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Abstract: The impacts of droughts on water supply systems can be effectively mitigated by the implementation of specifically 
developed plans. The paper proposes a planning framework that includes three main tools namely, Strategic Water 
Shortage Preparedness Plan, Water Supply System Management Plan and Drought Contingency Plan. In particular, 
the Strategic Water Shortage Preparedness Plan (SWSPP) is oriented to reduce the vulnerability of the water supply 
systems to drought impacts and to identify the specific actions to be adopted and the bodies in charge. It also includes 
general directives for drought mitigation along the water systems management and for implementation of emergency 
measures when a severe drought is recognized as a natural calamity. The paper focuses on the Strategic Water 
Shortage Preparedness Plan, presenting objectives and required information, contents of the Plan, methodology for 
water shortage risk assessment and multi-criteria framework for comparing measures. The SWSPP can be considered 
as a “Drought management (sub) plan”, to be annexed to the River Basin Management Plan (required by the EU 
Water Framework Directive 2000/60), as suggested by the European Group on Drought and Water Scarcity to 
introduce specific actions to fight drought within the water resources systems of a river basin.. 

Keywords: Drought management, drought preparedness plans, risk assessment, water shortages due to drought 

1. INTRODUCTION 

Drought as a natural phenomenon, due to variability of meteorological conditions, strikes 
worldwide but the severity of its impacts depends on the vulnerabilities of water supply systems and 
of economical and social sectors as well as on the effectiveness of the adopted mitigation measures. 

In the literature the shift from a reactive approach, based on emergency measures selected after 
drought consequences are perceived, to a proactive approach has been strongly fostered (Wilhite, 
2000; Rossi et al., 2007). Such an approach requires the assessment of drought risk analyzing 
consequences of drought on the water supply systems, productive and social sectors as well as on 
the environment in order to identify adequate measures for coping with water shortage risk due to 
drought. A proactive approach includes two different phases. In the first phase plans are drafted in 
order to identify necessary drought preparedness actions (long-term measures) and drought 
mitigation actions (short-term measures), while in the second, such plans are implemented, on the 
basis of timely information provided by a drought monitoring system. The choice of the mix of 
long-term and short-term measures to cope with drought is a decision that requires to taking into 
account the different points of view of involved stakeholders through transparency in information 
and public participation. 

Within a comprehensive drought management planning process three main tools can be 
identified: Strategic Water Shortage Preparedness Plan, Water Supply System Management Plan 
and Drought Contingency Plan. 

The aim of the paper is to focus on the Strategic Water Shortage Preparedness Plan (SWSPP), 
introducing methodologies and specific actions to fight drought within the general water planning 
framework. 

The general objective of the SWSPP is to reduce the vulnerability of the water supply system to 
drought impacts, and particularly to reduce the risk of water shortages due to drought. The SWSPP 
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should be prepared by the same bodies responsible for planning, i.e. River Basin or Hydrographic 
District Authorities according to the legislation of several European countries. 

The SWSPP can be considered as a “Drought management (sub) plan” to be included into the 
River Basin Management Plan as provided by the article 13.5 of the EU Water Framework 
Directive (WFD/2000/60). It fits well also with the water resources planning tools which have been 
proposed in the legislation of several European countries as well as of other countries out of Europe 
that include specific measures for drought preparedness. 

2. OBJECTIVES AND REQUIRED INFORMATION FOR THE DRAFTING OF 
THE STRATEGIC WATER SHORTAGE PREPAREDNESS PLAN (SWSPP) 

2.1 Objectives 

An effective drought management strategy should include the following steps: planning, 
monitoring, implementation of planned measures, management of emergency situations and 
recovery of drought damages. This strategy, which perfectly matches the requirements of a 
proactive approach to drought, is possible only if adequate plans to cope with drought have been 
developed within the institutional and legislative framework of the country of interest, clearly 
defining tasks and duties among involved institutions and the measures to be timely implemented at 
different time horizons for coping with drought risk. 

Depending on the level of planning (Strategic, Tactical or Emergency) and on the duties of the 
several institutions involved, three different plans can be developed, namely Strategic Water 
Shortage Preparedness Plan, Water Supply System Management Plan and Drought Contingency 
Plan. 

Figure 1 shows the links between the three plans and with the drought monitoring system. 
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Figure 1. Framework for the information exchange among the proposed tools to face drought 

The severity of the impacts of a drought on a water supply system and consequently on the 
socio-economic sectors is mainly connected to the vulnerability of the different involved sectors. 
The risk of water shortage for a water supply system is connected not only with the severity of a 
drought event, but also with the structural, managing, administrative and economical actions, 
adopted for the different elements of the water system in a preventive phase as well as when the 
phenomenon is underway. 
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The Water Supply System Management Plan (WSSMP) should include measures to be adopted 
by Agencies for Water Supply Management of each water supply system to avoid the begin of a 
real water emergency. The Drought Contingency Plan (DCP), among other contents, should include 
short term measures to be adopted when exceptional droughts cause heavy impacts (water 
emergency). 

