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 Italy 

1. Introduction 

The increased availability of observed data and of advanced techniques for the analysis of 

meteo-hydrological information allows an even more detailed description of the evolution 

of global climate. The results showed by the Fourth Assessment Report (FAR) of the 

International Panel on Climate Change (IPCC, 2007) about the changes that, starting from 

1950, are affecting the atmosphere, the cryosphere and the oceans, confirm global warming. 

The global average surface temperature has increased in the last 100 years by 0.74°C ± 

0.18°C, accelerating in the last 50 years (0.13°C ± 0.03°C per decade), especially over land 

(about 0.27 °C per decade) and at higher northern latitudes. As a consequence, the higher 

available energy on the surface has speeded up the hydrological cycle. The concentration of 

the water vapor in the troposphere has increased (1.2 ± 0.3% per decade from 1988 to 2004), 

while long-period precipitation trends (both positive and negative) in many regions have 

been observed by analyzing time series from the year 1900 to the year 2005. Changes in 

temperature and precipitation regimes strongly affect the hydrological cycle. As an example, 

the increase in temperature has produced a substantial reduction in snow cover in several 

regions, mainly in spring, and a reduction in the areas covered by seasonal frozen ground 

(reduction of about 7% in the northern hemisphere over the latter half of the 20th century). 

Direct long-term measurements of all the main components of the hydrological cycle are not 

widely available: in order to assess soil moisture long-term changes, due to the lack of direct 

measurements the primary approach is to calculate Palmer Drought Severity Index, while 

long-term stream flow gauge records do not cover entirely and uniformly the world, and 

they present gaps and different record lengths. However, generally stream flow trends are 

positively correlated to precipitation, while a common effect of climate change is arising 

independently on precipitation trends: starting from the ‘70s a considerable increase of the 

frequency of extreme hydrological events (floods and droughts) has been observed. Also 

concerning actual evapotranspiration, direct measurements over global land areas are still 

very limited, but already the Third Assessment Report (TAR) reported that actual 

evapotranspiration increased during the second half of the 20th century over most dry 

regions of the USA and Russia, and, by means of observed precipitation, temperature, 
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cloudiness-based surface solar radiation and a land surface model, Qian et al. (2006) found 

that global land evapotranspiration closely follows variations in land precipitation. 

Following the FAR, it is extremely unlikely (<5% probability) that the global warming trend 

observed in the last half century, whose remarkable characteristics in the history of the Earth 

seem to be confirmed even by paleo-climatic studies, could be explained without 

considering external forcings, and is very likely (>90%) that the production of greenhouse 

gases is the main cause of the observed increase in temperature. 

Human activities negatively impact on water resource availability, not only contributing to 

the water cycle changes on a global scale, but also in a more direct way, through the 

pollution of water courses and aquifers. This pollution is specifically generated by the over-

exploitation of the soil and chemical contaminants due to agriculture and forestry, by urban 

waste, transportation and building, and by the over-exploitation of the coastal aquifers, 

which generates saline water intrusion. 

Many of the problems connected to water shortage and to bad water quality are due to not 

efficient or even inexistent water resources planning and management. Recently, most 

advanced planning studies have adopted tools for integrated water resources management. 

Specifically, by now among planners the idea is diffused that a reactive approach, based on 

the implementation of actions after a drought event has occurred and is perceived, is not 

adequate and a proactive approach is needed (Yevjevich et al., 1983; Rossi, 2003), based on 

the development of plans allowing the identification of long- and short-term actions to face 

drought, and the implementation of such plans, on the basis of timely information provided 

by a drought monitoring system. 

Different measures can be used to cope with water resource crises due to drought. Rossi et 
al. (2007) show several classifications of these measures: first, the one suggested by 
Yevjevich et al. (1978) that distinguishes among measures aimed at increasing water supply, 
reducing demand and minimizing impacts; next, considering the one differentiating reactive 
and proactive measures (Yevjevich et al., 1983); and finally, the one between long- and 
short-term measures. The Water Scarcity Drafting Group (2006) disseminated a document 
specifying a series of mitigation measures that can be adopted in the EU countries. Pereira 
(2007), starting from a conceptual distinction between water conservation (referred to the 
measures for the conservation and preservation of water resource) and water saving 
(referred to the measures aimed at limiting and/or controlling water demand), points out a 
set of actions that can be adopted in agriculture to reduce the impacts of drought resulting 
economically, socially and environmentally more competitive than the “classical” proposal 
of realizing artificial reservoirs, the latter being an alternative preferred in even fewer cases 
in the countries where water resource planning is more advanced (e.g. Cowie et al., 2002). 
Finally, the European Commission in the Communication “Addressing the challenge of 
water scarcity and droughts in the European Union”, adopted on July 18, 2007 (COM, 2007), 
while stating the necessity of progressing towards the full implementation of the Water 
Framework Directive 2000/60/EC (WFD), underlines the huge potential for water saving 
across Europe, where people continue to waste at least 20% of water due to inefficiency, 
indeed leakages greater than 50% have been recorded in the irrigation networks. A report 
connected to the EU Communication (Dworak et al., 2007) estimates a potential water 
saving in the EU of about 40%. Regarding the strategic paths for future interventions, the 
enhancement of drought risk management should be achieved also through: developing 
drought risk management plans; developing an observatory (an European Drought 
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Observatory is now available at http://edo.jrc.ec.europa.eu) and an early drought warning 
system; further optimizing the use of the EU Solidarity Fund and European Mechanism for 
Civil Protection; fostering water efficient technologies and practices; fostering the emergence 
of a water-saving culture in Europe. 
In this framework, evapotranspiration assessment is of outstanding importance both for 
planning and monitoring purposes. Its magnitude (mainly referring to potential 
evapotranspiration) is comparable to the main forcing of the water balance, i.e. precipitation, 
and for this reason several climatic classifications are based on comparisons between these 
two quantities, with the aim of determining specific climate conditions for different areas 
(e.g. Rivas-Martinez, 1995). Furthermore, evapotranspiration is the only component of the 
water balance with a central role also in the energy and carbon balance, since it directly 
accounts for hydrological, agricultural and ecological effects of drought events. Specifically, 
in agriculture evapotranspiration can be closely related to water demand. This means that 
the role of evapotranspiration, and losses due to evapotranspiration in agriculture (which 
are foreseeable to a certain extent) can be handled in a way allowing to assure the best 
conditions for agricultural needs, if water resources management is correctly planned and 
implemented. Hence, in this chapter evapotranspiration assessment/water demand 
fulfillment will be considered within the wider framework of water resources management 
and planning, both for a correct evaluation of the water balance (considering both the 
hydrological balance and the differences between water requirements and availability), and 
for determining incoming drought events through appropriate indices (drought 
monitoring). The issue of reducing water requirements, meaning loss reductions and/or 
evapotranspiration reductions (mainly in agriculture) will only be touched on, while dealing 
with methods and tools for water resource management under shortage conditions. 
In the next sections, after an analysis of the available water resource and water demand in a 
southern Italian region (Calabria), the chapter highlights some weaknesses of the regional 
water system in rainfall deficit conditions, drafting the main strategies of intervention to be 
adopted to face the different aspects of drought. Then, some guidelines for the proactive 
management of drought in agriculture are proposed and specifically, by means of a case-
study related to one of the most important agricultural areas in southern Italy (the Sibari 
Plain), the development of the three most important operational management tools is 
shown, i.e. the Strategic Plan for long-term interventions, the Management Plan for short-
term interventions and the Contingency Plan for emergency conditions. Drought indices are 
important tools for correctly drafting these plans: a specific section will provide some 
insight about them. Finally, some climatologic and hydrologic scenarios over a specific basin 
are hypothesized, with the aim of assessing water resource availability in the second half of 
the present century and of verifying whether the intense and prolonged drought periods 
currently affecting the Calabria region will become ordinary situations in the near future. 

