GEO-HYDROLOGICAL HAZARDS IN A CHANGING CLIMATE: AN OPEN PROBLEM
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Landslides, debris flows and floods are recurrent geo-hydrological events caused by mostly natural processes. They become a hazard when they interfere with the human environment i.e., the population, structures, infrastructure, societal interests and economic assets. Landslides, debris flows and floods are caused chiefly by meteorological triggers, including intense or prolonged rainfall and rapid snowmelt. The location, intensity and frequency of the triggers depend on climate. This leads to the conclusion that climate influences geo-hydrological events. A changing climate hampers our ability to forecast geo-hydrological events and their consequences. Forecasting landslides, debris flows and floods is a problem of scientific and societal relevance that requires information on past events and their consequences. Time series of geo-hydrological events are rare, and a consensus has not been reached on the use of historical records of past events to forecast geo-hydrological hazards and their consequences.
Topics covered in the presentation
Topics covered in the presentation include: (i) historical information on geo-hydrological hazards in Italy, (ii) landslide and flood risk to the population of Italy, (iii) landslide hazard modelling, (iv) vulnerability assessment, and (v) prediction of rainfall induced landslides.

Results of an Italian project aimed at collecting information on historical landslides and floods are presented, including a catalogue of events with direct human consequences. This catalogue – unique in Europe for its geographical extent, temporal coverage, and degree of completeness – is used to determine levels of societal and individual landslide and flood risk to the population. We find that the rate of landslides and floods with human consequences in Italy has not changed significantly in the 20th century, despite climate variations and the population growth (Guzzetti et al. 2005, Guzzetti and Tonelli 2004, Salvati et al. 2003).
Ascertaining landslide hazard involves determining “where” landslides are expected, “when” or how frequently they occur, and the “magnitude” or “intensity” of the expected events. A probabilistic model for landslide hazard assessment is presented, and applied to a study area in central Italy. The model works under assumptions, some of which depend on climate and its variations (Guzzetti et al. 2005).

Studies on the vulnerability to landslides are limited. Investigators do not agree on methods and scales for determining landslide damage, and accepted standards for measuring landslide vulnerability are lacking. Information on historical landslide events that resulted in damage to buildings and roads in Umbria, central Italy, is presented, and exploited to determine general landslide vulnerability curves (Guzzetti et al. 2005, Galli and Guzzetti 2007).
Rainfall is a recognized trigger of landslides. Slope failures triggered by rainfall are caused by the build up of water pressure into the ground, a poorly understood process. A global database of 3507 rainfall events that have resulted in landslides and debris flows was compiled through a literature search. The rainfall and landslide information was used to determine thresholds for the minimum levels of rainfall duration and intensity likely to result in slope failures. It is unclear the extent to which the thresholds depend on climate (Guzzetti et al. 2007, 2008).
Recommendations
In 2007, in preparation of a National Climate Conference, the Italian Ministry of Environment convened workshops aimed at summarizing existing knowledge and at collecting recommendations from the scientific community. A workshop was dedicated to the discussion of the relationships between geo-hydrological hazards (e.g., landslides, debris flows and floods) and climate change. A preliminary consensus was reached on the following items:

(i) Hydrologists and geomorphologists have a good understanding of the triggers and mechanisms for geo-hydrological events. Climate scientists have improved their ability to predict climate and to evaluate the associated uncertainties. Economists have an understanding of the effects that a changing climate may have on society. However, truly multi-disciplinary studies on climatically driven geo-hazards are lacking.
(ii) Historical information on past events is of paramount importance to disentangle the intricate relationships between climate change and geo-hydrological hazards. There is a need for local, regional, national and even continental efforts to search, collect, and organize information on historical geo-hydrological events and their consequences. An agreement has to be reached on how to analyse the existing and new time series of geo-hydrological events.
(iii) Consequences of damaging natural events depend on: (i) the location, density, frequency and magnitude of the event (i.e., the hazard), and (ii) the density, relevance and fragility of the exposures (i.e., the vulnerability). Disentangling the two “signals” is difficult, particularly where human impact on the environment is significant and longstanding. New data and innovative science is required to decouple the natural and human processes leading to geo-hydrological hazards and risk.
(iv) Time series of geo-hydrological events and physical measures for the events (e.g., rainfall, discharge, temperature, etc.) are investigated to determine the statistical properties of the time series. The assumption is made that each time series is “stationary”; where a trend exists, it is further assumed that the trend is known. Where climate changes, the time series will not be stationary, hampering our ability to determine reliable statistics for the time series. This has relevant implications for risk assessment and policy making.
(v) There is urgent need for research aimed at investigating the geographical and temporal effects of the predicted climate changes on different types of geo-hydrological events. The research must be conducted at multiple scales, from the local scale – where impact is more relevant (e.g. to the population) – to the continental scale – where data are abundant and uncertainty on the prediction is reduced.
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