The main contents of the three plans are reported in Table 1. 
 

Table 1. Responsible authorities and main contents of drought management plans 

Plan Responsible 
Authority 

Contents 

Strategic Water 
shortage Preparedness 
Plan (SWSPP) to be 
annexed to the River 
Basin Management 
Plan 

Basin or 
Hydrographic 

District Authority 

• Identification of drought vulnerable areas, through the analysis of past 
drought events and their impacts 

• Estimation of water shortage risk in water supply systems taking into 
account:  
- definition of the priority in water allocation under shortage 

conditions among different uses 
- definition of guarantee levels for different uses (expressed as time 

reliability and volumetric reliability) 
• Definition of appropriate long term actions to reduce water shortage 

risk; 
• Comparison and selection of alternative drought mitigation measures; 
• Procedures to ensure the transparency of information on drought 

situation and planning process and to allow public participation to the 
decisions 

• General indications for the drafting of Water Supply System 
Management Plan (WSSMP) 

• General indications for the drafting of Drought Contingency Plan (DCP) 

Water Supply System 
Management Plan 

Agencies for 
Water Supply 
Management 

• Definition of indicators and their values to define Normal, Alert and 
Alarm conditions with respect to drought for a given water supply 
system 

• Definition of the best mix of long term and short term measures to avoid 
emergency 

• Estimation of costs and financing sources for the chosen mitigation 
measures 

• Tools for fostering the stakeholder participation and exchanges 

Drought Contingency 
Plan 

Regions or Basin 
Authorities (with 

the contribution of 
Civil Protection) 

• Definition of indicators and their values for declaration of a drought as 
natural calamity 

• Tools for an institutional participation through a devoted task force on 
drought 

• Definition of short term mitigation measures and their costs 
• Indications for the coordination of state, regional and local interventions 

during emergency 
• Tools to ensure the transparency of information on drought situation  
• Possible recovery from drought damages 

2.2 Diagnosis of water scarcity problems in the region of interest 

The first step to achieve the objectives defined by the SWSPP is to carry out a preliminary 
analysis of the water scarcity problems affecting the region of interest (Figure 2). 

To make a preliminary comparison between the actual available water resources and the water 
demands estimated for different time horizons it is necessary to identify the water supply systems of 
interest and check the performances of different configurations, its operating rules and the 
environmental and institutional constraints. 

If the resources are enough to meet total demands in all conditions no further interventions are 
needed. On the contrary, if resources are not enough is necessary to evaluate the degree of supply 
reliability for the different demands of the system. When demands are satisfied with low 
reliabilities, the water supply could be in a permanent condition of water scarcity (i.e. water 
shortage even during years characterized by a normal amount of precipitations) or, depending on 
the degree of these reliabilities, in a temporary condition of shortage due to drought events. 
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Figure 2. Conceptual scheme to define the condition of a given water supply system in respect to water shortage 

In the first case long term measures oriented to improve the water balance of the area of interest 
(typically the river basin) should be implemented following the indications included in the River 
Basin Management Plan. The long-term measures indicated by the River Basin Management Plan 
will increase the capacity of the system to meet demands with an higher reliability with positive 
effects on the reduction of the vulnerability of the system to drought risk. 

In the second case, when shortages are consequences of drought events, the implementation of 
long-term measures to increase reliability, short-term measures to reduce water shortages due to 
drought and emergency measures to reduce impacts of ongoing droughts are recommended and 
should be included in the SWSPP. Long term measures should be planned during normal conditions 
and implemented in a continuous manner both during normal and drought conditions. Short-term 
measures have to be planned during normal conditions and triggered through an efficient drought 
monitoring system on the basis of water availability. Emergency measures have to be applied rarely 
and only after a formal calamity declaration by the responsible Authorities during very severe 
drought events. 

In general terms, the SWSPP should include a mix of long-term and short-term mitigation 
measures to be identified case by case. Nonetheless, some general indications on when it is 
preferable to rely more on one or the other category of measures can be presented. 

Due to the fact that long term measures generally involve large economic efforts, a SWSPP that 
strongly relies on long-term measures is more appropriate for water supply systems characterized 
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by frequent low supply reliabilities. On the other hand, if the risk of drought damages during the 
planning period is low, that means higher reliabilities, probably the best strategy should rely more 
on short-term measures that will be seldom triggered resulting in a more economic convenient 
trade-off. Some further social issues should be considered. For instance, while public water supply 
agencies tend to emphasize the importance of long-term drought mitigation measures that would 
limit the need for drought response measures and minimize the chances of water crisis, the 
environmentalists tend to favour short-term drought responses measures, to limit new additional 
hydraulic infrastructures and withdrawals with potential negative consequences for in-stream water 
uses. 

