
Abstract 

The relationship between water and territory has been determined throughout 
history by the successive construction of water infrastructures. From the first 
agricultural canals to the present day, water networks have transformed the 
territory, favouring the creation and development of human settlements, but also 
resulting in severe impacts. The complexity achieved by these networks and its 
environmental effects require the establishment of coordinated strategies between 
Land Use Planning and Water Resource Management, to generate sustainable land 
use scenarios. In this sense, threshold scenarios are proposed as a convenient tool 
to limit the uncertainty and determine the impacts of water infrastructures on the 
territory, helping with decision making and anticipating possible deviations from 
the plans’ forecasts. In this paper a study on the coast of Granada (Spain) is 
presented. It shows the importance of including threshold scenarios in an 
integrated water resource management, as a tool that can be used in the strategic 
environmental assessment to evaluate territorial integration in water management. 
Keywords: land use planning, integrated water resource management, threshold 
scenarios, sustainability. 

1 Introduction and objectives 

Throughout history, water management models have been based on principles that 
have evolved with the needs and challenges of each location and time. 
Traditionally water was considered as a factor of production and an unlimited 
resource, which allowed the growing demands on that water be satisfied through 
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     Currently many references exist that confirm the application of these new 
principles [13–15], however, the majority of them continue to hold sectorial views, 
as so many of the authors call attention to the lack of consideration of territory in 
this new model [16–18]. Neither the water management plans nor the territorial 
management plans have given sufficient response to territorial needs [19, 20], to a 
certain extent, due to the absence of specific mechanisms in the Water Framework 
Directive that affect the instruments of territorial planning [21]. This has meant 
that sectorial approaches have continued to be perpetuated, resulting from the 
competitive compartmentalization between management administrations [23]. 
This deficiency implies a challenge for contemporary society and defines the 
principle objective of this paper, to contribute to the integration between Land Use 
Planning and Water Resource Management, beyond the different understandings 
of the administrations that manage them, and to foster their interdependence 
wherever possible. In this way, the Directive on Strategic Environmental 
Assessment [24], a tool for the environmental evaluation of plans and programs, 
could be utilized as a legal framework for the evaluation of the integration of 
territory in Water Resource Management. 

2 Hypotheses 

Despite reaching a general consensus on the need to undertake an Integrated Water 
Management approach which is integrated with Land Use Planning, the basic 
principles of this integration have not been clearly defined [25]. The first 
consideration to take into account is that these principles lack universality, indeed 
that the factors vary according to the characteristics of the region; the natural 
environment and the intensity of the water problems, the human resources, the 
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the construction of hydraulic infrastructure, creating expectations of growth which 
were translated into greater demands ad infinitum [1]. This unsustainable process 
has caused the deterioration and depletion of water resources, as well as a growth 
rate greater than many territories could support [2]. For this reason since the 1980s 
a more rational management of water has been demanded, which considers water 
as an eco-social asset. This change of perspective has been represented fully in the 
bibliography. There are many references that allude to this under different 
appellatives; ‘hydraulic culture’ against ‘hydrologic culture’ [3], ‘supply driven 
ethos’ against ‘demand management ethos’ [4], ‘period of water development’ 
against ‘period of water management’ [5], ‘traditional planning’ against 
‘integrated resource planning’ [6], ‘supply management era’ against ‘demand 
management era’ [7], ‘a time of resource exploitation’ against ‘a time of changing 
focus’ [8]. 
     These new principles involve the need to carry out water management from a 
more integrated and less segmented focus, in which all the disciplines meet and 
that in one form or another are represented in the problems of water. Thus in the 
1990s ‘Integrated Water Management’ was being explored [9–11] as a 
methodology to join all these variables in a new form of managing this most 
valuable resource, which became incorporated into the Water Framework 
Directive [12], relating to the need to carry out an integration of territorial and 
hydrological policies. 



institutional capacities, the peculiarities of the public and private sector, the 
cultural aspects  [26].  However, there are a series of common elements in most of 
the territories, that structure the relationship between Land Use Planning and 
Integrated Water Management [27, 28], and therefore define the hypotheses of this 
paper. The first of these relates to the investment between infrastructure and 
growth. It is clear that the creation of infrastructures has a great influence on the 
territory, as the provision of new services generates an expectation of development 
which enables potential growth, and then limits it when it has reached levels higher 
than those available. This is clearly demonstrated both with transport as well as 
hydraulic infrastructures, as an increase in accessibility and/or availability of water 
generates a development of activities in the environment of the newly supplied 
areas [29, 30]. The second hypothesis is based on the fact that the forecasted 
growth in water management plans is usually lower than the actual growth. This 
normally occurs because irrigated areas end up being completely utilized, despite 
this growth not being planned [18, 31, 32]. The third and final hypothesis explores 
the environmental impacts that this excess of growth produces on the territory, 
causing sometimes irreparable damage (over-exploitation of aquifers, erosion, 
contamination of water, etc.) [33–36]. One of the principle environmental impacts 
is the water deficit, as the water requirement exceeds the projections, and 
therefore, the existing water availability. This fact generates a social demand for 
water that usually culminates in the creation of  new hydraulic infrastructures, 
culminating in “a vicious circle” that continually creates more impacts on the 
territory [1, 18, 21] (fig. 1). 
 

