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Abstract: During the last three decades, like many other Mediterranean states, Spain has intensively
promoted the modernization of irrigation, focusing mainly on the introduction of pressurized
irrigation systems. Following 30 years of investment, a shift in irrigation policies is needed to solve
some of the deficiencies in this modernization process and to incorporate new measures to cope
with upcoming challenges generated by international markets, climate change and other social
and economic processes. This paper describes and analyses the results of participatory research
carried out with the water user associations in the autonomous region of Valencia, in order to define
post-modernization irrigation policies. A survey and 24 local workshops involving 304 water user
associations were conducted during the irrigation season of 2018 in order to form an assessment
of the sector and design new irrigation policies. The results show that after 30 years of important
investment, the obsolescence of the infrastructure has become the current main priority, making
farmers dependent on public subsidies. New necessities have also emerged, such as renewable
energies and nonconventional water resources, which farmers consider indispensable in order to
reduce operating costs and guarantee water supply.
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1. Introduction
The twentieth century was the century of the expansion of irrigation. The world’s
irrigated areas increased from 63 million ha (Mha) in 1900 to 306 Mha in 2005 [1], stimulated
by the consideration of water as a key economic asset, population growth, technological
changes and the mass mobilization of water resources. However, at the end of the last
century, increasing pressure on water resources motivated the revision of this hydraulic
paradigm and a shift towards the pursuit of irrigation efficiency. This process, frequently
termed modernization, has been driven by farmers, companies, governmental agencies,
and supported by international organizations [2–4] in various regions of the world. It
has generally involved the adoption of various pressurized irrigation techniques. Today,
25% of the world’s irrigated areas use these techniques, 60% in developed countries [5],
while an undetermined area has opted for concrete-lined channels and other efficiencyoriented techniques.
In Mediterranean countries, national and regional governments have supported these
irrigation modernization programmes, with subsidies covering between 40 and 100%
of investment in different countries [6,7]. The participation of farmers’ associations in
these modernization processes has reached different levels, conditioned by the unequal
robustness of collective management institutions in each country [7]. As a result of these
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processes, pressurized irrigation has rapidly expanded, reaching approximately 10.7 Mha
in the last decade—48% of Mediterranean irrigated land [8].
The rapid technological shift has provoked numerous changes in irrigation practices
and institutions [9–13], water management and water resource savings [14–19], and energy
costs [20–22]. Some of these changes were more or less explicitly defined as objectives of
the modernization mission, but many others are unforeseen effects caused by the lack of
an ex ante integrated analysis of both irrigation management and technological change
processes [23–25].
The extensive scientific research in this field proves that, after three decades of investment and transformation, irrigation policies need to correct the unexpected negative
effects of these modernization processes (rebound effect on water consumption, increased
energy costs or loss of social control [13,16,20,22]), while at the same time new measures
are required to cope with upcoming challenges generated by international markets, climate
change and other social and economic processes. Researchers have paid major attention to
the development of new techniques to improve the efficacy and efficiency of irrigation, and
a rallying call for a second generation of modernization, mainly based on remote sensing
and information and communication technologies (ICTs), can be inferred from numerous
recent studies and institutional recommendations [26–28]. These works are mainly oriented
towards the most dynamic and innovative irrigation clusters and water user associations
(WUAs), and rarely to smallholding agriculture or traditional irrigation.
Literature focusing on the regional scale, which would enable a wider typological
scope of irrigation systems to be considered, is scarce, and these approaches rarely pay
attention to the farmers’ perceptions, which play a key role in irrigation modernization
processes. For these reasons, this paper focuses on the autonomous region of Valencia
(Spain) to analyze the results of participatory research [29] carried out with the majority of
the WUAs in the region, with the goal of redefining irrigation policies for the next 20 years.
This Mediterranean region has made a significant financial and technical commitment
to stimulate irrigation modernization during the last three decades, as have many other
regions in Spain [30]. Therefore, it represents an interesting case study to observe how
farmers tackle the effects of the past modernization processes and how they envision
post-modernization irrigation policies. It is a worthwhile experience for others of the
numerous semiarid countries that have undergone or are developing similar policies of
modernization of irrigation systems [6,7,31].
The paper has four main objectives. First, to identify farmers’ and WUAs’ problems
after a process of irrigation modernization lasting three decades; second, to identify farmers’
and WUAs’ priority measures to overcome their current challenges; third, to identify the
consequences of the irrigation policies focused on the subsidized adoption of pressurized
irrigation techniques; and finally, to reflect on the changes that have taken place in the
irrigation modernization paradigm in the last three decades.
The paper is structured as follows: first, the methodological aspects are described;
second, the quantitative results of the assessment and measure design tasks carried out
by the WUAs are presented; subsequently, in the discussion section, the data is analyzed
using the notes taken during the workshops and relevant literature; and finally, some brief
conclusions are drawn.
2. Materials and Methods
The study area encompasses the irrigated lands of the autonomous region of Valencia,
on the eastern Mediterranean coast of Spain. The region is host to a varied array of
irrigation landscapes: small traditional terrace systems in mountain areas; rice paddy areas
in wetlands; large canals built by the state during the twentieth century; groundwater
areas for vineyards, fruit and olive production; and a vast citriculture area (180,000 ha)
provided both with groundwater and surface water from historical channels. In total, there
