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1 Introduction 
The PAWA project is composed of four 
successive technical activities and two 
horizontal activities, as presented in 
Figure 1. 

During Activity 1, three priority sub-
basins were identified as priority areas 
to prepare water accounts on a monthly 
basis (see D1.2 Prioritisation list of 
sub-basins). These sub-basins are: 

• Chiana; 
• Bisenzio; 
• Pisa. 

Deliverable D2.2 focuses on significant 
water flows in the three sub-basins that 
were used to prioritize data collection. 
These data flows were validated with the 
local stakeholders during the 2nd Stakeholder Workshop held in July 2014. 

Deliverable D3.1 explains how these water flows have been interpreted to calculate water 
balance and to produce the SEEA-Water tables. 

The present deliverable illustrates the approach to use water accounts in order to support the 
selection of measures that can be implemented to improve water efficiency in each sub-basin. 

It presents in succession: 

• A general description of the approach followed; 
• The tool used;  
• Water efficiency issues highlighted by the SEEA-Water tables (final version of these 

tables will be presented in “D5.1 Water account tables”); 
• A catalogue of potential measures to improve water efficiency and their adaptation to 

the local context; 
• Computation of prospective scenarios based on various combinations of measures to 

assess their impacts;  
• Targets proposed for the revision of the river basin management plant (RBMP); 
• Conclusions and recommendations. 

 

  

Figure 1 – PAWA project activity chart. 

http://www.emwis.net/initiatives/pawa/deliverables/d1.2-prioritisation-list-sub-basins
http://www.emwis.net/initiatives/pawa/deliverables/d1.2-prioritisation-list-sub-basins
http://www.emwis.net/initiatives/pawa/deliverables/D2.2%20Assessment%20of%20data%20availability
http://www.semide.net/initiatives/pawa/meetings/2nd-stakeholder-workshop-training-session-firenze-02-july-2014
http://www.emwis.net/initiatives/pawa/deliverables/d3.1
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2 General approach 

2.1 Main steps 

Water accounts (hereinafter WAs) can support decision making by supplying important 
information for the selection of optimal measures to trigger water efficiency. In the PAWA 
project, WAs have been used to: 

• identify (or confirm) water stress situations in specific months in the identified sub-
basins; 

• assess the impact of a set of measures, by computing the WAs and deriving indicators 
based on data sets simulating the impact of measures. 

Thus, the main steps of the optimization process are: 

• Computation of WAs on a monthly basis with existing or estimated data (1999–2013 in 
the framework of the PAWA project); the results are used as a reference to compare 
with WAs generated from simulated data based on the implemented measures or the 
climate change scenarios; 

• Calculation of indicators such as unmet demand and WEI+ to identify potential 
problems; 

• Selection, together with local stakeholders, of potential measures that could be applied 
to reduce water shortage in the investigated sub-basin and their vulnerability to 
drought. To support this process, a catalogue of “generic measures” has been prepared 
based on a literature research (see Annex 1). The selected measures are customized to 
the local context in terms of expected impact and associated resources (e.g., human, 
financial). 

• Simulation of the impact of the selected measures by generating revised data sets for the 
WA tables.  

• Production of alternative scenarios by simulating the impact of climate change. 
• Comparison of the obtained results and indicators with the reference WAs (without 

applying measures). 
• Decision making: the River Basin Authority can then decide the most appropriate set of 

measures to be implemented in relation to the RBMP environmental objectives. The 
related measures can be described by completing the preliminary catalogue of measures 
provided in Annex 1. 

The Excel-VBA tool, developed to compute WAs, has been extended with a simulation 
application that generates new datasets as a result of the selection of measures to be 
implemented in a chosen area. Figure 2 explains the overall process. 

2.2 Reminder on some key concepts 

This section defines and illustrates some key words and concepts that are used to compare the 
results of the WA-based scenarios. 
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Figure 2 – Process followed to assess the impact of measures. 

Water scarcity1  

Water scarcity occurs when there are insufficient water resources to satisfy long-term average 
demand. It refers to long-term water imbalances which result from low water availability 
combined with a level of water demand exceeding the supply capacity of the natural system.  

Problems in terms of water availability are frequently registered not only in areas characterized 
by low rainfall, but also in highly populated and/or industrialized or intensively irrigated areas. 

Apart from the quantitative aspect, water scarcity can be also caused by severe water quality 
issues (e.g., diffuse or point source pollutions) that lead to reduced fresh/clean water 
availability. The PAWA project did not take water quality into account. 

Currently, water scarcity is estimated at European level by means of the recently approved 
indicator Water Exploitation Index Plus (WEI+) applied at several scales (i.e., national, river 
basin). 

WEI+  

It is calculated as the Water Consumption (Abstractions – Anthropologic Returns) divided by 
the Renewable Water Resources (RWR). 

WEI+monthly=
Consumption

RWR
=

Abstractions −  Anthropologic Returns
RWR

 

                                                                 
1  Following the definition provided by European Commission: http://ec.europa.eu/environment/ 

water/quantity/about.htm. 

http://ec.europa.eu/environment/water/quantity/about.htm
http://ec.europa.eu/environment/water/quantity/about.htm
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Water consumption  

It gives an indication of the amount of water that is consumed by economic activities, in the 
sense that the water that has entered the economy has not returned either to water resources 
or to the sea (e.g., the amount of water that was incorporated into products, evaporated, 
transpired by plants or consumed by households or livestock). 

Water supply  

Water leaving/flowing out of an economic unit. Water supply is the sum of water supply to 
other economic units and water supply to the environment. 

Water abstraction  

It is defined as the process of removing or diverting water from any source. 

Water returns 

They represent the total volume of water that is returned from the economy into surface and 
groundwater during the accounting period. 

Variables used: 

Water flowing in the Wastewater Treatment Plant (WWTP) = total waste water collected from 
industries and households + urban runoff collected through urban inlets-spillway (spillway is 
urban runoff directly discharged into surface water bodies). 

Treated water observed = data given, it is the measured treated water discharged into surface 
water bodies after the treatment process. 

Wastewater out the WWTP: Proportion of wastewater included in the observed treated water. 

Wastewater out the WWTP =
Total wastewater produced 
Water �lowing in the WWTP

∗ Treated water observed  

Thus, the double counting of the urban runoff coming from precipitation is avoided. 

Treated water transferred to other territories = data given. 

Wastewater treated transferred to other territories = the proportion of wastewater in the 
treated water transferred to other territories. 

Wastewater Return = it is calculated as the difference between Wastewater out the WWTP and 
Wastewater treated transferred to other territories. 

All in all, the variable of anthropological returns is calculated as follows: 

Anthropologic Returns: Agriculture returns (to groundwater) + Industry returns (direct waste 
discharge) + Water services returns (leaks to groundwater) + Households returns (direct waste 
discharge) + Wastewater return. 

Renewable Water Resources  

Water resources available in the territory. It is calculated as follows:  

RWR = Discharge downstream the territory (out�low discharge) + Abstractions
− Antrophologic returns 



PAWA – Deliverable D4.1 Water efficient targets for future revisions Arno RBMP 

 

 7 

Unmet demand  

For the purpose of this project, water needs are defined by water abstractions. Therefore, 
unmet demand occurs when the difference between abstractions and renewable water 
resources is negative which results in: 

Out�low discharge + Abstractions − Antrophologic returns − Abstractions < 0 

Out�low discharge − Antrophologic returns < 0 

There is unmet demand when anthropologic returns are higher than the outflow discharge. 

The visual basic tool developed to compile WA tables automatically (see Deliverable D3.1 and 
Chapter 3) obtains the annual unmet demand by summing up the monthly unmet demands. 

3 The “PAWA Scenarios Tool V.1” 

3.1 Introduction 

Deliverable D3.1 describes the “Arno Water Accounts” tool developed with the purpose of 
filling out PAWA SEEA-Water tables automatically. This deliverable presents a new version of 
the tool. This new version has been developed in order to generate different PAWA tables based 
on the possible scenarios. Scenarios are dynamic data sets based on climate change data series 
coexisting with the water saving measures impacts (less water abstractions volumes, etc.). 

In this way, ARBA – the Arno River Basin Authority – is able to compile both the current SEEA-
Water tables and the SEEA-Water tables based on representative scenarios. A fact that will 
enhance WA comparison between before and after measures are implemented; thus, simulating 
the impacts of measures. Moreover, as the compilation is automatically performed, it is possible 
to generate as many suitable scenarios as needed. 

The process of simulating possible scenarios (Figure 3) can be synthesized as follows. First, the 
area has to be chosen. Next, the user selects one climate projection among the list provided.  
After that, the user fills in the estimated increase (%) in water demand due to population, 
cultivated areas and industrial growth. Finally, the user selects the set of measures with their 
characterizations to generate the scenario. 

 

Figure 3 – Scenario simulation process. 

The SEEA-Water tables, under different climate change scenarios, can be filled through the 
Graphical User Interface called “PAWA Scenarios Tool V.1” in which the functionalities showed 
in Figure 4 inside the red rectangle are those added with respect to the previous tool called 

Climate 
projection 

Increase 
demand due: 

Popultion 
Cultivated area 

Industry 

Set of 
measures SCENARIO 

http://www.emwis.net/initiatives/pawa/deliverables/d3.1
http://www.emwis.net/initiatives/pawa/deliverables/d3.1
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“Arno Water Accounts”. Instead, the functionalities reported inside the blue rectangle are those 
already present in that previous version. 

• Obtain current Water Accounts 

• Select territory 

• Select climate projection 

• Fills the “Physical Supply and User Accounts” & “Water Asset Accounts” Tables 

• Create scenario and generate data base 

• Select projections 

• Select measures 

• Period of implementation 

• Water saving ratios 

• Obtain Water Accounts based on new scenario 

• Fills the “Physical Supply and User Accounts” & “Water Asset Accounts” Tables 

• Observe results 

• Before and after: 

• Unmet demand 

• Water abstraction by economy 

• Water abstraction by type of source 

• Non-conventional water use 

• WEI+ 

Figure 4 – Old (blue rectangle) and new (red rectangle) functionalities of the PAWA tool. 

Hence the method chosen for comparing the PAWA WAs before and after applying scenarios is 
by means of unmet demand and WEI+. 

3.2 Inputs/Outputs 

The tool uses six tabs in the following order: 

1 - Scenarios without measures 

2 - Creating scenarios 

3 - Results 

4 - Comparison 

5 - Optimization 

Help  -  This helps the user in the process of creating scenarios (not completed at the moment).
  

1) In “Scenarios without measures” the user selects which territory to analyse. Then, the user 
selects the climate projection – in the combo box the current/or real scenario is also given 
for selection. Additionally, as already implemented in the previous version, the user can 
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select the year, the month and the SEEA-Water table to be displayed and then compared 
(Figure 5). 
 

 

Figure 5 – Implementation of the WA tables with different choices of climate change 
projections. 

2) In “Creating scenarios” the user needs to introduce the real data INPUTS into the tool, 
which will simulate different scenarios (Figure 6).  

 

 

Figure 6 – Creation scenarios tab, showing the INPUTS of the tool. 

For each measure selected, the input data are: 

• start year; 
• end year;  
• water saving goal with surface and groundwater breakdown. 
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The user can choose different measures by checking them off, thus, building up the set of 
measures to be applied into the dataset baseline. 

After that, the user can add the increase of water demand inputs for each economic sector: 

• figures of water demand volumes due to population, cultivated area and industry 
growth.  

3) The tab “Results” is similar to “Scenarios without results”. The user follows the same 
procedure to compile the table based on scenarios. 

4) Tab “Comparison” shows the OUTPUTS of the tool as the representation of three plots, 
showing the water volumes before and after scenario is applied: 

• water volumes abstracted by economy; 
• water volumes abstracted from surface and groundwater; 
• water volumes of non-conventional use; and  

a fourth plot to display the WEI+ to represent the pressures on renewable water resources. 

5) Through the tab “Optimization” – which is left for future revisions of the tool – the user will 
be able to select the set of measures that optimize the system according the three following 
criteria: 

a. Cost to set up the measure; 
b. Total amount of water saved; 
c. Socio-environmental benefit; 

given the total budget available and total water savings required. 

3.3 Computation 

The “PAWA Scenario Tool V.1” generates dynamic datasets taking as reference either the 
real/current database (Chiana, Bisenzio and Pisa) or one of the climate change databases. The 
impacts of the measures and water demand increase are then applied upon the database 
selected by the user as reference. 

Mainly, the variables affected by the implementation of measures and water demand increase 
are the water abstractions by each of the economic sectors. 

To explain the mathematical computation that the tool carries out to create the new database, 
the impact on water abstractions for Water Services is exemplified as follows: 

Impact on Water Services abstractions: 

Example for Surface Water Water Services abstractions (SWWS). 

For each time step (month) the program: 

 First, it obtains the new water abstractions due to population increase and so the 
water demand. 
 

[SWWS_Abst] = [SWWS_Abst] + [SWWS_Abst] ∗ [PP] 
 

where [PP] corresponds to the percentage input provided by the user for the 
“population demand/year”. If a value equal to 0.5% is selected (Figure 7), this is 
applied to each year over the entire considered period.  
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Figure 7 – Box of the “Population demand/year”. 