 

Figure 1: Hypotheses and circle of unsustainability. 

     These interrelationships define the principle objective of this paper; to 
determine a tool which allows control of the growth produced and breaks this cycle 
of unsustainability prevalent, even today, throughout all Mediterranean countries 
[21]. 
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3 Methodology 

Starting from the defined hypotheses, the methodology used comprises of 
analysing each one in a pilot region, with the objective of detecting the water-
territorial interactions that prove to be crucial for the definition of a tool to control 
growth. The zone chosen as a field study was the coast of Granada, in the region 
of Andalusia, southern Spain (fig. 2). In this zone, the water-territorial 
relationships have been very strong throughout its history, and the huge growth 
produced in recent years makes it a location where it is perhaps even more 
necessary, if that is possible, to develop tools that allow the generation of 
sustainable scenarios [18, 21, 31]. Thus, the regional administration has developed 
the ‘Territorial Plan for the area of the Costa Tropical of Granada’, the principle 
objective of which has been to establish the framework of reference for the 
sustainable organization and development of Granada’s littoral, with the aim of 
guaranteeing and making compatible the preservation of environmental and 
territorial resources, with socio-economic progress and the improvement of the 
quality of life for its inhabitants [37]. With an area of 23.87 km2; this region has 
an irregular hydrological cycle, a high environmental quality and diversity, large 
infrastructural development and elevated current and future water demands (all the 
hypotheses are fully represented). It is a territory totally involved in the process of 
transformation after the improvement of the principle infrastructures, both 
transport and hydraulic, whose potential for future development is based 
fundamentally in agriculture and tourism [37]. 
 

 

Figure 2: Coast of Granada location. 

     Despite all of the above, there is a recognition that the Plan has not responded 
to the new demands and problems of the region, consequently it has established a 
series of strategies aimed at territorial integration, re-evaluation of economic 
activities and the prizing of natural, cultural and scenic resources. However, this 
document lacks concrete proposals that provide limits to the uncontrolled growth 
produced in the region in the last 50 years which has perpetuated an unsustainable 
water management model. 
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3.1 Investment in hydraulic infrastructure to generate growth 

The pluviometric variability, typical of the Mediterranean regions, has always 
necessitated hydrological planning to be based on the management of extreme 
phenomena (droughts and floods) and, therefore, the construction of many 
hydraulic infrastructures to store, retain and control the water [38]. Furthermore, 
the mountainous geography of the area generates fast flowing run-off and does not 
allow for the ‘natural storage of water’ which consequently encourages the use of 
unregulated water resources [39], so that water management becomes a far more 
complex task. Thus, the inadequate availability of water combined with the limited 
natural regulation of water, has promoted the creation of multiple hydraulic 
infrastructures that have allowed the storage, retention and control of the water 
resources, increasing its availability and allowing the development of the territory 
[40]. However, counter-intuitively, this phenomenon has not resulted in a 
reduction of the water scarcity, but rather the complete opposite. In the Andalusian 
hydrographic basins, a significant increase in the availability of water resources in 
recent years has paradoxically led to a greater water deficit [18, 21]. Specifically, 
on the coast of Granada, the estimation made by the Hydrological Plan indicates a 
deficit of 4 Hm3 in 2015 and some 7 Hm3 in 2025 [41]. The successive investments 
in the hydraulic infrastructure have produced an occupation of the adjacent areas 
in a manner at times uncontrollable [42]. Fig. 3 shows how the construction of 
irrigation channels to heights of 50, 100 and 200 metres, has almost completely 
determined the growth of agriculture in the zone, over-utilizing the irrigated areas 
and generating a massively significant environmental impact on the territory [43]. 
 

 

Figure 3: Evolution of the growth of agriculture and its relationship to the 
hydraulic infrastructure on the coast of Granada. 
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3.2 Growth is greater than anticipated 

As the Plan demonstrates, the growth of the agricultural area on the coast of 
Granada has been spatially determined by the development of the hydraulic 
infrastructure, generating an expectation of growth which has meant that 99% of 
areas able to be irrigated are currently being irrigated (DHCMA, 2010), and that 
the water deficit is ever greater. This growth has not been linear, but rather, as 
Malisz pointed out, “… the process of territorial expansion is of a terraced or 
stepped character that is not continuous, but rather that occurs in jumps 
coinciding with the creation of the infrastructures …” [44]. In the case of the coast 
of Granada, these jumps have coincided with the creation of a succession of 
irrigation channels that have functioned as triggers for growth approximately 
every 10 years (fig. 4). 
 

