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Abstract 

Meteorological droughts can have unexpected cascading consequences on social, 
economic, and environmental systems, which depend on the starting conditions of affected 
systems, and on natural and human drivers. In coastal areas, droughts propagate their 
effects to coastal aquifers, causing exacerbation of withdrawals with consequent 
groundwater quantity and quality. Considering the area of Lecce province (Salento 
peninsula, Apulia region, Southern Italy), the study outlines the non-linear cascading paths 
related to groundwater depletion and salinization in an urbanized coastal region depending 
quite entirely on groundwater resources of a coastal karst aquifer. The outline of cascading 
events is the outcome of a scenario building process carried out through semi-structured 
interviews to water management stakeholders. The cascading scenarios relate to different 
degrees of system resilience and describe chain effects and vulnerabilities. These scenarios 
can have significant outcomes in improving water management practices and increasing 
both local manager and end-user awareness about potential and unexpected cascading 
consequences related to droughts. 
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1. Introduction 

Nowadays, groundwater resources are more accessible than in the past thanks to 
technological development. However, negative implications of this improved accessibility 
outweigh the positive ones. On the one hand, increasing groundwater exploitation provides 
a wide range of opportunities for human settlements and socio-economic activities in large 
areas of the world, on the other hand, it triggers new issues about the quantitative and 
qualitative status of these concealed commons [1]. 
An even major threat concerns groundwater resources in coastal zones with a climate 
favourable to human settlement and development of tourism and agriculture. In these areas, 
the demographic pressure and the consequent high level of urbanization cause high water-
demand increasingly met by groundwater. Unfortunately, the favourable climate for the 
development of human activities is not as effective for the accumulation of surface and 
groundwater. This, for instance, is the condition of those Mediterranean countries having a 
semi-arid climate. Therefore, high water-demand has often low possibility to be satisfied due 
to a low natural availability. Moreover, human activities cause groundwater exploitation and 
high pollution loads; exploitation, in turn, produces groundwater depletion, triggering 
seawater intrusion and pollutant dispersion.  
In coastal aquifers, fresh groundwater floats on salt water of marine origin, because of the 
different fluid density, thus groundwater depletion and salinization are concurrent issues. A 



hydraulic equilibrium defines the coexistence of fresh and salt waters [2–6], which, under 
natural conditions, are separated by a narrow transition zone of brackish waters. 
Uncontrolled exploitation triggers increasing fresh groundwater salt content by intrusion of 
seawater from the coast inland (lateral intrusion) and/or by upward transport (upconing) of 
salts to fresh groundwater from saltwater at its bottom. As a result, the transition zone 
expands in time, with the reduction of freshwater thickness and the gradual change of 
vertical density distribution. The evaluation of the limit of exploitation is extremely difficult in 
coastal aquifers because many strongly interdependent variables drive the freshwater-
saltwater equilibrium, so that they show a non-linear behaviour and feedback loops [7]. The 
complex effects of human drivers (such as demographic pressure, amount and distribution 
of exploitation, land use, and policy rules) and natural constraints (such as hydrogeological 
framework, scale of flow systems, climate, effective recharge, and sea level oscillations) 
overlaps with the complexity of density driven groundwater flow.  
Climate change, including variations in precipitation, total runoff, temperature, and potential 
evapotranspiration, and increasing frequency and time extension of drought periods, is likely 
to affect freshwater resources stored in rivers, lakes, and aquifers. Meteorological drought 
propagates its effects on aquifers, causing a corresponding groundwater drought (a period 
with below-normal groundwater levels) [8–11]. The coincident increase of exploitation 
beyond the usual rates enhances groundwater depletion and salinization.  
Droughts develop progressively or cumulatively over a long period as creeping phenomenon 
[12,13] and the effects on groundwater quality and quantity are normally delayed if 
compared with the onset of the superficial effects of water depletion [14], depending on the 
scale of flow systems [15]. These delayed effects on groundwater and those on 
groundwater-dependent systems (including urban systems) are mostly underestimated 
because groundwater-monitoring often occurs only in the short term. 
If we consider the complex interdependency between groundwater and groundwater-
dependent (natural and urban) ecosystems, a worsening in quality and quantity of the former 
can generate cascading consequences and crises on the latter. To the purpose of water 
management, such complex and strong interconnections, together with many uncertainties 
about the functioning of coastal aquifers, raise new issues about the likely resulting 
emergencies and cascading vulnerabilities on groundwater dependent systems. In this 
context of announced complexity, we can identify the features of a soft crisis [16] where the 
chain effects follow a non-linear path, which is, in turn, complex and unpredictable as it 
depends on the vulnerabilities accumulated in different scales and systemic levels [17]. 
Within this framework, a mismanagement of water resources can turn the situation in an 
active crisis, making groundwater-dependent systems vulnerable to unexpected negative 
consequences. 
As droughts have significant economic, social and environmental impacts that persist 
beyond the end of the drought event, the policy orientations regarding water scarcity and 
droughts in the European Union include the improvement of drought risk management [18]. 
The focus on management derives from the observation that drought events have been 
handled with a simple crisis management approach, since there was no preparation to 
handle extreme events. Current well-established engineering-oriented water management 
practices seem unable to cope efficiently with the complexity of droughts effects and of the 
several dependencies between groundwater and urban systems. The above information 
suggests a change in water management perspective, which should include, according to 
an integrated approach, a focus on the relationships among droughts, groundwater and 
vulnerabilities of coastal territories. 



Water management could benefit from a strategic approach [19,20] based on the 
construction of CVSs1 that describe chain effects figured out by droughts. A focus on 
cascading effects considering a wide range of visible and invisible outcomes linked to 
groundwater depletion and salinization should favour the understanding of the non-linear 
evolutions of a drought, its propagation in coastal aquifers and its relationship with urban 
systems. The knowledge and the awareness of stakeholders about above problems might 
configure new insights on the topic. 
In the following sections, we describe the first step towards the construction of CVSs 
concerning GWS2 caused by meteorological and consequent groundwater drought. The 
structure of the proposed study deals with: (i) the characteristics of groundwater depletion 
and salinization in coastal aquifers determined by droughts in the Mediterranean area; (ii) 
the reasons underlying the need for water management strategies based on scenario 
building taking into account cascading effects; (iii) the method structured to build CVSs; (iv) 
the features of water crisis and the hydrogeological background of the study area; (v) the 
results obtained through semi-structured interviews carried out with experts in the field of 
both water and spatial planning, and management; (vi) the narratives and the possible 
actions embedded in three CVSs, which emerged from the analysis of the semi-structured 
interviews; (vii) the potential improvements in addressing the construction of future CVSs. 
We applied the method to Salento (the southernmost part of Apulia region, southern Italy), 
a densely populated area located in the middle of the Mediterranean basin. 

1.1 Groundwater drought and salinization in the Mediterranean area 

Records show that the average temperature in Europe [21] has risen by 0.95°C over the last 
century (1901-2001) and that climate change has caused a variation of precipitation and 
temperature gradients resulting in wetter conditions in northern regions and drier conditions 
in southern areas. Projections in recent EEA reports (2017) show that droughts will increase 
in frequency, duration, and severity especially in southern Europe. This is in line with the 
projections of Kundzewicz et al. [22] who claim that an increased precipitation variability 
should lead to a worldwide increase of frequency of floods and droughts. Heinrich and 
Gobiet [23], on the base of Regional Climate Model simulations under the A1B emission 
scenario [24], examine the variations in the features of wet and dry periods in Europe for 
2021–2050 compared to 1961–1990. Their results show significant changes in the 
characteristics of dry events with a greater risk of longer, severe, more frequent and 
extensive droughts primarily in France, Italy and Spain. Hiscock et al. [25] show that until 
the end of 21st century, as opposed to the 1961–1990 control period, the frequency and 
severity of wet and dry periods will increase: northern regions of Europe will be more affected 
by flooding events, while droughts are expected to be more common in southern regions. 
The most recent projections [26] (medium confidence) show an increase in duration and 
intensity of droughts in Central and Southern Europe and the Mediterranean. 
In the southern rim of the Mediterranean sea, because of the rising of frequency and severity 
of droughts, projections show a dramatic decrease in groundwater recharge alongside with 
the increase of the areas affected by droughts [27]. A further projection [25] for groundwater 
recharge in Europe until the end of the 21st century, compared to the 1961–1990 control 
period, shows a decrease in annual potential groundwater recharge for northern Italy (22%) 
and southern Spain (78%), with a severe impact on the availability of freshwater resources 
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for drinking and irrigation uses. In coastal areas with flat and low topography the 
consequences of such decrease will be even more important than those of sea level rise 
[28]. Under the A2 emissions scenario of IPPC [24], projections show that Italy will go 
through significant drying and that precipitation will decrease by about −10% to over −40% 
in summer [29]. IPCC 2014 [30] confirms (with high confidence) a significant reduction in 
water availability from groundwater resources, combined with increased water demand and 
with reduced water drainage and runoff particularly in southern Europe. Moreover, IPCC 
2014 claim an overall precipitation increase in northern Europe and decrease in southern 
Europe (medium confidence). Already twenty years ago groundwater monitoring data and 
climatic scenarios related to the densely populated coastal territories in the Mediterranean 
Basin [31], issued a warn about a high drought risk figured out by groundwater depletion 
and salt-water intrusion, with consequent progressive salinization of groundwater. As 
support to the previous alarming information, in the light of the succession of major droughts 
that affected the Mediterranean Basin in the last decades [32], researchers report a series 
of issues about groundwater depletion and progressive worsening of groundwater quality in 
Mediterranean coastal aquifers [33]. In the Mediterranean Basin most of the aquifers are 
coastal: among them, coastal karstic aquifers, present in large areas, are of extreme 
importance, because fresh ground waters are of very good quality and, in most cases, 
groundwater stands for the unique resource of water supply for drinking, agricultural and 
industrial uses. In the Mediterranean countries, groundwater withdrawal is about 60 billion 
m³/y (1990-2000) of which the highest quote (59%) is for irrigation and 29% for drinking 
purposes. Italy, France, and Turkey are the richest in groundwater resources among the 
Mediterranean countries but have also the highest rate of exploitation [34].  
During droughts, groundwater exploitation and saltwater intrusion increase, accompanied 
by decreasing water levels, groundwater droughts and concurrent GWS. In the 
Mediterranean countries, droughts can only worsen the situation, which is already 
threatened by the current exploitation rates.  
Droughts expected in the future will make more difficult to comply the targets of the EC 
Water Framework Directives about the qualitative and quantitative status of ground waters, 
to such an extent that Directives introduce exceptions in the compliance for “prolonged 
droughts” as major force events. However, the River Basin Districts are asked to prepare 
Master Plans for drought to face the related issues and implement specific measures [34]. 