is an area of 336,000 ha of irrigated land [32], of which 32% is supplied with groundwater,
60% with surface water and 7% with nonconventional resources. Most of the irrigated
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lands (72%) use pressurized systems, and 28% retain gravity irrigation [33]. Smallholdings
predominate markedly. The mean size of farms is 5.5 ha and the mean size of irrigation
plots is 0.52 ha [34]. Part-time farming accounts for over 40% of the area [35], while a
dramatic ageing process threatens the generational renewal of farming activity (the mean
age of farmers is 64.5) [36]. The vast majority of the irrigation systems are collectively
managed through WUAs. Both the regional and national governments have provided
subsidies for WUAs to modernize their irrigation systems since the 1980s, particularly after
1995, through their departments for agriculture and water management. These subsidies
covered 40–50% of costs for local investments and 100% in the case of general-interest
investments. The Basin Authorities (Confederaciones hidrográficas), belonging to the Ministry
of the Environment, are the institutions authorized to control water rights, water allocation
and water quality, and for the fulfilment of the European Water Framework Directive.
The first step in the participatory research was a survey sent in May 2018 to all the
WUAs in the region by email and post, which was answered by 214 WUAs, representing
approximately 68% of the irrigated land. This survey collected detailed information on
the structure, water resources, crops, infrastructures and costs from each WUA, and also
asked for an assessment describing the main problems faced by farmers, and the solutions
required or proposed by the WUAs to guarantee the viability of their agricultural activity.
With this information, and based on bibliographic sources, the region was divided
into 24 clusters according to agronomic, water resource and geographical criteria (Figure 1).
Most of the resulting clusters coincided with well-known geographical units or historical
districts (comarcas in Spanish). Some of them had supra-WUA institutions for the collective
defense of their common interests, which were contacted to organize and stimulate WUA
participation. The geographical criterion was not strictly adhered to. In three cases these
districts or geographic units were subdivided into two or three different clusters due to the
existence of irrigation systems with very different hydraulic characteristics and traditions,
while in two other cases several geographic units were merged due to the similarity of
their irrigation systems and the small size and number of the irrigated areas.
In each one of these districts, a local workshop was organized, to which all the WUAs
in the area were invited by email or telephone, directly or with the support of key local
agents such as members of the city councils or representatives of agrarian trade unions,
cooperatives or large WUAs. In total, 304 WUAs attended these meetings, representing
approximately half of the regional WUAs, but almost 80% of the irrigated lands in the
region. The meetings took place between June and November 2018. In general terms,
attendance to meetings was proportional to the size of the irrigated lands and number
of WUAs in each cluster. In three other cases, four WUAs that had been summoned to a
meeting were unable to attend it, or attended another, their votes being counted separately
and added to those of their cluster.
The workshops, with an approximate duration of between two and three hours, were
structured into three parts. In the first part, after a brief presentation of the goals and
tasks of the meeting, the moderator presented a preliminary assessment of the situation
of the irrigation sector in the district, based on the results of the survey. Afterwards, the
moderator opened a discussion among the representatives of the WUAs to complete or
correct the list of problems and challenges detected in the area, asking for the substantiation
of each fact or for additional contextual information where necessary. The issues were
recorded verbatim in the way the farmers freely expressed and defined them.
The second part repeated the dynamic of the first, but in this case the discussion
focused on the strategies, solutions and measures to be taken by both the WUAs and the
public administration (regional and national departments and agencies) to cope with the
challenges identified during the first part. The third part was dedicated to prioritization.
Farmers were required to grade all the items of the lists of problems and measures identified during the workshop according to a four-point scale for problems (irrelevant; low
importance; important; and very important) and measures (undesirable; low importance;
necessary; and critical). Only one vote per WUA was allowed, regardless of the number of
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After the voting, the workshop was formally closed, although in most cases discussions with farmers and regional government continued in different groups, which also
provided valuable information that some farmers did not want to share in public. A few
days after each meeting, the minutes written out by the research team were sent to all
the participants to give them the opportunity to review the results and conclusions of the
workshop and provide them with the opportunity to make corrections or provide any
additional information. The WUAs only corrected or clarified the opinions recorded in
the minutes in three of the 24 meetings. In two cases, the WUAs that could not attend the
meeting asked for the minutes and sent back an addendum including their views, needs
and proposals. Finally, the research team processed the results of the prioritization.
The information obtained from the workshops was reorganized and categorized. The
farmers raised 468 problems and 409 measures; however, many of them voiced identical
information using synonymous language or with different local nuances, so after the
meetings the results were standardized in the database into categories of 75 problem-types
and 83 measure-types. For instance, the measure-type “Improving tanks” corresponds to
four proposals from different meetings, in which it was expressed as “Improving tanks”,
“Improving existing tanks”, “Improving tank” or “Improving and renovating tanks”.
Once the typology and classification had concluded, the results were screened to avoid
duplication in vote counting, as shown in Figures 2–9.
Each meeting took place in an irrigation district with specific characteristics. Using
information from the survey conducted in May 2018 and statistical data [31,37,38], the
24 meeting areas were classified according to different water management or agronomic
variables, such as crop pattern, irrigation technique, water resource origin and water
resource availability. This allowed us to analyze whether farmers’ responses were somehow
conditioned by the characteristics of these three variables:

