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The Forested Infiltration Area (FIA) is proving to be an effective tool in Northern Italy helping to address water 

scarcity challenges and/or to achieve environmental benefits over the long term. FIA is a method to recharge 

groundwater aquifers by channelling surface waters during times of excess into designated areas that have been 

planted with various species of trees and/or shrubs. With an extension of 2.5 hectares, the FIA of Carmignano di 

Brenta (Padua) – called Bosco Limite - is the largest in Veneto region, constructed on private land which was 

previously used to grow maize. The FIA of Bosco Limite has a multi-functional character. In one hand, the 

artificial water network connected to river Brenta allows to recharge the aquifer of a million cubic metres of water 

per hectare each year. On the other, the reforestation project, which comprises approximately 2,300 native 

plants, besides favouring water purification, has a significant naturalistic value for the local ecological network, 

providing ecosystem services such as biomass production and carbon sequestration and storage.

 

Case Study Description

Challenges: 
The aquifers of the upper plains of the Veneto and Friuli provide drinking water supply for most of both regions. A 

number of industries abstract groundwater, as well as the agricultural sector which withdrawals groundwater in 

addition to the amount for irrigation taken from surface waters. At the same time, the upper plain is the main 

recharge area for the lower aquifer systems. Therefore, protection and conservation of the unconfined aquifer 

are essential for assuring future water availability. However, demand for freshwater is rising with population 

growth, land use change and projected increase in climate variability, posing water availability and quality under 

pressure. In particular, the variations of the regional hydrologic cycle related to climate change (especially the 

intensity, location and seasonal variability of precipitation) pose challenges for the sustainable management of 

groundwater resources and related ecosystems.

In the last 30-40 years, the risks for ecosystems depending on the aquifers in the upper plains of Veneto and 

Friuli regions have become clear. The decline of water table levels as result of overexploitation has led to the 

disappearance of wetlands and springs, while the impacts of agriculture activities (e.g. due to fertilization) has 

contributed to quality degradation of groundwater. These negative effects are likely to worsen in the next 

decades as the frequency and intensity of droughts and water scarcity is expected to intensify (Baruffi et al., 2012

[3]).

A comprehensive assessment on the effects of climate change on groundwater resources has been provided in 

the context of the Life+ TRUST [4] project aimed to analyse potential impacts and risks from climate change to 

groundwater in the high Veneto and Friuli Plain (Northern Italy) in order to address adaptation strategies such as 

Managed Artificial Recharge (MAR) techniques. Climate change projections (2071–2100, A1B climate scenario) 

show that the groundwater recharge, both in the Veneto and in the Friuli study areas at the end of the irrigation 

period, will decrease by more than 70% with respect to the reference period (1971–2000). During winter, future 

mean precipitation over the TRUST region appears to be about 20% higher than in the control period. In 

contrast, rainfall tends to decrease during the other seasons, especially in summer, when precipitation appears 
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to be 15% weaker. Managing aquifer recharge is a complex issue due to different sources of uncertainty related 

to spatial and temporal distribution of water, soil sealing and the aquifer behaviour to the withdrawals for potable 

and irrigation purposes.

Objectives: 
 Environmental and social objectives of the Forested Infiltration Area of Bosco Limite are:

Promote water conservation by saving, approximately, 12,000 m  of water per year, also improving 

adaptation to droughts and water scarcity impacts of climate change;
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Increase the biodiversity by encouraging the settlement of autochthonous plants and animals of the region;

Protect the landscape by introducing a new oak-hornbeam forest, which is typical of the Po Valley, re-

establishing an historic landscape that has almost disappeared;

Capture 50 t of carbon dioxide per year in 30 years;

Introduce a new source of renewable energy provided by wood biomass for domestic use;

Improve the area by restoring its natural value and offering environmental education initiatives to schools 

and local associations; and

Improve the quality of life for the local population through the creation of new green areas.

Solutions: 
The Forested Infiltration Area system was conceived and developed for the first time in 2007 by Veneto 

Agricoltura, the Veneto region Authority responsible for aspects related to agricultural, forestry and agri-food 

development.

The design of the FIA aims at maximizing environmental and economic-productive functions. In doing so, the 

land surface has to be organized in a way that allow the cultivation of specific crop and exploit as much as 

possible the high infiltration rate that distinguishes the soils of Bosco Limite area, in order to provide for the 

groundwater recharge. The infrastructures and the subsequent management of the FIA must follow and respect 

a series of hydraulic, environmental, agronomic and forestry principles, which are strictly interconnected.

The innovative method consists in exploiting in a positive way the high infiltration rate of the soils above the 

resurgence belt, allocating their surface to the cultivation of a forest that allows to maximize the infiltration rate. 