2. Cascading vulnerability scenarios in the management of groundwater salinization 

In order to effectively cope with drought and recursive GWS, local communities and 
governments have more and more often experimented and adopted new approaches to 
water management [35]. Many of them purpose to reorient existing water management 
practices toward integrated, flexible, and adaptive processes that embody the complex and 
invisible networks of relationships connecting anthropic pressures to natural world. From our 
point of view, to effectively cope with drought and salinization in highly urbanised coastal 
areas, water management approaches should be based on social-ecological perspectives 
and collaborative strategic approaches.  
A social-ecological perspective [36,37], with its focus on resilience and vulnerability, offers 
a crucial opportunity to take into account the complex interdependences between social and 
ecological systems, at the same time reconsidering the crucial role of groundwater systems 
in water management. As a matter of fact, groundwater has only been considered by 
reference to the safeguard of its quantitative and qualitative status. Consequently, drought 



problems have been managed by ignoring the existing complex relationships among urban 
assets and infrastructures, and groundwater. In fact, recurrent frightening shortages of water 
caused by the propagation of drought periods from the surface to the subsurface highlight 
the crucial role of groundwater in shaping the possibilities of sustainable usage of water 
resources.  
Vulnerability, which stands for the susceptibility of a systems to a stress or harm [38], can 
particularly be used to represent the complex relationships connecting groundwater systems 
and urbanisation assets, as well as to manage water crises determined by drought and 
salinization. Vulnerability speaks about a system capacity to adapt and be resilient. 
Furthermore, as changes in vulnerability in a system also change its relationships with other 
systems, these variations represent the quality and the direction of the change of a system 
and its relationships with other systems. However, vulnerability of the groundwater system 
cannot be used alone to explore and understand the complex effects caused by 
unsustainable groundwater exploitation on human settlements and the groundwater system 
itself.  
As modern societies become more vulnerable in the risk society [39] the development of 
water management capabilities, which respond effectively to the unknown new landscape 
of crises, becomes indispensable [40]. In particular, the management of crises, such as 
droughts, needs a kind of preparedness to emergencies and disasters, which, if exclusively 
anchored to the usual “wait 'til it rains" approach [41], can lead to dramatic failures.  
Cascading effects, which are the dynamics characterizing crisis and disasters [42], can help 
to maintain such a complex and integrated perspective. The idea behind cascading effects 
is that primary phenomena can trigger a chain of effects that can, in turn, cause secondary 
consequences amplifying the magnitude of primary phenomena. As the matter of fact, 
cascading effects are non-linear, complex, and multi-dimensional and evolve constantly 
over time. In case of disasters, the impact of physical events or the development of a 
principal technological or human failure generate an escalation of secondary effects in other 
human or non-human systems that result in physical, social, or economic disruption. This 
escalation is more problematic than primary calamities because of their impacts on critical 
infrastructures, which represent vital elements to the preservation of social functions [43,44]. 
Thinking about water management by using cascading effects can induce local populations 
and decision-makers to explore droughts and their consequences on groundwater and 
urbanized systems beyond contingency. Cascading effects force to explore risks, crises and 
disasters linked to seawater intrusion in coastal aquifers because of tight interdependencies 
among social and ecological systems. Further, they generate the opportunity to think of 
innovative and effective management actions aimed at contrasting and reducing 
groundwater vulnerability. 
Due to their long-term perspective enabling short-term actions, collaborative strategic 
approaches seem to be specifically suitable to explore cascading effects and manage crisis 
or disasters produced by droughts in coastal areas, which are still poorly understood. Moving 
beyond the logic of control, strategic collaborative approaches based on scenario building 
are considered crucial to activating social learning processes that allow involved actors 
reformulating the problem or re-bounding the system of concern [45–48]. In particular, 
strategic approaches focused on cascading scenarios following changes in vulnerability of 
groundwater system can force people involved in water management practices to navigate 
the unknown and be part of a continuous process of review and adaption, which redirects 
society from control to resilience [20]. Such an approach can help different actors to see 
unknown complex relationships between groundwater system and urbanisation processes. 



It can change existing mental models, current cultural frames, awareness and perceptions 
as well as enlarge our knowledge on complex problems, such as groundwater drought and 
salinization, and produce more effective shared management strategies.  
Through building scenarios focused on cascading effects, involved actors could explore 
unknown aspects underlying a crisis, recognise the relevance of its embedded but weak 
hazards and warning signals, develop appropriate understandings concerning their evolving 
and changing character and dynamics, and hopefully change inappropriate governance 
structures and identify strategies that can link useful knowledge to effective actions [45].  

2.1 A method to build cascading vulnerability scenarios 

Scenarios are stories about the way the world might turn out tomorrow and therefore they 
embed a plausible description of what might happen [49]. As defined in future studies, 
scenarios represent a future state and for this reason they can help local population and 
decision-makers to explore and frame a complex problem and find innovative and creative. 
They can be quantitative, qualitative or hybrid, be built in several different ways and be 
developed through groups and/or individual activities[50]. They can be drawn by experts in 
the field or by people with the help of a facilitator who synthesises different but individual 
points of views developed on a specific topic. Scenario building is a multi-step process. Both 
the design of the scenario building process and the methods to be used within it depend on 
the context, the goals to be pursued and the topic that is going to be dealt with. Whatever 
the kind of scenario that we want to construct and the method used, the resulting scenarios 
have to be effective, plausible and surprising at the same time [51] as their credibility is 
based on their ability to stimulate the imagination rather than on making predictions.  
CVSs could benefit from an imaginative process necessary to frame the groundwater 
drought and consequent GWS problems in all its complexity and they can identify effective 
water management practices to tackle them. Because the definition of the cascading effects 
in the case of GWS is characterised by structural uncertainties, fragmented knowledge and 
conflicting points of view, scenarios are built by using suggestions from the Delphi method 
[52]. This method allows to build a deep knowledge on an unstructured issue by involving a 
group of experts. The experts work separately, although directed and coordinated by a 
facilitator who helps develop their creative and innovative interpretations and solutions to 
the problem. The process of scenario building develops through iterative phases of 
individual elicitation of their own knowledge -through filling out surveys- and revisions of 
surveys filled by other participants. Such process favours the progressive convergence of 
the different and conflicting points of view towards a shared and satisfactory solution. 
From our point of view, the choice of experts should be true to the idea that the value of any 
scenario lies in its capacity of embodying the plural character of the society. Therefore, the 
selection of experts in our method promotes the idea of inclusion and representativeness of 
multiple points of views that are involved in water management process. As it occurs in the 
Delphi method, anybody can play the role of experts in water management process 
independently from their social status. Our research, as the Delphi method, consider CVSs 
only as the first step within a more complex strategic and collaborative water management 
approach: the process starts with an individual work but, the following iterative phases are 
collaborative. The knowledge gained through the individual work of experts is used to 
produce a few scenarios, which are intended to give a useful support to start a collaborative 
process aimed at selecting one shared water management scenario.   
As far as the contents of the cascading scenarios are concerned, the literature on water 
scarcity and water crisis suggests that they should be based on the perceptions of problems, 



the envisioned impacts on territorial systems, innovative actions and practices and barriers 
to change. Perceptions and impacts are crucial elements in a story on the future of water 
management practices: while perceptions embed social constructions of the problem and 
hopes concerning how to deal with it, impacts are key means to identify cascading effects 
linking social and ecological systems. Perceptions and impacts allow differentiating 
scenarios regarding both cascading effects and innovative water management practices; 
criticalities are less relevant to this aim since they are obstacles to be removed to define and 
implement solutions. Innovative water management practices emerge from the interactions 
among these parameters. 
Instead of using surveys as usual in the Delphi method, our scenario building process uses 
semi-structured interviews, a well-established procedure for gathering information on a 
specific set of topics [53]. Since open to discovery, a semi-structured interview is a more 
suitable tool than a survey to acquire the tacit and explicit knowledge. It always gives the 
possibility to explore a topic in an unexpected way, to discover something invisible, as 
cascading effects could be, and to envisage narratives and practices water management 
that influence their evolution.  
Following these guidelines, we tested this method considering the Lecce province (Salento 
area, Apulia region, southern Italy) as study-area. 