2. Natural water resource 

Since no useful information is available for an estimate of the direct runoff volume on the 
whole region, natural water resource was determined using a distributed monthly water 
balance model described by Mendicino & Versace (2007) and Mendicino et al. (2008a), which 
extends the approach proposed by Thornthwaite & Mather (1955) and simulates soil 
moisture variations, evapotranspiration, and runoff on a 5 km regular grid (Fig. 1) using 
data sets that include climatic drivers, vegetation, and soil properties. This model does not 
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consider the horizontal motion of water on the land surface, or in the soil (hence no flow 
routing algorithms are required), and it is based on a simplified mass balance:  

 W P SM SA ET Q       (1) 

where ΔW is the change in soil moisture storage, P the precipitation, SM the snow melt, SA 

the snow accumulation, ET the actual evapotranspiration, and Q is the runoff (all the 

quantities are evaluated in mm month-1). In the model, potential evapotranspiration PET is 

estimated through the Priestley-Taylor method (Priestley & Taylor, 1972), requiring only 

temperature, air pressure and net radiation data, overcoming the lack of observed wind 

speed and air humidity data in the analyzed area before the year 2000. In the case of net 

radiation, monthly values were obtained starting from a modified version of the model 

originally suggested by Moore et al. (1993). Actual evapotranspiration ET is calculated 

starting from PET and considering the Accumulated Potential Water Loss (APWL), such as 

suggested by Thornthwaite & Mather (1955), which represents the total amount of 

unsatisfied potential evapotranspiration to which the soil has been subjected. 

Because of the significant reforestation campaigns carried out in Calabria after the Second 

World War, whose results were evident already at the end of 1950s, the starting period for 

the analysis was assumed to be 1957. The assumption of constant soil use (derived by the 

Corine Land Cover 2000 project) is justified by the coarse resolution of the model (5 km 

grid). The model schematized in figure 1 was improved also considering: i) that a portion of 

the rainfall is directly transformed into “instantaneous” runoff (depending on the ratio 

between actual soil moisture and soil water holding capacity WHC, in its turn derived by 

combining soil use with a detailed soil texture map of Calabria); ii) an additional very 

simple snow module, which partitions snow and rain precipitation and regulates snow melt 

just referring to the current monthly temperature in the cell; iii) that the hydraulic subsoil 

characteristics are simulated with reservoirs whose rates of depletion vary with the 

predominating geo-lithological characteristics in the single cells of the model (Mendicino et  

 

 

Fig. 1. Schematization of the water balance model and overlay of the 5 km regular grid in the 
analyzed region. 
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al., 2005). The different characteristics of subsoil leaded to the subdivision of the region into 
three categories: I) areas with a high capability of producing perennial flow (rocks with high 
permeability not in the plain); II) areas with mean capability of producing perennial flow 
(rocks with mean permeability); III) areas with low capability of producing perennial flow 
(rocks with low permeability or with high permeability in the plain). 
The monthly water balance model was validated considering about 2900 monthly runoff 
values observed in 14 Calabrian catchments during the period 1955-2006 (Fig. 2). Figure 2 
also shows the quite satisfactory performance of the model that, besides reproducing the 
monthly average behaviour of each considered catchment, provided values of the slopes of 
the regression curves obtained comparing observed and simulated runoff values varying 
from a minimum of 0.791 (Alli Orso) to a maximum of 1.135 (Esaro La Musica), while the 
correlation coefficients r varied from 0.447 (Coscile Camerata) to 0.939 (Corace Grascio). 
 

 

Fig. 2. Spatial distribution of the gauged catchments and comparison between all observed 
and simulated runoff during the period 1960-2006. 

The monthly water balance model was applied on the whole territory of Calabria for the 

period 1960-2006 on a 5 km regular grid, where each cell was independent from the others, 

determining the main components of the hydrological balance in the whole region: 

precipitation, actual evapotranspiration, soil moisture storage, groundwater volume and 

instantaneous, surface and subsurface runoff. In several areas of the region a negative trend 

was observed for many of these variables. Specifically, while the potential 

evapotranspiration trend was strongly related to increasing temperature, actual 

evapotranspiration was affected also by changes (reduction) in precipitation. Considering 

the whole region, the average annual actual evapotranspiration estimated in the analyzed 

period is 581 mm, equal to about 57.8% of the average cumulated annual rainfall (potential 

evapotranspiration is about 110%). Figure 3 (left side) shows the average monthly values in 

the whole region for actual and potential evapotranspiration. The months where a 

significant difference can be observed are the months from May to September. In these 
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months (the less rainy and warmest ones), evaporation of soil moisture accumulated in 

wintertime exceeds rainfall, requiring irrigation in most of the agricultural areas. Figure 3 

(right side) also shows the trend of cumulated annual actual evapotranspiration. The 

decrease in time of this quantity due to rainfall reduction is partly balanced by the 

increasing temperatures, hence the negative trend is not significant. It is noteworthy that 

peaks and troughs are generally dependent on rainy (e.g. 2005) or not rainy (e.g. 2001) years, 

even though rainfall distribution during the single year also affects the evapotranspirative 

phenomenon. The correlation coefficient between cumulated annual actual 

evapotranspiration and precipitation in the period 1960-2006 was 0.638. 

 

 

Fig. 3. Left: average monthly values in Calabria of actual (AE) and potential 
evapotranspiration (PE), precipitation (P) and temperature (T) during the period 1960-2006. 
Right: trend of cumulated annual actual evapotranspiration. 