•

•

•

According to the official water planning instruments of the river basin authorities [37,38],
which estimate the water balance of all the water bodies in the region, four levels
of water resource availability were identified: first, areas with sufficient (positive
water balance) surface and groundwater resources; second, areas with insufficient
groundwater or surface water resources; third, areas with insufficient water resources
but receiving external resources from interbasin water transfers (Tajo-Segura or JúcarVinalopó); and finally, areas with both insufficient surface and groundwater resources.
Regarding the irrigation techniques used in these areas, using the information of our
survey, four categories were identified: drip (> 75%); surface (> 75%); mixed, with
drip predominance (50–75%); and mixed, with surface predominance (50–75%).
Water resource origin was established using the information collected in our survey
and in the Segura and Jucar Basin Authorities current (2015–2021) Water Plans [37,38]
and the different colored stickers used by farmers during the voting according to the
origin of the water resources. These were classified into three groups: groundwater
users, surface users, and mixed groundwater-surface users.

3. Results
3.1. Deficiencies and Challenges of the Irrigation Sector after Modernization
The main problem of the irrigation sector in the region, according to the WUA representatives, is the obsolescence of drip irrigation infrastructures, which was considered as
critical or important by 81% of the meeting attendees (Figure 2). Two further problems,
land abandonment caused by low profitability and lack of generational renewal and water
resource scarcity, also achieved a notable valuation (69 and 75%, respectively). The cost of
energy for irrigation was also highlighted in fourth position (67%), but was the most highly
voted issue as a critical problem (54%). Although objectively the WUA representatives
assessed these facts in a similar way, in most of the meetings their discourse focused on the
crisis of the agricultural system, defining farmers as an “endangered species” (Workshop 3,
Figure 1), and lamenting the lack of new “blood”, because “young people never pick up the
hoe, only the mobile phone” (Workshop 4, Figure 1). In some of the meetings, some local
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ities (21%), lack of support from the regional government (21%), or lack of coordination
between different departments and authorities in the regional and national governments
(24%). There was also a significant concern regarding the excessive atomization of the
institutions for collective management of irrigation; a particularly worrying aspect in some
groundwater-irrigated areas was that numerous small organizations had been created
during the twentieth century to tap the aquifers (27%).
Apart from the regional structural scarcity of water, WUAs identified 13 problem-types
related to water resources, some of which received a significant number of votes. Numerous
WUAs had a clear idea of the deficiencies in their water resource system, and had made a
prior assessment of the infrastructure needed for better-integrated management, or that
required the mobilization of more water resources. For this reason, the lack of integration of
local water resource management (41%) and specific problems of local water management
(23%) were also highlighted. Farmers explained that the lack of storage facilities such as
tanks or small reservoirs (40%) needed to be redressed to improve water management
within irrigation communities, but problems of integrated water management at local level,
and more specifically the possibility of using recycled wastewater, were also associated.
Perceived as a valuable alternative to exhausted traditional water resources, recycled
wastewater was frequently mentioned by the attendees, particularly regarding lack of
quality (34%), quantity (13%), and lack of infrastructure for distribution (22%).
Various problem-types related to maintenance tasks and costs appeared among the
25 most voted problem-types. Those related to drip irrigation expansion, algae and sediments in filters (36%), and theft of metal components (29%) seemed to be slightly more
significant than those related to traditional irrigation (channel deterioration 31% and maintenance 15%). It is also significant to highlight the lack of hydraulic and technical advice,
which was rated as important or very important by 34% of attendees. Finally, farmers
placed other problems on a third level (below 10%), some of them being more specific (for
instance, lack of other technical advice, legislation obstacles, etc.) and others more generic,
such as gender inequality (6%) or climate change (9%), which were far from being their
main concerns.
This order of priorities significantly changes when the WUAs responses are classified
according to different criteria. Considering water resource availability (Figure 3), in those
districts with sufficient water resources, land abandonment was clearly indicated as the
main problem (83%), while drip irrigation and gravity irrigation infrastructure obsolescence
(51 and 53%, respectively) were also highlighted. Lack of water was valued by 33%
WUAs as important or very important. In areas with partial or total insufficiency of water
resources (Figure 3b,d), lack of water resources ranked in second (53%) and eighth (42%)