3. Water crisis and groundwater management approach in Salento 

Salento is a peninsula covering the south-eastern part of Apulia (southern Italy) (Figure 1). 
Its geographical border slightly exceeds the administrative territory of the Lecce province, 
for which the statistical data are available. The Lecce province is densely populated (about 
800,000 inhabitants in 2,759 km2), with an urban structure characterised by a network of 
small municipalities (Figures 1a and 4b). Apart from the Lecce Municipality, with about 
95,000 inhabitants, the province includes indeed 96 small rural municipalities, most of them 
with a population between 1,000 and 10,000 inhabitants. Since the 90s of the past century, 
the whole Salento area has undergone a process of intensification and slow diversification 
of its economy, favoured by its urban structure, the beautiful and unique rural and coastal 
landscape, and the rise of the industrial district economy. Starting from an economy based 
on a typically Mediterranean agriculture (tobacco and vegetable crops, vineyards, and olive 
trees), Salento has gradually developed family-run small-sized-manufacturing industrial 
activities, which in the 90s were prevalently in the textile and clothing industries. Over the 
last two decades, with globalisation and the following crisis of industrial district economy, 
tourism has become one of the most important activities in this area [54]. Currently, Lecce 
is the most touristic province of Apulia region, with 4.7 million tourists per year prevalently 
arriving (85% of the total amount of tourists) between June and September. Forecasts show 
that this trend will grow in the future [55]. 
However, a series of drawbacks that are becoming more and more apparent have 
manifested hand in hand with the positive economic effects of tourism. On the one hand, 
local agriculture intensified to satisfy the increasing touristic demand with a concurrent 
increase of water consumption for irrigation because of climate change; on the other hand, 
the touristic development has strengthened an aggressive process of urbanisation, 
especially in the coastal areas. This process has prevalently led to the construction of 
vacation facilities structures along the coast. Land consumption in the Lecce province 
(Figure 1b) affects 399 km2, corresponding to a percentage of 14.5% of province territory: 
this percentage is twice the regional (8.33%) and national (7.64%) percentages [56]. In the 



Apulia region, the land consumption affects about the 30% of coastal areas within 300 m 
from the coastline [56]. However, the urbanisation process is also diffused in the countryside 
because of networked settlement pattern in the Lecce province. This has a high impact on 
the exploitation and fragmentation of the local ecosystems and, in particular, the 
groundwater system. In fact, the Lecce province and Salento as a whole are also 
characterised by a high landscape fragmentation [56]. 
 

 
Figure 1 – Apulia region and Lecce province: a) the settlement pattern; b) dynamic of land 
consumption (data from [56]). 
 
In this context characterised by increasing anthropization, pressure on local ecosystems as 
well as increasing water demand (for drinking water, irrigation, industrial and other uses), 
which becomes critical during summer because of the combining effects of climate change, 
urbanisation and tourism, water supply of Lecce province depends quite entirely on the karst 
coastal aquifer [57]. As a result, water shortage and GWS have become a widespread and 
worrying problem in the area.   



The coastal karst aquifer has a higher extension than that of Lecce province: its borders 
coincide with the geographical limits of Salento region. Salento belongs to the Apulia 
carbonate platform (a succession of Jurassic–Cretaceous carbonate rocks from about 3 to 
5 km thick), the upper part of the Apulia foreland emerged at the end of Cretaceous [58,59]. 
Cretaceous limestone and dolomitic limestone form the geological basement, which 
outcrops in large areas with patchy covers of clay, sand and calcarenite of Miocene to 
Pleistocene [60]. The basement shows structural highs and lows separated by major faults, 
as well as minor and major folds. Moreover, subsurface karst forms develop both along the 
vertical discontinuities and in near-horizontal planes according to the palaeo-geographic 
history. The karst surface shows karst plains, fracture zones, dolines, sinkholes and 
hundreds of endorheic basins. The whole of subsurface features causes high anisotropy of 
the hydraulic conductivity, which is high at regional scale (hydraulic gradient about 0.02 ‰). 
Freshwater floats on saltwater as a lens, and discharges to the sea through brackish coastal 
and submarine springs. The scale of the flow system is regional and the piezometric surface 
reaches max values of 4 m AMSL in the NW and SE sectors of the Peninsula. Precipitation 
is 638 mm/year, while the yearly average (over 50 years, [61] of effective infiltration is 132 
mm/year. Freshwater salt content varies between 0.2 and 0.5 g/L.   
The GWS problem emerged in Salento, and with more evidence in the Lecce province, in 
the 1960s, when the exploitation of groundwater for agricultural purposes started to grow 
([62].Thereafter the GWS has relentlessly advanced because of the continuous increase of 
groundwater exploitation for agriculture, but also for the urban growth. Despite the 
continuous worsening of groundwater quality, the Regional Government does not perform a 
regular groundwater monitoring. Nevertheless, even taking into account only limited and 
unsystematic data, many studies, and technical reports [6,63–67] show the impact on the 
vulnerability of the groundwater system.  
More recent studies [7] tried to investigate the relationships between droughts and GWS. 
Figure 2 shows the trends of yearly precipitation, irrigation, effective infiltration, and 
groundwater stress index (i.e. the ratio between irrigation and effective infiltration) for the 
period 1970-2015 (data from [61]) compared to the trend of chloride concentrations 
measured in ground waters of wells used for drinking purposes. During the first period of 
groundwater stress (around 1990), which coincide with a meteorological drought and a 
recharge decrease, groundwater withdrawals for irrigation notably increase. Chloride 
concentrations start increasing with a certain lag since the onset of this drought period. 
When the superficial effects of 1990 drought cease, i.e. the recharge increases, and 
irrigation decreases (low groundwater stress index), the chloride concentrations are not 
restored to their previous values, also because of the presence of another drought period 
between 2000 and 2004. Detailed elaboration of monitoring data not shown here [7] 
demonstrate that groundwater has been subject to a critical transition and an irreversible 
worsening of groundwater quality as early as after the first serious drought period crossing 
the 1990.  
 



 
 
Figure 2 –Timeline plots referred to period 1970-2015: (a) moving average of groundwater stress 
index and annual heights of precipitation, and (b) effective infiltration and irrigation (calculated from 
1970 to 2010 and estimated from 2011 to 2015) (data from [61]); (c) chloride (Cl) concentrations in 
ground waters pumped from wells of regional agency for potable water supply (AQP wells). 
 
The most important risks related to GWS in Salento are desertification, loss of crops, and 
conflicts between agriculture and other economic activities. These are some of the recurrent 
problems characterising coastal areas affected by over-exploitation of coastal aquifers and 
consequent GWS. In different areas of the five continents with tropical wet, humid sub-
tropical, tropical wet and dry, Mediterranean, semi-arid and arid climate, the main impacts 
of water crisis because of GWS regard health problems, wetland deterioration, loss of crops, 
and soil salinity, aridity, and desertification (Table I). The conflict of uses among end-users 
is the most frequent amid the discussed impacts. 
The above studies allow to outline a general framework, valid for Salento as well, describing 
the processes involved in water crises consequent to droughts (Figure 3). The primary effect 
of a drought, linked to the increase of mean temperatures and variation of amount and 
pattern of precipitation, is the meteorological and soil moisture drought: the effects are 
visible and are included in the emergency period. Meanwhile, the hydrological drought 
starts: it includes the groundwater drought. The latter develops in a concealed way even 
after the termination of the visible drought and the emergency period because of the start of 
a new visible precipitation period. At the same time critical transitions affect groundwater 
quality and quantity: the effects of the worsening of groundwater quantity and quality cause 
a sort of socio-economic drought, since the impacts of water crisis consequent to droughts 



also depend on unsustainable interferences between groundwater and territorial systems. 
The phenomena develop on different time scales, depending on many factors, which 
characterize both the natural environment and human systems. 
 
Table I – Main impacts of water crisis from studies on coastal areas affected by GWS. 
 

Country/Region Main Impacts of water crisis References 
Bali, Indonesia Conflict of uses [68] 

Louisiana, U.S.A. Wetland deterioration [69] 
Mallorca, Spain Conflict of uses [70] 

Africa 
Loss of crops 

[71] Soil salinity, aridity and 
desertification 

Zanzibar, Tanzania Conflict of uses [72] 
Dacope, Bangladesh Health problems [73] 

Mekong Delta, 
Vietnam Loss of crops [74] 

Bay Islands, 
Honduras 

Health problems 
[75] 

Conflict of uses 
 

 
Figure 3 – Framework of the processes involved in water crisis consequent to droughts. 
 
Missing water management practices that consider water crisis as a problem to be urgently 
dealt with, also depend on the lack of consciousness about the complexity of the problem 
and the nature of its associated impacts. Despite the worrying signals, current groundwater 
management practices for the Salento aquifer do not consider groundwater droughts, to 



such an extent that, at present, under a clear superficial drought, there is no systematic 
monitoring of groundwater in place. Brunetti [76], indeed, shows that total precipitation of 
2017 in Italy are 30% less than the average of the period 1971-2000; moreover, 2017 was 
the driest year since the 1800. The latest indications about groundwater management go 
back to 2009: the Water Protection Plan [57] outlines the areas vulnerable to GWS, with 
indications of the related mitigation actions, such as the delimitation of areas of prohibition 
of exploitation and/or drilling of new wells. 
Figure 4a shows, within the Lecce province, areas vulnerable to GWS, those where 
groundwater is stressed because exploitation overcomes the recharge and the density of 
exploitation wells. The latter information addresses the only granted license wells (public 
and private) and underestimates the real situation. Drawing on the fragmented knowledge, 
the ratio between illegal and granted licence wells results 10/1 for all Apulia region. Despite 
the indication of the Water Protection Plan[57], the regional government has continued to 
apply lenient policies for such abusive wells. The comparison of figure 4a and figure 4b, 
which shows urban areas, allows grasping the extend of pressures exerted on groundwater. 