 Second, the tool generates the ratio of water abstractions reduction by adding the 
reductions of each related Water Services measures (M01SurfaceWater_ratio, M02 

SurfaceWater_ratio, M03 SurfaceWater_ratio, M04 SurfaceWater_ratio) abstractions applied. This means 
that the measures affecting Surface Water abstractions are measures 1, 2, 3 and 4 
(Figure 8). 
The program obtains for each measure a vector of Surface Water Savings (SWS) 
ratio filled monthly from 1993 to 2014 (the end year, 2014, is not included): 
 

[SWSratio] = �M01SurfaceWaterratio� + 
�M02SurfaceWater_ratio�+ �M03SurfaceWater_ratio�+ �M04SurfaceWater_ratio� 

 

 

Figure 8 – Example for the selection of measure values: MO1SurfaceWater_ratio = 10, 
MO2SurfaceWater_ratio = 5, MO3SurfaceWater_ratio = 20 and MO4SurfaceWater_ratio = 0 for each month of 

the period selected. 

 Finally, the new SWWS abstractions is obtained as: 
 

[SWWS_Abst] = [SWWS_Abst] + [SWWS_Abst] ∗ [SWSratio] 

The same method is applied for each of the variables affected: 

• Water Service Groundwater abstractions; 
• Agriculture Surface Water and Groundwater abstractions; 
• Industry Surface and Groundwater abstractions; 
• Household Surface and Groundwater abstractions; 
• Downstream river discharge. 

4 Identified water efficiency issues 
This chapter reviews the present situation analyzing the results of the WAs in the PAWA project 
and it explains the potential issues arisen with the application of SEEA-Water. A reference is 
selected upon which scenarios are created and contrasted. 
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4.1 Revision made on the Water Accounts Table 

The WA tables that were used to prepare D3.1 1st draft water flow diagrams and associated 
SEEA-Water tables have been revised due to the availability of new datasets. A variable of 
wastewater transferred to other territories has been added into the PAWA database. Then, it 
was decided to modify the structure of the Physical Supply and Use Accounts table (PSUAT) to 
cope with this new variable. Besides, a new cell is included to show this variable: moreover both 
1) the breakdown of economic activities; and 2) the water balance equation have been revised. 

1) Break down of economic activities 

In the previous version, PSUAT differentiated four economic activities: 

• Agriculture; 
• Industries; 
• Water Supply Services; and 
• Sewerage systems and WasteWater Treatment Plant (Sew&WWTP). 

In the new version, Sew&WWTP is split in two economic activities, providing a twofold 
advantage: i) it is possible to track the dimension of the spillover; and ii) it is possible to 
track the leakages in the sewerage systems. Up till today leakages are available only as 
estimates, constant values, but the knowledge of them shall be short planned. 

Now, PSUAT enables the computation of water balances of the five economic activities: 

• Agriculture; 
• Industries; 
• Water Supply Services; 
• Sewerage systems; and 
• WWTP. 

 

2) Water balance equation 

Water balance is the difference between water use and supplied to other economies and 
return to the environment. 

Water use by economy = Agriculture (surface and groundwater abstractions) + Industry 
(surface and groundwater abstractions + Reuse water from the WWTP) + Water 
services (surface and groundwater abstractions) + Sewerage systems (wastewater from 
industries and households + total urban runoff collected) + WWTP (wastewater from 
industries and households + total urban runoff collected less spillover) + Households 
(surface and groundwater abstractions + water services to households). 

Total use = Agriculture use + Industry use + Water Services use + Sewerage Systems use 
+ Households use less Water Services to households. 

Supply by economy = Agriculture (return to groundwater) + Industry (supply to WWTP 
and return directly to the Environment) + Water Services (supply to household and 
return to groundwater) + Sewerage Systems (supply to WWTP and return to surface 
water) + WWTP (return to surface water less the treated water transferred to other 
territories) + Households (return to WWTP and directly to the environment). 

http://www.emwis.net/initiatives/pawa/deliverables/d3.1
http://www.emwis.net/initiatives/pawa/deliverables/d3.1
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Total supply = Agriculture supply + Industry supply + Water Services supply + WWTP 
supply + Household supply. 

Water balance/Consumption = Total supply – Total use. 

Besides, in the latest version of the SEEA-Water tables for PAWA project, it is possible to track 
the volumes of non-conventional water uses, namely irrigation recycle, industrial reuse, and 
desalination, subject to the application of water saving measures. The structure of the final 
version of the PAWA SEEA-Water tables is described in Deliverable D5.1 “Water accounts 
tables”, which will be available at the end of March 2015. 

Furthermore, the PAWA project has produced three different databases for each of the 
considered target territories: 

1) Real database;  
2) Climate scenario projections; 
3) Dynamic database varying accordingly with the scenario considered. 

4.2 Issues highlighted by the application of SEEA-Water 

The current SEEA-Water graphs for the Chiana sub-basin (see Figure 9) shows a territory 
characterized by a relevant agricultural water use, high water consumption percentages 
associated with a high percentage (72%) of groundwater abstracted from an aquifer, whose 
total water availability amounted to 535.031 hm3 in 2012. 

 

Figure 9 – Chiana 2012: annual figures extracted from PSUAT. 

WAs reveals that water losses (to groundwater and evapotranspiration) in the Chiana sub-basin 
are the highest of all the three territories. Irrigation is using high volumes of water in the Chiana 
area, thus, the introduction of measures targeted to a more efficient irrigation will have to be 
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taken into consideration in the construction of a programme of measures to support the RBMP 
in that area. 

In the same way, the SEEA-Water figures for Bisenzio highlight some water efficiency issues 
(see Figure 10). In Bisenzio, water abstractions for industrial uses amount to 26%, whereas 
drinkable water abstractions reach 69%. Water distribution systems lose the 37% of the 
abstracted water due to leakages. Therefore, being the fraction of water use for water services 
sector higher than other in Bisenzio territory, the leakages issue should be taken in the utmost 
consideration. Furthermore, the total water reuse by industries represents the 11% of total 
water used by industries and the 1.3% of the total water use in the territory. An alternative 
strategy to reduce water abstractions for water services and industries should be taken into 
account. Increase the amount of water reuse by industries, together with water services 
network leakages amendment, as before mentioned, are the most tentative measures to set in 
the Bisenzio territory.  

It can be noted that in the Bisenzio sub-basin 87% of water used by the WWTP is lost out of the 
territory. 

 

Figure 10 – Bisenzio 2011: annual figures extracted from PSUAT. 

In next chapters, it is presented only for the Chiana sub-basin the approach followed to get the 
water targets. Examples are then provided to get the corresponding targets for Bisenzio and 
Pisa.  The year of reference chosen for the Chiana sub-basin is 2012. This decision is mainly due 
to: 

1) data availability; and 
2) registered water scarcity: 2012 was the most scarce year in the period from 2007 to 

2013 (ref. Groundwater Exploitation Index – Deliverable D3.1). 

http://www.emwis.net/initiatives/pawa/deliverables/d3.1
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In 2012, the annual unmet demand was around 2.66 hm3 and, in the summer period, WEI+ 
overpassed the threshold of 0.4 (Table 1). 

Table 1 – Chiana sub-basin: annual unmet demand and WEI+ in 2012. 

Unmet demand 
(10^6 m3) WEI+ 

2.66 0.72 

The planning and the implementation of measures are necessary to cope with unmet demands 
and extremely high values of WEI+. 

Two simple approaches could be: 

1) to get the unmet demand equal to 0, by decreasing economic returns by the reduction of 
the volume of water abstractions; 

2) to decrease the value of WEI+, by reducing consumption volumes. 

5 Water saving measures 
The ARBA RBMP includes quantitative management measures such as: 

• Withdrawals and returns management through the reduction of licensed abstractions to 
guarantee both environmental protection and production processes optimization; 

• Implementation of shared management policies to control summer recharges in 
particularly water stressed areas; 

• Controlled withdrawal licensing supported by monitoring networks; 
• Development and management of artificial reservoirs; 
• Restriction on groundwater withdrawals for aquifer zones characterized by saline 

intrusions; 
• Updating of the “Optimal Territorial Plans” to guarantee sustainable water use and 

water saving policies; 
• Optimization of water allocation across competing demands through consultation and 

dialogue procedures; and 
• Implementation of Memoranda of Understanding to promote reuse and to optimize 

water uses. 

On the basis of this preliminary list, an analysis of WAs for the three pilot areas has been carried 
out and 16 potential new measures have been identified and summarized in Table 2. 

Each measure has been described using a standard template based on information derived from 
the following official documents: 

• Drought management plan report (EC DG ENV, 2008); 

• A multi-criteria optimization of scenarios for the protection of water resources in 
Europe (EC JRC, 2012); 

• Water demand management: selecting the measures to implement in your region. 
A decision making support guide for local authorities (UNEP/MAP Plan Bleu, 2014). 

http://ec.europa.eu/environment/water/quantity/pdf/dmp_report.pdf
http://ec.europa.eu/environment/water/blueprint/pdf/EUR25552EN_JRC_Blueprint_Optimisation_Study.pdf
http://ec.europa.eu/environment/water/blueprint/pdf/EUR25552EN_JRC_Blueprint_Optimisation_Study.pdf
http://planbleu.org/sites/default/files/publications/guide_methodo_gde_en.pdf
http://planbleu.org/sites/default/files/publications/guide_methodo_gde_en.pdf
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Table 2 – Potential measures with impacts. 

Name of measures Impacts Secondary impacts 

1. Sensitization campaign Water supply services reduce 
abstractions  

2. Household devices Water supply and HH reduce 
abstractions  

3. Reduction leakages 
Water supply reduce abstractions 
and reduce leakages, water 
services to households is constant 

Variable of leakages  

4. Desalination Water supply services reduce 
abstraction  

5. Irrigation techniques Less water abstracted by 
agriculture 

i) Irrigation losses (to 
groundwater) 

ii) Evaporation2 

6. Reduce permits (agriculture) Reduce irrigation abstractions, 
temporarily  

7. Drought resistant crops Reduce irrigation abstractions  

8. Water recycle Reduce irrigation abstractions  

9. Sensitization campaign Reduce industry abstractions  

10. Industrial water reuse Reduce industry abstractions  

11. Sensitization campaign Reduce rural household 
abstractions  

12. Reduce permits (households) Reduce rural household 
abstractions, temporally  

13. Green measures Reduce rural households 
abstractions  

14.a Increase prices irrigation borehole Irrigation reduce abstractions, 
temporarily  

14.b Increase prices rural borehole Reduce rural household 
abstractions, temporarily  

15. Rehabilitation aquifers Increase variable of outflow 
discharge 

Increase renewable water 
resources 

16. Reservoirs management Increase variable of outflow 
discharge 

Increase renewable water 
resources 

 

Each measure in Table 2 is illustrated as follows: 

• Name, ID, link with WFD type of measure, description; 

• Its geographical scope; 

• Economic activity sector (as defined in SEEA-Water); 

• The objective to be reached;  

                                                                 

2  The total amount is affected by irrigation use; however, both irrigation losses and evaporation ratios 
have remained the same while the irrigation techniques help to reduce the ratio of evaporation and 
irrigation losses (see Chapter 8). 
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• Details about the implementation of the measure (cost, progressive implementation in 
time, currents status, economic benefits, legal basis, financial mechanism); 

• Its effectiveness (i.e., impact on water); 

• Constraints.  

The 16 measures are presented in Annex 1. For inclusion in the RBMP, the description of 
selected measures will have to be adapted to the local context.  

5.1 Measures: probability of appliance and effectiveness 

The 16 measures have been reviewed by ARBA together with local stakeholders in order to 
identify the most suitable ones for the three sub-basins. Each measure has been assessed (see 
Table 3) according to: 

• Its probability to be implemented (P): * low, ** medium, *** high.  
• Its expected effectiveness (E): * low, ** medium, *** high. 

Table 3 – Probability of appliance and effectiveness per sub-basin of the selected 
potential measures. 

Id Measure Basin 1  
(Chiana) 

Basin 2  
(Bisenzio) 

Basin 3  
(Pisa) 

P E P E P E 

1 Sensitization campaign *** * *** * *** * 

2 Household devices *** * *** * *** * 

3 Reduction leakages *** ** *** * *** * 

4 Desalination     * ** 

5 Irrigation techniques ** **** ** ** ** ** 

6 Reduce permits * ** * ** * ** 

7 Drought resistant crops * ** * ** * ** 

8 Water recycle * ***     

9 Sensitization campaign ** * ** * ** * 

10 Industrial water reuse   ** *** ** ** 

11 Sensitization campaign ** * ** * ** * 

12 Reduce permits *** ** ** ** *** ** 

13 Green measures ** * ** * ** * 

14 Increase prices irrigation borehole * ** * ** * ** 

15 Rehabilitation aquifers   ** **   

16 Reservoir management - - - - - - 
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Since the same method can be applied to any target area, the next phases of the process are only 
illustrated for the Chiana sub-basin. However, the same approach could be implemented also for 
the Bisenzio and Pisa target areas. 

5.2 Customization of measures to the local context 

On the basis of the above-described analysis, it has been decided to apply a set of six different 
measures to the Chiana area. The following parameters have been customized and used as input 
for the tool. They will also need to be considered in the final description of the measure (see 
Annex 1): 

• “Start”: Expected start year of implementation. 

• “End”: Expected end year of implementation. 

• “SW”: Expected effect per targeted unit (m3/month) on surface water. 

• “GW”: Expected effect per targeted unit (m3/month) on groundwater. 

The Table 4 presents the tool inputs used for the simulation. 

Table 4 – Set of measures defined by local experts as input for scenarios. 

