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Abstract

Irrigation is crucial for agricultural production in many parts of the world. However, irrigated agricul-
ture has been found to damage ecosystems and contribute to water scarcity. Concurrently, the need for
irrigation is increasing due to rising demands for agricultural products and climate -chdnced
alterations in rainfall patterns. To preserve ecosystem services and humaeinglhile augment-

ing agricultural production, pathways towards a more sustainable water management are needed.
Forming part of the internation&@ustainable Agricultural Intensification Pathways in Europe (SI-
PATH) project this thesis aimed to further understand agricultural irrigation development amd its i

pact in the context of sustainabilifiwo study sites in Northern Spain with different irrigation system
trajectories were researched, namgdnta Maria del Parani8MP) andSanta Maria de la Is{&MI).

A combination of document analysis, interviews, aerial photograph and satellite image analysis was
applied. The mixegnethods approach served to examine the irrigation development since 1970, driv-
ers of the irrigation system trajectories, landscape changes and their irrigdaition, and sustaina-

bility outcomes of two irrigation systems used. The results showed that aerial pipes (AP) were partial-
ly introduced for orfarm sprinkler irrigation at both study sites from 1992 onwards, complementing
flood irrigation. At the SMP study site, underground pipe networks (UPNSs) tied to a land consolida-
tion were established on the landscape level from 2005 onwards, completely replacing flood irriga-
tion. Driving forces shared by both developments include water use efficiency, productivitytk

comfort and quality of life. Th&JPN wasin the interest of a greatéiversity ofactors andurther

driven bynational and regional agricultural policies, ambitions to foster rural developameiar-

ket growth and commercializatioA. reduction in structural diversity through the removal of land-
scape elements and enlargements of parcels was prevalent with the UPN establishment. The UPN was
furthermore associated with water use rebound effects. While its social sustainability outcomes were
mainly rated positive, lorgerm economic farm viability and vulnerability of farmers to droughts
were contested. Considering that the irrigation development researched fits into the trenebidsemi
regions and considering plaf@ future UPN establishments, a further negotiation of sustainability
tradeoffs recognized seems crucial. Suggestions towards more sustainability also anchitkena-

tive funding scheme for irrigation costhie preservation of seminatural habitats in agricultural land-

scapesanda shift from efficiency increases towards evaporation management
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1 Introduction

1.1 ProblemStatement

To grow food, we need water. Rainfed agriculture relies on water from rainfall, and irrigated agricul-
ture depends on freshwater from rivers, lakes, and ag@fa, 2020) In many parts of the world,
irrigation plays a key role in agricultural producti®relasceMufioz et al., 2019)However, irrigation

has been found to contribute to water scar(@gherer & Pfister, 2016 Agriculture worldwide ac-
counts for 72% of water withdrawalsIN-Water, 2021)and irrigated agriculture is by far the largest
user of freshwatefVelascoMufioz et al., 2019)Considering that 2.3 billion people currently live in
countrieswith water stres§UN-Water, 2021)water scarcity isnd continues to bef paramounton-

cern (Scherer & Pfister, 2016)Me are not on track to achieve the Sustainable Development Goal
(SDG) 6, which is to ensure the availability and sustainable management of water and sanitation for
all (UN-Water, 2021) Not only populations but alsoecosystems are negatively affected by water
scarcity(Wada et al., 2014AImost half of global water withdrawals are not compatible with sustain-
ing ecosystem servicéBAO, 2020) and irrigation has been found to contribute to ecosystem damage
(Scherer & Pfister, 2016)rrigated agriculture isencecrucial on thepath to more sustainabilifyAn-

tunes et al., 2017Action for more sustainable water management is also urgently needed for agricul-
ture itself,considering thatore than 60% of irrigated cropland is highly wattressedFAO, 2020)
Furthermore, rainfall patterns are already being altered by climate cldelgsceMufioz et al.,

2019) which leads to water shortages in rainfed agriculture, puts livelihoods and food security at risk,
and increases the need for irrigati&AQ, 2020.

The global demand for agricultural products is expected to further rise in the next ddiaukas et

al., 2011; Wirsenius et al., 2010jo meet this demand and maintain the competitiveness of agricul-
tural sectors, there is a call to continuously intensify agricultural production pro¢Bssgset al.,
2018) While agricultural intensification may help to meet the challenges of increasing food demand
(Varghese, 2020Q)many agricultural practices adversely impact the environrfiéeivbold et al.,
2015;Tilman et al., 2011)Agriculture has hence been identifiéal majorly driveenvironmental deg-
radation in EuropeRe'eret al., 2020)Furthermore, agriculture is consideredbeone of the main
factors contributing to the complex formation of European landsogzesia, 200Q) Landscapes
have undergonand continue to undergchangedhat threatentheir sustainabilityPlieninger et al.,
2016) Especially rapid landscape changes can negatively impact biodiversity and hunbgeimel|
(Antrop, 2000; Tscharntke et al., 2005; Wu, 20T3)e maintenance of the perceived cultural and rec-
reational value of agricultural landscapes has also gained impo(&Gioete et al., 2009Jo sustain
human weHbeing anda healthyenvironment while increasing agricultural production, alternative

pathways with an enhanced degree of sustainability are nédddienstein et al., 2020)

11
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1.2 ResearchContext

To accommodate the necessities for future food security while sustaining the environment and im-
proving the quality of life, the concept of sustainable agricultural intensification (SI) has been sug-
gested(Pretty, 1997)and advocated by both scientists and policy maiddetfenstein et al., 2020)
Solutions that facilitate Sl need to be understood and assessed across various geographical and tem-
poral scales and contexts, because they are cesgiegific and multiple sustainability outcomes and
tradeoffs can emerge beyond the farm leglirgi et al., 2018)The operationalization of SI and ad-
dressing the associated challenges are the objectives &ustainableAgricultural Intensification
Pathways in Europe (SIPATH) project by tBaviss Federal Institute for Forest, Snow and Landscape
ResearcfWSL) (Switzerland) Agroscope (Switzerlandand the Vrije Universiteit (VU) Amsterdam

(The Netherlands). The interdisciplinary project started in 2018, and the main goals include (i) under-
standing the mechanisms of agricultural development in Europe over the past decades, (ii) assessing
future megarends and their potential impacts on agriculture in Europe, and (iii) identifying potential
pathways of sustainable agriculture intensificaiiBdrgi et al., 2018)Transformations and develop-
ments at farm and landscape levels are researched from a higterispéctive becaudastorical
processes shagéhe current state of agriculture (Jepsen et al. 2(8tbidies orland use and land-
scape changa Europe(Kuemmerle et al., 2016; Plieninger et al., 20i®)icatedstrongregional
differencesin changesThe SIPATH project hence condaatase studies in landscapes of distinct
characteristics across Euro@ne of these study sites is in the municipality of Santa Maria del Para-
mo, which belongs to theutonomous communityf Castilla y Ledn in Northern Spain. Oral history
interviews (OHI) with farmers were conducted at this site inl20Reyindicated major changén
agricultural irrigation since farmers interviewed started working in agricul8anta Maria del Para-

mo is the only study site within the SIPATH projétathas developed largescale irrigation system.
Further understandinthis agricultural irrigation development is crugiabnsideringthe contribution

of agricultural practices to the formation of landscapes,thadelevance of irrigated agriculture in

the context of sustainability
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1.3 ResearchGoals andQuestions

This thesis aim$o contribue to the research of land use change regarding a better understanding of
agricultural irrigationdevelopmentresulting landscape changesd associatedsustainability out-
comes.The main goatherefore mcludethe reconstruction dhe irrigationdevelopmenand its driv-

ersin Santa Maria del Paramo (Spaia$ well asassesdsg its landscapémpactsandecological so-

cial, and economisustainability outcomes. To achieve the main goal, a second study isiterpo-

rated for contextualizatiorhe reconstruction of the irrigation developnssantd driversat the study
sitescontributes to the SIPATH goal of understanding the mechanisms of agricultural development in
Europe over the past decad8sirgi et al., 2018)Assessing relateldndscape changes asdstaina-

bility outcomes may help tachievethe SIPATH goal of identifying potential pathways of sustainable
agricultural intensificatiorfibid). The research questions to achieve the goals of this thesis are the fol-

lowing:
I Which impact does the development of agricultural irrigation lavéhe landscape at two
study sites in Spain?

a) How was the agricultural irrigation developed at two study sit€agtilla y Ledn(Spain)

with different irrigation system trajectories?

b) What are the drivers behind the irrigation system trajectaieswhy did they differ be-

tween the sites?
¢) How did the landscape change during the same time span at the two study sites?
d) How are the landscape changes relatedgorigation systemtrajectories?
1. Which environmental, sociahnd economisustainability outcomes are associated with dif-
ferent agricultural irrigation systems?

a) How do the environmental, sogiahd economisustainability outcomes of aerial and un-

derground piped irrigation systems differ?

b) How are the sustainability outcomes reflected in different stakeholder perspectives?
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1.4 CaseStudy Sites

Within the SIPATHproject,a study perimeter &5 km? belondng to themunicipality of Santa Maria

del Paramdad beerselected(Figure 3. The municipality forms part of the El Paramaygion to-
gether with 20 other municipalities and 82 tow@arcia Martinez, 2020The location of the second
studyperimeterwas selected with the local project partner. The criteria for the selection in¢heled
occurrence of different irrigation trajectory to the first study site but similar land use, topography,
and climatic conditionsThe suitableperimeterselecteds in the area of Santa Maria de la Idkiglre

1), one of fivemunicipalitiesforming the Vega del Tuerto regiqlyuntamiento de Santa Maria de la
Isla, n.d.) As Figure 1 shows, dth study perimetersire located in thautonomous community of
Castilla y Ledn in Northern Spai#\yuntamiento de Santa Maria de la Isla, n.d.; Garcia Martinez,
2020) which is governed by thdlunta de Castilla yLedn The autonomous community comprises
nine provinceanited since 1983of which Lednis the province the study sitéglong to(Junta de
Castillay Ledn, n.d.aBoth study perimeters alswepart of theDueroRiver basin(GémezLimon &
Riesgo, 2009)The Duero River basiextends over 98,073 Kmof which 78,859 krhbelong to
Spain, and the rest of the aliegpart of Portugal(PardeLoaiza et al., 2021)The whole basin com-
prises 7Hartificial reservoirof large size with a capacity to store 7500 milliohahwater (ibid).

To the easbf the Santa Maria del Param{®@MP) study perimeterthe Esla rivepassesand to the
west the Orbigo riverflows by (Figure 1). To the south, the fluvial terraces of the union of the Esla
and Orbigo rivers begi(Garcia Martinez, 2020Yhe Tuerto river passes through Santa Maria de

la Isla(SMI) studysite. The SMP study site isituatedat 813 meters oéltitude (Ayuntamiento Santa
Maria del Paramo, na), and the SMI study site lies &B9meters of altitudéAyuntamiento de Santa
Maria de la Isla, n.d.Both study sites exhibit a smooth topographic relief and similar climatic condi-
tions. AMediterraneartype climate with continental characteristics such as low rainfall and large dif-
ferences irsummer and wintelemperaturess prevalen{GémezLimén & Riesgo, 2009)The aver-

age annual temperatuirethe provinces 11.9°C, and the annual rainfais around 40 mm (Junta de

Castillay Ledn, n.d.b)
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Figure 1: Location of the studgitesSanta Maria de la Isla (SMI) and Santa Maria del Paramo (SWMRp a.)shows
the location of the study areathe Duero River basiand the autonomous community of Castilla gri,enap b.show:
thelocation of thestudy perimeters anghunicipalities,map c.) shows the location of tastonomous community of
Castilla y Lén in Spain(own figure, data sources: Orthophoto by Instituto Geografico Nacional de Espafia (IGN
ministrative boundaries and hydrographic information@ynfederacion Hidrografica del Due(&€HD)).

Irrigated agriculture is of great economic importance at both study(8itestamiento de Santa Ma-
ria de la Isla, n.d.; Garcia Martinez, 20Z0)e history and extent of irrigated agricultuseelaborated

on in chapteR.3 Irrigated Agriculture in the CaseStudy Region
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Demographic characteristics of the two study sites differ. In 2022, the municipaBgntd Maria de
la Islacounted462 inhabitantgINE, 2022a) and the municipality oSanta Maria del Parantad
3065 inhabitant§INE, 2022b) Santa Maria del Parani@s a higher ratio of young inhabitants than
Santa Maria de la Isl&igure2 andFigure3).
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Figure 2: Age structure of population in Santa Maria de la Isla in 20®2n figure, cta source: INE 2022a).
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Figure 3: Age structure opopulation in Santa Maria del Paramo in 20@®vn figure, cta source: INE 2022b).
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2 State of theArt

This chapter presents an overviewlitdraturerelevant for the research goals and questionqrde

vide a basisland use change in Europe is firstly addressed, including the study of driving forces of
land use and landscape change. Secondly, the embeddedness of the topic of irrigation in research on
agricultural intensification and sustainable agricultural intensification is elaborated on. Theutiy,

ture on irrigation in the study site region is introducgkis allows to lastly present sustainability as-
sessmentsf agricultural irrigationthat have been carried out related to the case study ragibre-

search questions

2.1 Land UseChangein Europe

Agricultural land use in Europe has undergone major shifts in the past 20@hgtarsre researched

by Jepsen et al. (2015). Thecalled Intensification regime started before World War | in some Euro-
pean Countries, afte918in the others. In Northern Spaitine Intensification regimbegan around
1925(Jepsen et al., 2019puring this landmanagement regime, new technologies and mineral ferti-
lizerswere introducedCoinciding with industrialization and urbanizatiomarketoriented production
started to emerge. These practices were then fully implemented during the following Industrialization
regime, which homogeneously started in most European countries aroundrd880.990 onwards,
awareness of impacts of agricultural production on the environment increased, but intensive agricul-
ture still dominates Europe (ibid). Levers et al. (20d@gctedhe period of 199@007 for research-

ing agricultural intensity changes in Europe with a focus on yields and fertilizer application. Especial-
ly high yields and nitrogen application were found in Western and Central E(lrepers et al.,

2016) However, gricultural intensity is a complex phenomenon (ibidnhdagricultural intensifica-

tion is still considered an understudied lamsk change proceg¢gan Vliet et al., 2015)Land use
change processes and the impacts of these chargessearched within land use sciefRiadfuss et

al., 2008) butvan Vliet et al. (2016kound that the processes and impacts are mostly studied separate-
ly. The authors argue that land use science would benefit from further linking land use change pro-

cesses and their impacts.

To understand how and why land use and landscapes change, the study afalfedsioiving forces
has evolvedBiirgi et al., 2005; Plieninger et al., 201&ase studiegxaminedchanges and their
drivers in local to regional contex{§lottet et al., 2006; Bieling et al., 2013; Birgi et al., 205nd
metastudieshave been conducted igentify patterns on a larger scdlepsen et al., 2015; van Vliet
et al., 2015; Plieninger et al., 2018)distinction into proximate and underlying drivers is often found
within research on driving forcéMeyfroidt, 2016) Proximate drivergoncern local human actions,
underlying drivergefer to underpinning social and natural proce¢Béeninger et al., 2016Dther
authors prefer to avoid this distincti@Meyfroidt, 2016) so that the terrof driving forces exclusive-

ly designatedactors having contributed to chang@irgi et al., 2017)Burgi et al. (2017) use the
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term processegor entities upon which driving forces a&urgi et al.(2022)further outline eight re-

search avenues to advance the study of driving fofdesavenuesnclude the conceptualization of

the role of institutions as actoravenuel), for example through researching the interactions of insti-
tutions and other actors. Actorso decision makin
es @venue?), to account for the relevanoéactor decision making for land use change. Avenue 3 to

5 areconcered withhow landscape changes are researched. The aiteraliahighlight the im-

portance of analyzing landscape structuhed are not represented in pixebnd the need to imple-

ment flexible system boundaries to include the effects of distant driuanthiermore, qualitative and
guantitative information needs to be integrated for a comprehensive understanding of driving forces.
Avenue 6 calls for a conceptualization of driving forces as causal chains as by Mg@2diely to

uncover causalities of driverkand use regime shifts impede the anticipation of system changes

which leads to challenges that are addressed by averile #esults of teidies on driving forces

shouldthen be accessible, especially to people involved in planning and policy, to increase the appli-
cation of knowledge generated (avenue 8). These eight research awvenyuast only advance the

study of driving forces, but alsmntribute to a path towards more sustainabiBirgi et al., 2022)

2.2 Irrigation in the Context of (Sustainable)Agricultural Intensification

Many scientists, policy makerand practitioners agree that agriculture needs to safeguard food secu-
rity and simultaneously become more sustainable, but understandiagsstinablantensification

are manifold(Helfenstein et al., 2020and concepts arourslistainablantensification §l) are often
indistinct (Burgi et al., 2018)This is why the SIPATH project aims at the operationalization of the
broad conceptand at the identification of altermee pathways of Sl. Relatto the project, Varghese
(2020) provides an overview of how three branches of literature contributing to the assessment of Si
addressntensificationtrajectories andustainabilitytradeoffs. The three branches asestainability
assessment of agriculture, agricultural intensification anduaedntensificationand sustainable in-
tensification Regarding the sutlimensions of Sl, Varghese (202fifferentiatedagricultural produc-

tion, management intensity, landscape structure, and theirdffsdeith sustainability outcome¥ar-

iations how the literature branches address thedsubnsions of S| were fountlany frameworks

lack an operationalizatioacross multiple spatial scal€garghese, 2020A multi-scaleconceptual
framework to assess pathways towardsvds proposed bydelfenstein et al. (2020)The authors
stress the consideration of multiple dimensions of sustainability in future res@arandicator
framework that considers multiple sustainability dimenssohas been developed iogo et al.