3. Water demand and availability 

The water balance between available water resource and water demand is the starting point 
for a correct water management. One of the main problems occurring in this phase is the 
general lack of observed data, obliging to synthetic estimates of water availability and 
several levels of approximation in the assessment of water needs, mainly for irrigation and 
for determining the management rules of the reservoirs.  
In this context, the water balance on the Calabrian region was carried out considering also 

withdrawals from springs, streams, reservoirs and wells for irrigation and for potable uses, 

adopting two sequential simulation models. The former is a modified version of the 

distributed hydrological model, where the natural water balance is integrated with the 

withdrawal for irrigation and potable uses, producing (output variable) a residual 

availability. This water availability is used in a second GIS-based model considering the 

effects of diversions and reservoirs.  

In the first model, inside a single 5 km squared cell can co-exist both wells and springs used 
to feed small irrigation systems or few users, located in the same cell, and wells and springs 
used for water mains collecting water outside the cell. If both the points where the water is 
withdrawn and used are inside the same cell (this happens only for wells for irrigation 
purposes), the schematization shown in figure 4a is adopted, hypothesizing that inside the 
cell a known volume is transferred monthly from the subsoil reservoir to the surface as an 
“added” precipitation (owing to the irrigation). This volume has to be summed to the 
meteorological precipitation and is subjected to the cycle simulated by the water balance, 
increasing the soil moisture and actual evapotranspiration and eventually feeding the 
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aquifer from which it has been withdrawn. Instead, if the cell where the water is withdrawn 
does not coincide with the cell where it is used (that is only the case of regional water mains) 
then the schematization shown in figure 4b is adopted. The source cell is subjected to a 
reduction of the volume of the subsoil reservoir, while the water is hypothesized to reach 
directly the water stream in the destination cell, feeding the surface runoff with a restitution 
coefficient equal to 0.7. 
 

 

Fig. 4. Schematization of the modified water balance model considering withdrawals for 
irrigation and potable uses. 

Summarizing, the proposed model allows that every month for each cell a volume cellout can 
be extracted from the subsoil reservoir, which is equal to the withdrawals for irrigation and 
potable purposes, that a volume cellin_irr can be added like a supplementary precipitation 
representing the water derived from the same cell and used for irrigation, and finally, that a 
volume cellin_pot can be added like a supplementary surface runoff accounting for the water 
come in the cell to satisfy the potable uses. All the data related to potable and irrigation 
withdrawals were derived from several official sources, even if sometimes incomplete, and 
were aggregated at the resolution of the water balance model. Figure 5 shows the 
distribution of the regional water mains and of the local water distribution systems. 
The modified natural water balance is the input of the commercial GIS-based model Mike 
Basin (DHI Software), accounting for the effects of diversions and reservoirs aimed at 
satisfying irrigation, hydro-power, civil and industrial requirements (Fig. 6). The lack of 
actual information about the management rules of reservoirs led to hypothesize several 
working schemes for the definition of the optimal water balance. Finally, for all the analyzed 
reservoirs the minimum flow requirements were considered following two different 
approaches: the former proposed by the Regional Basin Authority (very conservative, 
especially for some typical Calabrian rivers, called fiumare¸ characterized by no flow 
conditions for a relevant part of the year) and; the latter based on the Q7,10 flow, i.e. the 
lowest 7 consecutive-day average flow characterized by a 10 years time period.  
In the case of the irrigation demand (i.e. water requirements for balancing 
evapotranspiration losses), a detailed analysis was carried out on each irrigation district 
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(Fig. 7) during the irrigation season April – September. Specifically, the assessment of the 
effective water consumption was determined by considering different seasonal (spring, 
summer, autumn) soil use spatial distributions (e.g. in Table 1). For each soil use the 
seasonal irrigation demand (m3/ha) of the crops (Table 2) was achieved. The same was split 
monthly taking into account that the highest request is obtained during the trimester June – 
August (Table 3). An adequately detailed knowledge of the irrigation network allowed the 
correct estimate of the possible uptake of volumes to/from other cells. It is noteworthy to 
highlight that all the information related to soil use and water requirements were 
aggregated at the resolution of the model, i.e. 5×5 km2, for the whole region. 
In the proposed analysis the quite small volumes related to industrial areas were neglected. 
 

 

Fig. 5. Left: regional water mains (479 springs, 281 wells and about 2000 conveying pipes). 
Right: local water distribution systems (over 1200 springs and wells). 

Water balance results showed that, for average conditions, the residual annual water 
availability is great, even if some weaknesses arise. Among these, the strong differences in 
the seasonal precipitation, which is mainly concentrated in the wet winter period (80-90%), 
require an accurate management of the volumes stored in natural and artificial reservoirs for 
facing the hot and dry Mediterranean summer. Furthermore, the decrepitude of several 
conveying pipes has to be considered with remarkable water losses, and the negative 
precipitation trend due to climate change that seems to be relevant in Calabria (a 
preliminary analysis about future climate scenarios in Calabria is shown in the 6th section). 
The weaknesses pointed out in normal conditions suggested water resources availability 

should be analyzed when drought conditions occur. Specifically, through the use of the 

Standardized Precipitation Index (SPI, McKee et al., 1993) intensity and duration of 

droughts were determined on the whole Calabrian region. 
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Fig. 6. Example of water system schematization realized within the GIS-based model Mike 
Basin. 

 

Crops Spring Summer Autumn 

Code Description Soil use (ha) 

2121 Spring-summer herbaceous crops  14.115  

2122 
Summer-autumn/spring 
horticultural crops 

  14.115 

2123 
Spring-summer horticultural 
crops 

   

2211 Irrigated vineyards 4.536 4.536 4.536 

2221 Irrigated orchards 328.791 328.791 328.791 

2231 Irrigated olive groves 95.788 95.788 95.788 

Table 1. Seasonal soil use for a generic irrigation district. 

For each of the most significant Calabrian basins, and for each month of the period 1960-
2006, a mean SPI areal value was calculated for different time scales (1-, 3-, 6-, 12-, 24- and 
48-months), with the aim of highlighting the longest and most intense drought periods (Fig. 
8). Drought indices are essential at all levels of the planning process. The reader is referred 
to section 5 for a brief review of the most diffused ones. 
Usually, the beginning of a drought period can be defined when SPI values are lower than -1.0, 
and its end when the values come back positive. Nevertheless, based on a historical analysis of 
the official declarations of “natural disaster” in Calabria due to drought, even a 12-month SPI 
value equal to -0.7 was observed to be adequate as a drought threshold. Hence, when a generic 
month presented a 12-month SPI value lower than -0.7, it was considered a drought month, 
and the correspondent total runoff simulated with the water balance model was taken into 
account. The aggregation, from January to December, of the average runoff estimated during 
the drought months leaded to the definition of a so-called “scarce year” whose runoff values, 
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even if statistically less probable than the ones of the single months, pointed out the possibility 
of extremely critical situations in Calabria, with a reduction of total runoff up to 43%. This 
analysis introduces issues related both to the management of water shortage and to the 
mitigation of drought through the use of restrictive measures. The development and 
implementation of strategic and emergency plans are primary tools to face the different 
aspects of drought phenomenon, as it is shown in the next paragraph. 
 