Scenario 0 Chiana Start End SF GW 

1. Sensitization campaign TRUE 1993 2007 10 10 

2. Household devices TRUE 1993 2007 5 5 

3. Reduction leakages TRUE 1993 2013 5 5 

4. Desalination FALSE 

    5. Irrigation techniques TRUE 1993 2007 15 15 

6. Reduce permits TRUE 1993 2007 25 25 

7. Resistant crops FALSE 

    8. Water recycle FALSE 

    9. Sensitization campaign FALSE 

    10. Industrial water reuse FALSE 

    11. Sensitization campaign FALSE 

    12. Reduce permits TRUE 1995 2007 20 20 

13. Green measures FALSE 

    14.a Increase prices irrigation borehole FALSE 

    14.b Increase prices rural borehole FALSE 

    15. Rehabilitation aquifers FALSE 

    16. Reservoirs management FALSE 

     

The impact on population growth on water demand as regards to irrigated areas and industrial 
activities has been estimated as 0.5% per year for each sector. 

Chapter 6 illustrates how to reach water efficiency goals through the comparison of several 
scenarios obtained by simulating the implementation of different sets of measures.  
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5.3 Stakeholders’ opinion on the optimization of measures process 

Measures’ expected effectiveness and implementation probability have been tested through a 
questionnaire which has been filled in by relevant local stakeholders with the aim of recording 
previous experiences and analyzing future perspectives. 

One of the project aims is to test the programme of measures (PoMs) in order to choose the best 
combination of actions in terms of feasibility, acceptability and realistic implementation 
possibility thus optimizing practical interventions. 

The interviewed experts have had the possibility to not only evaluate already ongoing 
measures, but also express their views on the social and economic sustainability of each 
category of actions. The bar plot reported in Figure 11 illustrates the answers gathered to the 
following question: “Which of the following measures do you think could be reasonably activated 
in your sub-basin?”  In the context, the term “reasonably” refers to sustainable costs, a minimum 
level of user acceptability and a likely efficiency in terms of water savings.  

In the public water supply sector, the highest percentage of answers highlights two possible 
interventions, namely the distribution of water saving devices and the reduction of leakages. 
Both actions have already been activated by public utilities, but there remains a large margin for 
improvement. 

As regards to the agricultural sector, the preferred solutions indicate treated wastewater re-use 
and specific farmers’ sensitization campaigns; a choice which demonstrates that this sector can 
be highly influenced in terms of active involvement in the performance of water saving 
practices. The reduction of abstraction permits is, on the contrary, deemed to be inappropriate 
or even impossible given the ongoing economic crisis of the sector. 

The same sensitization campaigns are selected as preferred actions in the industrial sector 
whereas as far as public water supply is concerned, all interviewed stakeholders are in favor of 
the increase of “green measures” such as harvested rainwater reuse or water storage. 

Figure 11 – Questionnaire results divided per sector: civil (CIV/blue bars); agricultural 
(AGR/red bars); industrial (IND/yellow bars); domestic/households (DOM/green bars); 

general measures (GEN/purple bars). 
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Generally speaking, a large percentage of the interviewed stakeholders have underlined the 
necessity of an increase in abstraction controls during the summer months when, usually, a 
temporary reduction of abstraction permits is envisaged by local regulations.  

The questionnaire results have been used, together with the other issues arisen during direct 
interviews (mainly in terms of possible quantification of the effects), to build up the measures’ 
scenarios tested during the project implementation. 

6 Prospective scenarios 

6.1 Set up the scenario 

The tool is used to generate scenarios. The process is illustrated in Figure 12. The idea is to 
run simulations for each climate projection in order to rank them from the one showing the 
lowest unmet demand to the highest. The climate projection that ranks in the last position will 
be selected to test measures. 

 
Figure 12 – Different steps in using the “PAWA scenarios tool V.1”. 

The procedure to simulate water targets for the Chiana sub-basin is defined as follows. 

1) Year 2012 Chiana baseline (real scenario) is compared with scenarios based on climate 
projections, which are described in Annex 2: 

01 C_cnrm-rcp45; 
02 C_cnrm-rcp85; etc.  

Unmet demand and WEI+ are produced for each scenario. 

2) The worst scenario is chosen. 
3) Set of measures based on the judgment of local experts are selected, and a new data set 

is obtained. 
4) Results: unmet demand and WEI+ for each of the climate projections. 

The simulation results in terms of unmet demand (Table 5) show that the scenario 06 “C_ipsl-
rcp85” appears to be the worst one. 

Obtain current 
Water Accounts 
•  Select territory 
•  Select climate 

projection 

Create scenario and 
generate data base 
•  Select projections 
•  Select measures 
•  Implementation period 
•  Water saving ratios 

Obtain Water 
Accounts based 
on new scenario 

Observe results 
Before and after: 
•  Water abst by 

economy 
•  Water abst by type 

of source 
•  Non-conventional 

water use 
•  WEI+ 
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Table 5 – Simulation results for the Chiana sub-basin. 

Chiana Unmet demand 
(106 m3) 

Real/current case 2.66 

01 C_cnrm-rcp45 0 

02 C_cnrm-rcp85 0 

03 C_mohc-rcp45 0.32 

04 C_mohc-rcp85 0.86 

05 C_ipsl-rcp45 0 

06 C_ipsl-rcp85 5.07 

The set of six measures resulting from the discussion with local experts is applied to the 
simulation (Table 4). Results after the application of the scenario with these six measures are 
detailed in Figure 13. 

 

Figure 13 – Comparison before and after the application of scenario. 

6.2 Analysis 

Figure 13 shows that measures selected by experts does not result in an unmet demand equal 
to 0 and it is not enough to get a WEI+ lower than 0.4. New scenarios are then created by 
combining new set of measures. The scenario “MULTI”, represented by the INPUTS showed in 
Figure 14, generates an unmet demand equal to 0 and a WEI+ < 0.4 (Figure 15 and Table 6). 
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Figure 14 – The scenario “MULTI”: screenshot showing input values. 

 

Figure 15 –Results after the application of the scenario “MULTI”. 
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Table 6 – Unmet demand and WEI+ after applying the scenario “MULTI”. 

Unmet demand 
(106 m3) 

WEI+ 

0 ≤ 0.4 

The additional measures defined in the scenario “MULTI” are (see Figure 14): 

• #3 Reduction of leakages needs to reach a reduction up to the 20%; 
• #8 Water reuse (Agriculture), #10 Water reuse (Industry), and #16 Reservoir 

Managements need to be included; and 
• #12 Reduce permits (Households) needs to reach a reduction up to the 30% (summer 

period). 

6.3 Comments 

The scenario simulation has demonstrated that water savings do not satisfy unmet demand. 
Therefore, it is not possible to imagine decreasing the unmet demand value up to zero by 
decreasing the water abstractions by the same amount of the unmet demand. 

When generating Table 6 for one territory, it is noticed that the WEI+ indicator is the only one 
that changes from one scenario to the other. This is because the set of applied measures does 
not change. The values of abstractions’ reduction are the same for each scenario. 

7 Water efficiency objectives for RBMP 
RBMP water efficiency targets are obtained by selecting the worst climate projection scenario – 
the scenario 06 “C_ipsl-rcp85” – is selected to find the targets for RBMP.  

Targets are selected according to RBMP contents, referred to the adopted 2nd cycle of 
programming (December 2014), at the time of deliverable’s publication under observation’s 
procedure. 

In the following section, the needs in terms of water savings are highlighted for the most 
significant water bodies in the tested basins. 

7.1 RBMP contents 

Information are derived from the set of data gathered and assembled in the “Executive 

Information System” adopted in the Northern Apennines District for all reporting issues related 

to the 2nd cycle RBMP. 

In the listed sheets for the main surface and groundwater bodies of tested areas, namely Chiana 

(Figure 16), Bisenzio (Figure 17) and Pisa (Figure 18), the following set of information is 

available: 

• General characteristics of water body. 
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• Synthetic contents of analysis for RBMP, aimed to provide links between pressures, 

status and programme of measure, and to justify the adoption of exemption according to 

WFD art. 4(4) or art. 4(5): 

o Ecological/chemical/quantitative gap to achieve “good” status based on 

monitored environmental status; 

o On-going measures tackling pressures and impacts; 

o Impacting without measures’ cover by sector; 

o Measures’ integration, with indication of Key Type of Measures (listed in Annex 

3 of “WFD Reporting Guidance 2016”, Version no. 4.3, 13 October 2014). 

The latest information give the possibility to match RBMP needs (in terms of updates 

Programme of Measures) with proposed water efficiency targets proposed in the PAWA project. 

7.2 Water saving targets example 

Table 7 illustrates water saving targets needed to obtain a value of unmet demand equal to 0 
and a WEI+ below the threshold 0.4. The so-called “MULTI” scenario is applied upon the 
reference data series resulting from the climate projection 06 “C_ipsl-rcp85”. 

Table 7 – Water saving targets for Chiana 2012 using the “MULTI” scenario. 

Economy Water saving targets Non-conventional 
use (106 m3) 

Irrigation 70% 2.01 

Water services 35%  

Industry 20% 0.6 

Households 30% (summer)  

 

The resulting target, for the agricultural sector, is a decrease of 70% in abstractions combined 
with non-conventional use supply amounting to 2.01 annual hm3 coming from recycled water 
(measure #8). 

The second target reduces water service abstractions by 35%. 

The third one concerns industries and it foresees a reduction of abstractions up to 20%, 
supplying 0.6 annual hm3 by non-conventional use (water reuse – measure #10). 

Finally, households located in rural areas have to decrease abstractions up to the 30% at least 
during the summer period. 
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Notes: impacts from agricultural uses are prevailing in the analysis of main driver/pressure affecting both 
ecological and chemical status of the water body. The need for new measures improving flow regime and 
containing agricultural use (e.g., through water efficiency measures for irrigation) is highlighted (as 
reported in the lower part of the sheet). However, remaining gaps are evaluated as probable (red portion in 
the pie charts) even after measure’s integration. 

Figure 16 – RBMP for Chiana. Reference Water body: IT09CI_N002AR058ca. Northern 
Apennines District. 
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Notes: both ecological and chemical status are failing to reach “good” status in 2015. The evaluation of water 
pollution load, compared to available water volume, put in evidence the need for measures targeted to 
pollution decrease and to water availability increase. Since both industrial and water services sectors are 
already involved in ongoing measures, the agricultural sector is highlighted are expansion sector for new 
measures. 

Figure 17 – RBMP for Bisenzio. Reference Water body: IT09CI_N002AR083fi3. Northern 
Apennines District. 
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Notes: the groundwater body shows a quantitative deficiency; the potential effect of ongoing measures 
(mainly over surface water bodies connected to the groundwater) is limited. According to specific studies on 
that portion of basin, among new key type of measures a specific evidence of climate change impact is 
requested. 

Figure 18 – RBMP for Pisa. Reference Water body: IT0911AR020. Northern Apennines 
District. 
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8 Conclusion and recommendations 
The water accounts approach together with prospective scenarios based on the application of a 
set of measures and various climate change hypotheses allowed the assessment of their 
potential impact compared to a reference situation (i.e., without applying any measure). Thus, 
the WAs appear to be a good decision support tool to define the most suitable water efficiency 
measures for a selected area.  

To facilitate the process of calculating WAs under various scenarios a software tool based on 
MS-Excel and VBA has been set-up. This tool allows a lot of time saving when comparing 
different scenarios and it helps decision making to find the best set of measures to be 
implemented in the different territories, in order to reach specific water saving targets. 

The targets defined in this report (Chapter 7) results from the simulations of climate change 
scenarios. They aim to achieve a WEI+ value below 40%. This threshold can be tuned by local 
experts that will use the tool considering, for instance e-flow requirements. Other parameters 
can be adjusted by experts, such as the yearly water demand increase by sector, the value of 
which has been set at 0.5% by year. However, this ratio can certainly be better defined in the 
future. 

In the process of defining the best set of measures to achieve water efficiency targets using the 
WA tables and the supporting tool developed, some limitations and potential improvements 
have been identified: 

1) Most of the water return data are based on expert estimations; therefore, a percentage 
inaccuracy and uncertainty remain. A survey or a monitoring campaign could help in 
terms of data reliability. 

2) When irrigation abstraction volumes are reduced, the total amount of irrigation 
groundwater losses and evapotranspiration get affected because their value depends on 
the irrigation use. The irrigation technique is not taken into account because figures 
about its impact on the ratio of evaporation and irrigation losses are not available at the 
moment. Such information could help in terms of applying a more realistic (and lower) 
value of WEI+. 

3) All the analyses are based on monthly variations over a year. Good results can be 
obtained in that it is possible to work on the most water stressed months (i.e., summer 
period). However, multi-year trends have not been investigates because they are 
deemed to be irrelevant due to the fact that water abstraction data are almost the same 
every year; water abstraction data result from fixed maximum values defined in water 
permits and not from monitoring data.  

4) The only variation on water abstraction has been introduced for prospective scenarios 
with a fixed increase of water demands by year due to population and activity growths. 
An improvement could be obtained by changing the growth ratio every year. 

Some improvements are also suggested for future use of this approach and the associated 
tool: 

• The optimization process, implemented through iterative steps with different sets of 
measures could be automated by means of a new software development to reach an 
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unmet demand equal zero with the best combination of criteria such as cost, water 
saving and socio-environmental benefits. Such an approach would require concise data 
on investments, operation costs, etc. 

• For economical analysis and decision making, the use of the Hybrid Economic Accounts 
Table could be very valuable. The collection of such economical data should also be 
analyzed and tested in the future. 

• Transfers (fresh or treated waste water) between different territories could be a 
valuable measure to be analyzed. 