 

Figure 4 – Lecce province: a) areas vulnerable to GWS, areas where exploitation exceeds the 
recharge and density of granted licence wells (data from [57]);  b) urban areas of Lecce province. 
 
4. Building of cascading vulnerability scenarios  

The CVSs are the result of the interpretation of semi-structured interviews focusing on expert 
visions. 

4.1 Interviews 

We have chosen the twelve experts (Table II) to be interviewed on the base of their formal 
or informal prominent role in the dominant top-down discourses on water management and 
decision-making processes. They have also been selected considering that their knowledge 
represents diverse points of view of regional and local water management processes. More 



in detail, from October 2015 to January 2016, we interviewed: (i) decision makers working 
in the Apulian regional government and other public agencies responsible for water supply, 
hydrological risks and spatial planning; (ii) consultants with technical competences in 
hydrology, hydrogeology and hydraulics who often provide technical support to regional 
agencies; (iii) other experts with an acknowledged reputation, be it academic or not, in the 
wider field of water management and whose point of view strongly influences local policies; 
(iv) representatives of farmers and civil society. 
The semi-structured interviews were based on a few questions to gather the experts’ tacit 
and explicit knowledge, awareness, and points of view on the cascading effects. The latter 
were explored by linking to the changes in vulnerability related to GWS of the Salento and 
possible innovative solutions to water crisis (Table III). These questions, following the main 
characteristics of water crisis (Figure 3), focus on experts’ points of view on the structure of 
the problem, the impacts of GWS and the influence of management practices. 

Table II – List of the stakeholders involved in the semi-structured interviews. 

Stakeholder Typology 
(Number of stakeholders) Role 

University of Bari - DiSAAT 
Department Expert (1) Economist of Water Resources 

Polytechnic University of Bari - 
DICATECh Department Expert (1) 

Researcher in Urban Planning – Ex 
regional Alderman for Urban, 

Landscape and Regional Planning 

Polytechnic University of Bari - 
DICATECh Department Expert (1) Researcher in Urban Planning  

Regione Puglia - Regional 
Department of Environmental 

Protection, Rural Development 
and Agriculture 

Agriculture - Decision Maker (1) Regional Officer 
Water Management Sector 

Consorzio di Bonifica Arneo Water Manager – Decision 
Maker (1) 

Local Water Manager for Irrigation 
Systems 

Acquedotto Pugliese (S.p.A) Water Manager – Decision 
Maker (1) 

President of the regional agency for 
potable water supply 

SOGESID S.P.A. Consultant (1) 
Designer of the "Piano di Tutela 

delle Acque 2009" (Water 
Protection Plan) - Apulia region 

Autorità di Bacino Puglia Water manager – Decision 
maker (1) 

Public Officer – River Basin District 
of Southern Italy 

Web Magazine "Ambiente-
ambienti" Civil society representative (2) 

Journalists - Dissemination of 
knowledge in the Environmental 

Field  

COLDIRETTI - Sezione di Lecce Users’ organizations (1) Responsible of Labour Union of 
Farmers at province level 

IRSA-CNR Expert (1) Researcher - National Research 
Council - Water Research Institute 

 
Table III – Questions asked to the stakeholders involved in water management. 

 



- Do you think there is a connection between droughts and salt-water intrusion? If so, what are the 
consequences in the short, medium, and long terms? 
- Do you envision problems in salt-water use within agriculture?  If so, what kind of problems? 

- How is the landscape affected by salinized water use? 

- Do you think industries, agriculture, and tourism can be economically affected by GWS? If so, how? 

- Do you have any idea about the GWS monitoring and its consequences? 

- Do you think energy consumption could change during droughts? If so, how? 

- How would inhabitants be affected by GWS? 

- What kind of conflicts, if any, can occur among stakeholders?  What is the reason of the conflicts? 
- Could it be useful to widen the decision-making process to other stakeholders? Who do you think should 
be involved?  Why? 

 
4.2 The structure of the problem: the cognitive map 

To examine the semi-structured interviews, we used the text analysis method, to grasp 
crucial concepts expressing perceptions, defining impacts and criticalities describing 
cascading effects. Before focusing on the recognition of the cascading scenarios, we 
analysed the interviews to understand the complexity of the salinization problem of Lecce 
province and the result of which converged in the cognitive map in Figure 5. The latter 
summarises and integrates the plurality of points of views embedded in the interviews. The 
concepts mobilised by the interviewees describe the GWS as the result of the relationships 
among vulnerability changes in the groundwater system, the local economy, the evolutions 
of settlement and infrastructures, practices of management and decision-making processes, 
local culture, and the environment. The cognitive map distinguishes the different elements 
between causes or effects, by highlighting the role of some of the effects, which can in turn 
become causes of other effects ([42]. 
The cognitive map represents the necessary contextualisation of the processes involved in 
water crisis consequent to droughts, as above described (see also figure 3), and offers a 
reliable picture of the context. From this point of view, the cognitive map is central to 
understanding the relevance of the three CVSs that emerged through the interpretation of 
the interviews. 



 
 
Figure 5 – The cognitive map. The elements are distinguished in cause, effect or effect/cause, and 
in relation to one or more macro-areas related to GWS. Arrows outline the connections among the 
elements.  
 
4.3 Three potential scenarios: new narratives and possibilities of action 
 
Here, there is no sufficient room to report the individual interviews. However, each of them 
offered useful insights to grasp specific cascading effect chains and water management 
practices to contrast them. Each CVS is made of two parts: the first part describes the 
cascading vulnerability by defining each element as cause, effect, or cause/effect ([42]; the 
second part is a description of management actions to cope with GWS and the vulnerability 
of the groundwater system. 
As the idea of groundwater vulnerability and social-ecological relationships becomes central 
in considering GWS, the chains of cascading effects result more and more complexly related 
(requiring substantial changes in development models and water management practices) in 
the sequence of the three CVSs. These are respectively named “The resistant system”, “The 
jeopardised system: partial irreversibility”, and “The collapsed system: widespread 
irreversibility”. 

The resistant system 

In the first CVS (Figure 6) water crisis is perceived as a temporary phenomenon caused by 
high temperatures, lack of precipitation and high groundwater exploitation in a context 
characterised by ineffective practices of water management. For this CVS: 

- Perception of water crisis –  Water crisis is seasonal and depends on climatic changes. 
Considering the high ecological resistance (engineering resilience) of the groundwater 
system, earlier conditions can be restored with adequate control and management. GWS 



is not a worrying problem because it is a very well-known and recurrent phenomenon in 
semi-arid areas. 

- Impacts – The activities that could suffer the most from water crisis during droughts are 
those that use water for non-potable purposes, in particular agriculture. 

- Cascading effects – Cascading effects on human activities are plausible. They will be 
more apparent in relation to agricultural activities. In the attempt to minimise the expected 
loss of crops, there will be an increase of illegal water withdrawals from existing wells, as 
well as the drilling of new illegal wells. A few farmers will be not able to adapt their 
practices to a reduction of irrigation water or to a long-lasting drought. The necessary 
adaptations could bring about a slight change in agricultural patterns, which will not 
generate changes in the local culture and form of urbanisation. However, the propagation 
of these effects is just a matter of technologies that will allow to improve irrigation systems 
through rationing the use of water resource and contrast some criticalities. 

- Criticalities –They depend on management practices, which suffer from lack of knowledge 
(lack of monitoring) and capability of controlling. As there is no coordination among these 
agencies responsible for water supply and maintenance, management practices are 
fragmented. At the same time, maintenance is highly problematic. The hydraulic 
infrastructural system plunges into crisis, accompanied by a greater use of energetic 
resources, increase of groundwater exploitation (emergency wells and new wells), and 
increase of costs and transformation of land ownership. 

- Actions/Practices – The temporary character of the reduction of groundwater vulnerability 
caused by overexploitation does not require public agencies to take long-term actions. To 
cope with the crisis in the short term, technologies and control systems will innovate and 
adapt to the new situation. Water rationing of non-potable resources drives up 
withdrawals, which in turn is the cause of other effects, such as the increase of energy 
use, costs and of land ownership transformations. The use of waste-water in agriculture 
will end such a problem. Likely actions in this case include the temporary closure of some 
wells, the opening of new wells, but in other areas, the development of wastewater reuse 
and desalinization technologies. At the same time, there will also occur the modification 
of the agricultural water supply systems, the adjustment of water tariffs, and the integrated 
management of water resources for potable and agricultural uses. 
 



 
Figure 6 – “The resistant system” CVS. 