 

Fig. 7. Calabrian irrigation districts and network systems. 

 

Code Description Irrigation demand (m3/ha) 

2121 Spring-summer herbaceous crops 7000 

2122 Summer-autumn/spring horticultural crops 7600 

2123 Spring-summer horticultural crops 5000 

2125 Greenhouse crops 9000 

213 Rice fields 15000 

2211 Irrigated vineyards 3500 

2221 Irrigated orchards 5000 

2231 Irrigated olive groves 3000 

Table 2. Seasonal irrigation demand (m3/ha) of the crops. 
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Code Description A M J J A S TOT 

2121 
Spring-summer 

herbaceous crops 
0 858 1497 2337 1445 863 7000 

2122 
Summer-autumn/spring

horticultural crops 
163 745 1719 2450 1663 861 7600 

2123 
Spring-summer 

horticultural crops 
164 751 1733 2352 0 0 5000 

2125 Greenhouse crops 193 882 2035 2901 1969 1020 9000 

213 Rice fields 3780 3240 3240 3240 1500 0 15000 

2211 Irrigated vineyards 0 0 1063 1411 1026 0 3500 

2221 Irrigated orchards 0 0 1349 2125 1168 458 5000 

2231 Irrigated olive groves 0 0 894 1249 857 0 3000 

Table 3. Monthly irrigation demand (m3/ha) of the crops. 

 

 

Fig. 8. Temporal evolution of SPI values in a generic Calabrian river basin. Red squares 
correspond to drier periods. 

4. Water resource management under shortage conditions 

In its 2007 Communication (COM, 2007) the European Commission stated that the challenge 

of water scarcity and droughts needs to be addressed both as an essential environmental 

issue and as a precondition for sustainable economic growth in Europe, and highlighted the 

necessity of progressing towards full implementation of the EU Water Framework Directive 

(WFD) 2000/60. The WFD is the EU’s flagship Directive on water policy, explicitly defining 
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long-term planning as the main tool for ensuring good status of water resources. 

Nevertheless, it does not indicate criteria and actions to face risk of drought, delegating 

National Legislations to concretely realize its framework (after a series of yearly follow-up 

reports, a policy review is foreseen for 2012 at the EU level). 

In Italy the EU WFD was taken into account with the Legislative Decree 152/2006 on 

environmental protection. Though this act is quite recent, it seems to be far from being 

adequate to actually cope with drought, mainly because it does not stress the necessity of 

passing from a reactive to a proactive approach, based on preparedness and mitigation 

actions planned in advance with the contribution of all the involved stakeholders, ready to 

be implemented when drought phenomena occur. 

Within a comprehensive drought management planning process, Rossi et al. (2007) 

proposed the identification of three main tools: Strategic Water Shortage Preparedness Plan, 

Water Supply System Management Plan and Drought Contingency Plan. Following, an 

example of application of the proposed guidelines is shown for the planning of the best mix 

of measures needed for coping with drought phenomena on one of the most important 

agricultural areas in southern Italy, the Low Esaro and Sibari Plain (Mendicino et al., 2008b). 

It is noteworthy that in the proposed example (water shortage planning in the agricultural 

sector) water demand is strictly correlated to the amount of water needed from crops for 

facing lack of precipitation and high potential evapotranspiration during summer (see Table 

3). Hence, in this case the planning process is triggered by the need of coping with the high 

water loss due to evapotranspiration in a particularly dry period of the year. As it is 

explained in the next sections, this objective can be reached by means of demand reduction, 

water supply increase or impacts minimization measures, and considering long-, medium- 

and short-term actions. 

4.1 Methods and tools 
The Agricultural Strategic Water Shortage Preparedness Plan (ASP) is aimed at obtaining 

the reduction of drought vulnerability in the analyzed area through the implementation in 

normal conditions of long term mitigation measures, consisting in a series of structural 

and non-structural actions applied in the water supply system. Usually, structural 

measures are economically expensive and require the use of many human resources. 

However, their effects are easier to be foreseen than the effects produced by the non-

structural mitigation actions, in their turn usually more accepted by all the stakeholders. 

The long term mitigation measures are specifically indicated in the systems characterized 

by a low level of reliability and are oriented at improving the water balance in the 

analyzed system. These actions not only enhance the reliability of the system through 

fulfilling water requirements, but also reduce its vulnerability with respect to future 

drought events, fulfilling three main objectives: i) water demand reduction; ii) water 

supply increase and improvement of the efficiency of the system; iii) minimization of the 

impacts. Within the actions reducing water demand, some are directly aimed at reducing 

evapotranspiration by adopting appropriate agronomic techniques, such as e.g. irrigating 

during non windy periods for minimizing wind drift losses, or early defoliation to reduce 

crop transpiration surface (for a deeper description, the reader is referred to Pereira, 

2007). In table 4 the long term measures that can be potentially adopted in agriculture are 

listed, subdivided considering their main objectives. 
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Category Long-term actions 

Demand 

reduction 

Economic incentives for water saving and sanctions for wastes 

Agronomic techniques and irrigation systems for reducing water 

consumption (e.g. Pereira, 2007) 

Dry crops in place of irrigated crops 

Water supply 

increase and 

improvement 

of the 

efficiency of 

the system 

Conveyance networks for bi-directional exchanges 

Reuse of treated wastewater 

Inter-basin and within-basin water transfers 

Construction of new reservoirs or increase of storage volume of existing 

reservoirs 

Use of aquifers as groundwater reservoirs 

Non conventional sources (particularly desalination of brackish or saline 

waters) 

Control of seepage and evaporation losses 

Elimination of the possible risks of pollution of the sources 

Modernization and restructuring of the irrigation network 

Impacts 

minimization 

Reallocation of water resources based on water quality requirements 

Development of early warning systems 

Implementation of Agricultural Management Plans and Contingency 

Plans 

Insurance programs 

Education activities for improving drought preparedness and/or 

permanent water saving 

Table 4. Main long term drought mitigation measures in agriculture (adapted from Rossi et 
al., 2007, and Georgia Dept. Of Natural Resources, 2003). 