• The visualization of results has been mainly based on graphs (pie or bar charts) rather 
than on maps, because the data collection process focused only on the data necessary to 
compute the SEEA-Water tables. Geo-referenced datasets would have made sense to 
prepare some thematic maps. 
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Annex 1 – Catalogue of generic measures 

Measure Code 1 Full name of 

measure 

1. Household awareness campaign on water savings 

(domestic use) 

Type of measure 

(according to 

WFD) 

Supplementary WFD measure 

Type (see WFD 

Annex VI) 

Water demand management or educational projects 

Sector(s) 

concerned (from 

SEEA-Water + 

ISIC) 

Households Geographic 

focus/area 

Where the measure will be applied 

(e.g., either Chiana, Bisenzio, or Pisa) 

Description of 

the measure 

The measure aims at developing awareness of the population on water management issues and to 

provide information on good practices towards reaching a sound use of the water. This measure 

includes: 

• development of a communication plan; 

• launching and overall information campaign to inform the population on the main water 

management issues (this being linked with the obligatory step of public consultation as required 

by the WFD), through publications, newspapers; 

• launching a campaign on possible daily actions that could benefit to the water stakes. Within this 

step information, it will be delivered the payback period, the benefits for the population of saving 

water, explaining water saving is everyone’s responsibility, etc.; and 

• develop a dedicated part of the internet website presenting information and tips for water 

savings (children games, success stories, etc.). 

* This measure has an impact on Water Services abstractions (surface and groundwater). 

Target 

population for 

the measure 

Description of individual units targeted 

by the measure 

X_1 

Number of households/sub-basin (including rural) 

Criteria relevant to the identification of 

the total number of units/total 

population that can be targeted by the 

measure 

e.g., awareness campaign done through TV spot can 

reach 90% of the population in the basin 

Sources of data for quantification of the 

total number of units/total population 

e.g., stat office 

Implementation Current rate of implementation of the 

measure 

X_2  

% of households (have already a “water saving” 

behaviour) 
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Expected rate of implementation of the 

measure 

X_3  

% out of the X_1 – (X_1*X_2%) 

X_3% = 90% (e.g., awareness campaign done through TV 

spot can reach 90% of the population in the basin) 

Expected adoption rate with the measure X_5  

The number of individual units (households) that will 

likely apply the measure. 

X_5 = X_4*X_3*(X_1 *(1 – X_2)) 

where X_4 % out of X_3%, X_4% = 70% 

Expected start year of implementation Ex: 1994 

Note: the program needs to read always a starting year 

of implementation. 

Expected end year of implementation Ex: 2013 

Note: the program needs to read always an ending year 

of implementation. 

Cost of measure Direct costs 

(It is required only 

for optimization of 

the system) 

Sources of 

information 

Direct costs 

(It is required only 

for optimization of 

the system) 

Investment 

Ex: Number of computers 

Equip. lifetime Lifetime of computers, etc. 

Recurring costs Salaries of communication advisor 

Communication cost, production cost… 

To keep in mind, if planned for several years. 

Cost of water supply (€/m3) 0.0007 €/m3 (regular price of supplied water) 

Economic benefits The tool can calculate the economic benefits based on 

the amount of water saved and the production cost by 

m3. 

Socio-

environmental 

impact 

Energy use and related air pollution 

(kwh, CO2 emission) 

Reduction in quantity of water consumed. Hence a 

reduction in cost of water production and a consequent 

reduction in CO2 emissions. 

Other (non-water related)  Positive impact expected as improvements in citizen 

practices resulting from information will also influence 

positively surface water quality and ultimately coastal 

water quality. 
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Effectiveness Expected effect per targeted unit 

(m3/month) 

Breakdown of the expected rate by 

water resources (SW and GW) 

X_6 

e.g., X_6 = 0.9 Hm3/(month*household) 

Expected effect per targeted unit 

(expected rate, % of water saved) 

Breakdown of the expected rate by 

water resources (SW and GW) 

Water saving/unit: 

X_7 = 100 ∗
X_5 ∗ X_6

Current SW abstraction by Water Services 

Ex: X_7= 10-15%  

Sources of information - 

Regulatory framework (To be filled by experts) 

Implementation 

setup & 

constraints  

Financing mechanism (incl. need for 

compensation or subsidy and related 

budgetary implications) 

(To be filled by experts) 

Social/political acceptability & barriers (To be filled by experts) 

Other 

information 

* If the first years of implementation the expected water saving value is smaller than the total 

required/expected, the user can run the simulation twice using different periods and 

different values. Ex: from 2000–2002 ratio of 10% and from 2002–2013 ratio of 15%. 

 

  



PAWA – Deliverable D4.1 Water efficient targets for future revisions Arno RBMP 

 

 33 

Measure Code 2 Full name of 

measure 

2. Distribution of water saving devices for households 

(domestic use) 

Type of measure 

(according to 

WFD) 

Supplementary WFD measure 

Type (see WFD 

Annex VI) 

Water demand management or educational projects 

Sector(s) 

concerned (from 

SEEA-W + ISIC) 

Households Geographic 

focus/area 

Where the measure will be applied 

(e.g., either Chiana, Bisenzio, or Pisa) 

Description of 

the measure 

The measure consists in distributing to each household a set of domestic water saving devices, on 

the basis of a preliminary communication/information campaigns. Those water saving devices are 

designed to be fitted on existing appliances. They include aerators, discharge limitation devices and 

pressure reductors (for taps and shower) + equipment for flushes (plastic volumes to be added in 

the toilet reservoirs). The measure will be implemented in two steps: 

It is recommendable this measures goes along awareness campaign (measure 1) 

* This measure has an impact on Water Services abstractions (surface and groundwater). 

Target 

population for 

the measure 

Description of individual units targeted 

by the measure 

X_1 

Number of households/sub-basin 

Criteria relevant to the identification of 

the total number of units/total 

population that can be targeted by the 

measure 

- 

Sources of data for quantification of the 

total number of units/total population 

e.g., stat office 

Implementation Current rate of implementation of the 

measure 

X_2  

% of households (have already adapted the measure), 

minimal number. 

Expected rate of implementation of the 

measure 

X_3  

% out of the X_1 – (X_1 * X_2%) 

The devices should be distributed in all residences.  

X_3% = 100% 

Expected adoption rate with the measure X_5  

The number of individual units (households) that will 

likely apply the measure. 

X_5= X_4 * X_3 * (X_1 * (1 – X_2)) 

where X_4 % out of X_3%, 

It is expected that only 50% of the beneficiaries will 

actually install them. X_4% = 50% 
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Expected start year of implementation Ex:1994 

Note: the program needs to read always a starting year 

of implementation. 

Expected end year of implementation Ex: 2013 

Note: the program needs to read always an ending year 

of implementation. 

Cost of measure Direct costs 

(It is required only 

for optimization of 

the system) 

Sources of 

information 

Direct costs 

(It is required only 

for optimization of 

the system) 

Investment 

Ex: Cost of devices, cost of distribution, etc. 

Equip. lifetime 5 years 

Recurring costs - 

Cost of water supply (€/m3) 0.0007 €/m3 (regular price of supplied water) 

Economic benefits The tool can calculate the economic benefits based on 

the amount of water saved and the production cost by 

m3. 

Socio-

environmental 

impact 

Energy use and related air pollution 

(kwh, CO2 emission) 

Reduction in quantity of water consumed. Hence a 

reduction in cost of water production and a consequent 

reduction in CO2 emissions. 

Other (non-water related)  Positive impact expected as improvements in citizen 

practices resulting from information will also influence 

positively surface water quality and ultimately coastal 

water quality. 

Effectiveness Expected effect per targeted unit 

(m3/month) 

Breakdown of the expected rate by water 

resources (SW and GW) 

X_6 

e.g., X_6 = 0.5 Hm3/(month*household) 

Expected effect per targeted unit 

(expected rate, % of water saved) 

Breakdown of the expected rate by water 

resources (SW and GW) 

Water saving/unit: 

X_7 = 100 ∗
X_5 ∗ X_6

Current SW abstraction by Water Services
 

Ex: X_7 = 10–15% 

Sources of information - 

Regulatory framework (To be filled by experts) 
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Implementation 

setup & 

constraints  

Financing mechanism (incl. need for 

compensation or subsidy and related 

budgetary implications) 

(To be filled by experts) 

Social/political acceptability & barriers (To be filled by experts) 

Other 

information 

* If the first years of implementation the expected water saving value is smaller than the total 

required, the user can run the simulation twice using different periods and different values. 

Ex: from 2000–2002 ratio of 10% and from 2002–2013 ratio of 15%. 
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Measure Code 3 Full name of 

measure 

3. Leakages reduction (domestic use) 

Type of measure 

(according to 

WFD) 

Supplementary WFD measure 

Type (see WFD 

Annex VI) 

Water demand management 

Sector(s) 

concerned (from 

SEEA-W + ISIC) 

Households Geographic 

focus/area 

Where the measure will be applied 

(e.g., either Chiana, Bisenzio, or Pisa) 

Description of 

the measure 

This measure aims to reduce the leakages occurring in the water supply network. However, this 

measure should include as well the reparation of leakages in the sewerage systems which the 

current rate of leakages remains uncertain. Leakages from the sewage system are one of the main 

sources of nitrate groundwater pollution. 

This measure is considered as continuous measure. 

* This measure has an impact on Water Services abstractions (surface and groundwater) and 

the amount of water released into aquifers. 

Target 

population for 

the measure 

Description of individual units targeted 

by the measure. 

X_1 (km) 

Water supply systems (length of the network) 

Criteria relevant to the identification of 

the total number of units/total 

population that can be targeted by the 

measure. 

It can be estimated that 5 to 6 km/year of network 

rehabilitation is a reasonable target per year (5-6/12km 

par month). 

Sources of data for quantification of the 

total number of units/total population. 

e.g., stat office 

Implementation Current rate of implementation of the 

measure. 

X_2  

% of the network (have no leakages). 

Expected rate of implementation of the 

measure 

X_3  

% out of the X_1 – (X_1 * X_2%) 

(5-6 km/year/total length) 

Expected adoption rate with the measure X_4% = X_3 * (X_1 * (1 – X_2)) 

The number of individual units (meters) that will likely 

apply the measure. 

Expected start year of implementation Ex:1994 

Note: the program needs to read always a starting year 

of implementation. 

Expected end year of implementation Ex: 2013 

Note: the program needs to read always an ending year 

of implementation. 
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Cost of measure Direct costs 

(It is required only 

for optimization of 

the system) 

Sources of 

information 

Direct costs 

(It is required only 

for optimization of 

the system) 

Investment 

Ex: the expected investment for 20 years, etc. 

Equip. lifetime 30 years 

Recurring costs - 

Cost of water supply (€/m3) 0.0007 €/m3 (regular price of supplied water) 

Economic benefits The tool can calculate the economic benefits based on 

the amount of water saved and the production cost by 

m3. 

Socio-

environmental 

impact 

Energy use and related air pollution 

(kwh, CO2 emission) 

Potential decrease of groundwater recharge. 

Other (non-water related)  - 

Effectiveness Expected effect per targeted unit 

(m3/month) 

Breakdown of the expected rate by 

water resources (SW and GW) 

X_5 

e.g., X_5 = 0.5 – 1 Hm3/(month*length) 

Expected effect per targeted unit 

(expected rate, % of water saved) 

Breakdown of the expected rate by 

water resources (SW and GW) 

Water saving/unit: 

X_6 =  100 ∗  
X_4 ∗ X_5

Current SW abstraction by Water Services 

Ex: X_6= 10-15%  

Sources of information - 

Regulatory framework (To be filled by experts) 

Implementation 

setup & 

constraints  

Financing mechanism (incl. need for 

compensation or subsidy and related 

budgetary implications) 

(To be filled by experts) 

Social/political acceptability & barriers (To be filled by experts) 

Other 

information 

* If the first years of implementation the expected water saving value is smaller than the total 

required, the user can run the simulation twice using different periods and different values. 

Ex: from 2000–2002 ratio of 10% and from 2002–2013 ratio of 15%. 

Note: the value of leakages reduced is incremental each year for 20 years. The tool is 

programmed to tackle this issue. It will increment each year the same ratio X_6, the one input 

by the user. 
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Measure Code 4 Full name of 

measure 

4. Desalination (domestic use) 

Type of measure 

(according to 

WFD) 

Supplementary WFD measure 

Type (see WFD 

Annex VI) 

Water demand management 

Sector(s) 

concerned (from 

SEEA-W + ISIC) 

Households Geographic 

focus/area 

Pisa 

Description of 

the measure 

Indirect solar desalination systems using photovoltaic (PV) panels and reverse osmosis (RO) 

Output by 2013 is up to 1600 litres per hour per system, and 200 litres / day for m2 of PV panel. 

* This measure has an impact on Water Services abstractions (surface and groundwater). 

Target 

population for 

the measure 

Description of individual units targeted 

by the measure. 

X_1 

Population of Pisa 

Criteria relevant to the identification of 

the total number of units/total 

population that can be targeted by the 

measure. 

- 

Sources of data for quantification of the 

total number of units/total population. 

e.g., stat office 

Implementation Current rate of implementation of the 

measure. 

X_2% = 0% 

Expected rate of implementation of the 

measure 

X_3  

% out of the X_1 – (X_1 * X_2%) 

The affected population. To know in order to dimension 

de desalination plant. 

Expected adoption rate with the measure X_4 = X_3 * (X_1 * (1 – X_2)) 

The affected population. 

Expected start year of implementation Ex: 1994 (The year the plant will star to run.) 

Note: the program needs to read always a starting year 

of implementation. 

Expected end year of implementation -Ex: the last year of recorded data 

Note: the program needs to read always an ending year 

of implementation. 