The degree of acceptable time reliabilities that makes preferable implementation of long-term or 
short-term mitigation measures for a given water supply system has to be defined within the 
SWSPP as a mix that considers the single time reliability evaluated for each category of supplied 
demands. For instance when dealing with the agricultural sector, a time reliability of the system 
greater or equal to 85% could be considered acceptable and, as a consequence, no interventions 
could represent the best strategy. For time reliabilities between 85% and 60% the water supply 
system under study, for the particular water use under analysis, could require not very frequent 
implementation of mitigation measures making more preferable the recourse to short-term 
measures. Finally, when time reliability falls down 60% a SWSPP that mainly rely on the 
implementation of long-term mitigation measures could be preferable. When dealing with other 
water uses the degree of time reliabilities leading to a SWSPP more long-term or short-term 
oriented could be different. For instance, with the municipal sector being more fragile, a time 
reliability lower than 90% require the implementation of short-term measures whereas time 
reliabilities lower than 80% yet require the recourse to more expensive and more compelling long-
term mitigation measures. The calculation of the time reliabilities has to be done for the particular 
water supply system under study. It can be carried out making use of a probabilistic analysis of the 
results coming out from the simulation of the system considering both historic or generated 
streamflow series. The evaluation of  the frequencies of shortages should be carried out with respect 
to droughts characterized by different severity. 

2.3 Required information for the SWSPP 

In order to draft the SWSPP, a large set of information concerning the water supply system under 
study is required (Figure 3). 

The data collection should include all the relevant information regarding the water supply 
system, with reference to the hydrological inputs, the physical features of the elements of the 
system and the different uses/sectors as well as their historical used volumes and water demands. 
Furthermore, all the technical and institutional constraints, the managing information such as the 
operating rules during normal hydrologic conditions and/or the mitigation measures implemented to 
face past historical droughts should be collected. 

3. CONTENTS OF THE STRATEGIC WATER SHORTAGE PREPAREDNESS 
PLAN (SWSPP) 

3.1 Procedure for identifying drought vulnerable areas 

Various methodologies have been proposed for identification, quantification and monitoring of 
drought phenomena and, as consequence, of the affected areas and water systems. Most of these 
methodologies are based on drought indices. 

Drought indices are often based on the degree of departure from the average of the 
hydrometeorological variable under consideration over some time period in a specified region. 
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Generally, the current situation is compared to the historical mean, often based on an adequate 
period of record (i.e. at least 30 years). This kind of approach can also be applied to analyze drought 
frequency, severity, and duration of drought events occurred during a given historical period. For 
drought management planning purposes, historical drought characterization is the basis of the 
planning process (Iglesias et al., 2007). 
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Figure 3.Information needed to draft SWSPP against drought 

Drought indices summarize in a simple manner drought conditions at a specific time and in a 
given region making easier to communicate information about climate anomalies to different user 
audiences helping on a quantitative assessment of the climate anomalies in terms of their intensity, 
duration, spatial extent and frequency. The several proposed indices for drought characterization 
and monitoring mainly differ according to: 

 component of hydrological cycle under investigation 
 definition of “normal” conditions 
 time scale 
 way of measuring the anomaly (difference, ratio, etc) 
 standardization 

 
The choice of the best drought index to be used or the best mix of different drought indices is 

different according to the case where the main objective of the study is the analysis of the 
characteristics of historical droughts and the evaluation of their probability of occurrence or where 
the case is the use of the indices within a drought monitoring for an early warning system. 
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Very important aspects when drought indices are used, are the thresholds representing the levels 
of drought severity. Thresholds should be associated with the anticipated damage caused by this 
level of severity. Since the anticipated damage is not unique for each level of drought severity 
(depending on various regional parameters), the threshold can be set on the basis of probability 
terms, such as the return period. Drought can be described as a two-dimensional phenomenon 
(duration and intensity or accumulated deficit), which is integrated on a spatial basis (regional 
drought). The two basic dimensions (intensity and duration) require a bivariate frequency analysis 
so that return periods can be linked to both dimensions levels. 

Depending on the component of the hydrological cycle that is investigated, a given drought 
index can result more appropriate on describing the drought conditions of a particular system/area. 
For instance, due to the fact that most inland water resources are directly sustained by precipitation, 
inadequate precipitation is usually the major cause of drought for these systems/areas. 