place, respectively, with energy consumption costs regarded as the main problem (64% in
both areas). Obsolescence was the second biggest problem, sharing this position with land
abandonment in areas with moderate abundance. In areas with insufficient local resources
and receiving external transfers (Figure 3c), lack of water was a less significant problem,
and only 22% of WUAs identified it as critical. In these areas, nine problems ranked higher,
mainly lack of infrastructure for integrated water resources management (IWRM) (63%),
lack of quality of recycled wastewater (60%), irrigation network obsolescence (47%) and
lack of small reservoirs for irrigation regulation (44%).
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cence (both 35%). On the other hand, in groundwater and mixed areas, concerns concenand local regulation reservoirs (44 and 41%) and water shortages (43 and 58%). Mixed areas
trated on energy costs (66 and 63%, respectively), network obsolescence (58 and 63%), lack
presented a significantly higher concern for land abandonment (53%) than in groundwater
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areasregulation
(33%). reservoirs (44 and 41%) and water shortages (43 and 58%).
Mixed areas presented a significantly higher concern for land abandonment (53%) than in
groundwater areas (33%).
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3.2. Proposal and Prioritization of Measures
At the regional level, to improve the situation of the irrigation sector, farmers expressed
a significant preference for one measure: the development of public plans for the renewal
of drip irrigation networks (66% of votes regarding it as important or very important). In
some meetings, farmers underscored the necessity of retaining public subsidies (18%) and
some called for these subsidies to be conditional upon the compliance of some specific
objective or indicator (18%). Some way below these concerns, farmers appealed for the
construction of new tanks and small regulation reservoirs (49%). The construction of new
storage facilities of up to 2 Mm3 capacity, was aimed at regulating irrigation at the local
or district level, and, in some cases, it was also planned to facilitate wastewater reuse or
conjunctive use projects. The improvement of existing tanks was also mentioned by 17% of
voters (Figure 6).
After these infrastructural measures, farmers called for a further two related measures:
infrastructure and management measures to improve IWRM at the district or local level
(42 and 45%, respectively). Infrastructure measures to improve IWRM included a wide
array of engineering solutions that varied locally, including pipelines and pumping stations
to enable wastewater reuse or desalinated water distribution, weirs to divert water from
some nonregulated small rivers, and well interconnection systems to improve conjunctive
use, among others. Some of these measures are projects that have been designed during
the last 30 years and are well known at the local level, but have never been executed. Management measures to improve IWRM included actions such as developing drought plans
and integrated management plans, incorporating available recycled wastewater resources,
and either employing or maximizing the use of some existing conveyance infrastructures.
After these four priorities, the WUAs called for more training and technical advice,
primarily addressing farmers (39%), but also technicians working in irrigation communities
(23%). Aspects to be covered by this support were also specified during the meetings,
highlighting hydraulic advice for drip irrigation management (22%), training for legal
and administrative tasks to improve communication with the regional department of
agriculture and the basin authorities (18%), and for photovoltaic technologies and quality
control. Farmers also asked for the basin authority to maintain stricter control over public
water resources (16%).
The sixth measure, the installation of photovoltaic systems (33%), is not only linked
to hopes of curbing energy costs as much as possible but also to some comments on
the difficulties of obtaining areas in which to locate this infrastructure. This led some
farmers to call for other types of renewable energies as an alternative (21%). Along with
these demands, WUAs ranked in ninth position the installation of new drip irrigation
systems (40%).
More than one in four attendees (26%) prioritized the improvement of wastewater
quality, mainly to reduce the salinity of the effluent, as a key strategy to boost the reuse
of the current resources in order to overcome the structural water scarcity. A further 23%
highlighted the need for automation devices for drip or gravity networks. Finally, it is
important to note that the seventh place in the ranking was for an institutional measure,
expressing the necessity to create collective institutions to coordinate or integrate the
existing WUAs (28%); this being particularly relevant in some groundwater areas with an
overly atomized institutional structure and governance problems.

Agriculture
FOR PEER REVIEW
Agriculture2021,
2021,11,
11,x 317

11 11
of of2221

Figure 6. Measure evaluation: results of the attendee assessment evaluated in terms of percentage of
Figure 6. Measure evaluation: results of the attendee assessment evaluated in terms of percentage
total votes.
of total votes.

