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Description of the Research Project: 

Dams have segmented most of the major rivers in industrialized countries, and nowadays the same is 

occurring in developing countries. Dams have provided undoubted benefits to the people, contributing to 

develop countries, supply energy, regulate water supply, mitigate water crises, reduce hydraulic risk, and 

defend the territory. At the same time, dams have an impact on environment and society. They represent 

the primary cause of loss and degradation of river ecosystems (loss of fish species, and the services these 

ecosystems provide to society), and a potential hazard for the downstream population in case of dam failure 

or malfunctioning. In the past, the design of large dams has accounted only partially the impacts consequent 

to the realization of such structures. For example, Ziv et al. (2012) pointed out that the design of Mekong 

river dams has addressed the impacts on the mainstream, neglecting those on their tributaries. The World 

Commission on Dams (WCD, 2000) reported that the negative impacts of dams on the environment exceed 

the positive ones. Dam ageing and climate changes (viz., nonstationarity of forcings) constitute indeed two 

important issues that are modifying the behavior of dam-reservoir systems, and the impacts that these can 

have on environment and population. 

Dams may continue to provide valuable services, but a rehabilitation is necessary for many reasons, including 

(1) new hydrological safety requirements posed by increasingly risk-averse societies, also in the context of 

climate change, (2) changes in the downstream river and riparian system after the building of the dam, (3) 

poor hydrological information at the time of dam design and construction, and (4) modified priorities of 

watershed management after dam completion. 

In Italy, there are about 550 large dams (i.e., with dam height exceeding 15 meters, or reservoir capacity 

larger than 1 million of cubic meters) of national interest. These dams, which had a strategic role in our 

economy, were built during the XIX and XX centuries (60% of these are over 50 years old) under different 

engineering (90% was built before the entry into force of the current technical regulations, which date back 

to 1982), social, economic, and possibly climate conditions from nowadays. Presently, dam managers cope 

with dam safety issues reducing the operational maximum level, which in some cases implies the use of only 

a portion of the available reservoir volume, thus limiting the related activities. An example is the Mignano 

reservoir on the Arda River (Northern Italy). 

The aim of this project is to integrate updated knowledge on hydrologic, hydraulics, and sedimentation 

processes to address the water and flood risk management of impounded river basins through a holistic 

paradigm. In particular, the project intends to set guidelines for a functional re-habilitation, i.e. the one 

associated to water-related issues (leaving out structural aspects), of large dams addressing the following 

main topics: 1) re-think of dam design scenarios of dams taking into account modified climate conditions, 

and considering not only the streamflow variable, but including also sediment transport and debris inflows; 

2) update of dam operation strategies in order to accommodate modified behavior of climate forcings and 

hydrologic variables, and modified needs; 3) update of the criteria to map hazard scenarios in downstream 

and riparian areas; 4) illustrate some demonstrative case studies considering post-construction assessment 

of dam-reservoir systems and future scenarios. 

 



Plan of activities: 

The work developed in the present research project has the objective of supporting the activity of the WP2 

– Hydrological risk scenarios and safety criteria of existing dams, with particular attention to the updating of 

the dam design criteria for hydrological safety (A2.2). In this task, the activity of U.O. 3 is focused on the 

design values used at the time of dam construction with present and future multivariate hazard scenarios. 

The context from which these activities originate consider that dams will continue to provide valuable 

services, but a rehabilitation is needed because of (1) the new hydrological safety requirements posed by 

increasingly risk-averse societies, (2) the changes in the downstream river and riparian system after the dam 

were built, (3) poor hydrological information at the time of dam design and construction, and (4) the modified 

priorities of watershed management after dam completion. 

The research fellow's activity will in particular be concentrated on the recognition and processing of 

hydrological information available in the past for the basins relating to the dams considered in the case 

studies. This will allow to produce a photograph of the information context used at the time of construction 

of the reservoirs, with reference to the historical series, their temporal amplitude and the applied 

methodologies. The scenarios that will be recovered can then be compared with the present and future ones 

elaborated in the other tasks. 

The analysis can make use of tools which include computing environments for data processing and statistical 

analysis, also geographical information system environments for cartographic processing and analysis at the 

territorial level. 

 

References 

Alcrudo F., Mulet J. (2007). Description of the Tous Dam break case study (Spain). Journal of Hydraulic Research, 
45(sup1), 45-57. 

Aureli, F., Maranzoni, A., Mignosa, P., & Ziveri, C. (2008). 2D numerical modelling for hydraulic hazard assessment: A 
dam-break case study. In Proc., Int. Conf. on Fluvial Hydraulics, River Flow 2008 (pp. 729-736). Ankara, Turkey: Kubaba 
Congress Dept. and Travel Services. 