(2022, for context specific sustainability assessrserfitagricultural intensity changa Europe

In literatureconcerningagricultural intensity changes and sustainable intensificatientopic of irri-
gation can be foundiogo et al. (2022rompiled aframework for sustainability assessment of agri-

cultural intensity changeyhich comprises different mechanisms of agricultural intensity change. The
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authorsidentified the investment in irrigation infrastructure as a mechanism of agricultural intensity
change operating in European agriculture, in the category of capital intensity. Adjusting the use of
waterwas also categorized as such a mechanism,aekat inputuse intensity. Irrigation area and
irrigation equipment can therefore be used as indicators of management intensity change, water effi-
ciency is seen as an indicator for agricultural productivity change. Both management intensity change
and agricultural productivity change are themes for assessing agricultural intensity change in Europe
(Diogo et al., 2022)In aliterature review o fields of action for sustainable intensification by Weltin

et al. (2018), the topic of irrigatias prevalenunder resource use efficiencyafield of action. Cor-
responding papers emphasize using fewer resquggel as irrigation wateor producing more out-

puts as pathways to enhanced agricultural produciivisitin et al., 2018)Water was thé¢hird most
mentioned resource within the approaches to increase resource use efficiency. According to Weltin et
al. (2018), topics like marginal water use and integrated crop water managdégarmeyr et al.,
2016)or rainwater harvestin(pile et al., 2013Wwere the focus of methods to increase water use effi-

ciency

2.3 Irrigated Agriculture in the CaseStudy Region

In Spain, the economic relevance of irrigated areas has been frequently higl{iRgideduez, 2011)
Spai nds irri ga t4% ofrthe sulticated area, @antrihutng neose thans50% of the
final agricultural productior(iAgua, 2019) In Castilla y Ledn irrigation transformations have be-
come a main measure for economic improvements in the agricultural sector since th@tgtna-
villa Herrero, 1998)

Garda Martinez (2020) assessed the changes in the use of water resources in the Paramo region of
Castilla y Lebnand the resulting economic and social transformations, from th@iméteenth cen-

tury to 202Q The author identified water as the main element of transformation, contributing to the
expansion of commercial agriculture. Major changes occurred from 1959 onwards, when the water
from theBarrios de Lunaeservoir allowed the use wfigation water on a larger scale th#re previ-

ous irrigation with wells (Garcia Martinez, 2020Yhe traditionakelf-sufficienteconomic order was
transformed into a productivist orientatifranco Pellitero, 1986)n combination with the applica-

tion of chemical fertilizers and the mechanization of agricultprattices enabled through the new
irrigation possibilities(Garcia Martinez, 2020 hese processes accelerated since 1992 with the ap-
plication of the Commomgriculturalpo | i cy ( CAP) and Spainds full
tions (Garcia Martinez, 2020; Alario Trigueros et al., 202&cording to Garta Martinez (2020)the

Horizon 2008 National Irrigation Plan of the year 200#iated transformations towarasr+demand
pressure irrigation through a network of underground pipes that channel thetaveaans This
transformation consolidated and continues to consolidtetecommercial agriculture modg@barcia

Martinez, 202Q)Regarding social chang@s the context of irrigated agricultuadter the arrival of
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the reservoir wateGarda Martinez (2020pescribedhe transformation of some family farms to ag-
ricultural companies, a displacement of women in the background, an increasing individualistic men-
tality of farmers and decreasing neighbourhood solidarity. Furthermore, the mechanization of agricul-
tural practicesdecreased the need for human resources and caosed depopulation thatontinues

into the presentccording to the author

As described in chaptdr4 CaseStudy Stes Santa Maria del Parant®longs to théaramaregion.
Hence the elaborations abow®y generallyaccount for the SMP study sitdowever, Girda Mar-

tinez (2020highlightedSanta Maria del Paramas more urbanized compared to its highly ruralized
surroundings, with a demographic evolution characterized by less emigration. The author mentioned
thatbesides changes agriculturalirrigation, a greater economic diversity of the town contributed

its distinctdemographic evolutiorhe otherstudy site irSanta Maria de la Isla partof the Vega del
Tuerto regionNo scientific literature could be fodron its local to regionspecifichistory of irrigat-

ed agricultureHowever,Rubio Pére£1997)mentioned the dependenaf agricultureonriver irriga-

tion watersince the middle age plains around rivers in Castillalyedn With theriver Tueto pass-

ing throughSanta Maria de la Isl¢his historial dependenemay account fothe SMI study siteFur-
thermoreJike SMP, the study sitbelongs to the DuerdRiver basin whereagriculture was character-
ized by weak links to urban and foreign markets, small family farms saltgufficiency prior to
transitions towards commercial agricultuas elaborated biyérez Romer¢2009) Low valueadded
irrigated crops dependent on subsidies have become dormirthet DueroRiver basinsince the ap-
plication of the CARRiesgo & Géme4.imon, 2005) and irrigated cereal crop productibagan to
characterize agriculturie the basifGémezLimén & Riesgo, 2009)From a scenic perspective, in-
creases in similar irrigated cultivations tend to homogenize the landscape in theRbuggrbasin
(Rodriguez, 2011An increasing landscape homogenization, increasing commercialization of irrigat-
ed crop production, andhé historic relevance of irrigation for agriculture may hence be shared by

both study sites, while more details on irrigatit@velopmentould befoundfor the SMP study site.

2.4 Sustainability Assessments d&gricultural Irrigation

Agricultural irrigation has been increasingly researched from the perspective of sustai(izdddity
co-Mufioz et al., 2019MelasceMufiozet al. (2019) analysed global research carried out on sustaina-
ble irrigation in agriculture in the period of 1999 to 20IBe authors identified four main research
lines within research on sustainable irrigatidime research lineégclude (i) climatic change, envi-
ronmental impact, and natural resource conservation, (ii) unconventional water resources, (iii) irriga-
tion technology and innovation, and (iv) water use efficie®pain was amongst the most relevant
countries for research on sustainable irrigafdglasceMurioz et al., 2019)Relevant topics in Spain
identified by the authommicludeenergy resource management, water productivity, efficienanvi-

ronmental protectionvelasceMuiioz et al. (2019¥ound an overalldominance of the environmental
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dimension in researabn sustainable irrigation in agriculture. The authors highlighted the necessity to
further integrate social and economic dimensions, but also noted the importance of more knowledge
regarding environmental impacts of irrigation practices on the local to the regional level.

A multi-dimensional approach to assess the sustainability of irrigated agricultural systems was devel-
oped byAntunes et al. (2017)Their framework coverthe four dimensions environmental integrity,
economic resilience and profitability, social weing and good governance. The authors applied
their approach to ten irrigated agricultural systeafsvhich twoare located in SpaifThe locations

of the framework application do not tangent the DuRixeer basin.The first site, in the east of Spain,

is dominated by large farms and intensive surface use, with cereal, vineyard, and alfalfa as main
crops. Similar economic characteristics to the study sites of this thesis therefore seem to be prevalent.
However, groundwater is the main water source, and groundwater exploitation has been identified as
central sustainability issue. In the dimension of social-ixeithg, unequal water distributions have
been highlighted byAntunes et al. (2017)This accounts as well for the secait® which is in the

south of Spainandis characterized by small farms with almond trees, olive trees, citrus, and medlar
as main cropdrrigated withsurface water, groundwater, areisedvater(Antunes et al., 2017Wa-

ter scarcity has been identified as main sustainability challiemghis site Due to differing charac-
teristics of the agricultural systems investigated by Antunes et al. (20&[@aracteristics ahe study

sites of this thesis, equivalesistainability outcomesannotbe assumed.

GbémezLimén and Sanchekernandez (210) developed a methodology to evaluate farm sustainabil-
ity using composite indicators that cowbe environmentalsocial, and economidimensions The
authorsapplied their methodologip two agricultural systems in Castilla y LedRainfed agriculture

in the countryside and irrigated systeimshe DueroRiver basin The indicators showed little differ-
ence between the two agricultural systems. The authors cod¢hatdarm sustainability in any agri-
cultural system is largely determined by elements such as the size of farms, the age of darmers
agroenvironmental paymen{&émezLimon & SancheZernandez, 2010The location ofoneirri-

gated systemesearchedby the authors hence tangents the studyrsigeonof this thesisbutit must

be notedhat the focus of the assessment lied on farm sustainability rather than on the sustainability of
irrigation. The assessmeptovides an insight into the sustainabilityiofgated farmsassembled in

one categoryn comparisorto rainfed farmsbut not on the sustainability outcomes of different irriga-

tion systems, which is the research interest of this thesis.

The sustainability assessmeelaboratedon aboveare focused on the current state of the systems
researchedlemporalscales are seldom discussed in sustainable agric{itarghese, 2020)s sus-
tainability assessmenits agricultural landscapassually cover one yedEichler Inwood et al., 2018)
Helfenstein et al. (2020) argue thataccount for outcomes at different points in timmeiltiple sus-

tainability dimensions across various temporal scales should be considered
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To the best of my knowledgap multrdimension sustainability assessmehirrigation systemshad
hencebeen carriecut for the study site region of this theditowever,environmental social, and
economic transformationglated to irrigation in the Dueriver basin can be encountered in litera-
ture. On the one handrigationin the DueroRiver basinhas been found to enable more diversifica-
tion of crops, harvest securignd thus allow farms to survitekatmay otherwise be too small to sur-
vive (Rodriguez, 2011)On the other handhé shift towards monocultutbat occurred in relation to

the development of irrigation was mentionedhive contributel to the decrease in the number of
farms to havecreatel more economic dependenoythe Paramaregion(Garcia Martinez, 2020)o

have leftfarmers with little bargaining power in the mark&onzalez de Molina, 2001and tohave
increasd contamination byesticideqGarcia Martinez, 2020The public opiniorin Castilla y Ledn
generally considers irrigated agriculture as posithesauseérrigated agriculturés perceived ason-
tributing to social welfardGoémezLimén & Ramos, 2007)Nonethelessa survey by Goémetimén

and Gomez Ramos (200fund that the regional society opposes the transformation of new areas
into irrigation.Demands fobudget to be used more efficiently in other public policies andesfsin

a stricter regulatory policy that minimizes environmental impdnt the regionwere expressed
(GOmezLimén & Ramos, 2007)
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3 Conceptual Framework

The present chaptedaborates oconceptualizationghat arepart of this thesis. Whilenostconcepts

have been mentioned embedded in literature in the previous chapter, this chapter focuses on their
adoption and adaptions related to the research goals and questions. The understanding of landscapes,
including agricultural landscapes, is firstly presented. Subsequently, the conceptualization of driving
forces of land use and landscape change, and how actors are included into the conceptualization, is
presentedThe incorporation of a conceptual framework on agricultural intensitysastdinablen-
tensification is therdescribed Lastly, the understanding of sustainability underlaying this thesis is
elaboratedn ands related to agriculture and outcomes of irrigation system

3.1 Landscapes

A landscape perspective is necessary to understand the effects of agricultural land use change
(Tscharntke et al., 2005 uman activities contribute greatly to landscape chafieia, 2000)and

the landscape scale has been found suitable to assess outcomes of agricultural, pnatiitieg
norrmarket outcomegHelfenstein et al., 2020; Kleijn et al., 202Qpnsidering that irrigatiomnelated

landscape changes are researched within this thesis, an elaboration on how landscapes are conceptual-

ized forms an essential basis.

In this thesis, landscapes are understood as complex and dy(#entnap, 2000) consisting and re-
sulting of interactions of natural and/or human fac{®&ksC, 2000) Taking a landscape approach,
bio-physical and socieconomicprocessesre ceconsideredat various spatial scales, which allows

to surpass sectoral approaches and to better account for complex land use ch@i@oges al.,

2017; Helfenstein et al., 2020)heinterconnection between livelihoods and ecosystems is hence rec-
ognized(Torralba et al., 2023)and the perception of stakeholders can be incorporated into the study

of landscape changéBurgi et al., 2017)

For the understanding of agricultural landscapes, the conceptualizatiased oliogo et al. (2022)
(Figure 4), becausehe authordocus on agricultural landscapes and consider multiple scales. The
conceptualization of multiple scales allows to capture diverse perceptions of staketididgoset

al., 2022)and to prevent the loss of relevant informat{®arghese, 2020)Agricultural landscapes
thereinconsist of farms, communitieand agreecosystemskarms are vieweds decisiormaking
unitsthat comprisegricultural fields Farm managers make decisions inter alia at the scale of agricul-
tural fields,by altering management intensity and landscape structure. Communities consist of inter-
connected actors of various roles. Agrmosystems comprise plants, animals, and microorganisms.
The natural and anthropogenic componasftagricultural landscapeare interrelated and partially
overlapping, embedded in the regional scaleluding distant regiongind the earth systerRegions

are the administrative entities, at which oftentimaevantpolitical decisions are made, and the earth
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system forms part of the conceptualization to account for outcomes at the globaTllsealéferent

scales are not fixed, btitey arecoherent entities with rather open boundariieisl).
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Figure 4. Conceptualization of agricultural landscapésvn figure,largely based on Diogo et al. (2022)Part a.) shows
interactions between anthropogenic and natural components operating across spatigl repaésented with arrowsart

b.)illustrates the landscape structure of an agroosystem comprising agricultural fields of different farwisich are inter-
twined with semnatural habitat patches and linear elements, such as hedgerows or tree lines.

3.2 Driving Forces ofLand Use andL andscapeChange

As explained in chaptet.1 Land UseChangein Europe the concept of driving forces has evolved to

research land use and landscape chamyyasng forces are thereby regarded as the forces that cause

the observed changd®iirgi et al., 2005)The forces can be either intensifying or impeding (ibid).

The termprocessess adopted for entities upon which driving forces @ifrgi et al., 2017)which

accounts for irrigation development and landscape change in the case of this thesis. Five main catego-

ries of driving forces are differentiatefd) Political and institutional, (2) economic, (3) culturad

personal (4) technologicaland (5) natural and spatial drigeiThis categorization is based Biirgi et

al. (2005) andPlieninger et al. (2016), with an expansion of the cultural driving forces by a personal

component , t
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tors (Hersperger et al., 2010nstitutions are also viewed as actaighin this thesisassuggestedy
Biirgi et al. (2022).

’ Change ‘

Figure 5: Conceptual model linking land change with driving forces and actors adfiptedHersperger et al. (2010). Ar-
rows indicate the main directions of influence. Driving forces and actors are closely interacting, and their interactien resu
in change.

3.3 Agricultural Intensity Change(Al C) and Sustainablel ntensification (Sl)

A further helpful conceptual frameworkhat is incorporated in this thesis is one bygo et al.
(2022) The frameworlconsiders multiple dimensions afjriculturalintensity and sustainability, op-
erating across spatial and temporal scalesording to tke framework, agricultural intensity change

is defined as the process of changing management intensity and/or landscape ,stouehirance
agricultural productivity Changes in agricultural intensity may affect interrelated, corgjgstific
socicecological processewhich may in turn lead to an enhanced or hindered ability of agricultural
landscapes to deliver ecosystem services. The combined changes iacedmgical processes and
provision of ecosystem services result in environmental, s@idl economisustainability outcomes
(Diogo et al., 2022)Sustainabléntensification is then understood as a development where agricultur-
al production and sustainability are increased, a pathway coming withatifadbat should be made
transparentHelfenstein et al., 2020As described in chapt&.2 Irrigation in theContext of Sus-
tainable) Agricultural Intensification the increase in irrigatd area and investment in irrigation
equipment are seen as indicators of management intensity claacdecreased water efficiency is
seen as an indicator for agricultural productivity chawgtin this framework(Diogo et al., 2022)

Irrigation systenthangesnay therefore have multiple sustainability outcomes.
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3.4 Agricultural Sustainability

The understanding of sustainability in this thesis is based oinitied conceptualizatiorof the
Brundtland repor{Brundtland, 1987)which considers thenvironmental economi¢ and social di-
mensionas equally valuable dimensions of sustainability. Since the Brundtland report, the concept of
sustainability has become increasingly prominent in the context of agric(llatreffe et al., 2016)
However, not only the definitions of sustainahlgriculturehave multiplied(Pretty, 2008) but also

the themes and indicators within the three pillars have become mgiédtdffe et al., 2016)Iin the
following, the conceptualization of sustainability adopted and adapted is firstly elaborastation

to agricultue in generabefore it is related to agriculturatigation in the next chaptef©verall, sis-
tainability is regarded as context depend@metty, 2008; Antunes et al., 2017; Diogo et al., 2022)

Agricultural systems of high sustainability are often characterized as those with the aim of making use
of environmental goods and services without damaging {Retty, 2008) Especially the environ-
ment al di mensi on has exper (Riéey 2001d Thaanvirdgnmentalline s i on o
dicators found in literature have been grouped into ten themes by Lebacq et 3. T2@%e cover
nutrients, pesticides, neenewable resources, land management, emissions of greenhouse gases and
acidifying substances, biodiversignd physical, chemicaand biological soil qualitfLebacq et al.,

2012) While the understanding of the environmental dimension as a dimension covering a wide range
of themes forms the background of the thesis, it is obvious that a selection of themes, adapted to the
local research context and the scope of the thissigededThe selection is elaborated on in chapter

4.1 MixedmethodsResearchDesign Furthermore, Latruffe et al. (2016) pointed out that many envi-
ronmental indicators rely on a valid cawsm®deffect relationshipwhich leads to the impression of
linearity. Despite theisefulnes®f this reliance for measurement purposes, the awareness of a greater

complexity behind the indicatorsimmportant(Latruffe et al., 2016)

For the sociahgriculturalsustainability dimension, Latruffe et al. (2016) recognize two main catego-
ries: The farmcommunitylevel and the society level. On the faommmunitylevel, social sustaina-

bility mainly relates to the welbeing of farmers, their familieand employees working on the farm
(Latruffe et al., 2016)The society level relates to the demands of sqaidiich in turn depend on
prevailing values and concerfisbacq et al., 2012The distinction of the farm community and soci-

ety level is integrated into the understanding of social sustainability within this thesis. However, the
focus lies on the farm community level because determining the demands of society surpasses the
scope of this thesié\s in the environmental dimension, indicators adjusted to the local context and
research questiorsse selected remark by Latruffe et al. (2016) worthwhile mentioning is the main-

ly qualitative nature of social indicators. Therefore, they may contain a greater subjective component
than environmental and economic indicatersdsocial sustainability indicatoire regarded as more
difficult to operationaliz€Janker & Mann, 2020; Latruffe et al., 2016)
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Relaedto the suggestion thatfarming community should be provided with prosperity by agriculture

(Van Cauwenbergh et al., 2008conomic agricultural sustainability is oftparceivedas economic

viability (Latruffe et al., 2016)meaninghat the longterm survival of a farming system in a changing
economic context should be guaranteBus understanding is adoptéat this thesisIndicators are

again adapted to the research context, but may cover a smaller number of themes than environmental
and social sustainability indicators, which is usual in the agricultural sustainability c@ratutfe et

al., 2016) To measure economic viability, profitability, liquidity, stabilignd productivity are pre-
dominantly considerefLatruffe et al., 2016)While some authors see farm autonomy or dependence

as part of the social sustainability dimension, others attribute it to the economic dimension (ibid). Due
to the interrelatedness with farm revenue and dqhsisuffe et al., 2016)autonomy and dependence

are perceived as part of the economic dimension within this thesis.