As with the assessment, the prioritization of measures showed different patterns
As with the assessment, the prioritization of measures showed different patterns acaccording to the availability (Figure 7) and origin of water resources, and the irrigation
cording to the availability (Figure 7) and origin of water resources, and the irrigation techtechniques (Figure 8). Regarding water security, in those areas with a certain abundance of
niques (Figure 8). Regarding water security, in those areas with a certain abundance of
water resources (Figure 7a), the focus was mainly on channel network maintenance (80%),
water
resourceson(Figure
7a), the focus
was mainlypower
on channel
network
maintenance
(80%),
and secondly
the installation
of photovoltaic
stations
(55%). WUA
representatives
and
secondly
on
the
installation
of
photovoltaic
power
stations
(55%).
WUA
representaalso demanded greater efficacy on the part of the regional department of agriculture when
tives
also demanded
greater efficacy
on small
the part
of the regional
department
of agriculture
it comes
to project development
(53%),
reservoirs
for irrigation
regulation
(47%), and
when
it
comes
to
project
development
(53%),
small
reservoirs
for
irrigation
regulation
the expansion of the irrigated area over traditional rain-fed areas through supplemental
(47%),
and the
expansion
of the
irrigated and
arearesilience
over traditional
rain-fed
areas through
supirrigation
(44%)
to increase
production
to droughts.
Network
maintenance
plemental
irrigation
(44%)
to
increase
production
and
resilience
to
droughts.
Network
was also the most voted measure in areas with partial (78%) or total (83%) local water
maintenance
was also the
most voted
in areas
with
partial
or total
(83%)
resource insufficiency,
followed
by themeasure
construction
of new
tanks
and(78%)
reservoirs
(67%)
and
local
water
resource
insufficiency,
followed
by
the
construction
of
new
tanks
and
drip irrigation installation (52%) in the former case, and installing photovoltaic energyreser(64%)
voirs
and
drip irrigation
installation
in the
case, and on
installing
and (67%)
building
irrigation
reservoirs
(59%) in (52%)
the latter.
In former
areas depending
externalphotosupply
voltaic
energy
(64%)
building
irrigation
in the latter.
areas desources
(Figure
7d), and
the most
valued
measurereservoirs
was that (59%)
of improving
treatedInwastewater
pending
on external
supply
sources
(Figure 7d),
the most valued
measure
was that
of imquality (65%)
in order
to facilitate
agricultural
reutilization
(reducing
the impacts
of salinity).
proving
treated
wastewater
quality
(65%)
in
order
to
facilitate
agricultural
reutilization
It was followed by the demand for new pipelines in order to interconnect this area with

Agriculture 2021, 11, x FOR PEER REVIEW
Agriculture 2021, 11, 317

12 of 22
12 of 21

(reducing the impacts of salinity). It was followed by the demand for new pipelines in
order to interconnect this area with small neighboring basins with temporary water resmall
basins
with temporary
water for
resource
(57%),
management
sourceneighboring
surplus (57%),
or management
measures
IWRMsurplus
(55%), such
asor
maximizing
the
measures
for
IWRM
(55%),
such
as
maximizing
the
use
of
coastal
desalination
plants.
use of coastal desalination plants.

Figure
inin
terms
ofof
percentFigure7.
7. Measure
Measureevaluation
evaluationaccording
accordingtotowater
waterresource
resourceavailability:
availability:evaluated
evaluated
terms
perAgriculture 2021, 11, x FOR PEER REVIEW
13re-of (c)
22
centage
of total
(a) Sufficient
resources;
(b) Insufficient
groundwater
or surface
age
of total
votes.votes.
(a) Sufficient
waterwater
resources;
(b) Insufficient
groundwater
or surface
resources;

sources; (c)local
Insufficient
local
but external
transfers; (d)
Insufficient and
groundwater
and
Insufficient
resources
butresources
external transfers;
(d) Insufficient
groundwater
surface resources.
surface resources.