For drought monitoring and early warning systems the most suitable indices are the Deciles, the 
SPI, the PHDI, and the RDI. In addition, for the analysis of the characteristics of historical droughts 
and the evaluation of their probability, the Run-method that enables to calculate the return period of 
drought of given severity, can be used (Rossi et al., 2003). 

However, meteorological drought indices, as SPI or RDI can give very useful information on 
climatic conditions determining drought, while the monitoring of water storages (both in surface 
reservoirs and aquifer) can give direct knowledge of the amount of water reserves. 

When dealing with complex water supply systems, one single index is often not able to capture 
the different features of droughts and the need to use different indices becomes clear. 

Also, both drought assessment in rainfed agriculture and operational management of droughts 
require the estimation of drought severity condition based preferably on only one indicator (or 
aggregating more indices). Thus, there is a growing need to merge the information from several 
indices into one value, representative of the different features and needs. 

Due to the complexity of the problem, combining different indices into one value is not trivial 
since: 

 most indices are standardized in different ways, or sometimes not standardized at all 
 each index generally represents drought conditions related to different uses and/or features of 

the system (e.g. storage levels) 
 the classification of drought severities is affected by a great deal of subjectivity 
 it is difficult to attribute drought class limits to the different indices corresponding to 

comparable drought severities 
Different solutions to the problem have been proposed for different regions. Keyantash and 

Dracup (2004) use an aggregate Drought Index that considers all relevant variables of hydrological 
cycle (precipitation, streamflow, reservoir storage, evapotranspiration, soil moisture) through 
Principal Components Analysis. Steinemann and Cavalcanti (2006) (in a study referring to the 
Georgia State drought management plan) 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. Estrela et al. (2006) for the Jucar basin in Spain use 
dimensionless indicators based on hydro-meteorological variables or water reserves with weights 
that are functions of the percentage of the demand supplied by the considered specific resource. 

3.2 Criteria and tools for analyzing operation of complex water supply systems 

3.2.1 Description of a water supply system 

In order to draft the SWSPP, a large set of information concerning the water supply system under 
study is required; besides the data and information concerning the water system facilities, criteria 
and tools for understanding the actual operation of a water supply system are needed in order to 
take efficient strategic decisions to be included in the SWSPP. 
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Water supply systems, especially in those areas where water deficits are likely, are generally 
extremely complex and interconnected, often multipurpose and operated through operating policies 
presenting many technical, institutional and social constraints. 

In almost every case simulation, modeling is the standard way by which water supply systems 
can be analyzed and their operating rules can be refined and tested. Simulation models can provide 
realistic and detailed representation of water supply systems and their operations at a relatively low 
computational demand for all but the most straightforward cases. By now, simulation models are 
common in practice and, therefore, are more likely to be trusted as a standard of comparison. 

In order to operate a correct schematization of the system under study for the sake of its 
simulation and the choice of reasonable operating rules to meet fixed operational objectives, a 
coarse list of information and data is proposed in Table 2. The proposed list has practical aims and 
should be filled in order to be a common shared ground among stakeholders participating to the 
SWSPP drafting process. 

The study of the system under analysis and the comparison of proposed operating rules by 
simulation modeling can provide useful insights. In many cases, simulation results show that 
several sets of operating rules for the same configuration of the water supply system provide 
approximately equivalent performance. In other cases, simulation results demonstrate the trade-offs 
of multiple performance objectives with different operating rules. In a few cases, the capability of 
simulation models to demonstrate trade-offs aids in negotiations over how the system should best 
be operated. 

By now, many general tools are available for decision makers where simulation and sometimes 
other tools and procedures are deeply interconnected yielding the so called Decision Support 
Systems (DSS). In such a vision, the development and widespread use of priority-driven simulation 
models, AQUATOOL (Andreu et al., 1996), Riverware (Zagona et al., 2001), MODSIM (Labadie 
et al., 2000), CALSIM (CDWR, 2000) or software packages as RESSIMUL, RESOPTI, RESOPER 
(Cancelliere et al., 2005) are a promising tool supporting the drafting phase of SWSPPs. 

 
Table 2. List of information and data useful for the schematization of a complex water supply system 

Type of data/information Description 

Name of the system The name of the water supply system and where needed the name of the larger 
system to which the system under study belongs 

Type of system Brief description of the system (number of reservoirs, main diversions, main 
pipe and channel networks) 

Schematic system 
configuration 

Schematic representation of the system in graphical form including the main 
components to be simulated such as reservoirs, network, demands in some 
cases considering aggregation of the real ones as first step for the simulation of 
the system 

Purpose General:(Multipurpose or single purpose) 
Specific:(Irrigation, Municipal, Industrial, Hydropower...) 

Operational objectives 
Specifications of the desired peculiar objectives of the operation of the system 
(i.e. reduce water shortages for a given prioritary use, maintain given target 
levels in the reservoir, ...)  

