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Climate change causes a thermoenergetic increase in the surface and deep water of the principal stratified Italian lakes (Lake Maggiore, Lake Garda, Lake Orta, Lake Como, Lake Iseo, Lake Bolsena), and influences the annual and long-term circulation and mixing of water, especially in late winter when the thermal inversion occurs. 

Less mixing of water decreases the availability of oxygen in the deep water. Under anoxic conditions the risk of anaerobic processes and the release of methane and CO2 increases. A lack of oxygen in deep waters also enhances the mobilization of metals and of nutrients (e.g. phosphorus), which leads to an excessive growth of algae, cyanobacteria and to eutrophic problems in the lake’s ecosystem.

In addition to reduction of total rainfall and increasing of water scarcity observed in Italy, changes in precipitation intensity, dry and wet days occurrence are also important because of implications for soil erosion, nutrients and pollutants transport. 

Shallow lakes, as the Umbrian Lakes Trasimeno and Piediluco, are in different way affected by anthropic pressures and climate change, causing more difficulties to recover their ecological equilibrium and a good ecological status according to DIR 200/60CE.

The very shallow Lake Trasimeno is fed by rainfall and has a small catchment without high relieves and springs: recent negative rainfall trend generates an “endoreic” behaviour focusing the pollution on the lake: the annual charge of organic carbon (650t), nitrogen (200t) and phosphorus (8t), even if not consistent and in decreasing trend, cannot allow a good ecological status. 

Tourism, agriculture and livestock breeding represent the most important activities in the Trasimeno area: Cultivated lands cover about 70% of the hilly territory even if intensive agriculture is present on only 28% of total surface (lake excluded) with irrigation needs.

Actually irrigation uses are regulated and in the future the irrigation systems will be fed by external sources, to avoid loss of water in the lake.

The principal factor in phosphorus emission are the medium-size pig livestock breeding units, with the agricultural spreading of slurries of about 40 to 70.000 pigs, and the civil wastewater treatment plants, with about 30.000 equivalent inhabitants. 

The lacustrine ecosystem represents an area of exceptional value for flora and fauna richness and species diversity. Vegetation of the lake presents a partially compromised external band of humid prairie, and an internal one made of reeds and of various communities of root-fixed and floating hydrophytes.

The lake is considered to have from mesotrophic to eutrophic conditions and quality of water is classified as poor (moderate polluted).

Principal critical parameters are phosphorus and chlorophyll, ecological constraints are algal blooms of cyanobacteria, reducing conditions of sediments, modification and decrease of fish community and plankton, recession of common reeds.

Piediluco is a small lake of 1,5 km2, mainly fed by two man-made channels joining to his small basin the huge catchments of Nera and Velino rivers for more than 2.000 km2.

The “quasi-natural reservoir” is used for the production of energy and an average of two millions m3 of water is daily flowing through the lake, creating two complete different water bodies: one, close to outlet and linked to artificial inlets, of quick flow and water renovation, the second without significant exchanges.

These conditions impact the lake; its environmental status is eutrophic and poor, defining a situation of Heavily Modified Water Body according to DIR2000/60CE.

Seasonal stratification of water generates lack of oxygen in depth enhancing the re-mobilization of phosphorus from sediments and eutrophic problems.

In the Piediluco basin ARPA Umbria realises the lake water/sediments quality monitoring and evaluates the evolution of the anthropic charges transported to the lake by artificial channels (Canale Medio Nera and River Velino): suspended solids, nutrients and organic matter specially from fish farms and WWTP.

In the Trasimeno basin the Agency realises the lake water quality monitoring and studies the evolution of the anthropic factors: nitrates monitoring of groundwater, control of WWTP, estimation of loads (nutrients, pesticides, organic and suspended matter) transported to the lake by small watercourses.

The controls comprise analysis of physic-chemical parameters, quantifications of cyanobacteria, faecal pollution an other bio-indicators as phytoplankton, diatoms and macroinvertebrates. 

In 2004 Italian Ministry of the Environment and Tevere River Basin Authority, with the participation of local administrations, activate a Trasimeno Observatory in order to sustain the realisation of environmental measures proposed in 2002 by Trasimeno Basin Plan.

Within its activities, the Observatory adopted a technical proposal of APAT-ARPA Umbria concerning an integrated approach for the lake, a new ecological assessment derived from the DIR 2000/60CE and a public participation for the revision of planned measures.

In such context is born the project Refining the environmental knowledge and reference conditions for the Lake Trasimeno, definition of a conceptual model for a basin management plan committed at Regione Umbria and ARPA.
Umbria Regional Offices provides the investigation on bottom topography, sediments mapping and dating; ARPA develops all the environmental aspects. 

The ARPA project has the five following objectives, assured by 12 specific tasks:  

1. Integration and development of knowledge and anthropic pressures-environment interaction

2. New investigations on sediments status and remote sensing assessment of the environment

3. Creation of an integrated electronic archive for documents and data

4. Definition of conceptual environmental framework and reference conditions for the lake

5. Proposal of a management plan

The aim is to re-open the discussion on the lake management starting from shared multidisciplinary analysis of the ecosystem.

Specific activities of sampling are developed for the sediments due to their important role in relation to impact on water transparency, on vegetation growth and on nutrients-pollutants exchange with the water body.

The objective of the activity on remote sensing observation, supported by researchers of IREA-CNR from Milan, is to investigate the evolution in time and space of both water quality, mainly in relation to seasonal and climatic evolution of algal blooms, turbidity and water temperature, and the coastal submerged vegetation. Different satellite sensors have been considered in this study: 

1. High revisiting time sensors as MERIS and MODIS for coarse scale regular monitoring of water quality (e.g., chlorophyll-a, yellow substances, suspended sediments) and surface temperature; 

2. Higher spatial resolution satellite as Landsat and ASTER for intermediate/fine scale studies on aquatic vegetation and surrounding lands. An aerial survey of either optical or active sensor is also scheduled for the next months in order to detect and map the submerged vegetation growing in near-costal zones. Water quality mapping is performed using physically based approaches and bio-optical modelling. To parametrise the model, dedicated fieldworks activities, which started in May 2008, have been performed to achieve a comprehensive dataset of water components concentrations and of inherent and apparent optical properties. Spectroradiometric measurements on aquatic vegetation have been also collected to build a spectral library of most diffuse species. In situ measurements to retrieve Leaf Area Indexes of common reeds in about 12 sites distributed around the lake have been collected to understand the differences among sites and to monitor the vegetation status during the summer season. 

Preliminary results are encouraging since MERIS seems able to map water quality parameters in Lake Trasimeno despite the high variability of optical properties of the waters. Satellite data also reveals that water transparency increase in the lake areas where the bottom is colonised by macrophytes. We expect that remote sensing and related ongoing data analysis, will be providing useful information to reach the project goals.

Operational activities will be achieved at the end of 2008; participation process, development of proposal and diffusion of results are planned for 2009.
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