Obviously, the renewal of drip irrigation networks was placed far ahead of other
measures in drip irrigation areas (Figure 8c,d), and channel renewal was the most voted
for measure in gravity irrigation areas; however, in areas that predominantly used gravity
irrigation (50–75%), drip irrigation renewal was in higher demand than channel renewal.
The highest support for drip irrigation network renewal (92%) was recorded in groundwater areas (Figure 9), where votes for this measure tripled those received for the second
most voted measure.
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Obviously, the renewal of drip irrigation networks was placed far ahead of other
measures in drip irrigation areas (Figure 8c,d), and channel renewal was the most voted
for measure in gravity irrigation areas; however, in areas that predominantly used gravity
irrigation (50–75%), drip irrigation renewal was in higher demand than channel renewal.
The highest support for drip irrigation network renewal (92%) was recorded in groundwater areas (Figure 9), where votes for this measure tripled those received for the second
most voted measure.
4. Discussion
4.1. More Subsidized Water Saving Infrastructures?
After three decades of strong public investment in the modernization of irrigation
systems, the regional irrigation sector faces new challenges, emanating both from a new
economic and environmental context—associated with climate change and the globalization
of agricultural markets—as well as from the irrigation modernization process itself. In this
sense, it is particularly interesting to observe how, during the workshops, the measure in
highest demand was investment in new infrastructure works to renovate the irrigation
facilities, which have already become obsolete or will deteriorate in very few years. This
measure was mainly voted for in groundwater areas (92%), probably because these zones
were the first to install these systems [39].
This fact highlights the limited durability of the pressurized irrigation technologies
installed in recent decades. In some cases, the materials themselves have caused the
system’s deterioration, but in others, the necessity to replace or renovate infrastructure is a
consequence of the early introduction of immature technology to inexperienced farmers
and irrigation communities, through a process stimulated by industrial providers and easily
accessible subsidies [13]. At the same time, infrastructure obsolescence and deterioration
reveal the dependence on future investment needs that was not taken into account when the
modernization of these irrigation systems took place. Due to the significant involvement
of the regional and national governments in financing the modernization process, this
dependence also affects the political commitment of the state, which will be pressed to
maintain a high level of economic support for investment in the renewal of irrigation
infrastructure. In fact, the participating farmers also expressed during the workshops,
both in the voting and in the subsequent conversations, the need for both the regional and
national governments to continue subsidizing investment in irrigation.
According to the results of the workshops, the expansion of drip irrigation has not
yet finished, and irrigation communities still expect to introduce this technique—with
the support of the regional or national governments—in another 42,000 ha, which would
set the ceiling for this irrigation technique at 242,000 ha, or 81% of the current irrigated
land. In the future, it may only be absent from two types of landscape: first, the small
traditional irrigation systems in mountain areas, where pressurized irrigation only appears
in a few isolated projects involving the transformation of formerly rain-fed areas; and
second, two large historical huertas (market gardens) of outstanding heritage and cultural
value, the Vega Baja del Segura and the Horta de València (Figure 1, clusters 3 and 13),
where users—and elements of society—prefer to opt for other forms of modernization
that are more respectful of this legacy. In the first of these two workshop-areas, farmers
argued that “the term modernization has been perverted”, by reducing it only to drip
irrigation and marginalizing other alternatives to improve irrigation efficiency in traditional
networks. Farmers in the protected area of the Horta de València (declared a Globally
Important Agricultural Heritage System by the FAO and host to a Ramsar site) shared
these opinions and called for the recognition of the environmental and cultural services of
traditional irrigation, demanding the creation of some sort of economic compensation for
these services.
The modernization program launched by the national and regional governments in
the mid-1990s had two main objectives: to increase irrigation efficiency to bring about
water saving, and to increase productivity. However, the importance of the first objective
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in the messages sent through the mass media eclipsed the second. In 1995, the Master Plan
for the Modernization of Irrigation in the Valencia Region [40] had admitted a situation of
growing deficit that in some districts presented “dramatic overtones”. The solution should
be undertaken “through a strategy of saving, reusing and improving the efficiency of water
for irrigation”, based on a generous programme of public subsidies, under the coordination
of both the regional and national governments and the irrigation communities.
In contrast to assumptions underlying the regional and national irrigation policies,
recent research [41–45] shows that subsidy policies are unlikely to provide real water
conservation under some particular river basin conditions. In fact, the European Union
has stated that funding to improve irrigation efficiency is limited to those ways that are
consistent with the Water Framework Directive objectives and prevent the rebound effect [46]. However, according to the opinions expressed during the meetings, most farmers’
representatives do not perceive this rebound effect, because they cannot properly assess
the whole balance of the regional water cycle, and because drip expansion did not entail
irrigation expansion or agricultural intensification in the majority of the irrigated areas in
this region. On the contrary, they have observed a significant decrease in annual water volume use after introducing drip irrigation [47], and also substantial benefits in convenience
and production, which lead them to enthusiastically support drip installation [48]. The fact
that in this region drip irrigation expansion has not been accompanied by an increase in
irrigated land, but by a decrease due to land abandonment, has reinforced this perception.
In fact, during a few meetings, some drip users blamed gravity irrigation communities
for “wasting” water, and in one case, a gravity irrigation community refused to attend
the workshop to which it was invited, instead attending one in another district in order
to avoid being rebuked by its neighbors for not adopting drip irrigation. This reveals the
stigmatization of certain categories of farmers who are considered “reluctant” to change