Avanzi F, De Michele C., Ghezzi A., Jommi C., Pepe M. (2014). A processing–modeling routine to use SNOTEL hourly data 
in snowpack dynamic models, Adv. Water Resour., 73, 16-29. 

Avanzi F., Yamaguchi S., Hirashima H., De Michele C. (2015). Bulk volumetric liquid water content in a seasonal 
snowpack: modeling its dynamics in different climatic conditions, Adv. Water Resour., 86, 1-13. 

Avanzi F., De Michele C., Morin S., Carmagnola C.M., Ghezzi A., Lejeune Y. (2016). Model complexity and data 
requirements in snow hydrology: seeking a balance in practical applications, Hydr. Proc.. 30(13), 2106-2118. 

Bernardi M., Durante F., Jaworski P., Petrella L., Salvadori G. (2018) Conditional risk based on multivariate hazard 
scenarios. Stochastic Environmental Research and Risk Assessment, 32, 203–211. doi:332 10.1007/s00477-017-1425-9. 

Bocchiola D., Rosso R. (2014) Safety of Italian dams in the face of flood hazard, Adv. Water Resour., 71: 23–31. 

Bongio M., Avanzi F., De Michele C. (2016). Hydroelectric power generation in an Alpine basin: future water-energy 
scenarios in a run-of-the-river plant. Adv. Water Resour., 94, 318-331. 

Bozorg-Haddad O. (2018). Advanced-Optimization-by-Nature-Inspired-Algorithms, 1st ed, Elsevier. 

Begnudelli, L., & Sanders, B. F. (2007). Simulation of the St. Francis dam-break flood. Journal of Engineering Mechanics, 
133(11), 1200-1212. 

Charles J.A. (2005) Use of incident reporting and data collection in enhancing reservoir safety, Dams Reservoirs, 
15(3):29–35. 

Chanson H. (2009) Application of the method of characteristics to the dam break wave problem, J. Hydraul. Res., 47(1): 
41–49. 



De Michele C., Salvadori G. (2003). A generalized Pareto intensity-duration model of storm rainfall exploiting 2-copulas, 
J. Geophy. Res. Atmosphere, Vol. 108 (D2), 4067, doi:10.1029/2002JD002534. 

De Michele C., Salvadori G., Canossi M., Petaccia A., Rosso R. (2005) Bivariate statistical approach to check adequacy of 
dam spillway. J. Hydrol. Eng., 10(1): 50–7. 

De Michele C., Avanzi F., Ghezzi A., Jommi C. (2013). Investigating the dynamics of bulk snow density in dry and wet 
conditions using a one-dimensional model. The Cryosphere, vol. 7, p. 433-444, ISSN: 1994-0416, doi: 10.5194/tc-7-433-
2013. 

D’Oria M., Ferraresi M., Tanda M.G. (2017). Historical trends and high-resolution future climate projections in northern 
Tuscany (Italy). Journal of Hydrology, 555, 708–723. 

Dugan P., Allison E.H. (2010) Water: act now to restore river health. Nat. Correspondence, 468:173. Gaudard L., Avanzi 
F., De Michele C. (2018). Seasonal aspects of the energy-water nexus: The case of a run-of-the-river hydropower plant, 
Applied Energy, 210, 604-612. 

Gaudard L., Gilli M., Romerio F. (2013) Climate Change Impacts on Hydropower Management, Water Resources 
Management, 27, 5143–5156, https://doi.org/10.1007/s11269-013-0458-1. 

Graf WL. (1999) Dam nation: a geographic census of American dams and their largescale hydrologic impacts. Water 
Resour. Res., 35(4):1305–11. 

Groppelli B., Bocchiola D., Rosso R. (2011), Spatial downscaling of precipitation from GCMs for climate change 
projections using random cascades: A case study in Italy, Water Resour. Res., 47, W03519, doi:10.1029/2010WR009437. 

Hall J. and other authors (2014) Understanding flood regime changes in Europe: a state-of-the-art assessment, Hydrol. 
Earth Syst. Sci., 18: 2335–2372. 

Karvonen T., Hepojoki A., Kotola J. (2000) The use of physical models in dam-break flood analysis, Appendix 2, RESCDAM 
Final Report, Helsinki University of Technology. 

Kelman I., Spence R. (2004) An overview of flood actions on buildings, Engineering Geology, 73, 297–309. 