 

Figure 4: Increase of the irrigated area in relation to the creation of the hydraulic 
infrastructure on the coast of Granada. 

     These stepped jumps, generally unplanned, have meant that the growth 
forecasts in the plans have been completely exceeded in reality. In Andalusia, the 
forecasts made by the various plans have been considerably less than the actual 
growth produced (fig. 5), generating a significant water deficit which is causing 
serious problems in the region (environmental, economic, social) [31]. 
 

 

Figure 5: Growth forecasts and real growth of irrigated areas within Andalusia 
[45]. 
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3.3 Growth without planning generates impacts on the environment 

On the coast of Granada agricultural use is the principal consumer of water in the 
region. In fact, this demand accounts for almost 90% of the total demand [40]. 
Thus an increase in the irrigated area in relation to that forecasted in the plans can 
imply serious environmental problems relating, amongst others, to the quantity 
and quality of the water [43]. 
     On the coast of Granada, in 2003 the possibility of building a new channel to 
the height of 400 metres was established, which would supply new irrigated areas 
[46]. The current economic crisis has paralyzed this process, at least for the 
immediate future. As a result of this, a prediction has not been carried out on the 
territorial consequences that this new infrastructure could create. It is therefore 
necessary to establish coordination strategies between Land Use Planning and 
Water Resource Management that use the hydraulic infrastructures as a tool to re-
balance the territory, and not, as has happened in this region, as an enablement to 
its imbalance [21]. 
     Hence, a basic principle of coordination between both plans must be to limit 
the territorial uncertainty that the creation of an infrastructure would generate, by 
means of the creation of a ‘Threshold Scenario’ that quantifies the maximum 
growth that this infrastructure could cause, as well as the associated demands that 
would be produced. Utilizing this forecast of maximum growth, an evaluation 
must be made as to whether the expected growth would imply an acceptable risk 
for the affected territory or not. If the growth follows historical trends it could 
follow that the creation of this infrastructure would generate more damage than 
benefit, which may lead to its construction being rejected. So, using this tool, it 
would be possible to avoid the recurring phenomenon of recent years, where 
growth has always exceeded the forecasted scenarios, causing serious, mainly 
irreversible, environmental impacts. 
     In the case of the coast of Granada, after developing the Threshold Scenario 
associated with the creation of the infrastructure proposed in 2003 [21] (fig. 6), it 
can be seen that the increase of irrigated area that it could produce would be some 
four times higher than that generated in recent infrastructural jumps (fig. 7), 
causing a water deficit of almost 50 Hm3 [21]. The information generated by this 
Threshold Scenario would prove indispensable when deciding on the 
advantageousness or otherwise of this infrastructure, as well as for establishing 
preventative measures if the construction is finally completed. In this way, the 
maximum demands would be limited and programmes could be established that 
augment the available water resources (improve the efficiency of networks, water 
re-use, desalination) and generate a strategic reserve against a possible increase in 
consumption. This would avoid the ‘improvisations’ that are produced when 
demands exceed forecasts, which generally lead to the use of subterranean 
resources when surface resources are insufficient. This has generated the over-use 
of most coastal aquifers throughout the Mediterranean, many of them already 
irreversibly so [47]. 
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Figure 6: Threshold Scenario associated with the channel from the height of 
400 metres on the coast of Granada. 

 

 

Figure 7: Agricultural growth corresponding to the Threshold Scenario 
associated with the channel from the height of 400 metres on the coast 
of Granada. 
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4 Conclusions 

According to the study, the increase in the availability of water through 
construction of hydraulic infrastructure as a response to the growth of demand, has 
not affected a decrease of the water deficit, but rather to the contrary, it has caused 
an unsustainable situation that is having serious environmental consequences. This 
has happened because the growth forecasts in the plans have been totally exceeded 
by the actual growth, leading to a ‘water shortage’ that has established a 
considerable fragility in the territories and has caused serious conflicts over water 
usage. Therefore it is necessary to establish strategies of coordination between 
Land Use Planning and Water Resource Management, which enable sustainable 
scenarios to be generated, putting an end to this recurrent phenomenon. Thus, the 
creation of ‘Threshold Scenarios’ facilitates the quantification of maximum 
growth that can be generated and the evaluation of the advantageousness of 
constructing new infrastructures, limiting the uncertainty and risk generated by the 
expectation of growth in a territory, and establishing preventative methods that 
avoid future mismanagement of the water resource. In this way, the planning of 
the hydraulic infrastructures are carried out without forgetting that they are a 
crucial element in Land Use Planning and that they play an important role in the 
development of regions, thus helping to improve the future sustainability within 
territories. 
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