The solutions consist in infiltration areas that feature a total of 10 longitudinal infiltration channels having a 

sinusoidal shape with wide curves. Each channel has a length of approximately 93 meters and are spaced about 

14 meters apart (inter-axial). Four of these channels run East-West (first area) and six run North-South (second 

area). Water is evenly distributed in the recharge area by means of a water level regulation system, which 

divides the available flow equally among the individual infiltration channels. Each infiltration channel has water 

level control structures that are spaced 30 meters apart. These structures enable the system to form a 

‘reservoir’, which improves the efficacy of the infiltration.

The FIA has to be supervised upstream by an input sediment control system and a system for monitoring 

infiltration waters. The sediment trap, or rather a small pool with a surface area of approximately 50 m , collects 

suspended solids present in the intake water. This reduces blockages of the channels and ensures a longer 

useful lifespan for the system. The excess excavated material is used to create a rise on the North-western side 

of the infiltration area, providing a visual and acoustic barrier between the forested area and the adjacent public 

road.
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The forested area is a naturalistic woodland that consists of sections of four parallel rows of vegetation 

alternating with channels. One of the four rows of each section is destined for periodic cutting (to permit 

maintenance of the channels by the Land Reclamation Board), while the other three contain tall trees. The rows 

parallel to the channels, which are also sinusoidal, are planted in two different ways. The rows that are to be 

periodically cut (located to the South or the East: about 1,400 plants/ha dedicated to Five-year Short Rotation 

Forestry) contain alternating secondary tree species (narrow-leafed ash and common hornbeam) that can be cut 

as required for maintenance. In the three central rows of tall trees, primary tree species (common oak, durmast 



oak, common ash, field elm, poplar and linden) alternate with secondary species (from a minimum of 1,200 

plants/ha to a maximum of 2,400 plants/ha which are narrow-leafed ash and common hornbeam). Hazelnut, 

alder buckthorn, common buckthorn, blackthorn, wild privet and cornel trees are planted along the exterior 

borders of the woodland.

The use of the FIA hydraulic system works by loading the drains for a duration of up to 200 days (from 

September to April) if water can be derived from the rivers without adversely affecting its hydrological regime. 

The possible use of the FIA system periodically occurs during the irrigation season (from April to September).

Importance and relevance of the adaptation: 
OTHER_POL_OBJ;

Additional Details

Stakeholder engagement: 
The aquifer is managed by the Brenta Land Reclamation Board, together with Veneto Agricoltura and local 

authorities. The Bosco Limite project has been supported by various sponsors which have been actively involved 

in the project to mitigate part of their CO  emissions.2

With the support of Etifor Srl (a spin-off of the University of Padua that provides international consulting services 

to help organizations grasp the full value of the products and services provided by nature) there is the plan to 

implement a new Forested Infiltration Area of 7ha at the level of Medio-Brenta, the biggest ever realized in the 

Veneto region. In this context, Etra SpA (a water utilities company), Coldiretti Veneto (trade union agriculture 

organization), Etifor Srl (Padua University spin-off for ecosystem evaluation) and interested farmers are working 

within the operational group “Gruppo Operativo Brenta 2020 (GO Brenta 2020) [5]” which has been financed by 

Misura 16.1 of the Rural Development Program 2014-2020 (RDP). The GO Brenta 2020 is planning to identify 

areas and owners that could host the new FIA and explore innovative funding mechanisms. Etifor Srl is currently 

focusing on the governance among the local authorities, the development of payments for ecosystem services 

and the screening of European and regional funding. Etifor Srl will support Etra Spa and Consiglio di Bacino 

Brenta (in charge of local water management) in the economic, legal and fundraising activities for the potential 

creation of a dedicated fund. By applying a “green fee” on the water bill, the fund would be able to collect the 

capital for environmental projects in the catchment and recharge areas. The Facebook website of Bosco Limite 

is constantly updated with all activities organized in the area.

Success and limiting factors: 
Forested Infiltration Area, as all the other type of Managed Aquifer Recharge (MAR), is a promising adaptation 

measure for climate change vulnerability related to water management. The case of Bosco Limite proves that 

FIA is crucial to control over-abstraction and for the restoration of the groundwater balance, improving at the 

same time the quality of groundwater and part of ecosystems functions. Furthermore, forests contribute to 

reduce heatwaves and mitigate CO  emissions.2

The measured data in the implemented FIA lead to very encouraging values in terms of infiltration capacity per 

hectare which is in the range of 20 - 50 l/s/ha, depending on soil permeability. Infiltration values tend to increase 

over time thanks to the root effect of plants adjacent to the trenches. The same benefit is difficult to find in other 

type of MAR systems, which instead show a significant decline in the infiltration capacity over time due to 

progressive clogging, calling for extra and expensive maintenance, necessary to recover the initial values.