3.5 Sustainability Outcomesof Irrigation Systems

Sustainability in the context afrigation is often viewed as practices increasing crop yield and reduc-
ing water losse$Mancosu et al., 2015; Velasdduiioz et al., 2019)When agricultural irrigation is
analysed from a threelimensional perspective of sustainability, dominant sustainability objectives are
the physical and biological continuity of the agricultural system, economic efficiency of resource us-
es, and social participation in decisioraking processe@/elasceMurfioz et al., 2019)These objec-

tives are incorporated into the selection of sustainability indicators, but they are expanded by the un-
derstanding of the agricultural sustainability dimensions elaborated aliugemeans thator each
sustainability dimensionhé wide range of themes recognizedand the indicators are selected to
coverthedifferentsustainability themes that are relevant for the research cohbtexselection of the
indicators is elaborated on in more detail in chagt@rSelection o€ategories andndicators Fur-
thermore, a temporal dimension is incorporated, beceiber than the state of irrigatiotihe re-
searchgoal of this thesis is tanalyse the sustainability outcomes associated witigation systems
Sustainability outcomes are hence viewed as reslltted to irrigatiorsystemswhich are perceived

to positivdy or negativey impad theindicators selected within thbree sustainability dimensions.
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4 Methodology

To answer the research questipasnixedmethods research desigmsapplied whichis presented

at the beginning athis chapter. The categories and indicators selected to gather data for are secondly
presented. Each method of data collection and analysis is then elaborated on separately, namely in
chapterst.3 Documenfnalysis 4.4 Interviews4.5 AerialPhotographAnalysis and4.6 Satellitel m-
ageAnalysis

4.1 Mixed-methodsResearchDesign

For a comprehensive understanding of land use and landscape change, quantitative and qualitative
data need to be integratéBirgi et al., 2022)A holistic sustainability assessment also calls for an
integration of quantitative and qualitative data, as the frameimyrkAntunes et al. (2017Helfen-

stein et al. (2020), and Diogo et al. (202Ristrate. A mixedmethod approach was therefore chosen

to answer the research questioreble 1 provides an overview of methods applied to gather and ana-
lyse data for the associated research questions. To reseancigtt®on developmenand thedrivers

of irrigation trajectories documents were consulted, and interviews were conducted. Landscape
changes and their relation to irrigation trajectories were spatiallysacialyith aerial photographs and
satellite images, and interview data was used to complement the results. Sustainability outcomes were
researched with a combination of document analysis and interviews. The spatial analysis was limited
to the two study perimeters of 25 knwhich can be vieweth chapterl.4 CaseSudy Stes To pre-

vent the loss of relevant informatigfarghese, 2020)larger spatial levels wereonsideredn the

document analysis and interviews where possible.

Tablel: Methods to gather and analy data for the associated research questions.

Method Associated research questions

Document analysis - lrrigation development andriversof irrigation trajectorieRQ la & Ib)

- Sustainability outcomes of irrigation systems (RQ lla)

Interviews - Irrigationdevelopment anddriversof irrigation trajectorieRQ la & Ib)
- Landscape changes and relation to irrigation trajectories (RQ Ic & Id)

- Sustainability outcomes of irrigation systems and perspectives of stakeholders

(RQ lla & lib)
Aerial photograph analysis| - Landscape changes (RQ Ic)
Satellite image analysis - Landscape changes (RQ Ic)
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4.2 Selection ofCategories andindicators

Irrigation Development

An initial selection of irrigationrdevelopmentategories to consider was put together prior to field
work based on the document analysis elaborated on in the following chdp@ocumenfnalysis

The categories were inductively adapted after field work based on the interviews conducted. The
categories finally included irrigation water sourcesggation system trajectorieselation to land
consolidation anédministrative proedure and irrigation practices. Furthermore, actors involved in

the irrigationdevelopmenivere researched, to account for the role of actors in land use clasnge,
suggested by Birgi et al. (2022)

LandscapeChange

As previously mentioned,landscape assessment had already been carried out for the SMP study site
within the SIPATH projectHelfenstein et al., 2023Using the same indicators allowedingcorpo-

rate the results of the SMP study site. Besides changes in land use, this landscape assessment included
indicators of landscape structyikid) due tothe importance of structural landscape elements for non
market outcomegHelfenstein et al., 2020)The landscape structure indicators cover the number of

field trees, the length of hedgerows and tree lines, and fieldrsettenstein et al., 2023)

Since landscape changes in the context of agricultural irrigation are researched, an additional indicator
that goes beyond the visual interpretation of land use and landscape structure was included into the
landscape assessment. TermalizedDifferenceVegetationindex (NDVI) was chosen as an addi-

tional indicator because it is sensitive to photosynthetic vege{@amrdani et al., 200&nd allows to

capture vegetation dynamics in agricultural lasd system@ellén et al., 2017)The NDVI can also

be incorporated into assessments of irrigation perform@@medel et al., 20219nd has been used to
detect droughtéSruthi & Aslam, 2015pr estimate crop yiel(Poudel et al., 2021Furthermore, the

NDVI exhibits a simple calculation and is widely applied in vegetation sty@rghi & Aslam,

2015) NDVI computations result in values froth to +1(Pettorelli et al., 2005Negative values cor-

respond to water bodies, and values close to 1 indicate vigorous veggtatmy et al., 2021)

Sustainability Outcomes

An indicatorbased framework is useful for sustainability assessnf@atghese, 2020)The SIRIUS
framework for assessing the sustainability of irrigated agricultural systems by Antunes et al. (2017)
was used as a starting point, since this framework consists of a multidimensional indicator set that was
put together in a participatory manner, specified on the topic of irrigation. Considering that sustaina-
bility is highly contextdependen{Pretty, 2008; Diogo et al., 2022; Antunes et al., 20th8 indicator

set was adapted to the study sites and research context, under consideration of the conceptual frame

elaborated in chapteB.4 Agricultural Sustainability and 3.5 Sustainability Outcomesof Irrigation
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SystemsSome indicators, such as the annual groundwatdrarge were eliminated because they

were not measurable within the scope of this thesis. Some indicators were not included because they
did not serve the research goal, as for example the share of population with domestic water supply.
Some indicators were simplified to facilitate the data collection. Other indicators were added to the
indicator set, based on exchanges with the local partner and on the interviews previously conducted
within the SIPATH project. The contegpecific framework for integrated sustainability assessment

of agricultural intensity change by Diogo et al. (2022) was also consulted to adapt the indicator set. A
temporaldimension was added to the indicators considering the importance of historical development
for the current state of agricultu¢depsen et al., 2018nd heinclusion of multiple temporal scales

into sustainability assessmelftdelfenstein et al., 2020Puring and after data collection, the indica-

tors were further adapted inductiveljhe resulting indicatosetcan be found in thannexA: Sus-
tainability Indicator SetTo adjust the work effort to the scope of the thesis, the sustainability indica-

tors were not applied t@ll irrigation systerabut to two main irrigation systems.

Sustainability is per se an anthropocentric concept, determined by values andJaotes & Mann,
2020) and different stakeholders have different visions of sustainafiliéyfenstein et al., 2020)
Since the active engagement of stakeholders for the definition of sustainabiligtarslicefore data
collection lied outside the scope of this thesis, stakeholder perspectives on sustainability outcomes

were incorporated in the data collectamd analysisas described in chapt# Interviews

4.3 DocumentAnalysis

The method of document analysis allows to decipher already existing material and is therefore rele-
vant for research with a historic dimensidayring, 2016) The procedure of the document analysis

and the criteria for the document selection were based on Mayring (201B)icn®016) Already

existing material was used in two distinct steps of this thesis. Firstly, online sources were consulted
prior to the field visit to get a general idea of the irrigatt@velopmentselect suitable interview
partners, and prepare interview questions. Regional online newspapers and a master thesis on the his-
tory of regional water resources were identified as suitable sources for this firésesdpble 2).
Information on irrigatiorsystemtrajectories, actors, and useful contextual information were extracted
from the documents and assembled in a chronosystemic timeline. This representation tool has proven
to account for the complexity and meudimensionality of processes at work in landscgBesgeret

et al., 2015; Spiegelberger et al., 2018hronosystemic timelines allow to simultaneously consider
bio-physical and socieconomic dynamics, and to better understand the procedural dynamics over
time (Spiegelberger et al., 2018)he resulting timeline accordingly served to obtain an overview of

the assembled information prior to field work, to refine the interview methodology, and additionally
served as an orientation during field woltkcan beviewedin the anne»B: Document AnalysiBased

Chronosystemic Timeline

30



MasterThesis

Fabienne Laura Frey

Already existing material was secondly consulted to complement the interview data collected regard-
ing the irrigation developmerand sustainability outcomes. The selection of the material was based on
the interviews conducted. The material includes booklets and data provided by interview partners, and
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online sources interview partners referredT@able 2 displays the documents carntedand abbrevia-

tions used to reference them in the results chapter.

Table2: Abbreviations, authors, documeiite, and type of documentsmsultedprior and after field work. Thewebsite
URLSs can be found in chapter 8.2 Web Sources.

Abbreviation Document author anddocumenttitle Document type
Documents cosultedprior to field work
Diario de Ledn | 41 articles of Diaride Ledn with relation to irrigation trajectories, from 2005 { Online newspa-
(v.d.) 2022. per articles
Garcia Martinez| GarciaMartinez, J. G. (2020): El Paramo Leonés y los recursos hidricos: Tr{ Master thesis
(2020) formaciones en época contemporanea.
Documents cosultedafter field work
Agricultura y Agricultura y Ganaderi@.d.). Agricultura y Ganaderia de Castilla y Leon. Website
Ganaderia (n.d.)
Ayuntamiento | AyuntamientoSanta Maria del Paran{n.d.b} Comunidad de Regantes. Website
SMP §.d.b)
CHD (209) Confederacion Hidrogréafica del Dudgp09) Embalse de Villameca. Website
CHD (2019a) Confederacion Hidrogréafica del DudgD19a) Historia y funciones. Website
CHD (2019b) Confederacién Hidrografica del Dugg®19b) Caracteristicas genees de la Website
cuenca del Duero.
CHD (2019c) Confederacion Hidrogréafica del Dudg19c) Embalseale Barrios de Luna. Website
CHD (2019d) Confederacion Hidrogréafica del DudgD19d) Embalse de Villameca. Website
CRBT (2021) Comunidad de Regantes del Bajo Tuerto (L€2021) Analisis del sector Booklet
agroindustrial de la zona Baja del Tuerto (Ledn): La agricultura y la industri
agroalimentaria pendiente de la modernizacion del regadio.
CRCAV (2019) | Comunidad de Regantes del Canal Alto de Villares (2619} Estudio socio- | Booklet
econdmico y agroindustrial de la CR. Canal Alto de Villares (Ledn): La mod
zacion del regadio, clave para la supervivencia de esta zona.
FENACORE Federacion Nacional de Comunidades de Regantes de EQtx&a) Quiénes | Website
(2023a) SoOmos.
FENACORE Federacion Nacional de Comunidades de Regantes de EQt¥f#h): Entitadas | Website
(2023b) federas.
FERDUERO Asociacion de Comunidades de Regantes de la Cuenca del(R0&8a) Quie- | Website
(2019a) nes somos.
FERDUERO Asociacion de Comunidades de Regantes de la Cuenca del(R0&8b) CCRR | Website
(2019b) miembros.
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Grupo Tragsa | Grupo Tragsén.d.). Quiénes somos. Website
(n.d)
ITACyl(n.d.) ITACyl(n.d.): Quiénes somos. Website
Junta deCastilla | Junta de Castilla y Legm.d.c): Solicitud de iniciaén del procedimiento genera| Website
y Leén (n.db) de concentracion parcelaria.
MAPA (2020) Ministerio de Agricultura, Pesca y Alimentac{@820) Funciones y estructura. | Website
MAPA (n.d.) Ministerio de Agricultura, Pesca y Alimentac{ard.) Sociedad Estatal de Infra| Website
estructuras Agrarias (SEIASA).
MACL(2021) Medio ambiente de Castilla y Le@021) Periodos de sequia Website
SCBL (2023) Sindicato Central del Embalse de los Barrios de (2028) Creacion. Website
SEIASA (2013) | Sociedad Estatal de Infraestructuras Agraedd 3) ¢ Qué es SEIASA? Website
SEPI (n.d.) Sociedad Estatal de Participaciones Industrigdet). Quiénes Somos. Website

4.4 Interviews

4.4.1 Interview Partners

The initial literature research indicated that the written documents available could not exclusively an-
swer the research questions. Interviews were hence conducted with people directly involved in the
processes of interest to gather data for all research questions. Different groups of stakeholders were

interviewed depending on the information needed. Based on the definition of exp&tasky &

Laudel (2009)the stakeholders interviewed were seen as sourcesdepth knowledge for the con-

tent of interest. The according selection of interview partners is elaborated on below and abbreviations

to refer to interview partners are displayedaile3.

Table3: Description of interviewee abbreviations.

Interviewee abbreviations

Description

SMPO01, SMP02, SMP03, SMP04, SMPO!

Farmers of the Santa Maria del Para(Bd1P)study site

SMI01, SMIO2, SMI03, SMI04, SMI05

Farmers of the Santa Maria de la k@MI)study site

IC01, IC02, IC03 Members and employees of local irrigation communities
IUO1 Person in a leading position at a central board of irrigation communit
RGO1 Person in a leading position at thegional agricultural department

EEO1, EEO2, EEO3

Environmental experts
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Farmers

For the reconstruction of therigation developmenand driverof irrigation trajectoriegRQ la & 1b),
information on landscape changes and their relation to irrigation trajectories (RQ Ic & Id), and on sus-
tainability outcomes (RQ lla & bfarmerswere firstly interviewed, because they are the most direct
users of irrigation systems, and because contacts had already been established within the SIPATH
project in the previous year. To account for the historic dimension of the research questions, farmers
of older age were preferred as interview partners. The farmer interviews can be classified as oral his-
tory interviews (OHI). This type of interview serves to research historical processes from the perspec-
tive of contemporary witness€sruesdell, 2002)Besides the older age of farmers interviewed, a fur-

ther criterion for the interviewee selection vihat the farmers had parcels belonging to one of the
irrigation communities at the study sitd% enable a study site comparison, an equal number of inter-
views at each study site was aimed ¥fierling (2003)suggests ten OHI to grasp local land use pat-
terns. Since ten interviews at each study site would have gone beyond the time resources of this thesis,
five farmer interviews were conducted at each study site, leading to a total number of ten OHI. The
choice to reduce the number of farmers intervieaso allowed to interview further stakeholders.
Farmers were contactdsy the local partner, and further farmers to interview were found through
snowball sampling, that is through asking farmers interviewed for further corfEdicts, 2009)

Three farmers of the sample had already been interviewed within the SIPATH project in the previous
year. To gather detailed information, the interviews were conducted with the heads of the farms. In

nine cases, this led to male interview partners and in one case, a farmer couple was interviewed.

Irrigation  Community

The initial document analysis indicated irrigation communities as relevant actors involved in irriga-
tion developmentsWith the help of the local partner, one irrigation community member in a leading
position in Santa Maria de la Isla (ICO1) and one irrigation community member in a leading position
in Santa Maria del Paramo (IC03) could be contacted and interviewed to gather information on irriga-
tion trajectories and their drivers (RQ la & Ib) and on sustainability outcomes (RQ lla & b). Land-
scape changes were not addredsedetail in the interviews, because the interviewees had limited
time resources. However, the local partner and the author could accompany two employees of the
SMP irrigation community (IC02) on their field inspection round. During this inspection round, addi-
tional questions abouke irrigation trajectories could be asked, and irrigation infrastructure could be
taken photosofThi s fi el d visit enhanced the authoros

dressed in interviews.

Irrigation Union

Based on the interview questions asked, an irrigation community member suggested an interview with

a central board of irrigation communities and provided the according contact. The person contacted
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and subsequently interviewed (IU01) held a leading position in both a governmental and a non
governmental irrigation union and provided information on irrigation trajectories and their drivers

(RQ la & Ib). The secretary of both unions was also present and added remarks during the interview.

Regional Government
An irrigation community member furthermore provided the contact of an employee of the regional
agricultural department (RG01), which could be interviewed on the governmental perspective on irri-

gation trajectories and their drivers (RQ la & Ib).

Environmental Experts

As Diogo et al. (2022) poiat out, most farrdevel indicators on socieconomic sustainability out-
comes can be assessed using farm surveys or intereasdingly, farmers and irrigation commu-

nity members provided detailed information on economic and social sustainability outcomes of irriga-
tion systems To gather further information on environmental sustainability outcomes and to obtain a
more differentiated view, environmental experts were interviewed as suggest&icrnpst &
Helfenstein (2016)The search for interview partners with expert knowledgerorironmentabut-
comesat the study sitewas challenging. The project partner could contact members of two environ-
mental organizations, of which one organization is active nationwide, and one organization is region-
ally active. The third environmental expert interviewed was an organic farmer active in environmental

education in the area of the study sites.

4.4.2 Interview Procedure andGuidelines

Interview Location

The interviews took place fage-face either on the farm of the interviewee, at the officerigation
communities or unions, at the regional government, or at home of thetogitpartner, depending
on the preference of the interviewee. Three interviews were conducted via phone, due to large dis-

tances or personal circumstances of the interviewee.

Interview Structure

At the beginning of each interview, the interviewees were informed about the context of the thesis and
the topics addressed in the following questions. The interviewees were asked for permission to record
the interviews. All interviews were conducted with a guideline, to obtain the desired information
while maintaining a greater openness than in standardized questiofRiile2007) Thefirst ques-

tions of the farmer interviews were of open characts Stephan (20043uggests for the start of an

OHI. This allowed thdantervieweedo narrate about their life in agriculture and the role of irrigation.
Semistructured questions on farmer biographies and farm characteristics followed, to collect contex-

tual background information on the farmers interviewed. These questions were based on the SIPATH
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guestionnaire conducted the previous yeaiThethree farmers who were interviewed for the second

time were not asked theamequestions again. Besides the opening questions to the farmers, all inter-
view questions were of seraiructured form. This structure keeps interviews to the topic, simultane-
ously allows interviewees to express their knowledge and views on their own terms, and additional
questions for more #depth information can be askwilson, 2014) The content of the semi
structured guidelines was adapted to the expertise of different stakeholder groups as elaborated in the
previous subchaptet.4.1 InterviewPartners The first farmer interview served as a {iest. The

wording of the questions was refined with the help of the local partner, and the questions were further

adapted during field work. The guidelines can be fourtléranne)C: Interview Guidelines

All interviews were conducted in Spanish, with the presence of both theplogattpartner and the
author.The nativespeakingprojectpartner ladthe lead of the interviesv Thisimpededthat the au-

t h olimiied fluency in Spanishled to linguistic shortcomings during the interviewhich could

have negatively impactettie quality of the interview dat@arschanrPiekkari & Reis, 2004pr the

i ntervieweeods c.olhefpeesence ¢f the author duirgy thé nterveas relevant
nonet heless for the authoroés under st Bweaduthorg of
asked additional questions for clarification, mostly at the end of the interview. The interviews were
recorded with two phones. At the end of the interview, all interview partners signed a declaration of
consent for the scientific and anonymized use of the content recorded. The interviewees could keep a

copy of the consent form.