Since the ASP has to be drawn up choosing among several combinations of long-term 
mitigation measures, a suitable evaluation procedure has to be adopted. A multi-criteria 
technique could provide an as objective as possible comparison among different 
alternatives, according to a series of economic, environmental and social criteria, and taking 
into account the point of view of all the stakeholders. The tool adopted in this study for 
multi-criteria analysis is the software NAIADE (Munda, 1995). 
The ASP should be prepared by the Basin or Hydrographic District Authorities, which are 
the bodies responsible for planning, and corresponds to the Drought Management Plan 
included into the River Basin Management Plan provided in the WFD. 
Once the long-term mitigation measures are defined, an Agricultural Water Supply System 
Management Plan (AMP) has to be developed with the aim of: defining the best mix of long 
and short-term measures to avoid the beginning of a real water emergency; estimating the 
costs and the financing sources for the chosen mitigation measures, and; fostering the 
stakeholder participation and exchanges. It is prepared by the authority responsible for 
agricultural water management (i.e. the Land Reclamation Consortium), and the operative 
measures defined have to be adopted according to the values of early warning indicators, 
showing Normal, Pre-Alert or Alert conditions. The threshold values of the indicators can be 
chosen through an objective function or, if several aspects have to be accounted for, through 
a multi-criteria analysis. 
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In table 5 the short term measures that can be potentially adopted in agriculture are shown, 
subdivided on the basis of their principal objectives. With respect to the long-term 
mitigation measures, in this case the actions in the “demand reduction” category implicitly 
accept a certain percentage of water stress for the crops, because they are only aimed to 
reduce water consumption, without taking into account crop conditions. On the contrary, 
former long-term mitigation measures suggested some structural actions (i.e. actions to be 
adopted always) aimed at limiting some additional evapotranspiration due, e.g., to not 
correct irrigation practices, and that could be avoided without consequences for the crop. In 
brief, adopting the AMP evapotranspiration losses could be not completely compensated, 
and the farmers should be supported in assessing how to minimize water stress effects 
adopting even more specific agronomic techniques. 
 

Category Short-term actions 

Demand reduction 

Public information campaign for water saving 

Restriction of irrigation of annual crops 

Pricing (discourage excessive water use) 

Mandatory rationing 

Water supply increase 

Improvement of existing water systems efficiency (leak 
detection programs, new operating rules, etc.) 

Use of emergency sources (additional sources of low quality 
and/or high exploitation cost) 

Over exploitation of aquifers (use of strategic reserves) 

Increased diversion by relaxing ecological or recreational use 
constraints 

Impacts minimization 

Temporary reallocation of water resources 

Public aids to compensate income losses 

Tax reduction or delay of payment deadline 

Public aids for crops insurance 

Table 5. Main short term mitigation measures in agriculture (adapted from Rossi et al., 2007). 

If a particularly severe drought occurs, and the indicators signal Alarm conditions, the 

Agricultural Drought Contingency Plan (ACP) has to be adopted, defining the most 

appropriate short-term measures to reduce the impact of emergency situations. In this case the 

efforts are turned to protect the essential activities of the agricultural system, and the threshold 

values of the indicators have to be chosen taking into account this objective, preferably using a 

probabilistic approach, that allows the decision-makers to evaluate the effective risk of having 

water deficit for different scenarios. The ACP should be prepared by the Basin or 

Hydrographic District Authorities, with the collaboration of the Civil Protection. 

Such as in the AMP, also in the ACP the assessment of crop losses can be made through 

production functions. In the case of extreme and particularly prolonged drought also the 

damage to perennial crops, the excessive decrease of the water tables of the aquifers, sea 

water intrusion, ecological damages to aquatic flora and fauna have to be considered. 

Some of this damage can be irreversible and can also influence crop production in the 

following years. 
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4.2 Case study 
The core of the analyzed water supply system is the Farneto Dam (Fig. 9), closing the Esaro 
Catchment (about 245.4 km2) in southern Italy. The dam is aimed at: (i) containing the 
ordinary floods and mitigating the extraordinary ones, according to the condition that the 
reservoir level is maintained almost empty from October to March; (ii) supplying water 
(about 30 hm3 from April to September) to the downstream agricultural area (about 85 km2), 
sited in the Low Esaro and Sibari Plain. At present about 63% of the irrigable area is based 
on open channel irrigation systems. 
 

 

Fig. 9. Study area for the development of the planning process. 

4.3 Applying the Agricultural Strategic Plan 
Table 6 shows 13 selected alternatives (from A to M), obtained combining the following six 
long-term mitigation measures: 0) System in current configuration; 1) Modernization of the 
irrigation network for reducing water losses and evaporation (it has been calculated that the 
efficiency of the actual scenario is equal to 67%, while the efficiency of the “modernized” 
scenario will be 80%; Mendicino et al., 2008b); 2) Construction of farm ponds; 3) 
Construction of a new upstream dam; 4) Economic incentives and educational activities for 
water saving; 5) Allowing the dam to store a little volume during the winter (i.e. dam not 
empty in March). 
 

 Alternatives 

Measure A B C D E F G H I J K L M 

0 X             

1  X    X X   X   X 

2   X        X   

3        X    X X 

4    X  X   X X X X X 

5     X  X X X X X X X 

Table 6. Long-term mitigation measures and alternatives. 

The alternatives were compared within the DSS tool NAIADE according to 4 economic 
criteria (construction costs of infrastructures, operation and maintenance costs, crop yield 
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losses and amount of public aids needed), 2 environmental criteria (failures to meet 
ecological requirements and reversibility of the alternatives) and 4 social criteria (system 
vulnerability, temporal reliability, realization time of the infrastructures and employment 
increase). Since the observed period is short in order to evaluate the criteria and is 
characterized by few drought events, two monthly synthetic temperature and precipitation 
series of 1000 years were generated as input of the water balance model providing the 
corresponding runoff values. 
Within the analysis carried out with NAIADE the final ranking of the alternatives comes 

from the intersection of two separate rankings. The former + is based on the “better” and 
“much better” preference relations, hence it points out how an alternative is “better” than 

the others. The latter - is based on the “worse” and “much worse” preference relations, and 
indicates how an alternative is “worse” than the others. 
The two rankings are different, since one alternative could result slightly better than the 
others with respect to few criteria and at the same time could result worse with respect to 
many criteria, or vice versa. In figure 10 the partial rankings and the final ranking are 
shown. The most efficient alternative is the “J”, where measures 1, 4 and 5 are considered 
together. The alternative “M”, mainly characterized by the construction of a new upstream 

dam, is the best only in the + ranking. A sensitivity analysis, carried out to assess the 
robustness of the achieved solution, showed a substantial stability of the ranking, constantly 
confirming alternative J as the optimal one. It is pointed out that alternative J is made up 
also by measure 1), allowing a reduction of evaporation losses. 
 