The Jeopardised system: partial irreversibility 

The second CVS (figure 7) describes an emerging water crisis that depends on a partial, yet 
irreversible crisis of the groundwater system. This scenario still considers the crisis as 
determined by the unsustainable use of groundwater resources by local agricultural 
practices. At the same time, the inadequacy and unpreparedness of decision- and policy-
making, and unsustainable life styles exacerbated by tourism emerge as new structural 
causes producing overexploitation. In this case: 

- Perception of water crisis – The extension and long duration of salinization reveal that the 
groundwater system resilience has changed, and its functioning is characterised by a 
series of critical crises corresponding to a permanent GWS and reduction of water 
availability. Luckily, it seems that the effects of an irreversible crisis can be still limited to 
some areas (mainly those in figure 4a). Thus, there are still several opportunities to avoid 
further worsening of the crisis. Surely structural changes will be necessary to contrast the 
deteriorating process. In the short term, they could concern life styles and water 
management practices adaptations to have short and medium-term effects. 

- Impacts – The permanent but partial salinization of the groundwater system causes the 
deterioration of ecological systems, such as the coastal system. The fragmentation 
increases at critical levels and an impressive loss of crops in agriculture is also expected. 
Desertification, even linked to the use of saline water in agriculture, increasingly invades 
more and more wide areas in the coastal zone. Lack of water for non-potable uses creates 
conflicts with other activities.  

- Cascading effects – As soon as groundwater undergoes a series of crises, strong impacts 
occur on several human activities, and a series of cascading effects can be envisioned. 
Among them, the transformation of coastal and rural landscape is worrying because of 
the changes of cultivations and progressive desertification. The consequent modification 
of the structure of land property and the abandonment of the countryside could transform 



tourism driving towards a more intensive consumption and use of the coastal area. 
Conflicts among different water users (tourism, agriculture an industry) emerge.  

- Criticalities – Besides the inadequacy of technologies used to cope with the reduction of 
water resources, relevant criticalities are: the inappropriateness of well-established and 
control-based management approaches, the fragmentation of decision-making process, 
the absence of integration between water and agricultural policies, and the structural lack 
of integrated knowledge bases and monitoring capability.  

- Actions/Practices – The crisis calls for an urgent and profound change in the current 
approach to water management, in addition to setting up of adequate monitoring 
methodologies. The new approach should be characterised by a more integrated and 
interdisciplinary concern. No large changes in the crisis in terms of a conspicuous 
reduction of groundwater withdrawals can be otherwise reached. Water and agricultural 
policies integration could cause the redefinition of risk areas and associated rules 
concerning land use and agricultural development. An immediate reduction of 
groundwater vulnerability could be obtained if the new approach to water management is 
linked to a more cautious use of water for tourism and efficient use of treated wastewater 
and desalinized water.  

 

 
Figure 7 – “The jeopardised system: partial irreversibility” CVS. 

The collapsed system: widespread irreversibility 

The third CVS (figure 8) is about a dramatic shift in the vulnerability of the groundwater 
system, which, in this case, is seen as social-ecological rather than merely ecological. 
Radical changes in the local landscape and economy will occur. The only way to continue 
inhabiting the territory is linked to our ability to protect its qualities and cultural identity, and 
to govern the change as a whole. A change of development models must be associated to 
the implementation of actions that in the very long time could give to the groundwater system 
a chance to establish new regimes of vital functioning. In this last case: 



- Perception of water crisis – The crisis is irreversible. The system is not able to heal itself 
in the short- and medium-term. The GWS as a stable state shows the inadequacy of 
development models that currently lead the local development. Changes in agriculture 
and tourism have caused a profound modification of local life styles and, above all, of 
relationships between people and places. The situation of deterritorialisation requires new 
development models, and complex and comprehensive actions.   

- Impacts – Acute water shortage for potable and non-potable uses, and irreversible GWS 
in most areas; profound crisis of agricultural system 

- Cascading effects – The complexity of the changes following the irreversible 
transformation of the groundwater system generates interwoven cascading effects. 
Among them, we could mention the set of rural landscape transformation, abandonment 
of countryside, modification of the structure of land property, rationing of water for potable 
uses and desertification as the main processes that generate migration from the Salento 
to other areas. Tourism survives although deeply transformed, with concentration on the 
coasts. Water management practices are governed by conflicts among water users, while 
local people increasingly depends on extra-regional water resources. The wealthy of local 
economy and social structure depends the onset of conflicts about the distribution of 
economic resources.  

- Criticalities – The inadequacy of the development models and water management 
practices is evident. There is lack of sourcing patterns suitable for the changing climatic 
conditions and lack of integration between development and water policies. 

- Actions/Practices – The urbanisation of coastal and rural areas, and the tourism and 
agricultural development models should be reorganized, in relation to the processes of 
restructuring of the local landscape, climate change and the local and global crisis of 
water and cropping systems. Simultaneously, a radical restructuring of water 
management practices should lead to innovative technological conceptions. Furthermore, 
they should be supported by cooperative and bottom-up management approaches that 
include local knowledge about water management.  Short- and medium-term actions 
could be: aquifer protection, redefinition of risk areas, new patterns and modes of water 
supply in urban, rural and agricultural environments, investments in technologies for rain 
harvesting on urban and larger scales, redefinition of irrigation systems, controlled and 
systematic use of desalinated or treated wastewater, and redefinition of management and 
policy systems. 

 



 
Figure 8 – The third CVS “The collapsed system: widespread irreversibility”. 

 
5) DISCUSSION  

The three scenarios highlight some of the potentialities of the cascading vulnerability 
method. It can help reducing the vulnerability of groundwater systems in contexts 
characterised by water crisis and GWS. Considering the water management practices 
currently used in Salento, each of the CVSs highlights possible enhancements and 
necessary adaptations to contrast a salinization phenomenon strongly exacerbated by the 
effects of the climate change. Our method uses vulnerability as an indicator of resilience 
[38] to turn experts‘ points of views in scenarios. Each of them is characterised by specific 
peculiarities, limits, and possibilities to contrast water crisis, as well as by potential water 
management practices. As shown in table IV, the CVSs, through their focus on cascading 
effects, help better correlate the experts’ perceptions of groundwater vulnerability to 
approaches to water management. Therefore, the method is useful to come upon proper 
solutions to contrast cascading effects and GWS, intended as a complex problem. Indeed, 
when compared, relevant differences appear among the three CVSs in terms of 
conceptualisation of the relationships between social and ecological systems. 
The first CVS mirrors the hydraulic and anthropocentric approach to water management, 
which is a top-down technical commitment. Through a systemic approach, the complexity of 
water crisis is reduced to a matter of seasonality of salinization, intended as a stress that 
could be indefinitely absorbed by the groundwater system but that, unfortunately, affects 
human activities. According to stakeholder, the most important impact concern agriculture, 
probably because it is strategic to the local economic development. Therefore, both conflicts 
and effects caused by rationing and water shortages become more visible than in other 
human activities. The required technological improvement is led by such a conceptualisation 
of water crisis.  
Yet, cascading effects, that sometimes become circular, reveal some contradiction (i.e. the 
exportation of crisis in other areas). They are due to the absence of a territory-based 



perspective on water crisis, a problem which limits the search for solutions in several ways. 
The logic that solves the problem by dislocating it to a different place is part of such narrow 
view. Foreseen solutions are the consequence of known criticalities in water management. 
Anyway, they must be solved by minimising conflicts (especially between agriculture and 
tourism so tightly intertwined in Salento) rather than by impacting on social and ecological 
systems. That is the reason why this approach is so efficient in the short-term. It gives the 
impression that nothing is changing in our surrounding living environment. 
 
Table IV - Differences among the three CVSs. 
 

 VULNERABILIT
Y PERCEPTION 

ALTERNATIVES 
 

APPROACH TO 
WATER 

MANAGEMENT 

THE 
RESISTANT  
SYSTEM 
 
 

Systemic 
 
(Seasonality 
and high 
resistance of 
the system) 

Rationing of non-potable use 
 
Improvements of water and 
government technologies  
 
Exportation of the crisis  

Control-based 
management 
 
Coordination 

 

THE 
JEOPARDISED 
SYSTEM: 
PARTIAL 
IRREVERSIBIL
ITY  
 

 
Eco-systemic  
 
(Compromised 
ecological 
resilience) 
 
 
 

Rationing of non-potable use 
 

Improvements of water and government 
technologies 
 

Changes in agriculture and stiles of life 
 
Changes in knowledge  

Integrated water 
management  
 
Conflict resolution  
 
Interdisciplinarity  
 
 

THE 
COLLAPSED 
SYSTEM: 
WIDESPREAD 
IRREVERSIBILI
TY 

Socio-
ecological 
 
(Irreversible 
changes)  

 
Alternative development models based 
on local identity and endogenous 
sustainable development 
 
Changing in water (local tradition  
and innovation) and government 
technologies (from top-down to 
bottom-up) 
 
Opposing deterritorialisation  
 
Sustainable and vernacular innovation 
of technologies  
 
Changes in knowledge/power 
relationships 
 

 
 
 
Adaptive water 
management, co-
production with local 
population 
involvement  
 
 
Not irrigated 
agriculture  
 
Sustainable tourism 
 
 
 
  