Cost of measure Direct costs 

(It is required only 

for optimization of 

the system) 

Direct costs 

(It is required only 

for optimization of 

the system) 

Investment 

http://en.wikipedia.org/wiki/Solar_panel
http://en.wikipedia.org/wiki/Reverse_osmosis
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Sources of 

information 
Equip. lifetime Ex: 50 years 

Recurring costs - 

Cost of water supply (€/m3) 0.0007 €/m3 (regular price of supplied water) 

In this case, it should be more precise, the input should 

be the difference on prices between the regular cost and 

the new one adapted after the treatment plant exist. The 

difference should be negative and therefore, there is no 

economic savings. 

Economic benefits The tool can calculate the economic benefits based on 

the amount of water saved and the production cost by 

m3. 

Socio-

environmental 

impact 

Energy use and related air pollution 

(kwh, CO2 emission) 

Lower CO2 emissions than a regular desalination plant. 

Other (non-water related)  Negative impacts: 

• land use and aesthetic impacts; 
• entrainment and impingement of marine; 
• organisms from the intake of seawater; 
• hazards associated with storage and use of 

various chemicals; 
• noise; and 
• negative impact due to the brackish water 

released from the desalination plant. 
Effectiveness Expected effect per targeted unit 

(m3/month) 

Breakdown of the expected rate by 

water resources (SW and GW) 

X_5 

e.g., X_5 = 10 Mm3 / (month*plant) depending on de 

conception of the plant, number of inhabitants affected. 

Expected effect per targeted unit 

(expected rate, % of water saved) 

Breakdown of the expected rate by 

water resources (SW and GW) 

Water saving/unit: 

X_6 = 100 ∗
X_5

Current SW abstraction by Water Services
 

Ex: X_6 = 30–50% 

Sources of information - 

Regulatory framework (To be filled by experts) 

Implementation 

setup & 

constraints  

Financing mechanism (incl. need for 

compensation or subsidy and related 

budgetary implications) 

(To be filled by experts) 

Social/political acceptability & barriers (To be filled by experts) 

Other 

information 
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Measure Code 5 Full name of 

measure 

5. Irrigation technique (irrigation use) 

Type of measure 

(according to 

WFD) 

Supplementary WFD measure 

Type (see WFD 

Annex VI) 

Water demand management 

Sector(s) 

concerned (from 

SEEA-W + ISIC) 

Agriculture Geographic 

focus/area 

Where the measure will be applied 

(e.g., either Chiana, Bisenzio, or Pisa) 

Description of 

the measure 

Irrigation techniques include weekly recommendations about how and when to irrigate. Devises to 

measure the soil humidity to optimize irrigation. 

The measure will also help reduce nitrate and pesticide contamination of the groundwater bodies. 

* This measure has an impact on Irrigation abstractions (surface and groundwater). 

Target 

population for 

the measure 

Description of individual units targeted 

by the measure. 

X_1 

Ha cultivated area. 

Criteria relevant to the identification of 

the total number of units/total 

population that can be targeted by the 

measure. 

- 

Sources of data for quantification of the 

total number of units/total population 

e.g., stat office 

Implementation Current rate of implementation of the 

measure. 

Ex: X_2% = 2% (To be filled by experts) 

Expected rate of implementation of the 

measure 

X_3  

% out of the X_1 – (X_1 * X_2%) 

The cultures adapting the measure. 

Expected adoption rate with the measure X_4 = X_3 * (X_1 * (1 – X_2)) 

The cultures adapting the measure. 

Expected start year of implementation Ex: 1994 (the year the irrigation techniques will running 

for the whole territory) 

Note: the program needs to read always a starting year 

of implementation. 

Expected end year of implementation Ex: 2013 the last year of recorded data 

Note: the program needs to read always an ending year 

of implementation. 
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Cost of measure Direct costs 

(It is required only 

for optimization of 

the system) 

Sources of 

information 

Direct costs 

(It is required only 

for optimization of 

the system) 

Investment 

Equip. lifetime Ex: 10 years 

Recurring costs - 

Cost of water supply (€/m3) 0.00002 €/m3 (regular prices for irrigation water) 

Economic benefits The tool can calculate the economic benefits based on 

the amount of water saved and the production cost by 

m3. 

Socio-

environmental 

impact 

Energy use and related air pollution 

(kwh, CO2 emission) 

Cleaner air 

Reduction in health problems related to use of pesticides 

cannot be assessed. 

Other (non-water related)  Reduction in kg of N, area under best practices (as % of 

total area) 

Effectiveness Expected effect per targeted unit 

(m3/month) 

Breakdown of the expected rate by 

water resources (SW and GW) 

X_5 

e.g., X_5 = 0.7 – 1.5 Hm3/(month*Ha) 

Expected effect per targeted unit 

(expected rate, % of water saved) 

Breakdown of the expected rate by 

water resources (SW and GW) 

Water saving/unit: 

X_6 = 100 ∗
X_4 ∗ X_5

Current SW abstraction by Agriculture 

Ex: X_6 = 15–20% 

Sources of information - 

Regulatory framework (To be filled by experts) 

Implementation 

setup & 

constraints  

Financing mechanism (incl. need for 

compensation or subsidy and related 

budgetary implications) 

(To be filled by experts) 

Social/political acceptability & barriers (To be filled by experts) 

Other 

information 

* If the first years of implementation the expected water saving value is smaller than the total 

required, the user can run the simulation twice using different periods and different values. 

Ex: from 2000–2002 ratio of 10% and from 2002–2013 ratio of 15%. 
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Measure Code 6 Full name of 

measure 

6. Reduce permits (irrigation use) 

Type of measure 

(according to 

WFD) 

Supplementary WFD measure 

Type (see WFD 

Annex VI) 

Water demand management 

Sector(s) 

concerned (from 

SEEA-W + ISIC) 

Agriculture Geographic 

focus/area 

Where the measure will be applied 

(e.g., either Chiana, Bisenzio, or Pisa) 

Description of 

the measure 

This measure aims to decrease the water abstractions rights for irrigation use. 

The total sum of maximum potential water abstraction rights authorized (in m3/s) goes well beyond 

the total average natural availability. For this reason, a reform of the water abstraction system is 

absolutely necessary. 

* This measure has an impact on Irrigation abstractions (surface and groundwater). Only 

summer periods. 

Target 

population for 

the measure 

Description of individual units targeted 

by the measure. 

X_1 

Ha cultivated area. 

Criteria relevant to the identification of 

the total number of units/total 

population that can be targeted by the 

measure. 

- 

Sources of data for quantification of the 

total number of units/total population. 

e.g., stat office 

Implementation Current rate of implementation of the 

measure. 

Ex: X_2% = 0% 

Expected rate of implementation of the 

measure 

X_3  

% out of the X_1 – (X_1*X_2%) 

The cultures adapting the measure. 

Expected adoption rate with the measure X_4 = X_3 * (X_1 * (1 – X_2)) 

The cultures adapting the measure. 

Expected start year of implementation Ex: 1994 

Note: the program needs to read always a starting year 

of implementation. 

Expected end year of implementation Ex: 2013 

Note: the program needs to read always an ending year 

of implementation. 
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Cost of measure Direct costs 

(It is required only 

for optimization of 

the system) 

Sources of 

information 

Direct costs 

(It is required only 

for optimization of 

the system) 

0 

Equip. lifetime 0 

Recurring costs - 

Cost of water supply (€/m3) 0.00002 €/m3 (regular prices for irrigation water) 

Economic benefits The tool can calculate the economic benefits based on 

the amount of water saved and the production cost by 

m3. 

Socio-

environmental 

impact 

Energy use and related air pollution 

(kwh, CO2 emission) 

- 

Other (non-water related)  Negative impact by decreasing productivity. 

Effectiveness Expected effect per targeted unit 

(m3/month) 

Breakdown of the expected rate by 

water resources (SW and GW) 

X_5 

e.g., X_5 = 0.015 Hm3/(month*Ha) 

Only summer periods and surface water. 

Expected effect per targeted unit 

(expected rate, % of water saved) 

Breakdown of the expected rate by 

water resources (SW and GW) 

Water saving/unit: 

X_6 = 100 ∗
X_4 ∗ X_5

Current SW abstraction by Agriculture 

Ex: X_6 = 2–4% 

Sources of information - 

Regulatory framework (To be filled by experts) 

Implementation 

setup & 

constraints  

Financing mechanism (incl. need for 

compensation or subsidy and related 

budgetary implications) 

(To be filled by experts) 

Social/political acceptability & barriers (To be filled by experts) 

Other 

information 
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Measure Code 7 Full name of 

measure 

7. Resistant crops (irrigation use) 

Type of measure 

(according to 

WFD) 

Supplementary WFD measure 

Type (see WFD 

Annex VI) 

Water demand management 

Sector(s) 

concerned (from 

SEEA-W + ISIC) 

Agriculture Geographic 

focus/area 

Where the measure will be applied 

(e.g., either Chiana, Bisenzio, or Pisa) 

Description of 

the measure 

Replacing regular crops by those requiring less amounts of water. 

* This measure has an impact on Irrigation abstractions (surface and groundwater). 

Target 

population for 

the measure 

Description of individual units targeted 

by the measure. 

X_1 

Ha cultivated area. 

Criteria relevant to the identification of 

the total number of units/total 

population that can be targeted by the 

measure. 

- 

Sources of data for quantification of the 

total number of units/total population. 

e.g., stat office 

Implementation Current rate of implementation of the 

measure. 

X_2%  

Ex: X_2% = 0% 

Expected rate of implementation of the 

measure 

X_3  

% out of the X_1 – X_1 * X_2% 

The cultures adapting the measure. 

Expected adoption rate with the measure X_4 = X_3 * (X_1 * (1 – X_2)) 

The cultures adapting the measure. 

Expected start year of implementation Ex: 1994 

Note: the program needs to read always a starting year 

of implementation. 

Expected end year of implementation Ex: 2013 

Note: the program needs to read always an ending year 

of implementation. 

Cost of measure Direct costs 

(It is required only 

for optimization of 

the system) 

Sources of 

Direct costs 

(It is required only 

for optimization of 

the system) 

Cost of the crops 

Equip. lifetime 0 
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information Recurring costs - 

Cost of water supply (€/m3) 0.00002 €/m3 (regular prices for irrigation water) 

Economic benefits The tool can calculate the economic benefits based on 

the amount of water saved and the production cost by 

m3. 

Socio-

environmental 

impact 

Energy use and related air pollution 

(kwh, CO2 emission) 

- 

Other (non-water related)  - 

Effectiveness Expected effect per targeted unit 

(m3/month) 

Breakdown of the expected rate by 

water resources (SW and GW) 

X_5 

e.g., X_5 = 0.01 Hm3/(month*Ha) 

Expected effect per targeted unit 

(expected rate, % of water saved) 

Breakdown of the expected rate by 

water resources (SW and GW) 

Water saving/unit: 

X_6 = 100 ∗  
X_4 ∗ X_5

Current SW abstraction by Agriculture 

Ex: X_6 = 2–4%  

Sources of information - 

Regulatory framework (To be filled by experts) 

Implementation 

setup & 

constraints  

Financing mechanism (incl. need for 

compensation or subsidy and related 

budgetary implications) 

(To be filled by experts) 

Social/political acceptability & barriers (To be filled by experts) 

Other 

information 

* If the first years of implementation the expected water saving value is smaller than the total 

required, the user can run the simulation twice using different periods and different values. 

Ex: from 2000–2002 ratio of 10% and from 2002–2013 ratio of 15%. 
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Measure Code 8 Full name of 

measure 

8. Water reuse (irrigation use) 

Reuse of urban wastewater by agriculture with 

secondary distribution network 

Type of measure 

(according to 

WFD) 

Supplementary WFD measure 

Type (see WFD 

Annex VI) 

Water demand management 

Sector(s) 

concerned (from 

SEEA-W + ISIC) 

Agriculture Geographic 

focus/area 

Where the measure will be applied 

(e.g., either Chiana, Bisenzio, or Pisa) 

Description of 

the measure 

Construction of treatment units for treating effluents and construction of a distribution network to 

supply farmers. 

* This measure has an impact on Irrigation abstractions (surface and groundwater). 

Target 

population for 

the measure 

Description of individual units targeted 

by the measure. 

X_1 

Ha cultivated area. 

Criteria relevant to the identification of 

the total number of units/total 

population that can be targeted by the 

measure. 

- 

Sources of data for quantification of the 

total number of units/total population. 

e.g., stat office 

Implementation Current rate of implementation of the 

measure. 

X_2%  

Ex: X_2% = 0% 

Expected rate of implementation of the 

measure 

X_3  

% out of the X_1 – X_1 * X_2% 

The cultures adapting the measure. 

X_3 % = 50% of farmers 

Expected adoption rate with the measure X_4 = X_3 * (X_1 * (1 – X_2)) 

The cultures adapting the measure. 

Expected start year of implementation Ex: 1994 (the year the irrigation water reuse will be 

running for the whole territory) 

Note: the program needs to read always a starting year 

of implementation. 

Expected end year of implementation Ex: 2013 

Note: the program needs to read always an ending year 

of implementation. 
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Cost of measure Direct costs 

(It is required only 

for optimization of 

the system) 

Sources of 

information 

Direct costs 

(It is required only 

for optimization of 

the system) 

High investment 

Equip. lifetime 35 years 

Recurring costs Cost of irrigation water increases: pumping costs,  

Distribution, additional treatment. 

Cost of water supply (€/m3) 0.00002 €/m3 (regular prices for irrigation water) 

With the measure the cost increases. 

Economic benefits The tool can calculate the economic benefits based on 

the amount of water saved and the production cost by 

m3. 

Socio-

environmental 

impact 

Energy use and related air pollution 

(kwh, CO2 emission) 

Increase energy production for treatment and 

conveyance of water in the network 

Other (non-water related)  Certain crops (vegetables, fruits) may be sensitive to the 

quality of reused water (presence of Boron for instance). 