Interview Duration
The duration of interviews was between 30 minutes and three hours. A few interview partners did not
provide answers related to interview questions and were therefore asked the same question more than

once. Some interview partners were also asked for clarifications in hindsight via phone.

4.4.3 Interview Processing andQualitative Content Analysis

The interviews were transcribed with the software MAXQDA, under consideration of transcript
guidelines compiled within the SIPTAH project. Thought pauses were noted in brackets and answers
with no relation to the topic were summarized descriptively. The interviews were subsequently trans-
lated to English. With both the transcription and the translation, thepogjalctpartner was consult-

ed for clarifications. Personal information of interview partners was anonymized to protect the inter-

Vi eweesd privacy.

The analysis of the translated interviews was carried out in the software MAXQDA. To extract rele-
vant information and decipher personal perceptions out of guided interviews, the qualitative content
analysis is helpfulMayring, 2016) The method according to Mayring (2016) served as an orientation

for the interview analysis. Categories, codes, and subcodes were first deductively created under con-

sideration of the research questions, the concept of driving forces presented in 8l2apteving
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Forces ofLandUse andLandscapeChange and the sustainability indicator set, and were then induc-
tively adapted based on the interview material. The segmentation of the transcripts into the very codes
and subcodes served to compile the results in written, tabular, and graphic form.

4.5 Aerial Photograph Analysis

4.5.1 DataCollection

Aerial photographs lihbeen used as data for the landscape assessment within the SIPATH project
because the spatial resolution of satellite images is often too coarse for determining structural charac-
teristics at the agricultural landscape sd#elfenstein et al.,, 2020)The two time points selected

were the years 2002 and 2017. For the analysis of the second study site within this thesis, aerial pho-
tographs from the same flights were downloaded from wtlebsite of thelnstituto Geografico
Nacional de Espaf@ilGN). The orthophoto of the year 2002 stems from a flight between June and
August and has a spatial resolution of 0.5 meters. The flight in 2017 was in July and the resulting or-
thophoto has a spatial resolution of 0.25 meters. To aid the landscape mapping, a land use map of the
year 2020 with the resol ut i onlnsfitut®2CGedgafic® Nasicmal d o wn |
de EspafidlGN). This was the same map which had aided the SMP study perimeter analysis.

4.5.2 Landscapev apping with ArcGis Pro

The software ArcGIS Pro (Version 2.9.5) was usedaoy out the landscape mapping. The same
methodology as in the SIPATH project was appliddlfenstein et al.2023, to ensure the compara-

bility of results. According to the SIPATH methodology, land use and landscape elements were clas-
sified through visual interpretation. A mask of ragricultural land was firstly created, and parcels

were mapped, using feature lines. Land use was then marked with feature points, basdtiim the

pean Nature Information System (EUNIS) habitat classificad®A, 2019), as irthe SIPATH pro-

ject Helfenstein et al2023 annexD: SIPATH Land Use ClassificatipnThe land use map underlaid
facilitated the visual interpretation, especially with small watervilagtswere difficult to detect. The
analysis already carried out for the SMP study site was also consulted repeatedly throughout the anal-
ysis, to ensure a classification based on the same visual criteria. Feature lines and feature points were
followingly transformed to land use polygons. Landscape elements such as tree lines, hedgerows, and
field trees were also mapped with feature lines and feature points, based on the SIPATH criteria
(Helfenstein et al.2023 annexD: SIPATH Land Use ClassificatipnStatistics were calculated and

maps for visual representation of the results were created with ArcGISUrtioer quantitative eval-

uations were carried out with Microsoft Excel and R.
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4.6 SatellitelmageAnalysis

4.6.1 DataCollection

Landsat satellite images of -8@eter spatial resolution provided by the United States Geological Sur-
vey (USGS) via the Earth Engine Data Catdlggrth Engine Data Catalog, n.dldSGS, n.d.were
used for the NDVI calculation. To cover the periods of interest, the two image colldctindsat 5

TM Collection 2 Tier 1 calibrated tepf-atmosphere (TOA) reflectan¢Earth Engine Data Catalog,
n.d.lh USGS, n.g.andLandsat 8 Collection 2 Tier 1 calibrated togfratmosphere (TOA) reflectance
(Earth Engine Data Catalog, n.dldSGS, n.d.were selected. Tier 1 data was preferred over Tier 2
data, because the formerdhzeen intercalibrated across the Landsat seng®@ede University, 2023)
The computatiomf top-of-atmosphere (TOA) reflectanted beertarried out by USGS according to
Chander et al. (2009)

4.6.2 RemoteSensing with Google Earth Engine

To calculate the NDVI, the cloud computing program Google Earth Engine (GEE) by Google was
selected, because it facilitates processing large amounts of data over extended period@wofaiine

et al., 2020) The NDVI was calculated for both study perimeters with codes based on the methodolo-
gy of Geospatial Ecology and Remote SengiB§ARS, n.d.) The normalized difference method was
applied, using the NednfraRed (NIR) and Red bands, which correspond to bands 4 and 3 for Land-
sat 5(USGS, 2016)respectively bands 5 and 4 for LandsdN®SA, 2021) The formula (1) used

for computation is displayed below.
(NIRT Red)/ (NIR + Red) (1)

Dates of interest were then filtered, and the study perimeters were clipped out of the image collec-
tions. Cloudswere filtered with the median reducer according to GEARS (rTtg.resulting codes

can be found ithe anneX: Remote Sensing Cod®DVI values were subsequently exported to Ex-

cel to create charts and calculate statistics. The monthly NDVI mean over each study site was calcu-
lated for two ?year periods. Theetime periods were selected according to the research questions, to
analyse the relation of irrigation changes and NDVI values. The mean was used because satellite im-
age availability varied between study sites and between months, and because no outliers were detected
during the periods selected. Adst was conducted to determine the significance of differences in

means.
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5 Results

Actors involved in the irrigation development at the two study sites are presented at the beginning of
this chapter, followed by results on the irrigation development and the driving forces of the irrigation
systemtrajectories. Afterwards, landscape changes and their relation to the irrigygtiemtrajecto-

ries are displayed. Environmental, economic, and social sustainability outcomes are lastly presented,
including results on the reflection of sustainability outcomes in stakeholder perspectives.

5.1 Actors

This chapter focuses on actors involved in the irrigation development at the two study sites, to facili-
tate the understanding of the subsequent results on the development. A typology of key actors is fol-
lowed by information on farAevel and institutional actors. The interviews conducted served as main
data sourceThe overview of interviewee abbreviations can be consulted in chagtdr Interview
Partners Where necessary, interview data was complemented by documents, which are referred to

accordingly. The document abbreviation key can be consulted in cAapf@ocumenfnalysis

5.1.1 Typology ofK eyActors

Key actors involved in therigation development were categorised into institutional actors, economic
actors, and individuals Téble 4). Institutional actors include both governmental and -non
governmental entities. Actors categorised as economic exhibit a participation in economic endeavours.
Companies of the national government were categorised as institutional and economizeaeaicss

they exhibit features of both types.

Table4: Typology of key actors. Types of actors who interviews were conducted with are presented in italics. Institutional
actors are coloured according to estimated governmental influence, based on the colour scheme presented in Figure 6. Red

indicates direcgovernmental influence, pink indicates indirect governmental influence, and yellow indicates independence
of governmental influence.

Institutional actors Economic actors Individuals

Ministries of the national government Banks Farmlevel actors
Hydrographic confederation Agroindustrial companies Nornragricultural landowners
Agricultural department Engineering companies Nonragricultural land users

and institute of theregionalgovernment

Central boards afrigation communities Irrigation companies

Local irrigation communities Cooperatives

Non-governmental irrigation unions

Environmental organizations

Companies of the national government
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5.1.2 Institutional Actors
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Considering the number afstitutional actors involved in the irrigation development and the com-

plexity of linkages between institutional actors, a graphic overview was créagede6), and to fur-

ther facilitate the understanding of linkages between institutional actors,-bad&ih estimation of

governmental influence on institutional actors was included in the graphic overview. Elaborations on

institutional actors follow belowigure®.

National government of Spain

v

v

Regional government of Castillay Ledn

A

1 P ion 5 e 7
it Ministerio para Servicio
Sociedad Estatal Pl e la Transicion Territorial de
SRRLET Agricultura, Pesca : :
de Participaciones i i6 Ecolégica y el Reto Agricultura y
: y Alimentacion 4
Industriales (SEPI) (MAPA) Demogréfico Ganaderia de
(MITECO) Castillay Ledn
L
v v i : | v .
2 Central boards of irrigation communities and . Instituto 8
Sociedad 5
Mercantil Estatal de local irrigation communities Qonfedg(amon Tecnoldgico Agrario
Grupo Tragsa Hidrografica del de Castillay Le6n
Infraestructuras Duero (CHD) It |y
Agrarias (SEIASA) : (Itacyl)
Sindicato Sindicato 10
Central Embalse de Central del
Villameca Empalse de los
Barrios de Luna
Non-governmental irrigation unions — —
T i T == ) Legend
Comunidad Comunidad
) 15 Comundady) (FHe Regantes | | General de l:l Actor under direct
Federacién Asociacién i degames del Canal | | Regantes del governmental influence
Nacnqnal de de Comunidades ? r:’:lJO Alto de Ganal del PE——
Comunidades de de Regantes de uerto Villares Paramo D u i 'l
Regantes de la Cuenca del (SMI site) (SMI site) (SMP site) governmental influence
Espana Duero 1 12 13 .
(FENACORE) (FERDUERO) [— Actor independent of
‘ J government

Figure 6: Overview of institutional actors with dataased estimation of governmental influence. Arrows represersthb-
lishment of an entity by an actor, lines indicate affiliations of actors. Actors are numbered to follow the elabardtiens
textbelow, where the numbers appear as footn¢tes figure)

National Governmental Entities

On the national level, thilinisterio de Agricultura, Pesca y Alimentacion (MAP&)the department
within the generalstateadministration responsible for agriculture, fisheries, and food. It proposes and
executesthgover nment 6s p ol i(KAPA,2020) As an msrgnentamamparg ofs
the MAPA, the Sociedad Mercantil Estatal de Infraestructuras Agrarias (SEIA®A} established in
1999(MAPA, n.d.) The purpose oBEIASAis the promotion and contracting of investments in irriga-
tion development and consolidation wo(8EIASA, 2013).A further state company involved in the
execution ofirrigation projects is theGrupo Trags& (Grupo Tragsan.d.). The Tragsagroup forms
part of theSociedad Estatal de Participaciones Industriales (SEFHe SEPIpublic law entitywas
designed by thgovernment for the public business sectolintweasecorporate shareholdings profit-
ahlity (SEPI, n.d.).
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The Confederacion Hidrografica del Duero (CHDjnanages the water of the Spanish part of the
Duero River basin, under théMinisterio para la Transi@dn Ecobgica y el Reto Demogréfico
(MITECOY (CHD, 2019a) The administrative territoriabf the CHD covers 78859 kn? (CHD,
2019b),including both study perimeters. The confederation prepares the basin hydrological plan, its
monitoring and revisiorandis responsible for the administration and control of the public water do-

main (CHD, 20193. This includes the release of water from reservoirs to irrigation communities.

Regional Governmental Entities

The Servicio Territorial de Agricultura y Ganadefiss the department of thegionalgovernmenbf
Castilla y Lednconcerned with agriculture, livestock, and rural development (Agricultura y Ganad-
erig n.d.). Attached to the ministry of agriculture and livestock ofréfggonalgovenmentof Castilla

y Ledn thelnstituto Tecnoldgico Agrario de Castilla y Le@iTACyL)® was created, to promote the
development o€astillay Leéd s -faag industry and agricultural innovation, including agricultural
irrigation (TACyL, n.d.).

Local Irrigation Communities

Irrigation communities are corporations under public lkeng@ated by ministerial order8s stated by
interview partners,hie purpose of a community of irrigators is the management of a water resource
and the distribution to its members. A farmer automatically becomes a member of a community
throughirrigating hisor herland. The leadership positions in an irrigation community are mostly oc-

cupied by active or former farmers.

The Comunidad General de Regantes del Canal dead?, of which the SMHAarmers are part of,
encompasses r ou@hefayns Ibcatédii2® villagesentada tatal of 17000 irrigated
hectareof farmland(Ayuntamiento SMPn.d.j. The communitywasfounded in 1953, with the arri-
val of the water by thBarrios de Lunaeservoir(ibid).

The irrigated arethatbelongs to the municipality of Santa Nede la Isla is divideihto four com-

munities. The communities on the leftank of the Tuertoriver, supplied by tha/illamecareservoir,

are theComunidad de Regantes de Santa ildate la Isla Comunidad de Regantes de Presa de la

Manga and Comunidad de Regantes de San Felix de la Vega, Villarnera y Saatitbe la Isla

(CRCAV, 2019) In 2021,these communitiefusionedwith another community and two groups of
communities into th&€omunidad de Regantes del Bajo Tuértwi t h a t oitigatedhecf 106 8 6 7
tares(ibid). On the righbankof the Tuertoriver, the irrigated area of the municipality of Santa flar

de la Isla (43 hectare}is part of theComunidad de Regantes del Canal Alto de Villgremd is

supplied by theBarrios de Lunareservoir.The communitywas founded in 1974 and encompasses

four further muni ci4hactaies (CRCA2019i t h a t ot al of 2672
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Central Boards oflrrigation Communities

The Sindicato Central del Embalse de los Barrios de Llisa central board of reservoir water us-
ers. Its creation was inaugurated in 1946, in compliance with the Water Law ofSBB®, 2023. It
includesall irrigation communities supplied by thHgarrios de Lunareservoir. The central boaid
concerned with the distribution of water among its users and associated administrativie isasles.
pendent on th#linisterio para la Transicién Ecoldgica y el Reto Demografistd TECO)°. With the
Sindicato Central Embalse de Villamécan equivalent board exists fthhe management of th¥il-

lamecareservoir water.

Non-governmentall rrigation Unions

The Asociacion de Comunidades de Regantes de la Cuenca del FER®UERQ™ is an associa-
tion of 134 irrigation communities of tHaueroRiver basin, with a total of 23885 irrigatedhectares
(FERDUERQ 20193. The associatiomvas created in 2007 wefend the interests of irrigak It is
independent of state bodiébid). Both theSindicato Central del Embalse de los Barrios de Lfina
and theSindicato Central del Embalse de Villam&eae members oFERDUERG® (FERDUERQ
2019b)

On the national level, thd-ederacibn Nacional de Comunidades de RegantesEsigafia
(FENACOREY) brings together irrigation entitiebothcommunities andentral boardsjedicated to
the administration of water for irrigation. It is a nmprofit and politically independent association,
created in 1955FENACORE 2023a) F E N A C GRuRdamental objective is to defend the interests
and rights of wateusersin Spanish irrigation(ibid). The associatiomepresents 7Q000 irrigators
with a total of almost two million hectares irrigatedfarmland Boththe Sindicato Central del Em-
balse de los Barrios de Lutfaand theSindicato Central del Embalse de Villam&eae members of
the national associatiqifENACORE 2023b)
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5.1.3 Farmlevel Actors

An overview of relevant information on farmers interviewed is provid&@bie5 and complemented
below.
Table 5: Overview of biographies and farm changes of farmers interviewed. When farmers provided a range of numbers

regarding farm size or property, the average was chosen for the display in the table. *Before refers to the time point when a
farmer took over owtands, after refers to the time point of the interview or retirement.

Farmers interviewed in Santa Maria de la Isla (SMI) [Farmers interviewed in Santa Maria del Paramo (SMﬂ
smio1 [smio2 [smios [smioa [smios [smPo1 [smPo2 [smpo3 [smpoa [swpos
Farmer biographies (couple)
Age 55 46 52 56 50 70, 64 71 64 59 61
Own farm at age 28 36 26 19 32 25,19 26 22 25 20
Non-agricultural activity| None Little None Little None None Little None None None
Farm changes
Farm size [ha]Before* 6.5 30 175 9 16.5 17.5 10 36 10 1.5
After* 42 50 50 30 57.5 37 13 83 24 83
Difference] 35.5 20 325 21 41 19.5 3 47 14 81.5
Property [%] |Before* 20 15 0 0 33 60 0 30 0 0
After* 12.5 10 20 10 60 75 30 50 12.5 225
Difference| -7.5 8.5 20 10 27 15 30 20 12.5 225

Far mer s0 ages r(dablgse Mdstfaomers idtérvietvamstared working in agriculture
duringchildhood with their parents, the latssartedat the ageof 18. Two farmers took over the farm

at age 19, thether farmerdegan tgposses&n own farm in their 20ies or early 30ies. Two farmers

were retired at the time of the interviews. The rest of the farmers either did not know the retirement
age yet or plan to retire at age 65 to 68. One retired farmer had his son taking over thadasne

farmer plans to hand over the farm to his nephew. The other farmers do not have a successor. Three
farmers had or have carried out little ragriculturaloccupationakctivity throughout their life, but

all farmers had or have agriculture as their main inegereerating activity.

From thetime of taking over their own farm until retirement or the time of the interview, all farms
increased in siz€Table5). Most farmers started with 1.5 to 17.5 hectares, while two farmers already
worked 30, respectively 36, hectaraeghen they started working in agricultuféarm size increased
progressivelyas stated in interviewsoinciding with the retirement of other farmers. According to
SMI01, a phase of early retirements around 20ddncially supportedby the European Unioaccel-
erated the number of retirements. The greatest ovarall sizeincreaseof the samplevas by 81.5
hectaresOne farmershows an increase from 10 to 13 hectéoeghe displayed time rangbéut this

farmer chose active retirement améntioneda peak farm size of 47 hectares.

Four farmers did not have any propeatythe beginningThe percentage of own to leased land in-
creased for all farmers but one (SMI01) during life in agricultureabsolute numbers, owned lands
of SMIO1 increased as welthe ercentagencreased successively according to farnmerviewed,

buying lands from retiring farmers, to reduce rent expenses. At the time of the interview or retirement,
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the percentagef owned land ranged from 10 to 75 percent. All farmers leased the lands from indi-

viduals and denounced any influence of the land tenure type on land use practices.

5.2 Irrigation Development since 1970

Regarding the irrigation development at the two study sites, the following aspectanabreedand

are presented in the corresponding order: Where the water comes from, irrigation system trajectories,
relation to land consolidation and administrative procedure, and irrigation practices. The interviews
conducted served as main data source, complemented by online setetesl to and photos taken

during field work.