Operational criteria and 
other factors 

Specifications of the desired/available criteria guiding the operation of the 
system such as information coming from eventual early warning flood control 
systems or drought monitoring networks. 

Operational constraints 
Clear specification of the existing technical, institutional and social constraints 
such as capacity of reservoirs and channels, water rights and approved 
planning documents   

Operating policies 
Collection of historically adopted operating policies (Seasonal target storages 
at different reservoirs, seasonal reservoir levels,...) and/or desired operating 
rules to be used for the simulation of the system 

Methods of analysis Description of the model chosen for the analysis of the system (Simulation, 
Simulation linked with optimization), time step of the simulation. 

Further comments Any other available comments useful for the correct interpretation of the actual 
operation of the system 

Reference List of adoptable existing simulation software 
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3.3 General indications for developing a Water Supply System Management Plan (WSSMP) 
and a Drought Contingency Plan (DCP) 

Due to its strategic nature, the SWSPP should also provide indications for drafting and 
coordinating two other more specific plans: a Water Supply System Management Plan (WSSMP) 
and a Drought Contingency Plan (DCP). As mentioned before, the former should include measures 
to be adopted by Agencies for Water Supply Management of each water supply system to avoid the 
begin of a real water emergency. The latter, namely Drought Contingency Plan, should include 
short term measures to be adopted when exceptional droughts cause heavy impacts and a natural 
calamity has been declared.  

 
Both plans are connected to the Drought Monitoring Network that carries out to continuously 

monitor both the hydrometeorological variables and the status of water reserves in order to identify 
possible water crisis situations. When it is not possible to avoid a water emergency that appears as a 
natural public calamity, the DCP is implemented, generally after a government declaration, until 
recovery from emergency. In order to be effective, both plans, WSSMP and DCP, have to be tied to 
clearly defined triggers that state in an objective manner in what conditions the system has to be 
considered in respect to drought. 

In particular, within the WSSMP framework, an indicator for describing the drought condition of 
the system has to be chosen. The indicator could be a particular drought index or a combination of 
weighted drought indices for rainfed agriculture or, for water supply systems, the indicator could be 
based on the satisfaction of demands, as the risk of incurring in water shortage of given severity on 
a given use. For fixed values of the chosen indicator, different states of the water system in respect 
to drought have to be defined. For each of these states, the timing and the set of mitigation measures 
to be triggered have to be clearly indicated. 

The condition of the system should be referred to as Normal when the information given by the 
monitoring system or some function of them do not show any sign of forthcoming drought. When 
the chosen trigger (that is a particular value of a given indicator) is reached, Alert conditions have to 
be activated having as main objective the satisfaction, even partial, of the needs and trying to avoid 
as much as possible the worsening of drought leading to Alarm conditions. 

The alert condition should be declared when monitoring shows the initial stage of drought 
development which can lead to water shortages of a given entity. In alarm conditions some impacts 
of drought have already occurred and the supply even for uses with high priority is not guaranteed.  

To avoid untimely negotiations, the triggering procedure of the set of mitigation measures 
associated to a given condition of the system when a given indicator reaches a predefined level has 
to be agreed. The final goal is to achieve a balance between the frequency of declaration of 
switching among different conditions and the effectiveness of the application of the corresponding 
set of measures. If switching from one condition to a worse one is declared too early, users are 
frequently exposed to unnecessary restrictions. If the switching is delayed, it may be too late for the 
measures to be effective. The choice of a good indicator and computer modelling are essential to 
analyze the problem and to find a consensus among users by testing different options. 

The SWSPP should also provide guidelines for defining the indicators to be used for emergency 
situations to be handled through the DCP.  

The DCP should include short-term measures to face particularly severe drought conditions 
declared, for a given area, as a natural calamity by Regions or Basin Authorities. These short-term 
mitigation measures could include the use of emergency sources (with low quality or more 
expensive), groundwater overexploitation, temporary concessions exchanges, less priority water 
uses banning, temporary reallocation of available resources, public payouts for damage recovery. 

In the case of rainfed agriculture, the threshold to trigger the natural calamity declaration could 
be based on the amount of damage estimated as crop yield losses. In the case of water supply 
systems the threshold should be linked to the amount of stored water in reserves related to future 
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water needs for a predefined period or to the estimation of the number of days that these reserves 
are able to supply prioritary uses also considering mandatory rationing. 

4. PROCEDURE FOR ASSESSMENT OF WATER SHORTAGE RISK IN WATER 
SUPPLY SYSTEMS 

4.1 Analysis of the past practises to face water shortages 

A preliminary investigation for the assessment of the water shortage risk and the definition of 
mitigation measures consist in the analysis of severe drought impacts and the past actions adopted 
to face historical drought events. 