and resistant to the wider modernization process—something that has been observed
in other world regions [49]. It is also significant that, while the lack of drip irrigation
networks was ranked as the 38th problem during the assessment, the necessity to install
drip irrigation systems was identified as the 9th necessity.
4.2. Water Security and Integrated Water Resource Management
Unexpectedly, water resource availability was not seen as the primary concern in
districts with the weakest water balances. Even in those districts with abundant water
resources, concern for water security ranked higher. The explanation for this paradox
is that in those areas lacking water resources, farmers’ associations have identified the
strategies and solutions to increase water resource availability and quality, and have clearly
formulated and prioritized these proposals, both in the assessment and in the design of
measures. This displaced water security to a less significant position. Water security is
a broad concept that is interpreted in different ways in agricultural systems—not only
from a conceptual perspective [50,51] but also in the way users perceive it in different
geographical contexts.
The solutions that farmers have devised to improve their guarantee of supply are
varied and depend on geographic attributes. In many cases, these are relatively simple
infrastructures such as new pipelines or small regulation reservoirs, aimed at achieving
better conjunctive use schemes by integrating the management of groundwater and surface
resources. However, the incorporation of wastewater and desalinated water for irrigation is much more complex and presents significant water quality, topographic and legal
constraints, with effects on the economic cost. First, desalination plants and most treated
wastewater plants are located in the urbanized coastal areas. This makes it necessary to
build pumping stations and pipelines to bring these nonconventional resources to agricultural users, in most cases overcoming great distances and topographical irregularities. The
Spanish legal framework for water also forces them to bear all the pumping costs necessary
to reuse the water, regardless of the elevation at which urban users take the resource from
nature (sometimes higher) and the higher economic capacity of urban users to absorb said
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costs. Secondly, to free up the use of these purified resources it is also necessary to incorporate desalination treatments, since the problem generated by the processes of marine
intrusion into the coastal sewage systems is often compounded by the intrinsic salinity of
urban wastewater. Third, the current Spanish legal framework transfers to agricultural
users the responsibilities (on the impact on consumers) derived from the use of water of
insufficient quality, which generates considerable legal uncertainties among farmers.
In short, the urban users in several districts do not return water resources in the
condition (quality) and to the place (altitude) where they took it from nature, this cost
being transferred to other potential users (agriculture), which is not in the spirit of the
Spanish Water Law or the EU Water Framework Directive. Farmers highlighted these facts
during the meetings and, in order to cope with these limitations, proposed different local
solutions, practically all of which were based on the premise of full financing by the state.
The legal framework makes it difficult to integrate unconventional resources into management systems. This fact is a corollary of the sectoral planning of large infrastructures,
through plans that facilitated investment, but did not overcome legal obstacles or correctly
identify potential users. Unlike what happened in Israel [52,53], where a good fit has been
achieved between the use of desalinated water (mainly reserved for urban use) and treated
wastewater (for agricultural use), in Spain the construction of desalination plants followed
a biased political approach [54,55], and was largely oriented towards an agricultural sector
that lacked the economic capacity to bear the desalination costs. Without a national strategy
involving legal reforms to integrate nonconventional resources, establishing a fairer and
more realistic distribution of economic and environmental burdens between agricultural
and urban users, regional governments could end up financing expensive local solutions
to overcome the existing legal difficulties.
4.3. The Water−Energy Nexus
The enormous investment effort in modernizing irrigation systems has generated a
significant increase in the agricultural energy consumption of the region, as the massive
adoption of pressurized systems requires an energy use that was unnecessary in traditional
gravity systems. If, prior to 1990, energy expenditure was basically limited to areas supplied
with groundwater, the massive pressurization of the irrigation networks has generated a
notable increase in irrigation tariffs in areas supplied by surface water, and a moderate
rise or stabilization in areas that use groundwater [47], as has also happened in other
regions [20,56–58]. This issue was underestimated during the process of public promotion
of drip irrigation and worsened after the changes introduced by the state to the agricultural
electricity tariffs in 2008 and 2013. In the latter change, popularly known as the “tarifazo”
(rate hike), energy tariffs increased by 80% [59].
Consequently, during the workshops, energy costs have been identified as one of
the main problems in the sector, particularly in those areas supplied by groundwater,
and also in all those where drip irrigation predominates. They have also been prominent
in citrus monoculture areas, where the increase in irrigation costs and other inputs has
coincided with the stagnation of orange prices. These areas are, consequently, those where
irrigators expressed a greater interest in the introduction of renewable energies during
the workshops. They have observed positive experiences in the region [60], with local
pioneer WUAs installing photovoltaic systems being able to recover the investment costs
in 10 years and reduce energy costs to near zero.
The recent development of renewable energies emerges as an essential opportunity to
reverse the growing trend in energy costs. In the case of photovoltaic energy, various factors
combine that make this technology a priority. Installation costs have fallen, and the recent
elimination of what was commonly known as the “sun tax” (RD-Law 15/2018) has notably
improved its competitive capacity. Furthermore, the introduction of photovoltaic systems
is aligned with the European Union’s energy strategy, reflected in several documents such
as the Commission’s Green Paper (8 March 2006) to provoke a new industrial revolution
and create a high-efficiency economy, energy, and low CO2 emissions; or the “Clean Energy
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Package for all Europeans” committed to reducing CO2 emissions by at least 40% by 2030.
This public commitment is perceived by farmers as an opportunity to obtain financial
support from the regional and national governments to introduce photovoltaic energy,
and consequently reduce energy costs. Climate change policies and agricultural economic