5.2.1Where the Water Comes from

During the period analysethe main water sourcat both study sites surface watemprovided by
reservoirs.Farmsin SMP are supplied by th8arrios de Lunareservoir which began to operate in

1956 and has a water capacity of 300 million cubic mé@D, 2019c) A total of 50000 irrigated

hectares are supplied by tBarrios de Lungibid). At the study site in SMI, farms located thre left

bankof the riverTuertoare supplied by thBarrios de Lunaeservoir, whilefarms on theight bank

aresupplied by thé/illamecareservoir. The latter was commissioned in 1947 and can store up to 20

million cubic meters of watefCHD, 2019d) irrigating a (Ck 2009.Thd 56000
location of the reservoirs is visible Figure 1 in chapterl.4 Caseudy Stes From the reservoirs,

the water is transported downstream through riged channels, passing multiple countservoirs

that servehe production of hydropower

5.2.2Irrigation SystemTrajectories

Figure7 shows the development of irrigation systems and infrastructure used to distribute the reser-
voir water since the 1970s, juxtaposing the two study sites. Regarding the spatial levels at which irri-
gation systems and infrastructure operate, landscape and farm level are differentiated. The figure
hence provides an overview of how water for irrigation is distributed through the landscape and on
farms, after having travelled downstream from the reservoir. The irrigation systems and corresponding

infrastructure are elaborated on and illustrated in detail bEigure?.
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Figure 7: Development of irrigation systems and infrastructonethelandscape and farm level at the SMP and SMI study
sites since 1970. Affiliations between landscape and farm level are displayed with dotted arrows. Colour gradients indicate
increasing and decreasing use of irrigation systems and infrastructure at the studpwitdigy(ire).

Flood Irrigation (FI)

Farmers interviewedrew up seeingheir parents irrigating with well&:rom 1970 onwards, all inter-
viewees had their own farms and irrigated them by fldéigufe 7). Farmers of the SMP sampie-
countedthat the transport of the water up to the farm was at first threagh ditcheswhich were
then transformedhto ditches ofcement Figure 8A). In SMI, some ditchesverestill of earthat the
time of the interviewswhile others hd beencementedSurplus watethathas collected in drains af-

ter irrigationcan also be used by farmers whose lands are located adjacent to drainage ditches.

For onfarm distribution farmers create furrows on th@lotswhere thewvater fromirrigation ditches
flows throughwhen the flood gate is opendeidure8B&C). Usingshovelandhoe,farmersdirectthe
waterthroughthe furrows and mowve the soil in sucha way that the wateris periodically divertedto

differentsectors.

Farmers in SMP completely stopped irrigating by flood between 2010 andR@ire7), depending
on the locatios of their farms. In SMI, the farmers were still irrigating by flood at the tivéhe in-

terviews.

44



b

MasterThesis
Fabienne Laura Frey UNIVERSITAT

BERN

A

Figure 8: Flood irrigation infrastructure. From left to right: Cemented irrigation ditch transporting water to fields (A), open
flood gate during irrigation (B), offield furrows filled with irrigation water (C)ghotos taken by Fabienne Frey in the area
of SM| 2022).

Aerial Pipes (AP)

Aerial pipes were introduced on farms in SMP approximatielyears prior to the introduction of AP

in SMI (Figure7). The first two farmers of the sample began with the introduction in 1992, the other
farmers in SMP followed in thiater 1990s. The first farmer in SMI introduced aerial pipes in 1998
and the rest of th8MI farmers followed from 2000 onwards. Overall, the ratio of land irrigated by
aerial pipedo flood-rrigated lands rangkfrom 10 to 50% per farmer. This ratioagluallyincreased

over time as farmers bought more pipes.

The pipes consist of aluminium. Diedaklled motor pumps or engines take water out of an irrigation
or drainage ditch and pump the water through the attached(pigese9A). The aerial pipes are laid

on the farm in a grigFigure9B). When watering, a farmer must open and close the keys for the dif-
ferent sections of the fiel@igure9C). A sprinkler is connected to tlaerial pipesvery 12 to 15 me-
ters. The heads of the sprinklers distribute the water on the(fFagure 10). After everyirrigation
campaign, farmers need to remove aerial pipes from theirfplatse harvest
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Figure 9: Aerial pipe irrigationinfrastructure From left to right: Engine pumping water out of ditch (A), aerial pipe trans-
porting water to field (B), cross of aerial pipes with keys for diffegattions (C)photcs taken by Fabienne Frey in the
area of SMI, 2022).

Figure 10: Onfarm sprinkler irrigation(photo taken by Fabienne Frey in the area of SMI, 2022).

Aerial pipes are still used at both study sites, but the ratio decreased at the SMP site since the estab-
lishment of the UPNKigure7).

Underground Pipe Network (UPN)

Colloquially, interview partners ud¢hetermfimoder ni zati ono to reTher to
establishment oucha largescale underground pipe network solely concerns the SMP study site.
This study site forms part afie Comunidad General de Regantes del Canal dea®ao where the

first installations started in 2005he installations continued to be executed sestse in the follow-

ing years. The farmer couple interviewed hadrtfems connected to the network around 2010, and

the remaining four farmers of the sample followed between 2014 and 2016. The entire community
with its extension 017,000 hectares expectedo becompletedor the irrigation campaign in 2023.

The reservoir water is transported to rafts through the previous channels. For the UPN establishment,
additional rafts are constructeBigure 11A) and from the rafts, thevater is redirected to pumping
stationg(Figure 11B) through underground pipealong with pumping stationand rafts further pow-
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er lines are constructed. At the pumping stations, the water is pressurized using eléctratityork
of underground pipes then transports the water to hydrants on (&imguse 11C&D). This under-
ground pipe network replaces the previous network of ditches.

A farmercan choos#o install on-farm underground pipes, which are connected to sprinklers distrib-
uting the water on the fieldlhe watering with underground pipes can be controlled remotely on de-
mandwith a phoneapgication. According to farmer statements, the same sprinklers as with aerial
pipes can be usdgFigure 10). It is also possible to connect the removable aerial pipes to the hydrant
or to irrigate with a pivo(Figure 11E). One farmer in SMP is solely using underground pipes and
completely stopped using aerial pipes, while the oéshe samplestill uses aerial pipes on leased
plots or to a small percentage on the edges afaular pivot. Three farmersterviewedused or use

a pivot.

Figure 11: Underground pipe network irrigation infrastructure. From left to right: Raft (A), pumping station (B), under-
ground pipes being installed (C), hydrant (D), pivot (R)otos taken by Fabienne Frey in the area of SMP, 2022).

Other Irrigation Infrastructure

One farmerinterviewed mentionedhaving used a selinvented irrigation systenfior some years
which was a combination of floadigation and aerial pipes. The other farmers did not use any other
irrigation infrastructure.
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5.2.3Relation to Land Consolidation and Administrative Procedure

Formerly, both study sites experienced a land consolidation between 1960 anBat8#5s reported

that some areas were cmhidatedbefore the arrival of the reservoir water and other areas were left 10

to 15 years without aonsolidationafter the arrival. According to interview partners, the consolida-
tions were carried out to increase parcel size and join properties, as well as implement new ditches
and pathsThe firstland consolidations wettgenceirrigation-relatedbecause they allowed for a more
efficient flood irrigation. Simultaneously, they served to increase the overall efficiency of agricultural

practicesaccording to interview statements

In SMP, second land consolidations started to take place from 2005 onisras obligatorypre-
condition for the establishment of the UPINese consolidationaretied to a change in irrigation.
Parcel sizas further increased, properti@sejoined, small pathare eliminated, roadsarewidened

ditches are eliminated, and underground pipe infrastructure is installed. According to the member of
the regional governmeimterviewed such aland consolidations necessary to install the UPN, but

also serveto furtherincrease the efficiency of agricultunatactices as for example wider roads al-

low for bigger machinery.

Theland consolidation with an UPMstallation requires an approval by landowners in a general as-
sembly.After a positive vote, irrigation communities placeeguesto the Junta de Castilla y Ldn
regional government, based on artiglede la Ley 1/2014le 19 de marz@unta de Castilla y Leén
n.dc). The request includes the submission of information on farm properties and extengloms to
regional government, which needs to approve the start of the installatigimeering companies are
involved in the planning procesBetweena positivevote andthe finalized UPN five to six years

passon average, as stated in interviews

In thecase studyegion votes began to deeldin the year 2000n the irrigation community of SMP,

the first vote turned out negative. In thecond votetwo sectorsapproved of the land consolidation
with the UPN installationThe other sectors followed in the next votesthe area of SMI, multiple
votes turned out negative. In 2018, the vote turned out positive for the side suppliedBhyrithe de
Lunareservoir and in 2021, the side supplied byVHemecareservoirapproved of the UPNThe
formersideis expected to be finishdzktween 2023 and 2025, while the latter side is not expected to
be finished before 2029.
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5.2.4 Irrigation Practices

Ratio and Types oflrrigated Crops

Farmersinterviewedtalked of howtheir parents had rainfed vines and fewer irrigated hectares when
watering onlywith wells. The arrival of the reservoir water led to an increase in the ratio of irrigated
crops peffarmer asfarmers started to irrigat@l crops.Every farmerinterviewedirrigated 100 per-

cent ofthecropssince the start of tlreagricultural activity.

Formerly flood-irrigated crops included beans, beetroot, wheat, potateegglower and alfalfa.

When aerial pipes were introduced from 1992 onwards, they were first used for beetroot, later for
beans and potato. While some farmers began to use aerial pipes fatloers kept irrigating corn by

flood. Wheat kept being irrigated by flood in all cases, untilasblishment of th&/PN in SMP

With the UPN installedfarmers use sprinklers connected to aerial or underground guigepivot to
irrigate all types of cropsultivated namely wheat, corn, barley, beans, sunflower, and potato (see

chapters.4.1 LandUsefor further information on cra).

Irrigation Period

Farmersexplainedthat thebegin of theyearlyirrigation perioddepends ospring weather and varies

for different crops. On average, farmers start to irrigateal cropsn April. If spring precipitation is

not sufficient and reservoir water levels allow forfa;mers begin wateringeetroot between March

and May. The main irrigation period for the rest of crigssfrom June to September. The end of
irrigation is again dependent on reservoir water availability and weather conditions but does not ex-
ceed midOctober. As stated by farmers, sprinkler irrigation allows to choose an earlier start than
flood irrigation, but the irrigation period does not differ considerably between irrigation systems.

Irrigation Frequency

The frequency of irrigation depends on the irrigation system uséghtion by flood is organized in
turns, so thatachfarmer gets to irrigate every 8 to 17 dagfier the upstream neighbodihis fre-
guencyis dependenbn the number of farms suppliégda whole turn, and onreservoir water availa-
bility. In dry years, a turnantake up to 20 day#it the beginning of a campaigthe irrigation fre-

guency is generally higher than at the end of the campaign, due to decreasing water needs of crops.

Irrigating with aerial pipes without a connection to an UPN can theoretically be done atlaoseif
time point. Howeverthis possibilitydepends on surplus water flowing through the ditches, which
tends tobe less frequent during dry years. On averageyview partners irrigaterops every 7o 8

days with aerial pipes.
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With the UPN installed irrigation is organized in shifts. Every farnenirrigate weekly.The irriga-
tion community organizes the shifts, but farmers dacide ovethe amount of water spent in each
shift.

Drainage

During the first land consolidations, drainages were implemented into the network of ditches to drain
the water left over from flood irrigation. During the second land consolidation in SMP, drains have
also been implementedhe drainage network turned out to be partly insufficeemd hencehree
SMP-farmers reported to have further drained some parcels themselves. In SMI, no Hiasmer

drainedlandson his own up to the time point of the interview.

5.3 PerceivedDriving Forces oflrrigation SystemTrajectories since 1990

Based on the interviews conductéite perceivediriving forces of irrigatiorsystemtrajectories were
categorized into political and institutional, economic, technological, cultural and personal, and natural
and spatial driving forces. The temporal start of the driving foacesysed was set to 1990, to focus

on the introduction of new systems aa&bociatednfrastructure. The introduction of flood irrigation

lied outside the scope of the analybiscausdarmers interviewed wereithernot yet born orvery
youngwhen the flood system was introduced. The first subchapter provides an overview of the cate-
gorized driving forces differentiated into spasahles In the subsequent chapters, the driving forces

of each category are grouped thematically and elaborated on. Driving forces for study site differences
of irrigation trajectories are then presented, before an overview of intercategorial relations and the

involvement of actors synthesizes this chapter.

5.3.1 Categorial andSpatial Overview of Driving Forces

For the driving forces analysithe irrigation development was also differentiated into the landscape
level water distribution and the darm irrigation, as explained in the previous chapter. The following
Table 6 shows the driving forces dhelandscape level, hence concerning the underground pipe net-
work (UPN). Table 7 focuses orthe driving forces obn-farm infrastructureBoth tables display the
categories the driving forces were attributed to andgpiagialscalesat which thesedriving forces op-

erate.
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Table6: Overview ofcategorized driving forces of the underground pipe netw@RN) establishment, differentiated into

spatialscales

Underground Pipe Network (UPN)

National (Spain)

Regional

Landscape (study perimeters)

Individual/ farm

and (Castilla 'y Lén) level
international
SMI SMP
- Agricultural - Agricultural Irrigation - lrrigation - Land ownership
policies policies community community
- Environmental | - Rural structure structure
activism development Merging of - Land
. - International - Transformation irrigation ownership
Political and .
S contracts of the communities
institutional . . .
. - Financial agricultural Personal
driving forces . . .
incentives sector disputes
- Financial Individual
incentives action
- Information Pandemic
campaigns Land ownership
- Water use Irrigation costs | - Irrigation costs | - Water use
efficiency Interests of efficiency
- Crop agroindustrial - Land value
diversification companies - Crop
- Market growth diversification
Economic and commer- - Productivity
driving forces cialization - Investment
- Interests of rentability
agroindustrial - lIrrigation costs
companies - Farm size
- Parcel size
. - Irrigation
Technological . g
- infrastructure
driving forces
age
Population age | - Population age | - Motivation to
structure structure move forward
Neighbourhood| - Irrigation - Motivation to
effect history save resources
- Neighbourhood| - Skepsis towards
Cultural and 9 p
effect the new
personal .
- - Mentality
driving forces
- Work
comfort and
quality of life
- Interprofessional
exchange
- Climate - Droughts Water - Farm location
Natural and -
. L change availability - Extent of
spatial driving .
Extent of irrigated area

forces

irrigated area
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Table7: Overview of categozed driving forces of offiarm irrigation infrastructure, differentiated into spatistales

Onfarm Irrigation Infrastructure
National (Spain) | Regional Landscape (study perimeters) Individual/ farm level
and international | (Castilla y Lén)
SMI SMP
. - Financial - Financial - Land ownership
Political and . . . .
s incentives incentives
institutional i
- - Agricultural
driving forces .
policies
- Interests of - Farm size - Water use efficiency
. agroindustrial - Productivity
Economic . L
o companies - Irrigation costs
driving forces A
- Optimization of crop
conditions
- Irrigation system
Technological characteristics
driving forces - lIrrigation infrastruc-
ture availability
- Neighbour- - Work comfort and
hood uality of life
Cultural and q y i
- effect - Interprofessional
personal driving
exchange
forces . .
- Decrease in family
help
Natural and - Farm - Farm topography
spatial driving topography - Soil characteristics
forces

5.3.2 Political and I nstitutional Driving Forces

Agricultural Policies, I nternational Contracts, and Environmental Activism

Members of he regionalgovernment and irrigation uniotalked aboutvater management policiés

prevent water losse¥he UPN was mentionedsbeingindispensabléo prevent water lossebecause

the new system is supposed to save up to 30 percent of water compared to flood irrigation. The ambi-
tions to prevent water losseare inter alia driven by an international contract, according to which
Spain needs to let a fixed amount of water pass through to Portugal. This contract was said to increase

the needor an efficient reservoir water managemesgpecially in dry years.

Farmers noticed tlse water managemenambitions, as for example SMPO5 statéWéll, the rules,

what they tell us is that (...) what we have always been told is that we must save water. That water
must be optimized (...) optimize and save as much as pogsiblg For. an efficient water use¢he

UPN establishment was fal most obligatoryo (SMPO]
as fiwe have beenThéydirigatod aork$] dae @ 1be jmposded, vertically

( SMPO0 2) or Ayou had no c¢hoi c ewater(n@&dpPriehpplicitss.o de s c
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Once an UPN is established, flood irrigation infrastructure is removed. Farmers can followingly not
irrigate by flood anymore anthereforesaid to be obliged to irrigate by sprinkling. According to
farmers, environmental activists preventing the construction of additional reservoirs increased the

need tgorevent water lossd®/ replacing flood irrigation.

The agricultural department of thhegionalgovernment furthermore aims for a reduction of contami-
nation bypesticidesand fertilizers. According to interview statements, a reduction can be achieved

with anUPN, as flood irrigation isssociated withigherinfiltration of fertilizers andesticides

Rural Development andTransformation of the Agricultural Sector

Fosteringrural development and preverd emigration from the countrysidae further goals ohe
regionalagricultural departmenptas stated by RGO1.h& establishment of an UPN is viewed as a
measure to achieve these two godlse regionalgovernment and the irrigation community in SMI
alsoaim at transforming the agricultural sectorGastilla y Lén towards more horticultural produc-
tion. For the horticultural production to be profitable l#PN is perceived indispensable. In the words

ofluU0l: Awithout modernization (...) it does not gc

Institutional Collaboration, Information Campaigns, andFinancial I ncentives

The driving forces group of institutional collaboration, information campaigns, and financial incen-
tives can be viewed as actions undertatedated to driving forcesather than driving forces per se.

This group is presented separately nonethdlessusedhese actions seemed to have notably influ-
enced farmers, and becausetivationsthatlay behind theeactions were nogpecificallymentioned

in interviews. Motivationghat may have influenced actors to pursue institutional collaboration, in-
formation campaigns, and financial incentives were presented in the previous two groups of driving

forces.

At both study sites, theegionalgovernment collaborated with irrigation communities and irrigation
companies to convince farmers of the UPN. Informative talks were held in villaggs seaccord-

i ng t o |henadderifizZatén protess requires good communication with farmers. There is a
part that is psychological, because you have to convince thén} o . The effort was
RGO1r e c o u n tligle by fittle,&changing the mentality of the farmers, this [the UPN establish-

ment] began to bear fruitd

The Spanish national government, tegionalgovernment of Castilla y &, irrigation companies,

and banks also started to provide funds, loans, and special tariffs for farmers to fosteNtastab-
lishment. The financial support was higher at the beginning than for the following projects. At the
time of the interviews, the financial scheme for the UPN establishment was divided as follows: The
regionalgovernmenprovided 26%, irrigators p& 24%, and th&EIASAirrigation companyprovided

50% of the costsFunds of the rural development program of the European Union condrioutiee
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latter 50%. Half of these 50%ereprovided without any return, the other half needs to be paid back
by irrigators over 50 years. To a smaller extent, funds and subsidies were also proWdstb9G

for aerial pipes.