In particular, investigations that take into account the analysis of the impacts of the historic 
drought events on the water availability for the elements of the water supply system can help on 
ranking them on the basis of their vulnerability with respect to drought if no interventions are made 
helping on identifying those more vulnerable to drought and the relative areas supplied. 

Furthermore, the analysis of the effectiveness of past actions to face drought can give indications 
on the possibility of reducing the risk of shortage by adopting measures. 

Investigations to be taken as a basis for the water shortage risk assessment in water supply 
systems are: 

 Identification of the elements of the water system vulnerable to drought 
 Analysis of the effectiveness of the past actions to face drought 

 
In particular, for the identification of the elements of the water system vulnerable to drought an 

analysis of the impacts of the historic drought events based on the historic water availability and an 
evaluation of the vulnerability to drought of the areas supplied by the different elements of the 
water supply system have to be carried out. 

Furthermore, to analyze the effectiveness of the past actions to face drought an evaluation, 
through simulation models and multi-criteria analysis, of the adopted actions to face historical 
drought events in terms of economic, social and environmental impacts reduction could be useful. 

4.2 Definition of the priority in water allocation under shortage conditions 

During periods of normal water availability, water supply systems generally aim to satisfy 
several categories of water use such as municipal, agricultural, industrial, environmental, 
hydropower generation and recreational. The several uses of water differ in terms of quantity and 
distribution pattern along the year, quality of the water required, their consumptive or non-
consumptive nature and the priority the institutional, economic and social framework give to them. 

The general ranking of priorities for the allocation of water in a specified region is generally 
defined, according to the water legislation of the country, within the planning document of water 
supply systems. According to the legislation framework of several European countries, the ranking 
of priorities is generally defined as follows: 

 
1. Municipal use  2. Agricultural use  3. Industrial use 

 
While the above ranking is generally well consolidated for normal conditions still the question of 

the priority of the allocation of volumes devoted to the environment is open. Indeed, the lack of an 
adequate water use planning leads to heavy overexploitation of rivers and reservoirs in case of 
drought, which jeopardizes the survival of the associated fauna and flora. 

A first indication is given by the EU Water Framework Directive (WFD/2000/60). Within the 
main goal to reach a good ecological status in water bodies at the article 4.6 it states that 
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“prolonged droughts” are considered as “force majeure” events, that enable to temporary 
derogations to environmental prescriptions both in terms of delay or less stringent objectives. 

Furthermore, the priority ranking under shortage conditions is not completely defined by 
legislative directives for consumptive uses too, since the priorities established for normal conditions 
could be applied not to the total demands but just to partial demands obtained through the use of 
thresholds and excluding few not essential uses. 

The SWSPP should define the specific priority ranking for the management of water supply 
systems under shortage conditions taking into account the water allocation priorities indicated by 
the River Basin Management Plan for consumptive uses (municipal, agricultural, industrial) but also 
considering the priority of the environmental in-stream flow requirements and fixing the thresholds 
to be applied to the total consumptive demands and the action to be forbidden to reduce the total 
amount of these consumptions. 

4.3 Definition of guarantee levels for different uses 

Due to the multipurpose feature of most of the water supply systems located in drought-prone 
areas, one of the crucial issues that the SWSPP has to define in order to manage drought conditions 
is the guarantee levels. Guarantee levels can be expressed in terms of occurrence probability of 
fixed events such as a shortage of given entity defined with respect to the total demand or with 
respect to a predefined threshold perceived as not too dangerous for the considered use. 

For instance, for municipal use, the SWSPP could define that a maximum shortage less or equal 
to the 10% of the mean annual demand occurring on 15% of the years, that is with a 85% time 
reliability, calculated with respect to a 90% threshold of the total demand perceived as not too 
dangerous is acceptable. For example, with reference to Figure 4 despite the fact that the demand is 
not met in 7 out of 20 years only in 3 years the releases are less than 90% of the demand.  

 

Figure 4. Guarantee levels to be defined within SWSPP for the different uses supplied by a water supply system 

Thus, with reference the whole demand, the reliability is 65%, while with reference to the 90% 
threshold the reliability increases to 85%. Different guarantee levels and thresholds have to be 
respected for the several uses supplied by the system. Guarantee levels have to be fixed according 
to the priority of the specific use and the capacity of the system to face drought conditions in 
relation to the particular sector. 

The SWSPP should provide guidelines in order to select the right combination of the features 
(reliability, maximum amount of shortage, threshold, …) constituting the guarantee level for each 
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use. Guarantee levels have to be defined not only on the basis of frequency analysis of results 
deriving by the simulation of the system but, depending on the particular use, e.g. also on the basis 
of public surveys for the municipal sector, agronomic studies for agriculture, 
environmental/biological studies for the ecological use and cost-benefit analysis for the industrial 
sector. 