 
In the second CVS, the perception of the crisis changes according to the prevalence of an 
ecosystem approach to water crisis. The ecological resilience plays a relevant role in 
shaping alternatives, since the groundwater system is perceived as under an unsustainable 
level of stress, that sometimes leads to an irreversible GWS. The interdependency among 
chains of cascading effects shows the relevance of the territorial dimension of water crisis, 



which lead to a more complex idea of changes needed in water management practices.  The 
ecosystem perspective does not even allow to permit water importation from other regions.  
This creeping phenomenon partially alters the landscape, causing the countryside 
abandonment and slight changes of urban settlements, which in turn cause the change of 
the land ownership. However, the anthropocentric approach persists.  Huge relevance is 
given to both technical and political water management solutions. The integration of different 
knowledge systems and policies fields is the key to the revitalisation of groundwater and 
territorial system in the long term. Conflicts can be managed through the diffusion of 
knowledge and actions specifically aimed at solving vicious circles connecting different 
streams of cascading effects, such as those produced in the agricultural and touristic sectors 
and urban systems. Changes in lifestyles are also crucial to managing each of them and to 
break the chain of relationships among them. In such a perspective, cascading effects could 
be constantly monitored and acted upon. Short- to medium- term actions need to be taken, 
thus allowing the transition from engineering to adaptive forms of management. 
Consequently, stakeholders look for new resources to cope with the temporary lack of water. 
Technological innovation and relevant changes in agricultural practices are seen as 
indispensable short-term actions. Most experts consider this approach necessary to change 
and preserve Salento from collapsing. We could say that this scenario is still informed by a 
control-based approach to management, so to produce the necessary adaptations in both 
the social and groundwater systems. This scenario is expected to protect the groundwater 
systems through a substantial change in agricultural practices and a rationalisation of water 
consumptions in every field of the human activity, tourism included.  
The third CVS is a radical one, looking at short-term actions to be implemented for producing 
a change in water crisis that, in the long run, could preserve the landscape.  Since social-
ecological systems are inseparable, the widespread GWS becomes a logical consequence, 
which affects tourism, agriculture and resident people. New form of tourism and less 
aggressive agricultural practices should be at the core of water management practices 
contrasting salinization and water crisis. Cascading effects should not emerge at all. In this 
respect, policy integration and bottom-up decision-making are crucial. Groundwater 
monitoring becomes less relevant than in the jeopardised scenario. At the same time, the 
sustainability and efficiency of technologies used in water irrigation and supply systems, and 
the use of other sustainable resources should always be promoted and experimented.  
These three CVSs stand for implementable water management options to cope with GWS 
and water crisis. They highlight many potentialities of the proposed method, although they 
should be just a first step in changing water management practices. By highlighting the 
similarities, but also the profound differences among experts’ points of view, these scenarios 
can sustain a dialogue among the plurality of actors formally and informally involved and 
interested in finding ways to cope with GWS and water crisis under climate change. At the 
same time, the CVSs reveal technical, conceptual, cultural and institutional barriers that 
oppose to the change in water management. The focus on cascading effects enlarge 
experts’ perspectives on crisis and forces them to seriously consider the strong connections 
between social and ecological systems, even when intentionally avoided. Inconsistencies 
strengths and weaknesses in each of them appear clear, thus favouring a process of 
integration among them.    

 
 
 



6) Conclusions 
 
Monitoring data and climatic scenarios highlight the risks of notable qualitative and 
quantitative worsening of ground waters in coastal areas, especially consequent to the 
increased frequency and intensity of droughts. In coastal areas, droughts exacerbate 
groundwater exploitation inducing negative effects on groundwater quantity (groundwater 
drought), with consequent salinization of groundwater. Groundwater droughts and 
salinization can have unexpected cascading consequences and crisis on social, economic 
and environmental systems.  
Unfortunately, the role played by groundwater in water management is not yet well 
acknowledged. To the contrary, the CVSs highlight that groundwater is a crucial resource 
for our future and it is fundamental for avoiding worrying changes in socio-economic 
vulnerabilities.  
As defined in our research, CVSs can lead to a more integrated management of water 
resources. These scenarios show the cascades of effects (and effects/causes) connected 
to GWS and ensuing different levels of system resilience. They capture tacit and explicit 
knowledge of interviewed experts and contribute to a better understanding of an unknown 
crisis and related cascading events. They also allow to understand the risks embedded in 
vulnerability changes of both groundwater and urban systems and outline both the 
stakeholders affected by the main event and those affected by the chains of secondary 
effects.  
The outline of cascading effects can be used as a coordination tool, which merges 
stakeholder visions towards an integrated management in decision-making processes. The 
effects of drought propagation are both visible and invisible: the understanding of both 
effects to water managers, policy makers and politicians can improve their awareness about 
unexpected consequences, and favour the integration and coordination in the management, 
not only of water resources, but also of the activities and sectors that depend on such 
resources.  
Giving stakeholders the opportunity to imagine the future while they explore vulnerability 
scenarios that consider cascading effects, has allowed to outline new management 
directions, which seem to move beyond the usual adaptive approach. Moreover, the 
increased managers’ awareness has resulted in the emergence of the need of an integrated 
control system necessary, as opposed to a sectorial control of each part.  
This is an important result of the CVSs. They show that engineering approaches and political 
argumentations, instrumentally used, still prevail in defining water management strategies. 
At the same time, the CVSs show that we do not really need an impressive technological 
change, but a cultural one, which should enable us to benefit from available solutions and 
best practices as much as possible.  
These scenarios can help policy makers, politicians, and managers to find more suitable 
water management policies and structure more adaptive water management practices by 
increasing their awareness. Moreover, they can help them deal with unexpected cascading 
consequences due to groundwater depletion and salinization through effective actions.  
However, the proposed approach has some limits. The recognition of cascading effects is 
strongly constrained by the cultural background of the interviewed stakeholders, their values 
and ethics. The differences among the three CVSs are the result of such a plurality. To 
obtain a holistic vision of them, it might be useful to include more stakeholders and experts 
in the interviewing process. Obviously, a parallel process should involve local communities. 
It is generally known that an integrated groundwater management can be also based on 



bottom-up approaches, involving groundwater end-users, such as local people, tourists and 
farmers. 
Actually, CVSs do not include any reference to classical groundwater-dependent 
ecosystems as transitional waters, or marine waters, which, in principle can be notably 
impacted by the changes of freshwater discharge to the coasts. Moreover, there is no 
perception of the role of seawater intrusion in triggering re-toxification processes at land-sea 
interface [7], which can threaten the biodiversity of coastal zone and contaminate the marine 
environment. This is quite an intriguing result that shows some lacks in environmental 
knowledge by the stakeholders: what is invisible is often unknown and is therefore 
unmanageable. The actual chain of vulnerabilities is not exhaustive, because many 
elements of knowledge are missing.  
Finally, cascades need to be enriched with other drawbacks and feedback loops, which have 
the potential of varying the cascading vulnerability chains over time.  
The present scenarios are only a basic representation of a hidden and unknown process 
that, however, is not static and simple to describe. Nevertheless, at this stage, they can be 
a suitable and plausible starting point to adapt current water management practices to the 
impacts of climate change and droughts and project needed mitigation actions. 
 
Acknowledgements: The authors wish to thank the two anonymous reviewers for the 
valuable food for thought. This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors. 
 
References 
 
[1] T. Shah, J. Burke, K. Villholth, Groundwater: a global assessment of scale and 

significance, in: Water Food, Water Life A Compr. Assess. Water Manag. Agric., 
IWMI Publication, Colombo, Sri Lanka, 2007: pp. 395–423. 

[2] E. Custodio, G.A. Bruggeman, Groundwater problems in coastal areas. Studies and 
reports in hydrology, UNESCO, International Hydrological Programme, Paris, 1987. 

[3] FAO, Seawater intrusion in coastal aquifers. Guidelines for study, monitoring and 
control. Water Reports (FAO) eng no. 11, FAO, Land and Water Development Div., 
Rome, Italy, 1997. 

[4] J. Bear, A.H.D. Cheng, S. Sorek, D. Ouazar, I. Herrera, (Eds.), Seawater Intrusion in 
Coastal Aquifers-Concepts, Methods and Practices, Kluwer Academic Publishers, 
London, UK, 1999. 

[5] A.H.D. Cheng, D. Ouazar, Coastal Aquifer Management-Monitoring, Modeling, and 
Case Studies, CRC press, 2003. 

[6] L. Tulipano, M.D. Fidelibus, A. Panagopoulos, COST ACTION 621 “Groundwater 
management of coastal karstic aquifers”, Final Report, EUR 21366, Office of the 
official publications of European Communities, 2005. 
https://publications.europa.eu/en/publication-detail/-/publication/88023209-6a79-
43dd-bfbc-06980f5198d1/language-en (accessed 28 February 2018). 

[7] M.D. Fidelibus, Coastal Zones Between Envil and Hammer : a Glance To the Future, 
in: 10Th Int. Hydrogeol. Congr., Thessaloniki, Greece, 2014. 

[8] A.F. Van Loon, Hydrological drought explained, Wiley Interdiscip. Rev. Water. 2 
(2015) 359–392. doi:10.1002/wat2.1085. 

[9] M.C. Acreman, J. Almagro, J. Alvarez, F. Bouraoui, R. Bradford, J. Bromley, B. 
Croke, S. Crooks, J. Cruces, J. Dolz, M. Dunbar, T. Estrela, P. Fernandez-Carrasco, 
J. Fornes, A. Gustard, R. Haverkamp, A. de la Hera, N. Hernández Mora, R. Llamas, 



L. Martinez, J. Papamastorakis, R. Ragab, M. Sánchez, I. Vardavas, T. Webb, 
Technical Report. Report to the European Commission ENV4 - CT 95 – 0186 – 
Groundwater and River Resources Action Programme on a European Scale 
(GRAPES), Wallingford, UK, 2000. 

