (Electricité de France, France)

Pablo Ortiz (University of Granada, Spain)

Pamela Faber Benitez (University of Granada, Spain)

Paola Passalacqua (University of Texas at Austin, USA)

Paolo Paron (IHE Delft Institute for Water Education, Netherlands)

Pascual Herrera Grimaldi (Tragsatec (Grupo Tragsa), Universidad de Cérdoba, Spain)
Patricio Bohorquez (Universidad de Jaén, Spain)

Patrick Willems (KU Leuven University, Belgium)

Pedro Lomonaco (Oregon State University, USA)

Perumal Nithiarasu (Swansea University, UK)

Petra Amparo Lépez Jiménez (Universidad Politécnica de Valencia, Spain)
Philippe Gourbesville (Université Cote d’Azur, France)

Piton Guillaume (INRAE, France)

Prashanth Hanmaiahgari (Indian Institute of Technology Kharagpur, India)
Qiuhua Liang (Loughborough University, UK)

Rafael Bravo Pareja (University of Granada, Spain)

Rainald Lohner (George Mason University, USA)

Ramesh Teegavarapu (Florida Atlantic University, USA)

Ramon J. Batalla Villanueva (University of Lerida, Spain)

Raul Lopardo (Univ. Nacional de La Plata, Argentina)
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Rebekka Kopmann (Federal Waterways Engineering and Research Institute, Germany)
Reza Ahmadian (Cardiff University, UK)

Robert Ettema (Colorado State University, USA)

Roberto Ranzi (Universita Degli Studi di Brescia, Italy)

Rodrigo Maia (University of Porto, Portugal)

Roger Falconer (Cardiff University, UK)

Ronald Vargas Balda (Universidad Simén Bolivar, Colombia)

Roser Casas-Mulet (Technical University of Munich, Germany)

Rui M.L. Lage Ferreira (Instituto Superior Técnico, Portugal)

Sandra Soares-Frazao (UCLouvain, Belgium)

Sandro Longo (University of Parma, Italy)

Sazeda Begam (University of Nottingham, UK)

Sean Mulligan (National University of Ireland, Ireland)

Sebastian Solari (Universidad de la Republica, Uruguay)

Sébastien Erpicum (Liége University, Belgium)

Sergi Atmeller (SENER Ingenieria y Sistemas S.A., Spain)

Sihem Jebari (National Research Institute of Rural Engineering, Water and Forests, Tunisia)
Silvia Quadroni (University of Insubria, Italy)

Silvia Meniconi (University of Perugia, Italy)

Simon Pulido Lebeauf (SUEZ, Spain)

Stefan Haun (University of Stuttgart, Germany)

Stefan Felder (University of New South Wales, Australia)

Stefan Riedelbauch (Institute of Fluid Mechanics and Hydraulic Machinery, Germany)
Sung-Uk Choi (Yonsei University, Korea)

Takashi Sakakibara (Yachiyo Engineering Co.,Ltd., Japan)

Talita Silva (Universidade Federal de Minas Gerais, Brazil)

Tom Vanwalleghem (Universidad de Cordoba, Spain)

Tomas A. Michel Mayer (Suez Water, Spain)

Valentin Heller (University of Nottingham, UK)

Vittorio Di Federico (Universita di Bologna, ltaly)

Yang Yu (School of Soil and Water Conservation, Beijing Forestry University)
Young-Oh Kim (Seoul National University, Korea)

Zhiguo He (Zhejiang University, China)

Zhongbo Yu (Hohai University, China)

Zoran Kapelan (Delft University of Technology, Netherlands)
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National Organising Committee
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Luis Balairbn — Chair

Agustin Millares

Alvaro Real Jiménez
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