4.4 Computation of shortage risk 

The evaluation of the level of risk associated with the potential consequences of drought in 
different sectors and for different elements of a water system is a main goal of the SWSPP. The 
SWSPP should: 

 Establish the links between drought indices and risk 
 Carry out a quantitative evaluation of the probability associated with the potential damage 
 Establish the links between drought risk and management actions 

 
Quantitative evaluation of shortage risk due to drought in water supply systems may follow two 

main approaches: (1) risk defined as the probability of an adverse event; (2) risk defined as the 
expected consequence or damage due to an adverse event. 

In complex water supply systems, to evaluate potential effects of drought on the system, a set of 
performance indices is generally used, attempting to capture different aspects related to concepts 
such as reliability, resiliency and vulnerability. Indeed, the stochastic nature of inflows, the high 
interconnection between the different components of the system, the presence in some cases of 
many conflicting demands, the uncertainty related to the actual impacts of extreme events such as 
droughts, make the risk assessment of a water supply system a problem that is better faced through 
a set of several indices and/or by analysing the probabilities of shortages of different entities. 

Although it is necessary to evaluate the risk for each user, a comprehensive risk for the whole 
system should be computed. Risk in water supply systems is directly related with water shortage, 
which differs from drought because it is related to a shortage of water availability to satisfy 
demands. The shortage results from an unbalance between water supply and demand, which is 
originated by a meteorological phenomenon, but is also conditioned by other time-varying factors, 
such as demand development, supply infrastructures and management strategies. Risk evaluation in 
water supply systems requires to identify demands that may not be fully satisfied with available 
water resources and to quantify the estimated impacts of water shortage. Risk evaluation can find 
application either at the planning stage or during the operation of a given system. For instance, 
within the SWSPP framework, risk assessment should be carried out considering the risk associated 
with different planning alternatives to be quantified and compared, generally on a long term basis. 

When dealing with strategic decisions, the risk assessment has generally be unconditional, e.g. 
not referred to a particular state or condition of the system but to its general operational rules. This 
assessment provides information on what could happen at any time during the planning horizon. 
Different supply and demand scenarios have to be developed in order to evaluate the response of the 
system and select the operational rules that ensure a certain level of demand satisfaction in normal 
conditions. 

In order to carry out a probabilistic assessment of the risk of water shortages resulting from 
different configurations and operating rules, a simulation of the system under study both using 
historic and generated streamflow series is suggested. Results of the Montecarlo simulation by 
using generated series can be analyzed evaluating the probability of monthly deficits to lie in each 
of four classes of deficit expressed as percentage (0-25%, >25-50%, >50-75%, >75%) of the whole 
monthly demand. By using this kind of analysis of the results, it is possible obtaining information 
about the efficiency in terms of risk reduction of the different proposed configurations or the 
adopted mitigation measures against drought. 

Figure 5 shows an example where is particularly clear the reduction of the risk of severe water 
shortages applying the proposed methodology. In particular, in row a),probability of monthly 
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shortages estimated by Montecarlo simulation of the system managed without the implementation 
of any mitigation measure is shown, whereas, in row b), the results of the system simulation 
considering a triggering procedure of drought mitigation measures is presented. More frequent but 
milder water shortages can be generally considered more tolerable of less frequent but more severe 
water shortages for any water use. 

 

Figure 5. Probabilistic assessment of water shortage risk reduction resulting implementing mitigation measures against 
drought for two competing uses 

5. MULTI-CRITERIA FRAMEWORK FOR COMPARING DROUGHT 
PREPAREDNESS AND MITIGATION MEASURES 

5.1 Definition of long-term and short-term measures 

The SWSPP aims to reduce the vulnerability of the area under study to drought events and, due 
to its strategic nature, promotes the implementation of long-term mitigation measures. 

Indeed, it makes strongly use of long-term measures that entail a set of structural and non-
structural adjustments to existing water supply systems aimed at protecting the systems from 
adverse effects of future droughts. These long-term mitigation measures are oriented to specific 
aims: to reduce water demands and to improve water efficiency of an existing system, to increase 
water supply sources or to minimize drought impacts. A few examples of long-term measures 
grouped into three main categories are listed in Table 3. 

Within each category some mitigation measures are very specific and can be implemented only 
in a particular sector, such as switching from irrigated to dry crops in agriculture, whereas other 
mitigation measures have positive effects on all sectors such as water transfers, or the development 
of early warning systems.  