Land Ownership

Farmers do not own all the agricultural land they work (see chated Farmlevel Actors), but all
landowners vote on the establishment of the UPN, includingagdnultural landownerdhe project
needs to be approved by the majority of owners ¢bapter5.2.3Relationto Land Consolidationand
Administrative Procedurg. Accordingto irrigation unionmembers, irrigatiorcommuniy members,
and farmers interviewedonagricultural landowners are often not willing to invesirifgation in-
frastructure, as they for example live outside the countryside and do not see the riecedsityge.
Non-agricultural landowners therefore tended to reject the project at both study sites arapdsiay

tive vote in the communities.

Land ownershipvasnot only found toinfluence the largescale network, but also e€arm irrigation
infrastructure. Once underground pipes have been installed up to the farms, as in the case of SMP,
some landowners decid@ot to install offarm underground pipes, for the abawentioned reasons.

In these casesafmersneedto continue to irrigate with aerial pipes their rented farms.

5.3.3 EconomicDriving Forces

Optimization of Crop Conditions andWater UseEfficiency

From 1992 onwards, farmers introduced aerial pipes to preverst firoiib rotting due to standing wa-
ter in the landFarmers also mentioned havimgroduced aerial pipes as sprinkler irrigation implies

less evaporation and is more water efficient than flood irrigation.

Farmers, irrigation commumnitmembersand theinterviewee of the regiongovernment mentioned

to favour the establishment of an UPN to further increase water use efficiency. With the remotely con-
trolled system irrigation can be better adjusted to the water need of crops than with the fixed flood
irrigation cycle. An UPN allows having water at disposal when a crop needs it, whiaelsoasduce

the water stress afcropaccording to interview statements

Productivity, Crop Diversification, and Land Value

In accordance with the goal to optimize crop conditions, farmers were motivated to introduce aerial
pipes for increased productivity. They successively bought more pipes as produmts@ses were

notable, in comparison to fields irrigated by flood.

A further productivity increase can be achieved through the connection of farms to the UPN, as for

examplelUO1 state: i jvhat]is clear (...) is the increases in production with modernization, no-
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body doubts that Broduction increases were mentionedsbyenfarmers as driving forces for irriga-
tion systemchangeslin this context, the option for crop diversification was also named by a farmer
andtheinterviewees of theegionalgovernment anthe irrigation unioras an advantage of the UPN
compared to flood irrigation. A farmer furthermore mentioned the increase in land value through
UPN, which motivated his approval of the new system.

Farm and Parcel Size

As illustrated in chaptes.1.3 Farmlevel Actors, farm size increasesince farmers started working in
agriculture. According to IC03 and farmers, farm size increase contributed to the change from nega-
tive to positive votes to establish an UPN, as this sysiéows to irrigate a larger are@he estab-
lishment of the UPN then allowed farmers in SMP to further increase farm size, as SMP5 state

fi [ énpw since we have automated irrigation and all this, because there | also saw another pull, be-

cause irrigation in those conditions allows you to work more hedtaée$ 0 .

Farmers also mentioned the joining of properties in the scope of the land consolidation as a reason to
approve of the UPNA fragmentation of farms is associated with higher production costs than larger
parcels joined at the same location, as explaineR@{1

Market Growth and Commercialization

The regionalgovernment and irrigation uniomemberamentioned the aim to increase the competi-
tiveness of the agricultural sector in Castilla y Ledn. To achieve this aim, the establishment of an UPN
is seen as indispensapbkndthe associated land consolidation was also mentioned to increase farm
viability: Wéido not modernize if it is not concentrated. Why? Well, because what we want to do are
farms which are as viable as possible, in surface, having the least number of farms possible, of the

largest area, trying to concentrate by fafmé ] 6 ( RGO 1) .

Farmers noticed governmental economic intera@atselation to an expansion of the irrigated area
enabled through an UPN establishmén{. é kay it was kind of a trap. Put the sprinklers, we give
you subsidies so that you put sprinkler, but all with an interest, which we realized later, with the aim
of expanding irrigatioa ( S M® 0 &y do they put those 5000 hectares more? It is not that you
have to feed people, no, it is that those 5000 hectares more (...) produce a lot ocd mopey.MI 0 2)

Interests of Agro-industrial Companies

As mentioned by a farmer ad01, interests of irrigation companies influenced the introduction of

aerial pipesconsidering thathe companies put in notable effort to sell the pipes to farmers.

Irrigation companies such &EIASAalso took part in informative talks to convince farmers of the
UPN andthey provided funds for its establishment. Furthermore, aigidustrial companieseresaid

to be interested in a future UPN establishment in SMIIWUAXL stated, an increase in vegetable pro-
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duction in the region would be of interest for the companies, to decrease the number of refrigerated

transports and imports from the south of Spain.

Irrigation Costs andl nvestmentRentability

Farmers at both study sites rejected tHeN establishment at first due to its high costs dnd to
doubts on investment rentabilitdnce thee doubts had been overcome in SN#ee chapteb.3.5
Cultural andPersonalDriving Forceg, irrigation costs continued to influence the project realization.
The highcostsof the UPN establishmenled to asectorwise project realization in SMPpecause
funds could not be providesimultaneouslyor the whole irrigation community. Money was still men-
tioned as a limiting factor for the vote approval in SMI, additionally in relation to rising electricity
expenses. The communities in Stathave approved of the UPN need to wait for funds being avail-
able, hence irrigatioimfrastructurecosts caralsolead to delaysf project realizations

Eight of ten farmers mentioned irrigation costs influencing theirfarm infrastructure decisions.

When aerial pipes were first introduced, farmers only used them for certain crops, as the purchase of
the pipes was more expensive than irrigating by flood. Furthermore, farmers mentioned that not all
farmers could or can afford an engimatis needed for these ofaerial pipes. High diesel costs, as

for example in the year 2021, have influenced farmers in Siutztuallyreduce theatio of aerial

pipes used. The costs of a pivot preeeistome farmers in SMP frolmuyingone. As previously men-

tioned, the costs of underground pipes can preventagdnultural landowners from installing them

on farms.

5.3.4 TechnologicalDriving Forces

Irrigation Infrastructure Age andAvailability

The availability of new infrastructure fostered the introduction of aerial pipes. Fastatzg that they
bought the firsaluminium tubes and diespbwered pumpg/henthey became available.

In the irrigation community of SMP, the establishment of the UPN began where flood irrigation infra-
structure was the oldegkt locations within the community where ditches were new, irrigators saw
less of a necessity for an UPN. Farmers who were then connected to the UPNpsefdrthe new
technology of orfarm underground pipes operated by phoatber than connecting their aerial pipes

to the hydrant
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Irrigation SystemCharacteristics

Characteristics of irrigation systems were mentioned by farmers to influence their deaisiates

farm infrastructure. Farmefsst introduced aerial pipelsecausehe pipesallow for a more homoge-

nous water distribution than flood irrigation. After the UPN establishment, some farmers in SMP in-
troduced a pivot because it is easy to move, not sensitive to wind, and can be less of an obstacle than
pipelines. Farmers with a circular pivot in SMP still use a small percentage of aerial pipes to cover the
cornersthatthe pivot cannot reach. Other farmers decided against a pivot due to its high maintenance

compared to underground pipes.

5.3.5 Cultural and PersonalDriving Forces

Population Age Structure, Mentality, and Skepsis towards theNew

According to theSMI irrigation community member, the conservative mindset of people in the coun-
tryside contributed to the resistance towards the UPN. As mentioned ioyettviewee of the region-

al government, changing the mentality of farmers was a big challenge. Faaseesially of older
age,were sceptical towards the new system, as affirmed in interviews by farmers themselves. The
doubts concerned the unknown and its rentability. Accordirfig@01, when more young people be-

gan to be incorporated into agriculture in SMP, a change in mentality started. The younger farmers
were said to be riskier and more willing to invest money, while farmers close to retirement were less

willing to invest.

Interprofessional Exchange andNeighbourhood Effect

Seeing other farmers irrigating with aerial pipes encouraged farmers interviewed to introduce aerial
pi pes themsel ve s[.éIiSoM& placessdheyaatready existeda then fiou were realiz-
ing that you could improve your situation

This neighbourhood effect also occurred with the establishment of the UPN. Farmers in SMP over-
came their doubts regarding the investment amortization by talking to irrigatorsrieat®/Paramo

Bajo, which already had the network established. Farmers in SMIdataime aware dhe UPN
benefitsin the ParamoTrhe exchange with other farmdigther helped intervieweswith decisions
abouton-farm irrigation infrastructureas whether to install a pivot ounderground pipes after the

UPN establishment.

Motivation to Move Forward and to Save Resources

Amongst the reasons for théPN approval, farmers mentioned thetivationto move forward, see-

ing thesystemas an advance. The wish to leave something behind for future generations was men-
tioned as well in this context. A farmer furthermore perceived water as a scarce conthaidniyst

be taken care of throughe UPN.
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Decrease inFamily Help, Work Comfort and Quality of Life

Farmers tal ked of f linteosdy. lirigating iy fidod notrodlysreqairesgphysi-I a b o u |
cal effort but is also costly in time, including irrigations during nitifimee. According tdU01, Al é]

the farmers who (...) who irrigate by foot, those are slaves. They are slaves. The irrigation seasons
arrive and that, and there are people who walk like zonfbieég Farmers introduced aerial pipes to

reduce work effort and gain quality of life, reporting that sprinkler irrigation is notably more comfort-

able than flood irrigation.

The same reasoning watentified for the following approval of the UPN and introduction of under-
ground pipes or pi\testmsch more conaartable to ihave ithiied tleas noff

(...) putting and removing it every yelaré Indtlen you also have the farm (...) when you go to work

it, and to cultivate it, you have the farm all foee ( SMP 0 5 ) . The decision for
mentioned in combination with the decrease in the amount of family help. The yearly installation and
removal of aerial pipes requires help and since working with less familgbersfarmers éundun-

derground pipet bemore convenientWork comfort was mentioned aight of tenfarmersto moti-

vate irrigationsystemchanges

Farmers in SMI additionally mentioned the increase in comfort through the land consolidation as a
motivation for the UPN approval. The positive vote for the UPN of a-falkher was furthermore
motivated by the wislo gain independence in irrigation and decrease mental stress caused by flood

irrigation.

5.3.6 Natural and Spatial Driving Forces

Farm Topography andSoil Characteristics

Farmers began to introduce aerial pipeslesslevelled farms, while they kept thmore levelled
farms with flood irrigation. Soitharacteristics also played a role in the introduction of aerial pipes on
farms As farmers statedhe compacttype of soil turned out to be better supported by aerial pipes

than by flood irrigation.

Droughts and Climate Change

According to farmers and irrigation communities, drougitseleratedhe approval of the UPN at

both study sites. In SMP, a change to a positive vote occurred after a year of drought, as a farmer re-
counted. While the farmers were not convinced of the necessity of the UPN beforehand, the water
scarcity enhanced their willingness for a change. Climate change and the associated increasing water

scarcity were then also mentioned as increasing the motivation to establish an UPN in SMI.
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Farm Location

In the community of SMP, farm locations influenced the approval of the UPN and the sequence of
project realizations. When irrigating by flood, farmers downstream are disadvantaged compared to
farmers upstream. Hence farmers downstream alrappisoved of the new systewhile farmers up-

stream stillrejected it Projects therefore also began to be carried out downstream.

5.3.7 Driving Forces forDifferences between thé&tudy Sites

The driving forceghat were perceived to contribute to differences in irrigation trajectories between
the two study sites are presented separately at this point. Since these driving forces are smaller in
numberthan the driving forces in the previous chaptérey are not presented in thematic groups, but
directly attributed to the study site differences. The driving forces are highlighted in bold.

Aerial Pipes (AP)

As displayed in chaptds.2.2Irrigation SystemTrajectories aerial pipes were introduced in SMR s
years prior than in SMI. According to IC01, this time differen@srelated tofarm topography and
farm size. Becausdarms in SMP ar generallylesslevelled, SMP-farmersstated that thegaw the
necessity to introduce aerial pipes earlier than farmers in SMI. Farms in S\Mrdady been larger
than in SMlin the 1990s, hence the necessity for aerial pipes to attend the larger surfasédvas

have beemore pre@alentin SMP.

Underground Pipe Network (UPN)

The emporaldifference of the UPN approval between the two study sites was for one attributed to the
irrigation history of the SMP community. According ®GO01, farmers in SMI had already been irri-
gating with the river, whilehe Paramo used to be one of the poorest regions in the province of Ledn
until the water from théarrios de Lunareservoirbecame available in 1956ubsequently, a move
from subsistence economy to a largeale production of irrigated crops started and farrime&MVP
experienced the benefits of irrigation changes, and therefore approved of the new systerRwgarlier.
thermore, young farmers were successively incorporated into agriculture in SMBubgt people

left SMI, resulting in an oldgpopulation age structureand more resistancevtardsthe UPN estab-

lishment, delaying the pyect realization in SMI

While both study perimeters of this thesis are of the same sizejrtlyated areasre managed by
different irrigation communities. The irrigation communities differ in the total extent of the irrigated
area theyare responsible foAccording to IC01, the spatiaktent of the irrigated areabelonging to

the SMPirrigation community (17000 hectares) facilitated the UPN establishment, while it was more
difficult to obtain political support witthe 128 irrigated hectares theirrigation communityin Santa
Maria de la IslaWater availability was also mentioned byJO1 to have contributed to study site

differences. The side in SMI supplied by ¥i#amecareservoir encountered more difficulties to ob-
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tain financial support, due to its water capacity of 20 million cubic meters, compared to the 300 mil-

lion cubic meters of thBarrios de Lunaeservaoir.

Not only these cultural and spatial driving forces mentioned, but alsetrtingture of irrigation
communitieswas said to play a role for the UPN establishm&atording tolU01, the large size and
number of personal resources of the SMP community facilitated the UPN establishment, while the

smaller irrigation communities in SMI lacked personnel.

Further factors mentioned tavedelayedthe approval of the UPN in SMI are nagriculturalland
ownershipandpersonal disputes According to SMifarmer statements, owners of poplar plantations
constantly voted against the UPN, since popdarsiot need to bierigated. The irrigation community
memberin SMI also talked of personal disputes with a counsellor who tried to impede the gtoject.
was mentioned thahé Covid-19 pandemic has furtherdelayed the administrative proadure of the
UPN projects.

The irrigation union member interviewed attributed the final approval in SMI to the effort wfithe

gation communitymember in a leading positiomhich corresponds to the narration of the member

himself Thianks to mycareerand the credibility that my person has, because | can say that very

clearly and very loudly, because of thatitwentalead( | C0O1) . The person estab
shipso (1 C01) with people involved in the admini
of an UPN in the SMI aredndividual action hence seemed twaveplayeda role at the SMI study

site. Accordingo IC01, merging the communitiesin SMI in 2021also contributed to the final UPN

approval.

5.3.8 Intercategorial Relations andlnvolvement ofActors

Intercategorial relations between driving forces of irrigation trajectories were identified by the author
based on the interview data previously presentedrigare 12 displays, each category of driving
forces is related to at least two other categories of driving forces. Cultural and personal driving forces
and economic driving forces are related to all other four categories. Each driving forces group is relat-
ed to at least one other driving forces group of a different category. This amount of intercategorial re-
lations illustrates that a variety of driving forces have contributed to changes in irrigation at the study
sites and indicates the complexity of interrelationsFAgire 12 furthermore illustrates, institutional
actors are most involved with the political and institutional driving forces, while with the natural and
spatial driving forces and the cultural and personal driving forces, farmers are the most prevalent type
of actor. Economic driving forces played a role for all type of actors except for environmental organi-
zations. Governmental entities and irrigation unions seem to be more involved with the UPN estab-
lishment than with ofiarm infrastructure. Driving forces for earm infrastructure are mainly related

to farmers.
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Figure 12: Intercategorial relations between thematic groups of irrigation trajectory driving forces and involvement of ac-
tors with the driving forces groups (own figure).
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5.4 LandscapeChanges andRelation to Irrigation SystemTrajectories

In this chapter, landscape changes at the study sites and their relation to the irrigation trajectories are
presented. Landscajedicatorspresentednclude land use, landscagtuctures anelements, and
vegetation greennes$he results of the aerial photograph and the satellite image analysis are com-
bined with interview results concerning landscape changes. The last subchapter presents an overview

over the main changes and their irrigatretation.

54.1 Land Use
Land UseTypes

Figure 13 showsthe land use typesat each study site in 2002 and 2017, classifiecbrding to the
land use types of th8IPATH project The number of hectared eachland use typés shown inFig-
urel4and Table8. The changes in land use are elaborated on below the fignadable

Land use types

M Crops

B Intensive Orchards & Fruit Production
28 Shrub plantations

[T Extensive Grassland
[IBarren Land
DAbandoned Land

[l Field Margin Vegetation
- Forest

[ | Forest Plantation

I Settlement & Roads

[ IWetlands

I Water

Study Perimeter A: Santa Maria de la Isla (SMI)

Study Perimeter B: Santa Maria del Paramo (SMP)

0 05 1 2

Kilometers

Figure 13: Land use types at both study perimeters in 2002 and 2017, castjadcording to the SIPATH methodology. A
study perimeter covers 25knMaps a) and b) were created by the author, maps c) and d) were created by Samuel Hepner
within the SIPATHproject (own figure).
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Figure 14: Area covered byach land use type at each study site in 2002 and 201&/ exact values are displayed in the
table belowLand use was categadd according to the SIPATH classification (own figure).

Table 8: Areacovered byach land use typgounded to whole numberaj each study site in 2002 and 2017.

Area covered by land use type [ha]
Land use type Value SMI 2002| Value SMI 2017| Value SMP 2002| Value SMP 2017
Crops 2030 2014 2130 2201
Intensive Orchards & Fruit Productiof 1 3 3 2
Shrub Plantations 9 8 1 0
Extensive Grassland 66 53 19 25
Field Margin Vegetation 48 47 165 108
Forest Plantation 86 97 0 0
Barren Land 23 32 46 36
Abandoned Land 19 23 2 6
Forest 57 57 4 3
Settlement & Roads 143 148 125 115
Wetlands 0 0 3 2
Water 18 18 2 2
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The dominance of cropa the two study siteis 2002 and 201% visible inboth Figure13 and Fig-

ure 14. Farmersinterviewed cultivate all their land, except for the obligatory 5% fallow land afée

of crops is higherat the SMP study site, where it alisareasecver the 15 yearbetween the time

points of analysisfrom 2130 to 2201 hectarg¢3able 8) As an irrigationcommunity member ex-
plained, common areas that could not be irrigated by flood, due to soil type or orography, were trans-

formed to irrigated crop land and incorporated into the UPN irrigation network.