Kim B., Sanders B.F. (2016) Dam-Break Flood Model Uncertainty Assessment: Case Study of Extreme Flooding with 
Multiple Dam Failures in Gangneung, South Korea, J. Hydraul. Eng., 142(5), doi:10.1061/(ASCE)HY.1943-7900.0001097. 

IPCC (2014). Climate Change 2014: Synthesis Report. Contribution of Working Groups I, II and III to the Fifth Assessment 
Report of the Intergovernmental Panel on Climate Change [Core Writing Team, R.K. Pachauri and L.A. Meyer (eds.)]. 
IPCC, Geneva, Switzerland. 

LaRocque L.A., Imran J., Chaudhry M.H. (2013) Experimental and Numerical Investigations of Two-Dimensional Dam-
Break Flows, J. Hydraul. Eng., 139(6), doi:10.1061/(ASCE)HY.1943-7900.0000705. 

Macchione F. (2008) Model for predicting floods due to earthen dam breaching. I: formulation and evaluation. J. 
Hydraul. Eng. 134 (12), 1688–1696. 

Macchione F., Rino, A. (2008) Model for predicting floods due to earthen dam breaching. II: comparison with other 
methods and predictive use. J. Hydraul. Eng. 134 (12), 1697–1707. 

Macchione F., Costabile P., Costanzo C., De Lorenzo G., Razdar B. (2016). Dam breach modelling: Influence on 
downstream water levels and a proposal of a physically-based module for flood propagation software, Journal of 
Hydroinformatics 18(4): 615-633. 

MIT, Decreto 26 giugno 2014. Norme tecniche per la progettazione e la costruzione degli sbarramenti di ritenuta (dighe 
e traverse). [in Italian] 

Palmer, M.A. (2010) Beyond infrastructure. Nat. News Views, 467: 534–5. 

Petaccia G., Leporati F., Torti E. (2016). OpenMP and CUDA simulations of Sella Zerbino Dam break on unstructured 
grids. Computational Geosciences, 20(5), 1123-1132. 

Pilotti, M., Maranzoni, A., Tomirotti, M., & Valerio, G. (2011). 1923 Gleno dam break: Case study and numerical 
modeling. Journal of Hydraulic Engineering, 137(4), 480-492. 

Pilotti, M., Maranzoni, A., Milanesi, L., Tomirotti, M., & Valerio, G. (2014). Dam-break modeling in alpine valleys. Journal 
of Mountain Science, 11(6), 1429-1441. 



Pisaniello J.D, Tingey-Holyoak J., Burritt R.L. (2012) Appropriate small dam management for minimizing catchment-wide 
safety threats: International benchmarked guidelines and demonstrative cases studies. Water Resour. Res., 48: W01546. 

Salvadori G., De Michele C., Kottegoda, N. T., & R., Rosso (2007) – Extremes in Nature: An approach using Copulas, 
Springer, 330 pp. 

Salvadori G., Durante F., De Michele C., Bernardi M., Petrella L. (2016). A multivariate copula‐based framework for 
dealing with hazard scenarios and failure probabilities. , Water Resour. Res., 52(5), 3701-3721. 

Singh C. R. (2018) IN Dam Rehabilitation and Improvement Project - P089985 - Sequence No.15, Washington, D.C.: World 
Bank Group. 

Vacondio R., Dal Palù A., Mignosa P. (2014). GPU-enhanced finite volume shallow water solver for fast flood simulations. 
Environmental modelling & software, 57, 60-75. 

Vacondio R., Dal Palù A., Ferrari A., Mignosa P., Aureli F., Dazzi S. (2017). A non-uniform efficient grid type for GPU-
parallel Shallow Water Equations models. Environmental Modelling & Software, 88, 119-137. 

Vörösmarty C.J., McIntyre P.B, Gessner M.O., Dudgeon D., Prusevich A., Green P. et al. (2010) Global threats to human 
water security and river biodiversity. Nature, 467:555–61. 

World Commission on Dams (2000). Dams and Development: A new framework for decision-making. Earthscan 
Publications Ltd, London and Sterling, VA. 

Ye S., Li H.Y., Leung L.R., Guoc J., Ran Demissie Y., Sivapalan M. (2017) Understanding Flood Seasonality and Its Temporal 
Shifts within the Contiguous United States, Am. Met. Soc. J., doi:10.1175/JHM-D-16-0207.s1. 

Ziv G., Baran E., Nam S., Rodriguez-Iturbe I., Levin S. A. (2012). Trading-off fish biodiversity, food security, and 
hydropower in the Mekong River Basin. Proc. Natl Acad. Sci. USA. 109(15), 5609–5614, 
http://www.pnas.org/cgi/doi/10.1073/pnas.1201423109. 