Use of wastewater may lead to quality problems of 

agricultural products => some rules and guidance will be 

developed to ensure adequate use of the new source of 

water 

Risk of soil degradation in case of presence of toxic 

substance (pharmaceutical…) in treated waste water 

Effectiveness Expected effect per targeted unit 

(m3/month) 

Breakdown of the expected rate by 

water resources (SW and GW) 

X_5 

e.g., X_5 = 0.11 – 2 Hm3/(month*Ha) 

Expected effect per targeted unit 

(expected rate, % of water saved) 

Breakdown of the expected rate by 

water resources (SW and GW) 

Water saving/unit: 

X_6 = 100 ∗  
X_4 ∗ X_5

Current SW abstraction by Agriculture 

Ex: X_6 = 50% of GW abstract 

Sources of information - 

Regulatory framework Regulation related to quality requirements for reusing 

waste water in agriculture is a prerequisite. 
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Implementation 

setup & 

constraints  

Financing mechanism (incl. need for 

compensation or subsidy and related 

budgetary implications) 

Partial compensation of cost born by farmers could be 

compensated during the first years. Given that the 

measure benefits to other GW user, part of the 

investment cost could be paid by those who make the 

measure necessary (all abstracting users). 

Social/political acceptability & barriers (To be filled by experts) 

Other 

information 

* If the first years of implementation the expected water saving value is smaller than the total 

required, the user can run the simulation twice using different periods and different values. 

Ex: from 2000–2002 ratio of 10% and from 2002–2013 ratio of 15%. 
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Measure Code 9 Full name of 

measure 

9. Sensitization campaign through implementation of 

water efficiency devices (industrial use) 

Type of measure 

(according to 

WFD) 

Supplementary WFD measure 

Type (see WFD 

Annex VI) 

Water demand management 

Sector(s) 

concerned (from 

SEEA-W + ISIC) 

Industry Geographic 

focus/area 

Where the measure will be applied 

(e.g., either Chiana, Bisenzio, or Pisa) 

Description of 

the measure 

The measure aims at promoting water-efficient technologies in the industry sector. This measure 

requires the involvement of sector-specific specialists. As background, this measure requires the 

implementation of 

• Levy a charge on boreholes owners proportional to water quantities abstracted; 
• Studies on each significant facility which should be upgraded to standard to identify the 

work that should be done and setting up of the administrative documents to upgrade 
permits and ask subsidies to the government 

• Creation of a data base for industrial activities; 
• Classification of industries in 3 classes; 
• Creation of regulation for application for operating permit (authorization class) similar to 

IPPC 
• Creation of standard specifications for declaration class); 
• Creation of regulation for permits for operating (authorization class) like IPPC and 
• Creation of a unique desk for industrial application aspect. 

The measure will provide the basis for assessing expected water saving for each relevant facility 

with: (1) refrigeration systems replacing direct water cooling (evaporation, heat pumps 

compressors for production of cold water); (2) implementation of internal reuse of process or 

multistage rinse water/CIP (cleaning in place) systems according to really needed water quality; (3) 

any other specific technique. 

* This measure has an impact on Industry abstractions (surface and groundwater). 

Target 

population for 

the measure 

Description of individual units targeted 

by the measure. 

X_1 

All significant facilities where water saving can be 

effective. 

Criteria relevant to the identification of 

the total number of units/total 

population that can be targeted by the 

measure. 

All industries relevant for water issues, including all 

identified industries. 

Sources of data for quantification of the 

total number of units/total population. 

e.g., stat office 

Implementation Current rate of implementation of the 

measure. 

Ex: 1% 
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Expected rate of implementation of the 

measure 

X_3  

% out of the X_1 – (X_1 * X_2%) 

The number of individual units (industries) that will 

likely apply the measure. 60% of the main problematic 

industries, X_3 % = 60% 

Expected adoption rate with the measure X_4  

The number of individual units (industries) that will 

likely apply the measure. 

X_4 = X_3 * (X_1 * (1 – X_2)) 

Expected start year of implementation Ex: 1994 (The year the equipment will be set up for all 

industries) 

Note: the program needs to read always a starting year 

of implementation. 

Expected end year of implementation Ex: 2013 

Note: the program needs to read always an ending year 

of implementation. 

Cost of measure Direct costs 

(It is required only 

for optimization of 

the system) 

Sources of 

information 

Direct costs 

(It is required only 

for optimization of 

the system) 

Investment 

Recycling cooling 

Heat pumps compressors 

Others 

Equip. lifetime 15 years 

Recurring costs Recycling cooling water: energy for pumps (small) 

Heat pumps compressors with energy for compressors 

estimated at 2 kwh/m3 saved per year at 0.06 €/kwh + 

applicable 45% surcharge  (period March to May) 

Costs of recurring costs for other technologies to be 

assessed on a case by case basis. 

Cost of water supply (€/m3) 0.005 €/m3 (regular prices for industry water) 

Economic benefits The tool can calculate the economic benefits based on 

the amount of water saved and the production cost by 

m3. 

Socio-

environmental 

impact 

Energy use and related air pollution 

(kwh, CO2 emission) 

Recycling cooling water: energy for pumps (small) 

Heat pumps compressors: energy for compressors  

Others: case by case 
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Other (non-water related)  Positive impact expected as improvements in citizen 

practices resulting from information will also influence 

positively surface water quality and ultimately coastal 

water quality. 

Savings on water bill for industry (estimated price per 

m3 might be significantly lower if industry is directly 

abstracting groundwater from private boreholes). 

Effectiveness Expected effect per targeted unit 

(m3/month) 

Breakdown of the expected rate by 

water resources (SW and GW) 

X_5 

e.g., X_6 = 1 Hm3/(month*Industry) 

Very difficult to estimate as requires good 

understanding of actual processes (very plant 

dependent) – however, expected to be very high, in 

particular those industries traditionally known as heavy 

consumers (food and beverage). 

Expected effect per targeted unit 

(expected rate, % of water saved) 

Breakdown of the expected rate by 

water resources (SW and GW) 

Water saving/unit: 

X_6 = 100 ∗  
X_4 ∗ X_5

Current SW abstraction by industry 

Ex: X_6 = 10–15% 

Sources of information - 

Regulatory framework (To be filled by experts) 

Implementation 

setup & 

constraints  

Financing mechanism (incl. need for 

compensation or subsidy and related 

budgetary implications) 

Possibility to consider subsidies or loans with 

preferential rates for pre-treatments equipment for 

example. 

Social/political acceptability & barriers (To be filled by experts) 

Other 

information 

* If the first years of implementation the expected water saving value is smaller than the total 

required, the user can run the simulation twice using different periods and different values. 

Ex: from 2000–2002 ratio of 10% and from 2002–2013 ratio of 15%. 
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Measure Code 10 Full name of 

measure 

10. Water reuse (industry use) 

Develop decentralised wastewater reuse in 

industrial areas 

Type of measure 

(according to 

WFD) 

Supplementary WFD measure 

Type (see WFD 

Annex VI) 

Water demand management 

Sector(s) 

concerned (from 

SEEA-W + ISIC) 

Industry Geographic 

focus/area 

Where the measure will be applied 

(e.g., either Chiana, Bisenzio, or Pisa) 

Description of 

the measure 

Building/Re-dimensioning of treatment and reuse facilities in industrial areas (depends of technical 

feasibility) to encourage industries to leave urban areas and get settled in new industrial 

areas/zones and to encourage new industries to set up. 

The first step could be to require existence of a balancing tank where all effluent of particular 

industrial activity would be collected and samples taken before discharge to the sewer. Such a 

measure needs to reduce the flux of pollutant, and segregation of very concentrated solutions, which 

have to be considered as waste and sent to an appropriate destination. 

For each case, the most cost-effective solution will be considered. The same method can be applied 

for harvesting storm water. 

* This measure has an impact on Industry abstractions (surface and groundwater). 

Target 

population for 

the measure 

Description of individual units targeted 

by the measure. 

X_1 

Industries. 

Criteria relevant to the identification of 

the total number of units/total 

population that can be targeted by the 

measure. 

- 

Sources of data for quantification of the 

total number of units/total population. 

e.g., stat office 

Implementation Current rate of implementation of the 

measure. 

X_2%  

Ex: X_2% = 0%–1% 

Expected rate of implementation of the 

measure 

X_3  

% out of the X_1 – (X_1 * X_2%) 

The industries adapting the measure. 

Expected adoption rate with the measure X_4 = X_3 * (X_1 * (1 – X_2)) 

The industries adapting the measure. 

Expected start year of implementation Ex: 1994 

Note: the program needs to read always a starting year 

of implementation. 
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Expected end year of implementation Ex: 2013 

Note: the program needs to read always an ending year 

of implementation. 

Cost of measure Direct costs 

(It is required only 

for optimization of 

the system) 

Sources of 

information 

Direct costs 

(It is required only 

for optimization of 

the system) 

Investment 

(distribution network + additional tertiary treatment 

unit) 

Equip. lifetime 35 years 

Recurring costs Increase water cost: pumping cost, distribution, 

treatment. 

Cost of water supply (€/m3) 0.005 €/m3 (regular prices for industry water) 

But it will increase the cost due to: pumping, 

distribution, treatment. 

Economic benefits Higher cost 

The tool can calculate the economic benefits based on 

the amount of water saved and the production cost by 

m3. 

Socio-

environmental 

impact 

Energy use and related air pollution 

(kwh, CO2 emission) 

Increase energy production for treatment and 

conveyance of water in the network 

Other (non-water related)   

Effectiveness Expected effect per targeted unit 

(m3/month) 

Breakdown of the expected rate by 

water resources (SW and GW) 

X_5 

e.g., X_5 = 0.015 Hm3/(month*Industry) 

Expected effect per targeted unit 

(expected rate, % of water saved) 

Breakdown of the expected rate by 

water resources (SW and GW) 

Water saving/unit: 

X_6=100* 

X_6 = 100 ∗
X_4 ∗ X_5

Current SW abstraction by industry
 

Ex: X_6 = 50% 

Sources of information - 

Regulatory framework Regulation related to quality requirements for reusing 

waste water in industry is a prerequisite. 

Implementation 

setup & 

constraints  

Financing mechanism (incl. need for 

compensation or subsidy and related 

budgetary implications) 

Partial compensation of cost born by industries could be 

compensated during the first years. Given that the 

measure benefits to other GW user, part of the 

investment cost could be paid by those who make the 

measure necessary (all abstracting users). 
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Social/political acceptability & barriers (To be filled by experts) 

Other 

information 

* If the first years of implementation the expected water saving value is smaller than the total 

required, the user can run the simulation twice using different periods and different values. 

Ex: from 2000–2002 ratio of 10% and from 2002–2013 ratio of 15%. 
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Measure Code 11 Full name of 

measure 

11. Sensitization campaign (rural domestic use) 

Type of measure 

(according to 

WFD) 

Supplementary WFD measure 

Type (see WFD 

Annex VI) 

Water demand management 

Sector(s) 

concerned (from 

SEEA-W + ISIC) 

Domestic (Rural) Geographic 

focus/area 

Where the measure will be applied 

(e.g., either Chiana, Bisenzio, or Pisa) 

Description of 

the measure 

* This measure has an impact on rural abstractions (surface and groundwater). 

Target 

population for 

the measure 

Description of individual units targeted 

by the measure. 

X_1 

Rural households 

Criteria relevant to the identification of 

the total number of units/total 

population that can be targeted by the 

measure. 

- 

Sources of data for quantification of the 

total number of units/total population. 

e.g., stat office 

Implementation Current rate of implementation of the 

measure. 

Ex: 1% 

Expected rate of implementation of the 

measure 

X_3  

% out of the X_1 – (X_1 * X_2%) 

X_3% = 90% (e.g., awareness campaign done through TV 

spot can reach 90% of the population in the basin) 

Expected adoption rate with the measure X_5  

The rural households adapting the measure. 

X_5 = X_4 * X_3 * (X_1 * (1 – X_2))  

X_4 % out of X_3%, X_4% = 70% 

Expected start year of implementation Ex: 1994 

Note: the program needs to read always a starting year 

of implementation. 

Expected end year of implementation Ex: 2013 

Note: the program needs to read always an ending year 

of implementation. 
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Cost of measure Direct costs 

(It is required only 

for optimization of 

the system) 

Sources of 

information 

Direct costs 

(It is required only 

for optimization of 

the system) 

Investment 

Ex: Number of computers 

Equip. lifetime Lifetime of computers, etc. 

Recurring costs Salaries of communication advisor 

Communication cost, production cost…? 

if planned for several years 

Cost of water supply (€/m3) 0.00035 €/m3 (regular prices rural household 

abstractions) 

Economic benefits The tool can calculate the economic benefits based on 

the amount of water saved and the production cost by 

m3. 

Socio-

environmental 

impact 

Energy use and related air pollution 

(kwh, CO2 emission) 

Reduction in quantity of water consumed. Hence a 

reduction in cost of water production and a consequent 

reduction in CO2 emissions. 

Other (non-water related)  Positive impact expected as improvements in citizen 

practices resulting from information will also influence 

positively surface water quality and ultimately coastal 

water quality. 