[10] H.A.J. Van Lanen, E. Peters, Definition, Effects and Assessment of Groundwater 
Droughts, Drought Drought Mitig. Eur. (2000) 49–61. doi:10.1007/978-94-015-9472-
1_4. 

[11] A.F. Van Loon, T. Gleeson, J. Clark, A.I.J.M. Van Dijk, K. Stahl, J. Hannaford, G. Di 
Baldassarre, A.J. Teuling, L.M. Tallaksen, R. Uijlenhoet, D.M. Hannah, J. Sheffield, 
M. Svoboda, B. Verbeiren, T. Wagener, S. Rangecroft, N. Wanders, H.A.J. Van 
Lanen, Drought in the Anthropocene, Nat. Geosci. 9 (2016) 89–91. 
doi:10.1038/ngeo2646. 

[12] I.R. Tannehill, Drought: Its Causes and Effects, Princeton University Press, 
Princeton, NJ, 1947. 

[13] D.A. Wilhite, Drought as a natural hazard: Concepts and definitions, Drought A Glob. 
Assess. (2000) 3–18. 

[14] N.S. Robins, R.C. Calow, D.M.J. Macdonald, A.M. Macdonald, B.R. Gibbs, Orpen 
W.R.G., P. Mtembezeka, A.J. Andrews, S.O. Appiah, K. Banda, Groundwater 
management in drought-prone areas of Africa, Final report, 1997. 

[15] J. Tóth, A Theoretical Analysis of Groundwater Flow in Small Drainage Basins, 
J.Geophys. Res. 68 (1963) 4785–4812. doi:10.1029/JZ068i016p04795. 

[16] G. Pescaroli, D. Alexander, P. Selke, F. Fritz, R. Pelzer, L. Hempel, Y. Dien, C. 
Duval, FORTRESS: Deliverable 2.1 - Pathogenic vulnerabilities and resilient factors 
in systems and populations experiencing a cascading disaster, (2014) 1–98. 
http://fortress-project.eu/wp-content/uploads/2014/04/FORTRESS-2.1_Pathogenic-
vunerabilities-and-resilient-factors-in-systems-and-populations-experiencing-a-
cascading-andor-cross-border-disaster.pdf (accessed 28 February 2018). 

[17] M. Nones, G. Pescaroli, Implications of cascading effects for the EU Floods 
Directive, Int. J. River Basin Manag. Implic. 14 (2016) 195–204. 
doi:https://doi.org/10.1080/15715124.2016.1149074. 

[18] Commission of the European Communities, Communication from the Commition to 
the Council and the European Parliament. Addressing the challenge of water 
scarcity and droughts in the European Union, Brussels, 2007. 

[19] A. Khakee, From scenarios building to sustained commitment in the future, in: D. 
Camarda, L. Grassini (Eds.), Local Resour. Glob. Trades Environ. Agric. Mediterr. 
Reg., Bari: CIHEAM, 2003: pp. 363–367 . 
http://om.ciheam.org/om/pdf/a57/04001987.pdf (accessed 28 February 2018). 

[20] P.B. Sayers, L. Yuanyuan, C. Moncrieff, L. Jianqiang, D. Tickner, X. Xiangyu, R. 
Speed, L. Aihua, L. Gang, Q. Bing, W. Yu, G. Pegram, Drought risk management: A 
strategic approach, UNESCO, Paris on behalf of WWF, 2016. 
http://unesdoc.unesco.org/images/0024/002456/245633e.pdf (accessed 28 February 
2018). 

[21] J. Alcamo, J.M. Moreno, B. Nováky, M. Bindi, R. Corobov, R.J.N. Devoy, C. 
Giannakopoulos, E. Martin, J.E. Olesen, A. Shvidenko, Climate Change 2007: 
Impacts, Adaptation and Vulnerability, in: Cambridge University Press (Ed.), Contrib. 
ofWorking Gr. II to Fourth Assess. Rep. Intergov. Panel Clim. Chang. M.L. Parry, 
O.F. Canz. J.P. Palutikof, P.J. van Der Linden C.E. Hanson, Cambridge, UK, 2007: 
pp. 541–580. 

[22] Z.W. Kundzewicz, L.J. Mata, N.W. Arnell, P. Döll, P. Kabat, B. Jiménez, K.A. Miller, 
T. Oki, Z. Sen, I.A. Shiklomanov, Freshwater resources and their management. 
Climate Change 2007: Impacts, Adaptation and Vulnerability, in: C.U. Press (Ed.), 



Contrib. ofWorking Gr. II to Fourth Assess. Rep. Intergov. Panel Clim. Chang. M.L. 
Parry, O.F. Canz. J.P. Palutikof, P.J. van Der Linden C.E. Hanson, Cambridge, UK, 
2007: pp. 173–210. http://www.ipcc.ch/pdf/assessment-report/ar4/wg2/ar4-wg2-
chapter3.pdf (accessed 28 February 2018). 

[23] G. Heinrich, A. Gobiet, The future of dry and wet spells in Europe: A comprehensive 
study based on the ENSEMBLES regional climate models, Int. J. Climatol. 32 (2012) 
1951–1970. doi:10.1002/joc.2421. 

[24] IPCC, Emissions Scenarios IPCC Special Reports on Climate Change, Cambridge 
University Press, UK, 2000. https://ipcc.ch/pdf/special-reports/spm/sres-en.pdf 
(accessed 28 February 2018). 

[25] K. Hiscock, R. Sparkes, A. Hodgson, J.L. Martin, M. Taniguchi, Evaluation of future 
climate change impacts in Europe on potential groundwater recharge, in: EGU Gen. 
Assem., 2008. 

[26] R.S. Kovats, R. Valentini, L.M. Bouwer, E. Georgopoulou, D. Jacob, E. Martin, M. 
Rounsevell, J. Soussana, Europe, in: V.R. Barros, C.B. Field, D.J. Dokken, M.D. 
Mastrandrea, K.J. Mach, T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. 
Genova, B. Girma, E.S. Kissel, A.N. Levy, S. MacCracken, P.R. Mastrandrea, L.L. 
White (Eds.), Clim. Chang. 2014 Impacts, Adapt. Vulnerability. Part B Reg. Asp. 
Contrib. Work. Gr. II to Fifth Assess. Rep. Intergov. Panel Clim. Chang., Cambridge 
University Press, Cambridge, United Kingdom and New York, NY, USA, 2014: pp. 
1267–1326. doi:10.1017/CBO9781107415386.003. 

[27] P. Döll, M. Flörke, Global-Scale Estimation of Diffuse Groundwater Recharge, 
Institute of Physical Geography, Frankfurt University, Frankfurt am Main, Germany, 
2005. 

[28] Z.W. Kundzewicz, P. Döll, Will groundwater ease freshwater stress under climate 
change?, in: Hydrol. Sci. J., 2009: pp. 665–675. doi:10.1623/hysj.54.4.665. 

[29] F. Giorgi, E.S. Im, E. Coppola, N.S. Diffenbaugh, X.J. Gao, L. Mariotti, Y. Shi, Higher 
hydroclimatic intensity with global warming, J. Clim. 24 (2011) 5309–5324. 
doi:10.1175/2011JCLI3979.1. 

[30] IPCC, Climate Change 2014: Impacts, Adaptation, and Vulnerability. Summaries, 
Frequently Asked Questions, and Cross-Chapter Boxes, in: C.B. Field, V.R. Barros, 
D.J. Dokken, K.J. Mach, M.D. Mastrandrea, T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. 
Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N. Levy, S. MacCracken, P.R. 
Mastrandrea, L.L. White (Eds.), Clim. Chang. 2014 Impacts, Adapt. Vulnerability. 
Contrib. Work. Gr. II to Fifth Assess. Rep. Intergov. Panel Clim. Chang., World 
Meteorological Organization, Geneva, Switzerland, 2014: pp. 1–190. 
doi:10.1016/j.renene.2009.11.012. 

[31] E. Custodio, Aquifer overexploitation: What does it mean?, Hydrogeol. J. 10 (2002) 
254–277. doi:10.1007/s10040-002-0188-6. 

[32] A. Mariotti, Recent changes in the mediterranean water cycle: A pathway toward 
long-term regional hydroclimatic change?, J. Clim. 23 (2010) 1513–1525. 
doi:10.1175/2009JCLI3251.1. 

[33] C. Leduc, A.P. Bosch, B. Remini, S. Massuel, Changes in Mediterranean 
groundwater resources, in: Mediterr. Reg. under Clim. Chang. A Sci. Updat., IRD 
Éditions, Marseille, 2016: pp. 327–333. 

[34] MED-EUWI Working Group on Groundwater, Mediterranean Groundwater Report, 
Technical report on groundwater management in the Mediterranean and the Water 
Framework Directive, 2007. 
http://www.semide.net/topics/groundwater/Mediterranean_Groundwater_Report_fina
l_150207.pdf (accessed 28 February 2018). 

[35] V. Re, Incorporating the social dimension into hydrogeochemical investigations for 



rural development: the Bir Al-Nas approach for socio-hydrogeology, Hydrogeol. J. 23 
(2015) 1293–1304. doi:10.1007/s10040-015-1284-8. 

[36] C.S. Holling, Understanding the Complexity of Economic, Ecological, and Social 
Systems, Ecosystems. 4 (2001) 390–405. doi:10.1007/s10021-00. 

[37] C. Folke, Resilience: The emergence of a perspective for social-ecological systems 
analyses, Glob. Environ. Chang. 16 (2006) 253–267. 
doi:10.1016/j.gloenvcha.2006.04.002. 