 

Fig. 10. Partial and final ranking of the drought mitigation alternatives in the Esaro River 
Basin. 
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4.4 Applying the Agricultural Management Plan 
The AMP is aimed at defining the indicators and the triggers for establishing the Normal, 
Pre-Alert and Alert conditions for the agricultural areas of the system. It has to take into 
account the guidelines provided by the ASP. In fact, it has to select the best combination 
among the optimal long-term mitigation measure previously determined (J) and the several 
short-term measures that can be adopted to manage water deficits on the analyzed area. 
Whereas the long-term measure J is adopted continuously, the short-term measures vary 
following the status of the system. Specifically, for this case study: 
- in Normal condition no short-term actions are taken; 
- when Pre-Alert condition occurs, then exploitation of the groundwater resources in the 

irrigated area till 1/3 of maximum estimated volume is considered; 
- when Alert condition occurs, then exploitation of the groundwater resources like in the 

Pre-Alert condition, the reduction of the release for minimum instream flow till 50% 
and the reduction of the release for irrigation (till 80% of the requirements) are taken 
into account. When alert condition occurs, the farmer is aware that the 
evapotranspiration losses cannot be completely compensated.  

With the aim of determining the threshold values of the indices indicating the passage from 
one status to another, for every month from April to September a multicriteria analysis of 
the effects through NAIADE was carried out. The conflicting objectives to minimize are: 
- the vulnerability of the system (including the assessment of crop losses due to reduced 

irrigation, made through specific production functions); 
- groundwater withdrawals; 
- the failures to meet the minimum instream flow. 
For each month, starting from April, an impact matrix was achieved where, on the basis of 

the criteria selected for the fulfillment of the objectives, the optimal combination of the 

thresholds triggering the Pre-Alert and Alert status was selected (Fig. 11). The selected index 

for the definition of the drought thresholds is the volume stored in the dam from May to  

 

 

Fig. 11. Pre-Alert and Alert thresholds defined in the AMP. 
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September, while for the month of April a meteorological index was chosen, since owing to 
the rules adopted for dam management, at the end of March the dam level is not a 
significant index. For the month of April an analysis was carried out relating the yearly 
irrigation deficit to the 6 month-SPI calculated in March (considering in this way the first six 
months of the hydrologic year, from October to March). In the selection of the threshold 
values a rule was followed considering that, if the multicriteria analysis provides more 
optimal solutions, the one with the lowest irrigation deficit is selected. 

4.5 Applying the Agricultural Contingency Plan 
The first objective of the ACP is the definition of indices and their thresholds for univocally 

establishing the beginning of an emergency situation. Since the hydrologic analysis in April 

shows that the water demand is always less than the water availability in the Farneto del 

Principe Dam, and that every year the volume stored increases during this month, the 

thresholds are selected starting from May, choosing as an index, such as in the AMP, the 

volume stored in the dam. Furthermore, since using the 1000-year series of generated 

meteorological data the application of the two previous Plans determined a very high 

temporal reliability of the system (98.7%), it is not useful to evaluate the emergency 

thresholds considering the few residual years. Hence, the adopted approach was based on a 

probabilistic analysis of the system failures and deficit percentage of the demand.  

Specifically, hypothesizing that all the short-term measures were already adopted, the 1000-

year series of generated meteorological data, for every month and for different fixed initial 

volumes stored, were used to assess the probability of having failures in fulfilling demand 

either in the same month or in the subsequent irrigation period, and the deficit percentage 

with respect to demand. The results, allowing the decision-makers to evaluate the effective 

risk of having water deficit for a specific storage in a specific month, are shown (from May 

to August) in figure 12. 

 

 

Fig. 12. Monthly risk of having failures and deficit percentage with respect to demand (from 
May to August). 
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5. Drought indices 

Drought indices are tools necessary at all levels of the planning process: as it was shown in 
the previous sections, in the Strategic Plan they are used to identify the zones most exposed 
to drought risk in the analyzed areas, whereas in the Management Plan and in the 
Contingency Plan they are used to define trigger values for the activation of the measures 
for impact prevention or mitigation. 
Most of the proposed methodologies for the characterization and the monitoring of drought 
phenomena are based on drought indices with the capability of synthetically summarizing 
drought conditions in a specific moment for a particular area. Nevertheless, drought is 
difficult to represent through a single index, hence frequently more indices or aggregate 
indices are used. 
In rainfed agriculture meteorological indices are particularly suitable, because they give the 
opportunity of establishing a direct spatial correlation between the drought event and the 
agricultural production, allowing drought risk maps to be drawn. 
Many authors provide lists describing the characteristics of the main drought indices (e.g. 
Ntale &  Gan, 2003; Tsakiris et al., 2007a). Among them, the most widely used are the 
Palmer Drought Severity Index (PDSI; Palmer, 1965), the most “classical” drought index 
formulated to evaluate prolonged periods of both abnormally wet and abnormally dry 
weather conditions, and the Standardized Precipitation Index (SPI; McKee et al., 1993), a 
meteorological drought index based on the precipitation amount in a period of n months. 
Since SPI just needs precipitation data to be calculated, it has found widespread application. 
Guttman (1998) shows that the PDSI has a complex structure with an exceptionally long 
memory, while the SPI is an easily interpreted, simple moving average process. Hayes et al. 
(1999) describe the three main advantages in using SPI: the first and primary is its 
simplicity, the second is its variable time scale, and the third is its standardization. 
Nevertheless, the SPI is a meteorological index unable to take into account the effects of 
aquifers, soil, land use characteristics, crop growth and temperature anomalies, which 
influence agricultural and hydrological droughts. 
Besides SPI, in the process of drought identification the MEDROPLAN Guidelines (Tsakiris 
et al., 2007a) suggest using also: the Reconnaissance Drought Index (RDI, Tsakiris et al., 
2007b), also accounting for temperature anomalies (therefore for an eventual excessive 
evapotranspiration); deciles (Gibbs & Maher, 1967), used by the Australian Drought Watch 
System, which compare monthly observed precipitation values with the quantiles 
corresponding to the not exceeded frequencies of 10%, 20%,… 100% achieved from a long 
enough monthly precipitation series; the Surface Water Supply Index (SWSI, Shafer & 
Dezman, 1982), aggregating information about precipitation, runoff, volumes stored in the 
reservoirs and snowpack, and expressing drought conditions in a standardized way. 
Furthermore, owing to their diffusion, other two indices are recalled: the run method 
(Yevjevich, 1967), based on the comparison between the time series of the analyzed 
hydrological index and a representative threshold of “normal” conditions, and the Palmer 
Hydrological Drought Index (Karl, 1986), a modified version of the PDSI for real-time 
monitoring. 
An interesting way to account for soil and land use effects (in some respects, the way 
followed by Palmer to calculate PDSI) is to derive the drought indices starting from 
hydrological modeling. These indices can be called “comprehensive” drought indices, 
because they allow a more comprehensive picture of the water cycle and its elements 
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(Niemeyer, 2008). A typical example of comprehensive drought index is the Groundwater 
Resource Index (GRI) derived by Mendicino et al. (2008a) using the monthly water balance 
model shown in figure 1. For each single element where the model was applied (5 km 
regular cell), the monthly values of groundwater detention (i.e. the storage D) were 
standardized (for almost all the cells and months the skewness test of normality showed that 
the series were normally distributed) through the following equation:  
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  (2) 