Effectiveness Expected effect per targeted unit 

(m3/month) 

Breakdown of the expected rate by 

water resources (SW and GW) 

X_6 

e.g., X_6 = 0.03 Hm3/(month*Household) 

Expected effect per targeted unit 

(expected rate, % of water saved) 

Breakdown of the expected rate by 

water resources (SW and GW) 

Water saving/unit: 

X_7 = 100 ∗
X_5 ∗ X_6

Current SW abstraction by rural hosueholds 

Ex: X_7 = 10–15% 

Sources of information - 

Regulatory framework (To be filled by experts) 

Implementation 

setup & 

constraints  

Financing mechanism (incl. need for 

compensation or subsidy and related 

budgetary implications) 

(To be filled by experts) 

Social/political acceptability & barriers (To be filled by experts) 

Other 

information 

* If the first years of implementation the expected water saving value is smaller than the total 

required, the user can run the simulation twice using different periods and different values. 

Ex: from 2000–2002 ratio of 10% and from 2002–2013 ratio of 15%. 
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Measure Code 12 Full name of 

measure 

12. Reduce permits (Rural domestic use) 

Type of measure 

(according to 

WFD) 

Supplementary WFD measure 

Type (see WFD 

Annex VI) 

Water demand management 

Sector(s) 

concerned (from 

SEEA-W + ISIC) 

Domestic (Rural) Geographic 

focus/area 

Where the measure will be applied 

(e.g., either Chiana, Bisenzio, or Pisa) 

Description of 

the measure 

This measure aims to decrease the water abstractions rights for rural use. 

The total sum of maximum potential water abstraction rights authorized (in m3/s) goes well beyond 

the total average natural availability. For this reason, a reform of the water abstraction system is 

absolutely necessary. 

* This measure has an impact on rural abstractions (surface and groundwater). Only summer 

periods. 

Target 

population for 

the measure 

Description of individual units targeted 

by the measure. 

X_1 

Rural households 

Criteria relevant to the identification of 

the total number of units/total 

population that can be targeted by the 

measure. 

- 

Sources of data for quantification of the 

total number of units/total population. 

e.g., stat office 

Implementation Current rate of implementation of the 

measure. 

X_2%  

Ex: X_2% = 0% 

Expected rate of implementation of the 

measure 

X_3  

% out of the X_1 – (X_1 * X_2%) 

Rural households adapting the measure. 

Expected adoption rate with the measure X_4 = X_3 * (X_1 * (1 – X_2)) 

Rural households adapting the measure. 

Expected start year of implementation Ex: 1994 

Note: the program needs to read always a starting year 

of implementation. 

Expected end year of implementation Ex: 2013 

Note: the program needs to read always an ending year 

of implementation. 



PAWA – Deliverable D4.1 Water efficient targets for future revisions Arno RBMP 

 

 58 

Cost of measure Direct costs 

(It is required only 

for optimization of 

the system) 

Sources of 

information 

Direct costs 

(It is required only 

for optimization of 

the system) 

0 

Equip. lifetime 0 

Recurring costs - 

Cost of water supply (€/m3) 0.00002 €/m3 (regular prices for households water 

abstractions) 

Economic benefits: The tool can calculate the economic benefits based on 

the amount of water saved and the production cost by 

m3. 

Socio-

environmental 

impact 

Energy use and related air pollution 

(kwh, CO2 emission) 

- 

Other (non-water related)  - 

Effectiveness Expected effect per targeted unit 

(m3/month) 

Breakdown of the expected rate by 

water resources (SW and GW) 

X_5 

e.g., X_5 = 0.03 Hm3/(month*Household) 

Only summer periods. 

Expected effect per targeted unit 

(expected rate, % of water saved) 

Breakdown of the expected rate by 

water resources (SW) 

Water saving/unit: 

X_6 = 100 ∗
X_4 ∗ X_5

Current SW abstraction by Rural Household 

Ex: X_6= 2–4% 

Sources of information - 

Regulatory framework (To be filled by experts) 

Implementation 

setup & 

constraints  

Financing mechanism (incl. need for 

compensation or subsidy and related 

budgetary implications) 

(To be filled by experts) 

Social/political acceptability & barriers (To be filled by experts) 

Other 

information 

* Different years might have different water permits constraints. On the tool implement 

various simulations. Ex: from 2000–2002 ratio of 10% and from 2002–2013 ratio of 15%. 
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Measure Code 13 Full name of 

measure 

13. Rehabilitation, maintenance and use of existing 

rainwater harvesting systems by households (Rural 

domestic use) 

Type of measure 

(according to 

WFD) 

Supplementary WFD measure 

Type (see WFD 

Annex VI) 

Water demand management 

Sector(s) 

concerned (from 

SEEA-W + ISIC) 

Domestic (Rural) Geographic 

focus/area 

Where the measure will be applied 

(e.g., either Chiana, Bisenzio, or Pisa) 

Description of 

the measure 

Use of ancient cisterns for watering gardens and possibly supply water to toilet flushes and washing 

machine. This requires the development of a dual pipe system, the installation of a tank on the roof, 

and the installation small pump when not already installed. The measure might need specific 

promotion campaign for ensuring take-up 

* This measure has an impact on Irrigation abstractions (surface and groundwater). 

Target 

population for 

the measure 

Description of individual units targeted 

by the measure. 

X_1 

Rural households 

Criteria relevant to the identification of 

the total number of units/total 

population that can be targeted by the 

measure. 

- 

Sources of data for quantification of the 

total number of units/total population. 

e.g., stat office 

Implementation Current rate of implementation of the 

measure. 

X_2%  

Ex: X_2% = 0.5% 

Expected rate of implementation of the 

measure 

X_3  

% out of the X_1 – (X_1 * X_2%) 

Rural households adapting the measure (Ex: 20% of 

total households). 

Expected adoption rate with the measure X_4 = X_3 * (X_1 * (1 – X_2)) 

Rural households adapting the measure (Ex: 20% of 

total households). 

Expected start year of implementation Ex: 1994 

Note: the program needs to read always a starting year 

of implementation. 

Expected end year of implementation Ex: 2013 

Note: the program needs to read always an ending year 

of implementation. 
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Cost of measure Direct costs 

(It is required only 

for optimization of 

the system) 

Sources of 

information 

Direct costs 

(It is required only 

for optimization of 

the system) 

Pump, network, labour cost. 

Equip. lifetime 20 years 

Recurring costs Maintenance: 

Pumping cost, cleaning of well, etc. 

Cost of water supply (€/m3) 0.00002 €/m3 (regular prices for households water 

abstractions) 

Economic benefits: The tool can calculate the economic benefits based on 

the amount of water saved and the production cost by 

m3. 

Socio-

environmental 

impact 

Energy use and related air pollution 

(kwh, CO2 emission) 

- 

Other (non-water related)  Information campaign to inform the population on 

efficiency of cisterns, the payback period, the benefits for 

the population of saving water, explaining water saving 

is everyone’s responsibility, etc. Implemented through 

TV advertisement. This information campaign will be 

carried out at the same time as the campaign on rural 

water savings equipment (double counting!). 

Effectiveness Expected effect per targeted unit 

(m3/month) 

Breakdown of the expected rate by 

water resources (SW and GW) 

X_5 

e.g., X_5 = 0.070/0.1 Hm3/(month*household) 

Expected effect per targeted unit 

(expected rate, % of water saved) 

Breakdown of the expected rate by 

water resources (SW and GW) 

Water saving/unit: 

X_6 = 100 ∗
%Volume Precipitation/month
Current Precipitation/month

 

Ex: X_6 = 2–4% 

Sources of information - 

Regulatory framework (To be filled by experts) 

Implementation 

setup & 

constraints  

Financing mechanism (incl. need for 

compensation or subsidy and related 

budgetary implications) 

(To be filled by experts) 

Social/political acceptability & barriers (To be filled by experts) 
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Other 

information 

This measure may have positive correlations with flood mitigation measures and the 

generation of polluting run-off. It is being suggested to quantify these correlations and 

include them in the consideration of this measure. 
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Measure Code 14 Full name of 

measure 

14. Increasing prices of water abstractions permits 

temporally (irrigation and rural use) 

Type of measure 

(according to 

WFD) 

Supplementary WFD measure 

Type (see WFD 

Annex VI) 

Water demand management 

Sector(s) 

concerned (from 

SEEA-W + ISIC) 

Agriculture and 

Domestic (Rural) 

Geographic 

focus/area 

Where the measure will be applied 

(e.g., either Chiana, Bisenzio, or Pisa) 

Description of 

the measure 

Surveillance and tax on abstraction by individual boreholes/pumps used for /irrigation/rural 

households aimed at internalising the resource costs/degradation of the aquifer/surface bodies into 

individual users’ decisions on water use. 

The tax rate is fixed so that the flat rate is more expensive for the majority of borehole owners. 

The revenue collected from this tax will be used: 

(i) to subsidise water meters; 
(ii) to support actions aimed at improving the status of the aquifer (e.g. installation, 

operation and maintenance of rainwater harvesting systems) and additional and 
(iii) to subsidise additional treatment. 

* This measure has an impact on irrigation and rural abstractions (surface and groundwater). 

Only summer periods. 

Target 

population for 

the measure 

Description of individual units targeted 

by the measure. 

X_1 

Number of boreholes (if one person has two boreholes, 

will be taxed twice once for each borehole). 

Criteria relevant to the identification of 

the total number of units/total 

population that can be targeted by the 

measure. 

All individual boreholes/owners (both those that are 

registered and not registered today). 

Sources of data for quantification of the 

total number of units/total population. 

e.g., stat office 

Implementation Current rate of implementation of the 

measure. 

X_2%  

Ex: X_2% = 0 % 

Expected rate of implementation of the 

measure 

X_3  

% out of the X_1 – (X_1 * X_2%) 

Rural households adapting the measure (Ex: X_3 % = 

20% of total boreholes households). 

Farms adapting the measure (X_3 % = 50% of boreholes 

/farms). 
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Expected adoption rate with the measure X_4 = X_3 * (X_1 * (1 – X_2)) 

Rural households adapting the measure (Ex: X_3 % = 

20% of total boreholes households). 

Farms adapting the measure (X_3 % = 50% of boreholes 

/farms). 

Expected start year of implementation Ex: 1994 

Note: the program needs to read always a starting year 

of implementation. 

Expected end year of implementation Ex: 2013 

Note: the program needs to read always an ending year 

of implementation. 

Cost of measure Direct costs 

(It is required only 

for optimization of 

the system) 

Sources of 

information 

Direct costs 

(It is required only 

for optimization of 

the system) 

Investment 

Water meters 

Equip. lifetime 7 years 

Recurring costs  

Cost of water supply (€/m3) 0.00035 €/m3 (regular prices for rural households water 

abstractions) 

0.00002 €/m3 (regular prices for agriculture water 

abstractions) 

Economic benefits: The tool can calculate the economic benefits based on 

the amount of water saved and the production cost by 

m3. 

Socio-

environmental 

impact 

Energy use and related air pollution 

(kwh, CO2 emission) 

In areas with aquifers connected to surface water 

streams the reduction in abstraction might have positive 

impact on the surface water stream (in particular during 

dry periods). Impacts on surface water will be very 

localised. 

Caring of environmental discharge. 

Other (non-water related)   

Effectiveness Expected effect per targeted unit 

(m3/month) 

Breakdown of the expected rate by 

water resources (SW and GW) 

X_5 

e.g., X_5 = 1 Hm3/(month*borehole household) 

X_5 = 5–10 Hm3/(month*borehole agriculture) 
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Expected effect per targeted unit 

(expected rate, % of water saved) 

Breakdown of the expected rate by 

water resources (SW and GW) 

Water saving/unit: 

X_6 = 100 ∗
X_4 ∗ X_5

Current SW abstraction by Rural Household 

Ex: X_6 = 2–10% 

Sources of information - 

Regulatory framework (To be filled by experts) 

Implementation 

setup & 

constraints  

Financing mechanism (incl. need for 

compensation or subsidy and related 

budgetary implications) 

Water meters supported financially by reallocating 

receipts of the tax. 

Social/political acceptability & barriers (To be filled by experts) 

Other 

information 
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Measure Code 15 Full name of 

measure 

15. Rehabilitation of polluted aquifers 

Type of measure 

(according to 

WFD) 

Supplementary WFD measure 

Type (see WFD 

Annex VI) 

Water demand management 

Sector(s) 

concerned (from 

SEEA-W + ISIC) 

Domestic (Rural) Geographic 

focus/area 

Where the measure will be applied 

(e.g., either Chiana, Bisenzio, or Pisa) 

Description of 

the measure 

Decontamination of aquifers polluted due to industries practises related effluents, or/and taking 

control of salinity intrusion. 

It has an impact on the volume of aquifers (groundwater openings, water Asset Accounts 

table) 

Target 

population for 

the measure 

Description of individual units targeted 

by the measure. 

X_1 

Aquifer surface or volume 

Criteria relevant to the identification of 

the total number of units/total 

population that can be targeted by the 

measure. 

- 

Sources of data for quantification of the 

total number of units/total population. 

e.g., stat office 

Implementation Current rate of implementation of the 

measure. 

X_2%  

Ex: X_2% = 0% 

Expected rate of implementation of the 

measure 

X_3  

% out of the X_1 – (X_1 * X_2%) 

Aquifers adapting the measure. 

Expected adoption rate with the measure X_4 = X_3 * (X_1 * (1 – X_2)) 

Aquifers adapting the measure. 

Expected start year of implementation Ex: 1994 

Note: the program needs to read always a starting year 

of implementation. 

Expected end year of implementation Ex: 2013 

Note: the program needs to read always an ending year 

of implementation. 
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Cost of measure Direct costs 

(It is required only 

for optimization of 

the system) 

Sources of 

information 

Direct costs 

(It is required only 

for optimization of 

the system) 

Investment 

Treatment infrastructure 

Real time control to assess salinity intrusion, modelling 

experts, etc. 