[38] W.N. Adger, Vulnerability, Glob. Environ. Chang. 16 (2006) 268–281. 
doi:10.1016/j.gloenvcha.2006.02.006. 

[39] U. Beck, World Risk Society, Polity Press, Cambridge, UK, 1998. 
[40] C. Baubion, OECD Risk Management: Strategic Crisis Management, OECD 

Publishing, Paris, 2013. doi:http://dx.doi.org/10.1787/5k41rbd1lzr7-en OECD. 
[41] W.R. Walker, M.S. Hrezo, C.J. Haley, Management of water resources for drought 

conditions, in: Paulson, R.W., Chase, E.B., Roberts, R.S., Moody, D.W., Compil. 
Natl. Water Summ. 1988-89, Hydrologic Events and Floods and Droughts: U.S. 
Geological Survey Water-Supply Paper 2375, 1991. 

[42] G. Pescaroli, D.E. Alexander, A definition of cascading disasters and cascading 
effects: Going beyond the “toppling dominos” metaphor, GRF Davos Planet@Risk. 3 
(2015) 58–67. 

[43] D.E. Alexander, Critical infrastructure, in: K.B. Penuel, M. Statler, R. Hagen (Eds.), 
Encycl. Cris. Manag., Sage, Thousand Oaks, California, 2013: pp. 208–211. 

[44] G. Pescaroli, D. Alexander, Critical infrastructure, panarchies and the vulnerability 
paths of cascading disasters, Nat. Hazards. 82 (2016) 175–192. 
doi:10.1007/s11069-016-2186-3. 

[45] W. Medema, B.S. McIntosh, P.J. Jeffrey, From premise to practice: a critical 
assessment of integrated water resources management and adaptive management 
approaches in the water sector, Ecol. Soc. 13 (2008) 29. 

[46] C. Pahl-Wostl, D. Tàbara, R. Bouwen, M. Craps, A. Dewulf, E. Mostert, D. Ridder, T. 
Taillieu, The importance of social learning and culture for sustainable water 
management, Ecol. Econ. 64 (2008) 484–495. doi:10.1016/j.ecolecon.2007.08.007. 

[47] M. Farrelly, R. Brown, Rethinking urban water management: Experimentation as a 
way forward?, Glob. Environ. Chang. 21 (2011) 721–732. 
doi:10.1016/j.gloenvcha.2011.01.007. 

[48] M.C. Brisbois, R.C. de Loë, Power in Collaborative Approaches to Governance for 
Water: A Systematic Review, Soc. Nat. Resour. 29 (2016) 775–790. 
doi:10.1080/08941920.2015.1080339. 

[49] P. Schwartz, The art of the long view: Paths to strategic insight for yourself and your 
company, New York: Currency Doubleday, 1991. 

[50] M. Miles, A. Huberman, Qualitative data analysis, Thousand Oaks, CA: Sage, 1994. 
[51] L. Hirschhorn, Scenario writing: A developmental approach, J. Am. Plan. Assoc. 46 

(1980) 172–183. doi:10.1080/01944368008977030. 
[52] H.A. Linstone, M. Turoff, The Delphi Method: Techniques and applications, Addison-

Wesley Publishing Company, Advanced Book Program, 1975. 
[53] M.C. Harrell, M.A. Bradley, Data Collection Methods Semi-Structured Interviews and 

Focus Groups, RAND Distribution, Santa Monica, CA, 2009 (accessed 28 February 
2018). 
www.rand.org/content/dam/rand/pubs/technical_reports/2009/RAND_TR718.pdf. 

[54] Regione Puglia, Atlante del Patrimonio Ambientale, Territoriale e Paesaggistico, 
2015. http//www.paesaggio.regione.puglia.it (accessed 28 February 2018). 

[55] European Association of Local and Regional Initiatives for Economic Development 
Employment and Solidarity, Il turismo in Puglia nel 2012-2013 e le prospettive di 



crescita al 2020, 2014. 
https://www.agenziapugliapromozione.it/portal/documents/10180/127304/Report 
turismo Puglia 2013-2012. 

[56] ISPRA, Consumo di suolo, dinamiche territoriali e servizi ecosistemici, Roma, 2017. 
http://www.isprambiente.gov.it/public_files/RapportoConsumoSuolo2017_0615_web.
pdf (accessed 28 February 2018). 

[57] Regione Puglia, Piano di tutela delle acque - Relazione generale, 2009. 
[58] C. Doglioni, F. Mongelli, P. Pieri, The Puglia uplift (SE Italy): An anomaly in the 

foreland of the Apenninic subduction due to buckling of a thick continental 
lithosphere, Tectonics. 13 (1994) 1309–1321. 

[59] P. Pieri, V. Festa, M. Moretti, M. Tropeano, Quaternary tectonic activity of the Murge 
area (Apulian foreland -Southern Italy), Ann. Geophys. 40 (1997). doi:10.4401/ag-
3876. 

[60] N. Ciaranfi, P. Pieri, G. Ricchetti, Note alla carta geologica delle Murge e del 
Salento, Mem Soc Geol It. 41 (1988) 449–460. 

[61] I. Portoghese, E. Bruno, P. Dumas, N. Guyennon, S. Hallegatte, J.-C. Hourcade, H. 
Nassopoulos, G. Pisacane, M.V. Struglia, M. Vurro, Impacts of Climate Change on 
Freshwater Bodies: Quantitative Aspects, in: Springer (Ed.), Reg. Assess. Clim. 
Chang. Mediterr. Navarra A. Tubiana L. (Eds.), Adv Glob Chang. Res 50, Dordrecht, 
2013: pp. 241–306. doi:10.1007/978-94-007-5781-3_9. 

[62] V. Cotecchia, M.D. Fidelibus, L. Tulipano, Phenomena related to the variation of 
eouilibria between fresh and salt water in the coastal karst-carbonate aquifer of the 
Salento peninsula, in: Hydrogeol. Salt Water Intrusion, A Sel. Swim Pap., Hannover, 
1991: pp. 9–16. 

[63] L. Tulipano, M.D. Fidelibus, Mechanisms of groundwater salinisation in a coastal 
karstic aquifer subject to over- exploitation, in: Proc. Swim 17th Delft 2002, 
Hydrology & Ecology Section, Faculty of Civil Engineering and Geosciences, Delft 
University of Technology, Delft, 2002: pp. 39–49. 

[64] M.D. Fidelibus, L. Tulipano, Inquinamento salino ed antropico degli acquiferi costieri 
della murgia e del salento: azioni di salvaguardia, Geol. E Territ. (2004) 95–104. 

[65] R. Napoli, Valutazione del rischio di salinizzazione dei suoli e di intrusione marina 
nelle aree costiere delle regioni meridionali in relazione agli usi irrigui, (2010) 1–232. 
http://rps.entecra.it/pages/ResearchData/data/progetti/7_ALLEGATO_Azione4_Salin
izzazione_leggero01.pdf (accessed 28 February 2018). 

[66] AdB Puglia - Distretto Idrografico dell’Appennino Meridionale, Analisi dei processi di 
desertificazione della Puglia: cause, effetti, mitigazione e lotta alla siccità, Azione 
2.3.6. del P.O. FESR Puglia 2007-2013, 2015. 

[67] M. Polemio, Monitoring and management of karstic coastal groundwater in a 
changing environment (Southern Italy): A review of a regional experience, Water. 8 
(2016) 148. doi:10.3390/w8040148. 

[68] S. Cole, A political ecology of water equity and tourism. A Case Study From Bali., 
Ann. Tour. Res. 39 (2012) 1221–1241. doi:10.1016/j.annals.2012.01.003. 

[69] R.D. Delaune, S.R. Pezeshki, The Influence of Subsidence and Saltwater Intrusion 
on Coastal Marsh Stability:Louisiana Gulf Coast, U.S.A., Coast. Hazards. (1994) 77–
89. 

[70] S. Essex, M. Kent, R. Newnham, Tourism development in mallorca: Is water supply 
a constraint?, J. Sustain. Tour. 12 (2004) 4–28. doi:10.1080/09669580408667222. 

[71] FAO, Irrigation potential in Africa: A basin approach, 1997. 
[72] S. Gössling, The consequences of tourism for sustainable water use on a tropical 

island: Zanzibar, Tanzania, J. Environ. Manage. 61 (2001) 179–191. 
doi:10.1006/jema.2000.0403. 



[73] A.E. Khan, A. Ireson, S. Kovats, S.K. Mojumder, A. Khusru, A. Rahman, P. Vineis, 
Drinking water salinity and maternal health in coastal Bangladesh: Implications of 
climate change, Environ. Health Perspect. 119 (2011) 1328–1332. 
doi:10.1289/ehp.1002804. 

[74] A. Kotera, T. Sakamoto, D.K. Nguyen, M. Yokozawa, Regional consequences of 
seawater intrusion on rice productivity and land use in coastal area of the mekong 
river delta, Japan Agric. Res. Q. 42 (2008) 267–274. doi:10.6090/jarq.42.267. 

[75] S.C. Stonich, The political ecology of tourism, Ann. Tour. Res. 25 (1998) 25–54. 
[76] M. Brunetti, ISAC-CNR: 2017 anno più secco degli ultimi due secoli, Nota stampa, 

(2017). https://www.cnr.it/it/nota-stampa/n-7807/isac-cnr-2017-anno-piu-secco-degli-
ultimi-due-secoli (accessed 28 February 2018). 

 