Moreover, the stakeholders’ network and new local partnerships are keys for the success of FIA. It has been 

proven that the income from FIA is higher than other typical crops such as maize or soy.

Limiting factors depends on specific characteristics of the area used for FIA which include: i) the characteristics 

of the subsoil and soil, i.e. their pedological and hydrogeological aspects which determine the infiltration capacity 

of the area; ii) land use, i.e. what stands on top of the soil, which again affects the water infiltration processes; iii) 

the availability of the land for the installation of recharge systems, and others.
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In 1999 the council of the Veneto region adopted a project called “MO.S.A.V. - Structural Model of Aqueducts” (

Modello Strutturale degli Aquedotti del Veneto) which aims to reduce the fragmentation of aqueduct structures 

and increase no less than 15 % the efficiency and safety related to water drinking supply and water treatment 

systems. The MO.S.A.V. is structured in three interconnected water sources where the Central Veneto Aqueduct 

(SAVEC), which include the territory suitable for managed aquifer recharge, is the larger. A new project related 

to SAVEC aims to provide approximately 30% of Veneto’s drinking water supply especially to Polesine area, 

becoming a strategic and essential resource for the region. This poses some other related risks that need to be 

addressed such as groundwater depletion, the decrease of river’s vital outflow and the increase of pollutants 

from agricultural activities and drainage from urban areas.

As a matter of fact, FIA are not a remedy for water scarcity in all areas. Aquifer conditions must be suitable and 

(excess) source water must be present. It is therefore important to assess in advance the potential of FIA 

applications before field activities initiate.

Budget, funding and additional benefits: 
The infrastructural part of the infiltration system (infiltration channels, a sediment control system and a system for 

monitoring infiltration waters) has been financed by the Life+ project AQUOR [6] (LIFE 2010 ENV/IT/380) 

"Implementation of a water saving and artificial recharging participated strategy for the quantitative groundwater 

layer rebalance of the upper Vicenza's plain” (2011-2015, overall budget € 1,814,548). Costs of the forested part 

of the FIA were covered by funds provided by Veneto Agricoltura (through the Rural Development Program - 

2007-2013) as part of an already existing project for foresting cultivated lands and for the creation of permanent 

forests. The creation of Bosco Limite also involved funds provided by local authorities and private businesses, 

which invested in this project in order to compensate the emissions and environmental impacts derived by their 

activities.

According to information collected through interviews, the owner of Bosco Limite signed two 10 years long 

agreements in 2011. From the Municipality of Carmignano di Brenta, the owner receives 1.500 euro per years for 

opening Bosco Limite to the local community every day and enable the holding of recreational and educational 

activities. With the other agreement with the Brenta Land Reclamation Board, the owner gets an equivalent of 

1,200 euro/ha per year for providing the infiltration water service.

Moreover, Bosco Limite produces firewood obtained by the ordinary maintenance activities of the forest that is 

sufficient to satisfy the annual need for the owner’s family. The remuneration from timber will be quantified at the 

30th year. At the end of 2018 there will be probably the first income from the presence of truffle-production trees.

Legal aspects: 
In Italy, there is no ad hoc legislation on managed aquifer recharge schemes. Presently, relevant provisions on 

water management may be found in the so-called ‘Environmental Code’ 152/2006 (EnC). Articles 104 and 105 

aims at protecting the quality level of water sources and establishing specific measures to manage the discharge 

to superficial water and groundwater. Other relevant provisions can be found in the Regional Water Protection 

Plans adopted by Italian Regions, including Veneto, in compliance with the EnC. These Plans provide for 

measures to protect the quality and the quantity of the water resources. At the national level the recent 

amendment of Article 104 of the EnC has led to the adoption of paragraph 4-bis according to which the 

competent authority can authorize the augmentation under controlled conditions of groundwater bodies in 

accordance with the criteria set by the Ministry of the Environment.

Implementation time: 
2 years (from 2011 to 2013) including the design and the implementation of the aquifer recharge mechanism.
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Viale dell'Università 16 

c/o Agripolis - Department TESAF

35120 Legnaro (Padova), Italy

E-mail: giulia.amato@etifor.com [7] 
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Consorzio di Bonifica Brenta

Riva IV novembre,15
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E-mail: info@consorziobrenta.it [8] 

Websites: 
http://www.boscolimite.it/it [9]

http://www.youtube.com/watch?v=VoL0Gm-saV8 [10]

http://www.youtube.com/watch?v=k48KW6b9CxQ& [11]

http://www.watermuseumofvenice.com/network-en/the-forest-bosco-limite-in... [12]

Sources: 
Veneto Agricoltura, Etifor Srl, Brenta Land Reclamation Board, AQUOR project
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