where GRIy,m and Dy,m are respectively the values of the index and of the groundwater 

detention for the year y and the month m, while D,m and D,m are respectively the mean and 

the standard deviation of groundwater detention values D simulated for the month m in a 

defined number of years (at least 30). This simple index, but based on several pieces of 

information provided by the water balance model, allows assessment of the deviation from 

the mean values of the available groundwater in a spatially-distributed way for the whole 

territory where the model is applied. Figure 13 shows the maps of the GRI distribution in 

northern Calabria for the months of April from 1979 to 2006. Examining the maps 

immediately the years with lower GRI values (the driest years, with brighter colors) are 

recognizable, as are the wettest years (darkest colors). 

 

 

Fig. 13. Boundaries of the selected study area in Calabria and GRI distribution in north-
eastern Calabria for the months of April from 1979 to 2006 (from Mendicino et al., 2008a). 

Other comprehensive indices were developed by Narasimhan & Srinivasan (2005), who 
using the Soil and Water Assessment Tool (SWAT) model, derived two drought indices 
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for agricultural drought monitoring, the Soil Moisture Deficit Index (SMDI) and the 
Evapotranspiration Deficit Index (ETDI), based respectively on weekly soil moisture and 
evapotranspiration (ET) deficit. Also Matera et al. (2007) derived a new agricultural 
drought index, called DTx, based on the daily transpiration deficit calculated by a water 
balance model. 
In the few last years the possibility of using long data series coming from remote sensing 
has opened new and promising perspectives to satellite-derived drought indices, which 
have the advantage of being intrinsically spatially distributed. Anderson et al. (2007) 
provide a brief presentation of TIR-based drought indices, while a list of many NOAA-
AVHRR images-derived drought indices is presented by Bayarjargal et al. (2006). Zhang et 
al. (2005) exploit the capabilities of the MODerate resolution Imaging Spectroradiometer 
(MODIS) for monitoring and forecasting crop production using a satellite-based Climate-
Variability Impact Index. 
Several remote sensing-derived drought indices depend on the ratio ET/PET, where ET is 
actual evapotranspiration and PET potential evapotranspiration (e.g. Crop Water Stress 
Index (CWSI), Jackson et al., 1981; Drought Severity Index (DSI), Su et al., 2003; Evaporative 
Drought Index (EDI), Anderson et al., 2007; Yao et al., 2010). While PET is generally 
calculated by means of ground based measurements, ET is easily estimated through 
“residual” methods (e.g. SEBAL, Bastiaanssen et al., 1998; and Bastiaanssen, 2000; SEBI, 
Menenti & Choudhury, 1993; S-SEBI, Roerink et al., 2000; SEBS, Su, 2002; TSEB, Norman et 
al., 1995; DisAlexi, Anderson et al., 1997; METRIC, Allen et al., 2007), where the 
evapotranspirative term is the residual term of the energy balance equation: 

 nE R G H     (3) 

with Rn net radiation, G soil heat flux, H sensible heat flux and E latent heat flux, from 
which ET is derived. 
Even though at this stage very seldom they are used as operational tools, remote sensing-
derived indices are potentially very useful because they intrinsically provide space-time 
variation of drought phenomena, and the ratio ET/PET can be reasonably related to soil 

water content. For instance, the relative evaporation r can be directly linked to the soil 

degree of saturation /s (Su et al., 2003). As an example, figure 14 shows the space-time 
evolution of the DSI, derived from SEBS and MODIS images, during summer 2006 in 

Northern Calabria. DSI is equal to 1 - E / Ewet (where Ewet is the latent heat flux estimated 
for the so-called “wet” pixel), hence higher DSI values indicate low actual 
evapotranspiration. A graph shown at the top of the figure provides information about 
precipitation in a micrometeorological station placed almost in the middle of the area (these 
data are only roughly representative, owing to the extension of the whole area). Figure 14 
shows that the maps with the highest DSI values (e.g. July 20, but also September 4 and 
October 31), indicating drought stress conditions, are related to some of the most distant 
days from antecedent significant precipitation events. 
To complete this brief review, a much-discussed issue is mentioned, i.e. the possibility of 

using the drought indices (especially SPI) to forecast stochastically the possible evolution of 

an ongoing drought (Cancelliere et al., 1996; Lohani et al., 1998; Bordi et al., 2005; Cancelliere 

et al., 2007). Several studies are also aimed at explaining and predicting possible drought 

conditions through the analysis of sea surface temperature (SST) and atmospheric 

circulation patterns (e.g. Wilby et al., 2004; Kim et al., 2006; Cook et al., 2007).  
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Fig. 14. Evolution of the DSI derived from SEBS in northern Calabria, from May 22 to 
October 31 2006. Top graph shows precipitation events on the representative 
micrometeorological station, placed approximately in the middle of the analyzed area.  

However, when dealing with complex systems, where irrigated agriculture assumes a 

greater importance, one single index is often not able to capture the different features of 

drought and to take in account the effects of human activities (use of irrigation, water from 

reservoirs, wells, etc.) on the hydrological cycle. On the other hand, it is more practical to 

declare drought condition considering only one indicator. Thus, there is a growing interest 

in aggregating more indices. Keyantash & Dracup (2004) use an Aggregate Drought Index 

that considers all relevant variables of the hydrological cycle through Principal Component 

Analysis (but they do not include groundwater in the suite of variables); instead Steinemann 

& Cavalcanti (2006) use the probabilities of different indicators of drought and shortage, 

selecting the trigger levels on the basis of the most severe level of the indicator or the level of 

the majority of the indicators. 

6. Future scenarios 

The most critical scenarios discussed in the previous paragraphs could become “normal” 

circumstances if global climate change increases the prolonged and intense drought periods. 

At the end of the proposed analysis, it is useful to hypothesize some future climatic 

scenarios, with the aim of steering decision makers towards suitable water management 

policies, as it is suggested by the European Commission (COM, 2009). 