Depending on the specific context where the SWSPP has to be applied structural or not structural 
mitigation measures are preferable. Structural long-term measures are, in general, very expensive 
and involve many financial and human resources but their effects are more predictable than those 
obtainable through non-structural long term measures; the latter are sometimes better accepted by 
some stakeholders’ groups. 
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Table 3. Long term drought mitigation measures 

Category Long-term actions Affected sectors 
Economic incentives for water saving U A I R/E 
Agronomic techniques for reducing water 
consumption  A   

Dry crops in place of irrigated crops   A   
Dual distribution network for urban use U    

Demand 
reduction 

Water recycling in industries   I  
Conveyance networks for bi-directional exchanges U A I  
Reuse of treated wastewater   A I R 
Inter-basin and within-basin water transfers U A I R 
Construction of new reservoirs or increase of storage 
volume of existing reservoirs U A I  

Construction of farm ponds  A   
Desalination of brackish or saline waters U A  R 

Water supply 
increase 

Control of seepage and evaporation losses U A I  
Education activities for improving drought 
preparedness and/or permanent water saving U A I  

Reallocation of water resources based on water 
quality requirements U A I R 

Development of early warning systems  U A I R 
Implementation of a Drought Contingency Plan  U A I R 

Impacts 
minimization 

Insurance programs  A I  
U= urban; A= agricultural; I=industrial; R=recreational; E=environmental 

5.2 Multi-criteria analysis as a basis for the selection of drought measures 

Drafting drought management plans requires the selection of the most appropriate combination 
of long term and short term actions with reference to the vulnerability of the specific water supply 
system or agricultural system and to the drought severity. Given the high number and the different 
types of mitigation measures, it is necessary to adopt a proper evaluation procedure for the choice 
of the best combination. A selection procedure based on purely economic criteria could include 
equating the marginal costs of long term measures with the marginal costs of implementing short 
term measures. A more advanced procedure could be based on assessing the expected cost of each 
combination of long and short term measures using the Montecarlo simulation. However, due to the 
variety of drought impacts and in particular to the difficulty of assessing environmental and social 
impacts in economic terms, a purely economic analysis does not seem adequate to simulate the real 
decisional process. Application of a multi-criteria analysis may overcome the above difficulties 
because of its ability to take into account the points of view of different stakeholders on the 
different alternatives (Rossi et al., 2005). 

The SWSPP should provide procedures for the assessment of the drought mitigation alternatives, 
which, as a first action, include assessment of the system vulnerability to drought in the current 
configuration. Such an assessment can be carried out either with respect to a historical period or to 
generated hydrological scenarios, representing the future water supply availability. Then, the short 
and long-term measures for coping with drought have to be identified among those exhibiting 
higher technical and economical feasibility; also, considering political and institutional constraints, 
and their effects have to be assessed, repeating the simulation by considering that these measures 
are implemented when necessary. 

Among the possible criteria SWSPP should foster the application of the multi-criteria techniques 
for the comparison and ranking of the alternatives, which are to be evaluated according to a set of 
different criteria (Rossi et al. 2005). 

This requires preliminary selection of the multi-criteria technique, the identification of the 
alternatives, the definition of the criteria against which to compare them, and the elicitation of the 
stakeholder preferences. 
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Figure 6. Methodology for assessment of drought mitigation measures (Rossi et al., 2005) 

Table 4 shows an example of impact analysis matrix of different alternatives according to three 
main criteria (Economic, Environmental and Social). 

 
Table 4. Example of impact analysis matrix 

ALTERNATIVES  
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SWSPP should contain guidelines to choose multi-criteria analysis methods in the attempt to 

take into account both the operational as well as the economical, social, and environmental point of 
views. The choice of criteria depends on the nature of the vulnerability to drought of the present 
configuration of the water supply system as well as on the courses of actions that Agencies for 
Water Supply Systems Management, Government at the local and regional levels and users have 
adopted during past droughts or have proposed as possible solutions to future drought threats. 
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6. CONCLUSION 

Depending on the level of planning (Strategic, Tactical or Emergency) three main tools can be 
identified namely, Strategic Water Shortage Preparedness Plan, Water Supply System Management 
Plan and Drought Contingency Plan. 

The present contribution has been focused on the Strategic Water Shortage Preparedness Plan 
(SWSPP) whose general objective is to reduce the vulnerability of a water supply system to drought 
impacts and in particular to reduce the risk of water shortages due to drought. 

The information needed to draft the SWSPP, its main contents and the specific topics to be 
addressed by the plan have been discussed. Furthermore, procedures for the assessment of water 
shortage risk in water supply systems and some multi-criteria analysis tools for comparing drought 
preparedness and mitigation measures have been presented. 

Within the EU Water Framework Directive (WFD/2000/60), the SWSPP can be considered as a 
“Drought management (sub) plan” to be included into the River Basin Management Plan in order to 
introduce specific actions to fight drought within the general water planning framework. 
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