Forest plantations aolely present at the SMI study sifehe plantation arehas increased from &
hectaresn 2002 to 97 hectares in 20{Vable 8) According toSMI-farmerstatements, thse planta-
tions consist of poplar treeBarmers attributed thiacrease in poplar plantations a rise in wood
prices Poplars are planted by the municipality and individuals who are mosthagmacultural land-
owners. V@rthwhile notingis that poplar trees are harvested approximately every 12 to 15 gears
explained in interviewsHence thesize of trees on thedeectares/aries over time to a greater extent
than of the trees the forest ar@ Forest area is also higher in SMan in SMP Figure 14). While
forest covered7 hectares at both timpmints in SMI, forest ares SMP covered 4 hectares in 2002
and 3 hectares in 201Table 8) Most of the forest area in SMI is located in the riparian zBigi(e
13). The riverpassing through the SMI sip@ssiblycontributes to a higher surface water area in SMI
(18 hectares) than in SMP (2 hectares). The aerial photograph analysis did not show a difference in

surface water area between 2002 and 2017 at any study site.

Intensive orchards and fruit production covered between 1 and 3 hectares at both study sites in the
years analyse(Table 8) hence forming a neglectable part of land use in the study perimeters. Further
categoriesuch aextensive grassland, shrub plantatiarsd abandoned larithve been detected a

greater extent at the SMI study sibe accordance with the lower crop area and higher forest (planta-
tion) area than in SMP, this indicates a more heterogenous land use at the SMI study site.

Field margin vegetation and barren land sr@e commorin SMP, but showed a decreassmm 165
hectares to 108 hectares, and from 46 to 36 hedfEabke 8) Both decreases may be associated with
the land consolidation tied to the UPN establishment, since plots were largened (seeschaiRer
lation to Land Consolidationand AdministrativeProcedurg, and the crop area was increased as de-
scribed aboveNetlands wereolely detected in SMP, decreasing from 3 to 2 hectd&asners inter-
viewed and an environmental expert mentioned a remowaetédnds and lagoons during the second

land consolidation in SMP.

Settlement and roads had already been more prevalent at the SMI site in 2002, with 143 hectares
compared to 125 hectares in SNIRble 8) In Figure 13, the greatesurface covered bgoads and
paths in SMI is notable. The difference between studg iteeased until 2017, as the ammvered
by settlement and roads decreased by 10 hectares in SMP. Since settlement clusters did not notably

change Figure13), the decrease may be attributed to the elimination of paths in the scope of the land
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consolidation(see chapteb.2.3 Relationto Land Consolidationand AdministrativeProcedurg. The
aerial photograph analysis hence indicates that despite the widening of roads in the scope of the con-
solidation, the overall area taken up by roads and paths in SMP decreased.

Agricultural and Non-agricultural Land

To analyse the developmentadricultural land usdand use types wemplit in two categoriesThe
category of agricultural lanicicludes cops,intensiveorchardsandfruit production,shrub plantations,
extensivegrassland, andield margin vegetation. The categoiyf nonagricultural land consists of
forestplantation,barrenland,abandonedand,forest,settlementandroads,wetlands, andvater.Fig-

ure 15shows a study site comparison of the years 2002 and Batf.study perimeter includes 2500
hectaresAgricultural land visibly dominates over nagricultural landat both study siteS he total
agricultural area is higher in SM& both timepoints It has increased from 28 hectares to 233
hectares, wite the total agricultural area in SMI has decreased, frord B1212%5 hectaresThe con-
tributions of the individual land use types to these changes have been elaborated in the previous sub-
chapterFigure 15 furthermore indicates changes in field size over time, which are presented in more
detail in the following subchapter
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Figure 15: Agricultural and noragricultural land use at both study perimeters in 2002 and 2017, catedoaccording to
the SIPATH methodology. A study perimeter covers 23aps a) and b) were created by the author, maps c) and d) were
created by Samuélepner within the SIPATH project (own figure).
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Field Size of Crops

Figure 16 displays thechanges in field sizef crops at the two study sitesith boxplots containing
minimum, first quartile, median, third quartiland maximunvalues Field size has increased be-

tween 2002 and 2017 at both study sites, but to a greater extent in SMP. Whereas the median has in-
creased from 0.65 hectares to 0.88 hectares in SMI, the median has risen from 1.69 to 4.27 hectares in
SMP. Worthwhile mentioning is also the increase in maximum field size at the SMP study site, from
9.8 to 41.29 hectarekiterview statements confirmed thmereassin field size andattributed them to

the land consolidations, which started from 2005 onwards to install the UPN inrASkter in SMI

reported that farmers in the area carried out minor land consolidations thensejeasng proper-

ties
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Figure 16: Boxplots of field size of crops at the SMI and SMP study sites in 2002 and 2017, based on aerial photograph
analysis (own figure).

Crop Types

At the beginning of their working time in agriculture, all farmers in SMBa rotation of beans, beet-

root, and wheat. On8MP-farmer additionallyplantedfew potatoes andowedsunflowersAll SMI -
farmers also sowed beetroot. Fairfive farmersin SMI plantedpotatoesAs stated in interviews,

potatoes wergenerallymore commorin the area of SMI than in SMRdditionally, in SMI, two
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farmers sowed alfalfa while they still had livestptiwo farmers sowed beans, one farmer sowed

wheat and one farmer still had vineyardsthe beginning

From 1990 onwards, farmeas both study siteBegan to cultivate corn, which subsequently became

the main crop of farmers in SMRt the time of the interviews,ochn maleup to 70% of a f
cultivated area in SMP, while the cultivation of beans, beetmat wheat has decreased, or even
completely stopped in some casitsthe time of the interview or retirementyd farmers in SMRuUI-

tivateda small percentage of sunflower, barley, or potato. In SMI, corn also became popular, but pota-

to still forms an important part of cultivation. Wheat, sunflower, barley, and beetroatlfvatedto

a minor extent. One farmepwedlettuce and spinach for some years.

The increase in coraultivaion wasattributed tothe work comfort low production costand irriga-

tion resistancef this crop type. SMIO2 for example stdte i We | | (...) because it
crop to manage (...) it is a crop that the first irrigation does not damage (...) later, even if some patrt is
strained, it holds it quite wel.l (.. .)ocropAddi ti
rotation which further increases its work comfomthe decrease in beetroafis mainly related to

economic factorsAs farmers and irrigation community membepgplained beetroot used to be sub-

sidized by the European Unigand sugar comparseised to pay profitablprices The pices started

to fall from 2003 onwardsfrom 6.1 Euros to 3.7 Euros per 100 kg of beetroot in ZCECAV,

2019. As explained by farmersgeetroot requires motabourandproductionexpenseshan cornand

it is more prone to diseases, whantiditionallycontributed to the decreasebeetroot sowed_abour

and flood irrigation effort needed for wheat and beans is also higher than for corn, hence farmers sub-
sequently substituted these crops for corn. Farmers mentioned to sow more sunflower in years of wa-

ter scarcity,as sunflower needs legsigation waterthanother crops. According to interview state-

ments, the importance of potatoes in the area of SMI is related to the prevalence of a potato coopera-
tive in the area anid favoured bytwo factoriesthatcontract prices and therefore offer a certain secu-

rity for farmers.

5.4.2 LandscapeStructures and Elements

Irrigation Infrastructure

According to farmer statementietnumber of wellat both study sitedecreasedince the arrival of

the reservoir watekVells lost theirnecessity angrofitability. SMPO3for example explained fiBut t o
irrigate a farm of 20, 30 hectares, no (...) no. A well is for irrigativg hectares. If you have to irri-

gatetwo hectares, it is not profitable to water it. Mostly because they became obsolete and because
they did not gi ve s usWellsiwaradlso tlasdd yor safety reasons, ap theye a
inhibit the danger of people or animals falling into thémrthermore,finot being used, wellgere

said todry up and tend to sinkn the case of SMP, the second land consolidation |ediditional

closures, aswells coincided with underground pipes were in the middle of the increased parcels.
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Some wells were kept out of nostalgiaimthe case of the SMI study sis a backup during espe-
cially dry yearsThe closing of wells per se did not change the landscape according to farmers, but the
removaland drying out of treesdjacent tdormerwells changed the landscape

In the scope of the second land consolidagamping stations and rafts have been constructed at the
SMP study site as described in chafet.2 Irrigation SystemTrajectories andmost ditches were

removedAt the SMI study siteno ditches had been removed at the time of the interviews.

Trees,Hedgerows, andlree Lines

The amount of mall and large treeandthe length of hedgerows and tree limeslysed based on or-
thophotos arevisualized inFigure 17. Table 9displaysthe according numbeis both study sites in
the years 2002 and 2017

Study Perimeter A: Santa Maria de la Isla (SMI)

J
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Study Perimeter B: Santa Maria del Paramo (SMP)
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Landscape elements 0 05 1 2
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® Large trees (>5m diameter)
Hedgerows
@ Tree lines

Figure 17: Small trees, large treetiedgerows, and tree lines detected at both study perimeters in 2002 and 2017, catego-
rized according to the SIPATH project. A study perimeter covers2B5kaps a) and b) were created by the author, maps c)
and d) were createdy Samuel Hepner within the SIPATH project (own figure withophotosby Instituto Geografico Na-

cional de Espafa (IGN)
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Table9: Number of small and large trees, length of hedgerows and tree lines detected at both study perimeters in 2002 and
2017, categorded according to the SIPATH project. Each study perimeter covers?25km

Indicator Expanation Value SMI | Value SMI | Value SMP | Value SMP
2002 2017 2002 2017

Number of Total number of trees with a 600 540 391 344

small trees canopy diameter of 25m

Number of Total number of trees with a 453 408 116 107

large trees canopy diamater of >5m

Length of Total length of hedgerows 6.7 7.8 175 7.7

hedgerows (minimum length: 40mJkm]

Length of Total length of tree lines (consist 3.8 4.2 13.6 6.7

tree lines of at least 3 trees in a rowkm]

The number of small trees and latgees decreased in SMI and in SMP. A reason named for the re-
moval of trees concerning both study sites is road sa#stgtated byfarmers and irrigation commu-

nity memberstreesalong roadsvere removed to prevent car accidefarmersat both study sites
alsoremoved trees on their land, as either the roots of trees ddriragation ditchesor hindered
agricultural practices As elaborated above, the removal of wells also contributed to a decrease in

trees.

The number ofreeswashigher in SMithan in SMP at both time point$he initial difference be-
tween study sitesould be related to field size, whiglaslower in SMI already in 2008see chapter
54.1 LandUs@, hence allowing for more individual trees betwdieids. Surprisingly the length of
hedgerows and tree lin@gashigher in SMPthan in SMlin the year 2002Based on the interviews
conducted, this difference cannot be explairt¢olwever, the lengtlof hedgerows and tree lines in
SMPdecreased until 201 Thedecrease at the SMP study sitas attributedo the second land con-
solidation, in the scope of whigiarcels were largenexhdtrees were remove@&MPOlexplained in
thisregardthai Al | t he di sappeared
the roads, inteaviewed, éhdmarogeaphicon- Ac cor d -
federation subsequently prohibited to plant trees above underground pipes. Farmers in SMP also re-

trees have al so due

ma k e everything

counted that treegmainingalong ditche$ad to be removed, as thstarted to dnout due tahe ab-

sence of waten ditchesafter theUPN establishment
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Wild Animal Species

Farmers at both study sites reported changes in wild animal species since they started wagking in

culture.Eight of tenfarmers mentioned @ecrease in the amount and diversity of species.

Farmersand an environmental expert interviewaitributed the disappearance of fragsutterflies,

and dragonflies in SMB the absence of water in ditches and drans tothe removal of flood irri-

gation infrastructurevith the UPN establishmenarmers in SMI also reported a decrease in frogs
butterflies, and dragonflies, and explained itgmsticidesbeingincreasingly appliedFurthermore,

different bird species (e.g., crests, bustards, crested larks, chickadees, kestrels, jackdaws, swifts, swal-
lows, warblers), moles, mice, crabs, fish, grasshoppers crickets havbeendecreasinglyseen by

farmers at both study sitéEhese disappearanewereattributed to the increasing absence of breed-

ing areas with thexpansionin cultivated area and parcel size, the removal of tr@edto the in-

crease irpesticidesapplied According to EE03, crickets have disappeared due to the increase in corn
fields.

An augmentationin other types of birds (finches, storks, magpies), flocks, rabbits, rocathelewild

boar was mentioneoly farmers The appearance of wild boar and roe deer was related to a decrease of
vegetation and increase in pastureland abandonment in the mountains, and to the increase in corn
crops sowed by farmers. According to interview statements, these astarédsl tadescend from the

mountain area to feed on corn.

5.4.3 Vegetation Greenness

Figure18 shows a #earperiodof monthly NDVI meandefore the establishment of the UPN (1995

to 2001),Figure19 shows a Fearperiodafter the UPN establishment in SMP (2015 to 2021). Satel-
lite image availability was lower during the earlier period displayed, especially for the SMI site, lead-
ing to data gaps for some winter montRggy(rel8).

Between Junand September of each yedioth study sites show peaks in NDWDVI values are

lowerin the remaining months of the yeBecause the NDVI is sensitive to plant growth (seetehap

4.2 Selection of Categories and Indicajaad crops are the main land use type at both study perime-
ters (see chaptér4.1 LandUse), this pattern is assumed to be related to irrigated agricultural land
use. As interview partners explained, irrigation begins in April and the main irrigation pestsd

from June to September. Crops are therefore most dense and green during summer months, which
could have contributed to the NDVI peaks. Harvest is finished in October, possibly contributing to
drops in NDVI.

70



b

MasterThesis
Fabienne Laura Frey

b
UNIVERSITAT
BERN

0.7

n
\

0.4

03

0.2

0.1

1?

Jan 1995
Apr 1995
Jul 1995
Oct 1995
Jan 1996
Apr 1996
Jul 1996
Oct 1996
Jan 1997
Apr 1997
Jul 1997
Oct 1997
Jan 1998
Apr 1998
Jul 1998
Oct 1998
Jan 1999
Apr 1999
Jul 1999
Oct 1999
Jan 2000
Apr 2000
Jul 2000
Oct 2000
Jan 2001
Apr 2001
Jul 2001
Oct 2001

e M| s SMIP

Figure 18 Monthly mean of NDVI at both study perimeters, from 1995 to 2001. Mean values available are displayed for
each month, the-axis is labelled with every third month for better chart readability (own figure).
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Figure 19: Monthly mean of NDVI at both study perimeters, from 2015 to 2021. Mean values available are displayed for

each month, the-axis islabelled with every third month for better chart readability. The peak summer values of July 2017
are highlighted (ownidure).
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Regarding study site differencdsgher peaks can be obsendiding summer montha SMPthan in

SMI, for both periods of timeRigure 18 and Figure 19). Between 1995 and 2001, the NDVI mean

over the main irrigation period (June to September) is 0.44 in SMI and 0.46 in SMP. Between 2015
and 2021, the mean in SMI is 0.45 and 0.49 in SMi study sitedifference insummerpeaksis
therefore higher during the second period displayed, mainly due to peak increases in SMP. The differ-
ences of summer means between study sites are statistically not significantyalitiegp higher than

0.05 for both periods of time. Lortgrm NDVI averages from 1995 to 2021 over the main irrigation
period are 0.46 for the SMP study site, and 0.44 for the SMI study site. Possible explanations for the
study site differences are discussed in chap@irrigation-related LandscapeChanges Data gaps

for the SMI study site during winter months in the first period impede the comparability, but winter
months generally show similar patterns between study 3itesgreater homogeneity of the patterns

may be due to both study sites having fallow lands during winter, and due to the dependence on rain

instead of irrigation watenlso considering that the two study sites are located close to each other.

A year to be pointed out in the second period displayed is 2017, because the prokatmeexiperi-

enced slight drought conditions in 2017 according to the classification Byite deCastilla y Ledn
(MACL, 2021). NDVI summer means between 2015 and 2021 are also the lowest irFRQL& (

19), with the smallest NDVI peak difference between study sites (0.02) in this period. The drought
conditions hence seem to be evident in the NDVI values of both study sites.

72



MasterThesis
Fabienne Laura Frey

5.4.4 Relation ofMain LandscapeChanges tol rrigation

b

u

b
UNIVERSITAT
BERN

Based on the results on landscape changes previously pre3afted]Oprovides an overview over

the main changes and their irrigaticdation. Only changes withdiscernibleincreasing or decreas-

ing trend identified were included in the table. The changes are discusseapier6.3 Irrigation-

relatedLandscapeChanges

Table10: Trends of landscape changes and relation to irrigation, including declaration of data sources.

Landscape changes Study site Irrigation-relation
Category | Indicator Trend | Data source | SMI SMP Identified | Data
source
Land use | Crop area [ha] / Aerial photos, X Yes Interviews
interviews
Forestplantationarea [ha] / Aerial photos, X No Interviews
interviews
Field margin vegetation area \ Aerial photos X Yes Author
[ha] estimation
Wetlandarea [ha] \ Aerial photos, X Yes Interviews
interviews
Area covered byoads and \ Aerial photos, X Yes Interviews
paths [ha] interviews
Held sizeof crops [ha] / Aerial photos, X Yes Interviews
interviews
Corn cultivation / Interviews X X Yes Interviews
Landscape Number of wells \ Interviews X X Yes Interviews
structures
& Number of ditches \ Interviews X Yes Interviews
elements
Number of trees \ Aerial photos, X X Yes Interviews

interviews
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5.5 Sustainability Outcomesof Aerial Pipes and theUnderground Pipe Network

Based on the interviews conducted and data provided by interview partners, environmental, social,
and economic sustainability outcomes of aerial pipes (AP) and the underground pipe network (UPN)
were rated by the author as presented in tables for each sustainability dimension in the following sub-
chaptersTable 11displays the colour key for the rating of sustainability outcomes. If answers of in-
terview partners were contradictory, the outcome was marked as contested in the tables. Below each
table, the information used for the rating is elaborated on, organized in themes and with indicators
highlighted in bold. The initial indicator set with indicators surpassing the scope of thectiresie

viewed in anneX: Sustainability Indicator Set

Table11: Colour key for the rating of sustainability outcomes.