The methodology usually followed to assess the hydrological consequences of climate 
change basically consists of a three-step process (Xu et al., 2005): (1) the development and 
use of general circulation models (GCMs) to provide future global climate scenarios under 
the effect of increasing greenhouse gases, (2) the development and use of downscaling 
techniques (both statistical methods and nested regional climate models, RCMs, which are 
being continuously improved) for “downscaling” the GCM output to the scales compatible 
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with hydrological models, and (3) the development and use of hydrological models to 
simulate the effects of climate change on hydrological regimes at various scales. However, 
uncertainties within this framework have to be taken into account such as the internal 
variability of the climate system, model structure and parameterizations at different spatial 
and temporal scales, the downscaling techniques and bias correction methods and the 
choice of future climate scenarios. Several different approaches were chosen for providing 
operational solutions to these drawbacks (Xu et al., 2005). However, numerous GCM 
simulations show almost univocal trends for global climate evolution. Giorgi & Lionello 
(2008) highlight a robust and consistent description specifically for the Mediterranean area, 
with a significant reduction in precipitation, mainly in summertime. In the same area, 
according to Giorgi (2006), a major increase in climatic variability is also expected.  
Below, some results obtained by Senatore et al. (2011) are shown related to future water 
availability in the main basin of northern Calabria (Crati River Basin, 1332 km2, Fig. 15) at 
the end of the XXI century. Future scenarios were made by applying the outputs of three 
Regional Climate Models (RCMs) RegCM, HIRHAM and COSMO-CLM to the newly 
developed Intermediate Space Time Resolution Hydrological Model (In-STRHyM). The 
analysis was performed using two time slices (1961–1990 and 2070–2099) with the SRES A2 
(GCM HAD3AM) and A1B (GCM ECHAM5/MPI-OM) scenarios. Observed biases in 
simulated precipitation and temperature fields during the control period (1961-1990) were 
corrected before using meteorological outputs from each RCM as input for In-STRHyM. 
In-STRHyM is a fully distributed hydrological model detailed enough to describe the 

hydrological processes of several small-medium sized Mediterranean basins. It has a 

relatively simple structure and is suitable for long period simulations to be undertaken 

within acceptable time frames. Specifically, In-STRHyM calculates separately transpiration 

and evaporation, depending on a remote sensing-derived vegetation fraction. Both 

transpiration and bare soil evaporation are estimated through the crop coefficient approach 

suggested by Allen et al. (1998), considering a water stress coefficient of the canopy 

depending on soil moisture conditions, and the reference values calculated through the 

Priestley & Taylor (1972) equation. 

The RCMs predict an increase in mean annual temperature from 3.5 °C to 3.9 °C, and a 

decrease in mean annual precipitation from 9% to 21%. The effects of the changes in the 

forcing meteorological variables are relevant for all the hydrological output variables. Here 

we highlight results achieved for actual evapotranspiration (ET). This variable tends to 

decrease with reduced precipitation, but it increases with higher temperatures. Lower 

decrease in precipitation predicted by HIRHAM, together with the higher temperatures, 

leads to an average year ET increase of +2.5%, while for RegCM and CLM the annual mean 

reduction is equal to -5.1%  (Fig. 15) and -8.3%, respectively. However, in the summer 

period, that is the irrigation period, in all cases an ET reduction is achieved (from -1.0% with 

HIRHAM to -9.1% with RegCM, Fig. 15), indicating a decrease in water availability for 

plants and soil. This water stress is better highlighted when considering simulated root zone 

soil moisture. For this variable a reduction is predicted, differently from ET, during the 

whole year (-20.7%±1.9%, -12.8%±1.9% and -17.6%±1.8% with RegCM, HIRHAM and CLM, 

respectively). Figure 16 shows as an example the daily changes computed using RegCM (the 

behavior considering the other RCMs is similar): they are less relevant in winter and spring, 

but the reduction is dramatic in summer and early autumn, due to the increased evaporative 

demand (up to -40% with RegCM).  
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Fig. 15. Location of the Crati River Basin (left) and spatially distributed percentage changes 
in annual actual evapotranspiration (middle) and in actual evapotranspiration during the 
April–September irrigation period (right) simulated using RegCM (2070-2099 vs 1961-1990) 
(adapted from Senatore et al., 2011). 

 

 

Fig. 16. Daily changes in root zone soil moisture computed using RegCM. RCM values are 
rescaled over 360 days, with the first day being October the 1st (readapted from Senatore et 
al., 2011). 

7. Summary and conclusions 

Evapotranspiration deeply affects the water resources availability in Calabria (average 

annual actual evapotranspiration estimated equal to almost 60% of the average cumulated 

annual rainfall). Highest water requirements come from agriculture, where losses due to 

evapotranspiration demand have to be re-equilibrated by huge amounts of water, mainly in 

the summer hot and dry period. The analysis of the comparison between the available water 

resource and the water demand was carried out considering both the “normal” conditions 

due to meteorological forcing, and the most critical derived by intense and prolonged 

drought periods. In the first case, neglecting the very conservative constraints proposed by 

the Regional Basin Authority for the minimum flow requirements, specific issues are not 

observed, the residual water availability being sufficient. Several problems arise instead 

when drought conditions occur: in these cases the development of guidelines is essential to 

define operative aspects about the individuation of the water use priorities, to characterize 

different drought levels, to individuate the main objectives of water management related to 

these levels, and to determine and apply the mitigation measures. 
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The proposed example of water resource management under shortage conditions in the 

agricultural area of the Sibari Plain shows the benefits that a proactive approach may 

provide with respect to the classical approaches based on emergency measures, which are 

usually expensive and not efficient. Within a proactive approach, specific care should be 

taken into account for reducing evapotranspiration losses through appropriate agronomic 

techniques. This action has to be considered as a strategic measure, with an impact on water 

scarcity reduction comparable to the effect of structural measures. 

The review of drought indices showed that evapotranspiration could provide useful 

insights: i) when adopted within comprehensive indices, considering the effects of the whole 

water balance, and not only of some components, on water resources availability; ii) and 

mainly, when dealing with optical remote sensing techniques, because these allow to 

estimate in a relatively easy way the spatially distributed actual evapotranspiration over a 

specific area, and then they can relate this quantity to soil moisture and to the incoming of 

drought events. 

Finally, applying some future scenarios with different GCMs and RCMs, it was observed 

that in Calabria the issues related to water resource management under shortage conditions 

in the next few years will be more frequent and intense, affecting wider areas. 

Evapotranspiration will be “tied down” by reduced precipitation (reducing its magnitude) 

and by higher temperatures (providing an opposite effect). It will not clearly increase or 

decrease on an annual basis, but in any case it will contribute to reduce useable water from 

the soil, needed for agricultural purposes. The hypothesized scenarios of climate change, 

though subject to uncertainty, have to be intended as an important part of knowledge for 

the planning of future interventions on the water resource by the Public Authorities, and for 

defining the optimal criteria to evaluate the amount of public investments. 
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