Equip. lifetime 20 years 

Recurring costs  

Cost of water supply (€/m3)  

Economic benefits:  

Socio-

environmental 

impact 

Energy use and related air pollution 

(kwh, CO2 emission) 

Emissions associated with the treatment techniques. 

Other (non-water related)   

Effectiveness Expected effect per targeted unit 

(m3/month) 

X_5 

e.g., X_5 = 1–10Mm3 volume of water clean m3/month 

Expected effect per targeted unit 

(expected rate, % of water saved) 

Water saving/unit: 

X_6 = 100 ∗
Volume of clear water m3/month

Current volume of the aquifer  

Ex: X_6 = 2–4% 

Sources of information - 

Regulatory framework (To be filled by experts) 

Implementation 

setup & 

constraints  

Financing mechanism (incl. need for 

compensation or subsidy and related 

budgetary implications) 

(To be filled by experts) 

Social/political acceptability & barriers (To be filled by experts) 

Other 

information 

* If the first years of implementation the expected water saving value is smaller than the total 

required, the user can run the simulation twice using different periods and different values. 

Ex: from 2000–2002 ratio of 10% and from 2002–2013 ratio of 15%. 
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Measure Code 16 Full name of 

measure 

16. Reservoirs Management 

Type of measure 

(according to 

WFD) 

Supplementary WFD measure 

Type (see WFD 

Annex VI) 

Water demand management 

Sector(s) 

concerned (from 

SEEA-W + ISIC) 

Domestic (Rural) Geographic 

focus/area 

Where the measure will be applied 

(e.g., either Chiana, Bisenzio, or Pisa) 

Description of 

the measure 

This measure aims at increasing the discharge rivers (summer period only). 

* It has an impact on the downstream river discharge on The Water Asset Accounts Table. 

Target 

population for 

the measure 

Description of individual units targeted 

by the measure. 

X_1 

Number of reservoirs 

Criteria relevant to the identification of 

the total number of units/total 

population that can be targeted by the 

measure. 

- 

Sources of data for quantification of the 

total number of units/total population. 

e.g., stat office 

Implementation Current rate of implementation of the 

measure. 

X_2%  

Ex: X_2% = 0 % 

Expected rate of implementation of the 

measure 

X_3  

% out of the X_1 – (X_1 * X_2%) 

 

Expected adoption rate with the measure X_4 = X_3 * (X_1 * (1 – X_2)) 

Expected start year of implementation Ex: 1994 

Note: the program needs to read always a starting year 

of implementation. 

Expected end year of implementation Ex: 2013 

Note: the program needs to read always an ending year 

of implementation. 

Cost of measure Direct costs 

(It is required only 

for optimization of 

the system) 

Sources of 

information 

Direct costs 

(It is required only 

for optimization of 

the system) 

Investments 

Real time control systems 

Equip. lifetime 20 years 

Recurring costs  
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Cost of water supply (€/m3) - 

Economic benefits: - 

Socio-

environmental 

impact 

Energy use and related air pollution 

(kwh, CO2 emission) 

- 

Other (non-water related)  Environmental flow accomplishment 

Effectiveness Expected effect per targeted unit 

(m3/month) 

X_5 

e.g. X_5 = 1 Mm3/(month) 

Expected effect per targeted unit 

(expected rate, % of water saved) 

Water saving/unit: 

X_6 = 100 ∗
Volume reservoir/month

Current Volume river discharge/month 

Ex: X_6 = 4–10% 

Sources of information - 

Regulatory framework (To be filled by experts) 

Implementation 

setup & 

constraints  

Financing mechanism (incl. need for 

compensation or subsidy and related 

budgetary implications) 

(To be filled by experts) 

Social/political acceptability & barriers (To be filled by experts) 

Other 

information 

* If the first years of implementation the expected water saving value is smaller than the total 

required, the user can run the simulation twice using different periods and different values. 

Ex: from 2000–2002 ratio of 10% and from 2002–2013 ratio of 15%. 
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Annex 2 – Climate change scenarios 

A2.1 Foreword 

Climate change directly influences any evaluation as regards to the hydrological cycle. 
Consequently, it substantially influences all planning activities being them strategies or 
interventions against extreme flood events, drought phenomena or, more generally speaking, 
about water resources management. Since 1990, when the Intergovernmental Panel on Climate 
Change (IPPC) started publishing its first reports, the sensitivity of the scientific international 
world – including the Italian one – has been addressing its topic of interest on specific studies 
aimed at understanding the impact of climate change on the different subject matters of 
hydrological studies. In this context, the National Conference on Climate Change organized by 
the Italian Ministry of Environment in 2007 (APAT, 2007) confirmed the keen interest of 
researchers and administrators in the theme, even though an unique point of view was not yet 
commonly shared and operational tools that could directly and decisively influence flood and 
water management planning activities were not created. 

The latest United Nations IPCC reports (IPCC, 2013; 2014) revised and updated global and 
regional perspectives on the effects of climate change confirming or foreseeing an accentuation 
of global trends that had previously been highlighted, and they underlined the need to put in 
place adaptation and mitigation measures to already ongoing climate change phenomena (as 
stressed by recent studies and publications – see, e.g., Betts 2011; IPCC, 2012). 

In this context, given the above described premises, the correct interpretation of ongoing 
climate change phenomena and the quantification of future impacts on the hydrological cycle 
are of pivotal importance for the ARBA planning activities carried out in compliance with EU 
Directive 2000/60/EC and Directive 2007/60/EC. This aspect was highlighted in an EC 
Guidance drafted and approved in 2009 (European Commission, 2009). 

Recent research on climate change and hydrological sciences focused in particular on two 
themes: the assessment of water availability reduction associated to an overall precipitation 
decrease (Brunetti et al., 2004; Feyen and Dankers, 2009; Fischer and Mattey, 2012); and the 
increase of extreme events both in terms of frequency and intensity, in particular those short in 
time duration, the so-called flash floods (Fowler et al., 2007; Schultz, 2011). 

Focusing on the yearly and monthly rainfall discharge variations, with a “medium” level of 
confidence (IPCC, 2012a), it is widely recognized within the hydrological community that the 
Mediterranean area will face an intensification of dry periods (Beniston et al., 2007; Sillman and 
Roecker, 2008; Giannakopolous et al., 2009) and an increase of the proportion of land surface in 
drought (Vautard et al., 2007; Burke and Brown, 2008). As regards to the temporal rainfall 
distribution, opinions are discordant; a part of studies (Zveryaev, 2004; Moberg et al., 2006; 
Philipp et al., 2006; Hirschi et al., 2007; Zolina et al., 2010; Zveryaev and Allan, 2010; Ashfaq et 
al., 2011) highlight a more or less impacting seasonal variation whereas others underline the 
substantial stability of rainfall seasonal distribution above all over many of the Mediterranean 
basins (López-Moreno et al., 2009; Kelley et al., 2012), apart from the total rainfall discharge 
decrease trends. It is however clear that the complexity of atmospheric circulation in the 
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Mediterranean requires a detailed analysis at regional scale (Tapiador et al., 2007; Tanarhte et 
al., 2012). 

In Italy the latest scientific studies show a general decrease in total yearly rainfall, a noteworthy 
decrease in the number of rainy days, and a clear increase in precipitation intensity, more 
concentrated over Central and Northern Italy (Lionello et al., 2009; Cislaghi et al., 2005; Gorni et 
al., 2008) but with a variation in precipitation patterns in terms of intensity and intermittence 
that show great differences over the different areas (ISPRA, 2013). 

With reference to a lower degree of confidence (IPCC, 2012a), it is assumed that an increase in 
precipitation intensity in all the seasons, apart from summer, may be registered over most of 
Southern Europe (Pal et al., 2004), whereas precipitation over other areas, as for example Spain, 
may show a decrease trend (Giorgi et al., 2008; Giannakopolous et al., 2009). Moreover, other 
authors highlight redistribution in terms of frequency of precipitation phenomena with an 
increase in violent rainfall and a decrease in low-medium intensity downpours. 

In this context, ARBA has tried to define a methodology to include these climate change trends 
and indications into its management plans to reflect the present impacts into the different 
aspect of the hydrological cycle and assess the sustainability of measures and interventions and 
taking into consideration medium and long term climate projection scenarios. 

In particular, the participation to the PAWA project has triggered the implementation of specific 
analysis. In particular, it has been investigated the impact of several climate change scenarios on 
water resources availability which influences present and future sustainability of water uses of 
the different services. The goal was to estimate the potential evolution in terms of availability of 
water resources in the Arno River Basin by extrapolating useful information from long-term 
meteorological numerical models. 

A2.2 Global Circulation Models 

Given the objective of the investigation, reference is made to one of the outputs of modelling 
practices that different research centres developed in the latest years, that is, the estimate of the 
variations in monthly values of meteorological variables used as input to the hydrological model 
deployed in the PAWA project. Data for the different timescales have been gathered from some 
of the available Global Circulation Models (GCM), using the IPCC Data Distribution Centre. The 
selection of the models has taken into consideration the spatial resolution (i.e., preferring those 
models which produce outputs at a detailed spatial scale).  

The GCM taken into account are reported in Table A2.1. 

A2.3 Methodology 

The evaluation of climate change impact on hydrological behaviours at basin scale is usually 
based on hydrological simulations having as climate input climate scenarios generated by GCM. 
The spatial-temporal resolution of these simulations does not adequately reflect the 
hydrological variability of medium sized basin (thousand kilometres basins); therefore 
downscaling tools and methods have to be implemented.   
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Table A2.1 – List of the seven scenarios used in the hydrological simulations. 

Id Scenario Description 

1 Real Based on measured hydrological data, 1993–2013 

2 CNRM_RCP45 
Synthetic hydrological data derived from 1993–2012 measured data, biased in order to copy 
with global circulation model output for a long-medium term temporal horizon (2070–2090) 
 
CNRM – CM5 global climate model 
Météo France 
http://www.cnrm-game.fr/spip.php?article126&lang=fr 

3 CNRM_RCP85 

4 MOHC_RCP45 
Synthetic hydrological data derived from 1993–2012 measured data, biased in order to copy 
with global circulation model output for a long-medium term temporal horizon (2070–2090) 
 
Met Office Hadle Center 
http://www.metoffice.gov.uk/  

5 MOHC_RCP85 

6 IPSL_RCP45 
Synthetic hydrological data derived from 1993–2012 measured data, biased in order to copy 
with global circulation model output for a long-medium term temporal horizon (2070–2090) 
 
Institut Pierre Simon Laplace des Sciences de l'Environnement Global (IPSL) 
http://igcmg.ipsl.jussieu.fr/  

7 IPSL_RCP85 

 

Amongst the range of downscaling models the deterministic approach is more correct as 
regards to the physical reality of the system, that is, the use of Regional Climate Models (RCM) 
and Limited Area Models (LAM) which adopt global climate model boundary conditions. Other 
downscaling techniques are based on stochastic approaches (see Figure A2.1). These simulate 
 

 

Figure A2.1 – Downscaling flow diagram, after IPCC (2013). 

http://www.cnrm-game.fr/spip.php?article126&lang=fr
http://www.metoffice.gov.uk/
http://igcmg.ipsl.jussieu.fr/
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future climate conditions through stochastic models which adequately reproduce actual climate 
conditions; in practice, stochastic downscaling involves modifying parameters to simulate the 
effect of climate change as represented by GCM. 

The PAWA project has adopted the following approach.  

The reference time scale for each GCM and each socio-economic scenario is 2070–2100. Then, 
for each model, monthly data for the following meteorological variables are extrapolated for the 
model cells associated to the Arno river basin: 

• temperature; 

• radiation; 

• wind speed; and 

• precipitation. 

 

After that, a downscaling method is used to adapt the climate data to the spatio-temporal 
resolution of the hydrological model with the constraint of GCM average values (on monthly 
temporal step and on climate model cell size). 

Therefore, historical time series of the meteorological inputs are obtained for the same time 
span 1993–2013 with average biased values (spatial average on the GCM cell and time average 
on the monthly step) so that they are equivalent to those of the GCM. 

A2.4 Results 

The outputs for the Arno basin show substantial changes in total precipitation both at yearly 
and monthly scale which result in a considerable alteration of monthly discharge regimes, as 
shown by the inflow-outflow modelling results.  

The change is more considerable in the Chiana (Figure A2.2) and Bisenzio (Figure A2.3) basins 
and is less evident in the Pisa aquifer area (Figure A2.4). The decrease is particularly relevant 
in the summer months (JJAS bar charts). 

Regarding discharge, variations are even more significant because of the increase in 
temperatures and evapotranspiration. Decrease is particularly impacting the Chiana basin and 
generally speaking it is evident during the summer months (Figure A2.5 vs. Figure A2.6). 

Discharge duration curves that sum up the inter annual variability of discharges show a 
decrease in ordinary run off in the Summer and an increase during the Winter; it can be 
assumed that these phenomena will result in a reduced storage capacity and regulation of 
surface waters. 
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Figure A2.2 – Total precipitation amounts for the Chiana basin from 1993 to 2012: yearly 

amounts (upper panel) and summer amounts (lower panel). 

 

 
Figure A2.3 – Total precipitation amount for the Bisanzio basin from 1993 to 2012: yearly 

amount (upper panel) and summer amount (lower panel). 
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Figure A2.4 – Total precipitation amount for the Pisa aquifer from 1993 to 2012: yearly 

amount (upper panel) and summer amount (lower panel). 

 

 
Figure A2.5 – Average discharge values for the Chiana basin from 1993 to 2012: yearly 

amount (upper panel) and summer amount (lower panel). 
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Figure A2.6 – Average discharge values for the Bisenzio basin from 1993 to 2012: yearly 

amount (upper panel) and summer amount (lower panel). 
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