interests are converging.
The installation of photovoltaic power stations in some districts is faced with a lack
of available land, a fact that led some farmers to suggest investigating the use of other
renewable energies, or for other alternatives to have been proposed locally. This is the
case of the citrus growing area of the Millars River (20,000 ha), where some irrigators have
requested public financial support to move the historical intake point 15 km upstream, in
order to achieve a sufficient altitude to be able to pressurize their drip irrigation networks
through gravity. This is potentially an interesting solution for farmers, but the impact on
the ecological flow on river reach should be assessed in this type of initiative.
4.4. Beyond the Infrastructure
In addition to the notable increase in energy consumption, the massive adoption of
drip irrigation sponsored by the public sector has generated other problems in the region.
One of those most frequently identified, as other authors have already highlighted [48,61],
is the theft of metallic materials from new infrastructures (rated as the third problem in
predominantly drip areas), which adds unforeseen costs to the O&M tasks. However,
aside from the infrastructure, during the workshops, farmers’ representatives criticized
the infrastructural bias of the modernization mission. They denounced the lack of training
support and advice that would allow them to make more efficient use of new technologies
and that would also facilitate the resolution of administrative and bureaucratic problems.
This training was demanded for farmers in general, and specifically for technicians hired
by the irrigation communities. These training activities were the fifth most demanded
measure in the region, and were mainly supported in those areas where drip irrigation had
become clearly predominant.
This was not the only social or institutional measure requested by farmers. Many
workshops revealed the need to create communities of users at the district level (general
communities or central boards according to the Spanish legislative framework) that would
integrate different irrigation communities, in order to achieve better management of the
resource and reduce management costs. Previous studies have already noted [47] that
the process of transformation to drip irrigation has resulted, in many territories, in a lost
opportunity to promote merging processes of small irrigation entities. In several of the
meetings, the users were in favor of starting these processes, but in two different workshops
they stressed that the existence of a common infrastructure to share is a key catalyst for
these processes (or a common access to water resources), since this forces the launch of
collective management action, beyond the mere coordination of the shared use of an aquifer
or a river section with individual access points. This is consistent with the idea that having
well-defined boundaries of the resource-system is one of the main drivers for sustainable
collective action [62–64].
5. Conclusions: The Post-Modernization Era
Most of the irrigation modernization policies have focused on the provision of infrastructures and new technologies to improve the efficiency of the conveyance and application
of irrigation water. These policies have been predominant in most arid and semi-arid
countries [7,30,31,42,65–67], and in many cases there has been no regional-scale reflection
on their effects, nor a participatory exploration on what direction future policies should
take. This study has sought to cover part of this deficit by trying to identify, over a very
broad sample set, how irrigators value where these policies have led them and where
they want to go—in other words, how they cope with the post-modernization era for
irrigation, a new stage after a prolonged period of technical changes and investment efforts,
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which has led irrigators in Spain—and probably in many of the world’s arid and semi-arid
regions—to face both new challenges and old problems.
For nearly three decades, the WUAs of the autonomous region of Valencia have followed a subsidized irrigation modernization programme, whose main official objectives,
according to its legal formulation, were to improve irrigation efficiency in order to save
water, and to increase agricultural productivity. Unfortunately, after 30 years, and because
of multiple factors, the original policy goals are far from being achieved, as this research
demonstrates. The assessment made by the water users highlighted farmers’ concern for
both the lack of water resources and the processes of land abandonment due to the lack
of profitability of agriculture. Despite this, farmers continue to demand investments in
drip irrigation to improve their convenience and productivity and, as our results show,
perceive less risk of land abandonment in those areas already using pressurized irrigation.
They highlight the need for other farmers to use these techniques to reduce water demand,
although scientific literature has questioned this effect [68,69]. There is a clear discrepancy between farmers’ perceptions and academic research, which leaves policymakers of
numerous world regions in a difficult situation.
Modernization policies have brought about, among many other changes, two new
problems in the region: they have generated a strong need for investment for the renovation
of drip irrigation infrastructures and have increased the vulnerability of farmers to the
increase in the energy tariff. For irrigation, the post-modernization era reveals a context in
which old weaknesses persist and new problems caused by thirty years of modernization
emerge. Consequently, farmers resort to both well-known formulae and some innovative measures. Along with supporting investments to renovate or expand water-saving
infrastructures, irrigators demand an improvement in knowledge, through training and
advisory actions, as well as various legal and institutional changes. In addition, they aspire
to change the irrigation energy model, mainly through the incorporation of photovoltaic
energy, in line with the decarbonization suggestions made by international authorities
to mitigate climate change. Although climate change is a clear objective of the national
policies, farmers are not motivated by this global crisis, but by reducing irrigation costs.
The interests of the public sector and users are different, but they converge in the same
solution, the use of solar energy.
Between the initial assessment and the proposal of measures, several problems were
side-lined or only partially answered. Land abandonment is the clearest example of this.
Farmers found no way to overcome this situation, which demands a more complex and
detailed analysis and measures that go beyond the regional policies and the modernization
strategies. Meanwhile, WUAs are trapped on a hamster wheel, demanding and planning
infrastructure investments while being strongly dependent on the injection of public
investment to sustain their endurance, in order to cope with the challenges of climate
change and an unfavorable market.
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