No data available/ data not sufficient for rating

No indication of atcomethrough irrigation system

Indication ofslightpositive aitcomethrough irrigation system
Indication of msitiveoutcomethrough irrigation system
Indication ofslightnegative aitcomethrough irrigation system
Indication of regativeoutcomethrough irrigation system

5.5.1 Environmental Sustainability Outcomes

Table12: Overview of environmental sustainability outcomes of aerial pipes (AP) and the underground pipe network (UPN),
including the scale of assessment and contesiezbmes.

Theme Indicator Assessment Outcome AP Outcome UPN Contested
scale outcome

Water Irrigation water Regional

consumption

Irrigation water Community

consumption

Water use efficiency| Farm -:
Agrochemical | Application of Farm Yes
products fertilizers

Application of Farm

pesticides

SoilandLand | Salinization of soils | Farm

Land Farm Yes
degradation
Extensionn Landscape
irrigated area
Energy Energy consumption| Farm
for irrigation
Biodiversity Diversity inwild Landscape Yes
animalspecies
Habitat lossand Farm &
fragmentation Landscape
Quantity Landscape
of wetlands
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Water

The Sindicato Central del Embalse de los Barrios de Lpravided data of its yearlyrigation water
consumption from 2001 to 202Ei§ure20). Variations between years are visible, without any detect-
able trend. Members of the irrigation union and irrigation communities explained that the annual wa-
ter quantityconsumedor irrigation depends on the amount of water available in a reseavairthat

the variations between years are related to climatic conditions, not to irrigation systems. In years of
drought, the final reserve may even be lowered by the hydrographic confederation, allowing to empty
the reservoir further than in other years, to secure irrigations. On the regional level, the new irrigation

systems thereforgeemto not have influenced thennual water consumption
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Figure 20: Irrigation water consumed ifrrigation communities supplied by the Barrios de Luna reservoir from 2001 to
2022. Data provided by the Sindicato Central del Embalse de los Barrios dédwndigure)

The size of a reservoir in proportion to tingégation area suppliednfluences the amount of water
available foran irrigation community. As stated in interviews, communities supplied by the smaller
Villamecareservoircould irrigate with2500 cubic metergper hectare in 2022vhile communities
supplied bythelargerBarrios de Lunacould irrigate with5000 cubic meterper hectarelf supplied

by the same reservoirarimers who irrigatevithout an UPNand farmers connected to an UPN ap-
proximately receive the same amount of wateripgation campaign. Howeverceording to 1C02,

the UPNestablishmenhasled to an overallreduction in water consumption in the community of
SMP.

Accordingly, some farmers connected to an UPN reported a reduction of irrigationcamaseimed
compared to the time they used to irrigate by fldeslexplained by irrigation communities aelvi-

ronmental expertdhe reduction in water consumption farm level igelatedto the highemater use
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efficiency of sprinklerscompared to flood irrigatiarAccording to the interviewees,fiaist water use
efficiency increaseoccurred with the introduction of aerial pipes. The sprinkbarsnected t@erial
pipes are the sanes thesprinklersconnectedo underground pipesHowever, aerial pipeare not
used onmore than 5(percentof irrigated fields(see chapteb.2.2 Irrigation SystemTrajectorieg,
while all fields can beirrigated with sprinklers oncan UPN is establishedlhe UPN establishment
henceled to a further increase in water use efficiedmgcording toRG01 and SMPQ3the increase

washy 20 to 30 percent.

Agrochemical Products

The amount of minerdertilizers applied generally increased since farmers interviewed started work-
ing in agriculture, to foster productions and because manure ceased beingcaseding to inter-
view partnersf the irrigation union and communitigheapplication of fertilizerslecreases with the
transitionfrom flood to sprinkler irrigationasabsorption by plants increasasd filtration of products
applied decrease®Vhile farmers in SMieported not having decreased dosasnérs in SMP report-

ed having decreased doses sinceldR&l establishmentEEO3 believes that while sprinkler irrigation
theoretically allows to lower doses, the amount of fertilizer applied does not deicrpazetice Fer-
tilizer prices were mentioned by farmersateoinfluence the amourtheyapply.

When they started working in agriculture, farmertervieweddid not use herbicide$ungicides,or
insecticidesWeeds were removed manually. Product applications started pelséinides(including
insecticides, herbicides, and fungicidestame available, if farmers could afford them. ahmount
applied increased over tinaecording to some farmersthers repodd applying lesghan beforeNo

relation to irrigation systems was mentioned.

Soil andLand

Seven farmergalked of punctual areas whesalinization issuesimpedecrop productionThese is-
sues havexistedsincefarmers started working in agriculture. Farmers mentionedatitlatrrigation,

the issues improveas the salt is washed down to the subsoil,thag mentionedhat salinization is
more prevalent during dry yeatGhanges in irrigation systems were not mentioned to influence the

extent of salinization.

When askediboutland degradation, farmers repoed nothaving encountered any issu&sviron-

mental experts returned to talk about agrochemicals. EE02 mentioned a possible decrease in land deg-
radation with sprinkler irrigation compared to flood irrigation, due to hidéeilizer plant absorp-

tions. This statement was supported by RG01, who especially attributed a land degradation improve-
ment to the UPN, since this system implies sprinkler irrigation on a larger scale than the irrigation

with aerial pipes without a connection to an URNdcording to EEO1, the amount ofpesticidesap-
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plied is more decisive over land degradation than the irrigation system used. EEO1 mentioned that

land degradation increases with an extension in irrigated area.

The Sindicato Central del Embalse de los Barrios de Lpravided data of the irrigated area supplied

by the reservoir, which shows an increase in hectares fra®d&@vards(Figure21). Theextension

in irrigated area may have been caused by the UPN establishment, as suggested by interview data
illustrated in chapteb.4.1 LandUse Regarding the extension in irrigated area, IUO1 highlighted a
differentiation: In areas that are irrigated already prior to an UPN, such as the two study sites, the in-
crease in extension of the irrigated area is minor. If areas are transformed from rainfed to irrigated in
the scope of an UPN establishment, as for exainplee nearby Payuelos region, the extension is of

greater scale.
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Figure 21: Irrigated area supplied by the Barrios de Luna reservoir from 2002 to 2022. Data provided by the Sindicato Cen-
tral del Embalse de los Barrios de Lu@vn figure)

Energy

The outcome of irrigatiosystemson energy consumptioncannot be estimated because no data that
covers the period of interest could be provided by interview partners. Furthermore, a comparison was
impeded because aerial pipes without an UPN are fuelled by diesel, while the energy source of the

UPN is electricity.
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Biodiversity
As elaborated in chapté&r4.2 Landscapéstructures andlements a decrease in certain wild animal
species was attributed to the UPN establishment. Other species were mentioneditcrbased
Since nospecificquantitative data could be provided and due to the contested answers regjaeding

cies diversity, the indicator is not rated.

However, environmental experts unisonously related the UPN establishment and its land consolida-
tion to biodiversity losses, dmbitat loss and fragmentationoccur through the removal of trees or
ditches and the increase in parcel size in the scope of the UPN establishment. The absence of surface
water with the UPN was also mentioned to negatively impact flora and fauna.

According tofarmers and an environmental experetlands were removed during the land consoli-
dationfor the UPN establishment

5.5.2 SocialSustainability Outcomes

Table13: Overview of social sustainability outcomes of aerial pipes (AP) and the underground pipe network (UPN), includ-
ing the scale of assessment and contested outcomes.

Theme Indicator Assessment Outcome AP Outcome UPN Contested
scale outcome
Population Emigration Community
dynamics
Good Accountability of Regional &
governance authorities community
Participation Farm
Conflict Community
management
Fairness of water | Farm &
allocation community
Organizational Community
efficiency
Social Water conflicts Farm &
commitment community
Sense of Farm &
community community
Equity Perceived income | Farm &
distribution community
Food security | Foodsecurity of Farm
farm households
Cl NJX' S NX| Occupational Farm
well-being well-being
Working hours Farm
Occupationalsess | Farm
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Population Dynamics

The Comunidad de Regantes del Bajo Tuentigation community provided population dakigure

22 shows that the municipalities of tl@munidad de Regantes del Bajo Tuewthich werewithout

an UPN at the time of the interview and of which the SMI study site forms parordtantly de-
creased in population after 199@earwhile, the population stayed stableSanta Maria del Paramo
RGO1lstatedthat the establishment of the UPN has been central for the prevention of emigration from
the Rramo region, and a farmer also mentioned that people tend to stay in the countryside where
UPNSs are establishe@he UPNestablishment therefore seems to hinee potential to prevergmi-

gration.
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Figure 22: Population of the Municipios Bajo Tuertto which SMIbelongs,and Santa Maria del Paramo from 1990 to
2020 (own figure, data source: CRBT (2pR1

Good Governance

According to irrigation community members, local authorities such as town and city councils are not
much involved in the topic of irrigatiorFarmers mentioned the importance of leading positions in
irrigation communities being occupied by farmdmssecure their interests. iShHs the case at both
study sitesWhile interview partners othe irrigation union talked positively about tlveater man-
agement of theonfederation, some farmers expressed complaints about the confederation prioritising
economic interests over the needs of farm€mcerning the establishment of the URixigation
communities and farmeraentioned thénefficiency of authorities to respond to their requests. It was
also mentioned that individuals in positiongh decision powecan impede collaboration and hinder

the UPN prgect realization. Thaccountability of authorities therefore seems to have a slight nega-

tive outcome with the UPN, while no influence regarding AP was noted.
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According to farmes Statementsfarmerscan participate in decisions about water managen@at
minor extent, independently of irrigation systerfibe main decision power lies wittmembers in
leading positions of irrigation communities and with the hydrographic confederation. According to
farmers, this harot changed over the yeaParticipation consistf irrigatorsbeing able tosoteon
issuesproportionally to their irrigatediarm area as for exampleoncerningthe UPN establishment
Farmers interviewed rated this system as fair and statethtéhatvould not like to participate more.
Dealingwith conflicts andsatisfyingthe needsof all stakeholdersvere mentioned as reasdios the

satisfaction with a low participatiorlowever, wishes for more transparency were expressed.

According to the interview partners bbthirrigation communities, conflicts around water anan-
agedby the irrigation communities themselves, irrigationions,or on a larger scale by the tribunal
of irrigators. Hence formal institutiorfer conflict managementexist independently of the type of
irrigation system used.

Farmers and irrigation community members interviewed desctiileddirness of water allocationto

be higherfor the UPN tharfor irrigation without an UPN. Eactarmeris allocatedhe same amount

of water with the UPN, while farmers downstream are disadvantaggading water quantitgom-

pared to farmers upstreaithere is no UPNdespite paying the sanamnual contributionFurther-

more, if there is no UPN, aerial pipes can only be used on farms adjacent to ditches. The use of AP

therefore depends on farm location and the water is not equally allocageg)ainedby farmers.

Two employees of the irrigation community in SMP mentioned that the UPRatiéitated the work
of the irrigation community and improved iisganizational efficiency, as for example water quanti-

ties can be better managed.

Social Commitment

Farmerdalked aboutvater conflicts whenirrigating by flood,which for examplded tomanipulating

each otherod6s shifts or not noti fyi rsgdtdbem- subsec
portantfor flood irrigation particularlyto communicate the start and end of irrigation shifts. As farm-

ers in SMP and IC03 statethe quality of relationships between farmers laseisnportance with the
establishment of an UPN, aependence between farmers is reduced. Conflicts around water were
accordingly mentioned to have r editaoseddtobeimordr t he
complicated] é Now there is no problem, because you have your water supply, you have your rain,

you haveeverything,and you do not have to depend on anypné. But before yes, there were many

problems. There was some (...) some fighting.

However, armersat both study sites experiencadlecrease in solidarity, communicatiand collab-

oration since they started working in agriculttfarmers mentioned to have become more individual-
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istic with the increase in farm size and machines. Haerse of communityseems to have de-

creased independently of irrigatiepstems

Equity

Compared to people not working in agricultuseme interviewed farmers did not notice a change in
the purchasing power of farmersome could not give an estimaticand some farmers noted an im-
provement since they started working in agricultife.relations of theperceived income distribu-

tion to irrigation systems were mentioned.

Food Security

No farmer interviewedbut one encountered difficulty wiflood security. The farmer did not relate it
to irrigation. Somefarmersrecountedpunctualdifficulties with harvestsdroughts or low market
prices, buthese were balanced out in the following years and not mentioned to be related to specific

irrigation systems.

F a r maéMelidbeing

Farmers at both study sites noted an increasednpational weltbeing with the introduction of aer-

ial pipes. Farmers in SMP reported a further increase inhegillg with the UPN establishment.
SMPO02described the change as followsrém crawling to being a man. It was a change, come on,
great. Much bettef. é.]JAnd from flood to aerial pipe, it was a big change but even bigger from aerial

to undergroun@.SMP02wishedthat the UPN was established 40 yearsamtSMPO03 describdthe

UPN asthefi i d é@ration systemFarmersin SMI expressed their wish for an UPN. SMIfa
examplestatel: Wéil, | always tell my wife, that the worst of my profession is irrigation. It's the
hardest thing, you don't depend on yourself, you depend on other people, many things, that's why you
want them to concentrate, to modernize (...) because | see, | have friends who already have the mod-
ernization and their life is much easier. In fact, when we start the work that is in the summer, they are

more relaxed

Accordingly, withthe establishment of the UPN, farmers in SMP reported a decreasmrkimg

hours and a change in working time, not having to irrigate during the night anyQioiee farmers

started working in agriculture, working hours also decreased independently of irrigation changes,
through a reductiom manual work anénincrease in the use of machiresd agrochemicals. These
aspects were also mentioned to have contributed to increased possibilities for vacatigreaind
occupational welbeing, at both study siteklowever, SMI04 and SMI03 mentioned that their in-
crease in farm size impeded a reduction in net working hours. Furthermore, farmers from both study
sites mentioned that rather than the net working hours, the type of work changed notably since they
started working in agriculture. The change from physical to machinery work was not perceived as

positive by all farmers.
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Farmersexperiencedccupational stressndependently of irrigation systendue toweather condi-

tions, low reservoir water levels, subsidiasd producprice variationsStress related to water alloca-

tion prior toan UPN was also mentionefif: é yvhen you do not get water, when your plants, when

your farm needs water and it does not reach you because (...) it has been poorly distributed or because
(...) the irrigation has started late, because the organization has been poorly planned (...) you see your
farms that need water, that you are losing production, because it does not reach you and | do not get to
(...) that is (...) for those who love this wdrké hat is very very stressful. | struggle with my heart
because of that, | tell you(SMP03).SMPO04furthermore statedbout flood irrigation Sadj | always

(...) and when it was by the foot, | no longer slept two days or three days before, | no longer slept.
However, one SMPParmer stated that he feels less free in his decisions concerning sowing practices
since the UPNiiThey tell you, if you don't sow this (...) you have to sow this, this and this, because
you have so manters of water. You can no longer sow what you want. You have to sow tivbat

give you to water. There is no more. You are no longer totally free as when we watered by the foot,
you are limited (SMPO03) Besides this farmer, all farmers stated that irrigation stlesgppeared

with the UPN while farmerswithout an UPN mentioned to stékperiencerrigation stress.

5.5.3 EconomicSustainability Outcomes

Table14: Overview of economic sustainability outcomes of aerial pipes (AP) and the underground pipe network (UPN),
including the scale of assessment and contested outcomes.

Theme Indicator Assessment Outcome AP Outcome UPN Contested
scale outcome
Vulnerability | Bargaining power | Farm
and risk
minimization | Vulnerability to Farm Yes
climate change
Riskminimiang Farm
strategies
Selfreliance Subsidies Farm
Revenue and | Crop yield Farm
costs

Irrigation expenses | Farm

Netfarm Farm Yes
income

Vulnerability and Risk Minimization

Some farmers said that formerly, they could negotiate about prices. Others never nedutidted
time of the interviewsfarmersstated that they caot negotiate about the prices anymdargain-

ing power therefore seems to have decreased, but no relation to irrigation systems was mentioned.

Farmers stated that they periodically feel vulnerable to climate change, which is the case during dry

years. While some farmers have always felt vulnerable to climate change, sordar8diR per-
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ceivedtheir vulnerability to climate change to have decreased with the UPN, as this system pro-

vides them withan increased security in terms of water quantities

The UPNallows farmersto adaptthe distributionof irrigation wateron plotsduring dry yearsFarm-

ers explained that theyan for example choose to irrigdi@ hectaresvith a sufficient water quantity

instead of 10hectares with an insufficient water quantiBisk minimizing strategiesindependent

of irrigation systems were also mentioned to be adapted during years of drought, such as changing

crop types or postponing farm investments.

Selfreliance

For the introduction of aerial pipes, farmers could recsulesidies Subsidiesverealso provided for
the establishment of the UPN and associatethon irrigation installationsFarmers were hence fi-
nancially supported in the case of both irrigation systems. With the previous flood irrigation, they

were totally seHreliant.

Revenue andCosts

The introduction of aerial pipes led to iacrease ircrop yield. According to SMP03 and SMIOQ5, the
increase was by 2 30 percent, compared to flood irrigatigafurther yield increasavas related to

the UPN, as farmers mentionddGO0lalsostatel: Préductions are increased tremendously, to the
point that for example a hectare of corn in an unmodernized area gives you 11 thousand, 12 thousand
kilos per hectare. In a modernized area it reaches 16 thoO3dnslcorresponds to an increase by 33

to 45 percent. The changesirrigation systeraled toincreased productions througlgherwater and

fertilizer use efficiencyas explained in interviewéccording to farmerschanges in seedsd farm

size alsacontributed to increased productions.

All members of irrigation communities pay annual contributiothat has not changed significantly
since farmers started working in agricultudmwever, h addition to the annual contribution, farmers
began to have expenses for new irrigation infrastructure and it&ersd. pipes were mentioned to be
costly for some farmers, and Séirmers have noted the increase in diesel c@mmunities with

an UPN have additional expenses for its establishmentadiogvingly for its electricity supply Fur-
thermore, a stated by irrigation community members, the price of electricity has significantly in-
creasedlrrigation expenseshave therefore increased with bathigation systems, but to a greater
extent with the UPN.

Related to increased irrigation expensex,farm incomehas decreased despite higher yielcsoad-

ing to some farmersMarket prices were also mentioned to have influenced farm incomes. Other
farmers could not give an estimation on changes in net income and some farmers reported an increase
in income. The relation of irrigation systems to net farm income can hence not be determined in the

scope of this sustainability assessment.
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5.5.4 StakeholderPerspectiveson Sustainability Outcomes

The assessment of stakeholder perspectives concerns all sustainability indicators of the previous chap-
ter that outcomes related to irrigation systems were identified for. Interview questions guided the indi-
cators discussedso Table 15shows which indicators stakeholders were directly asked questions
about. The interviews with the members of the regional government and irrigation union were for ex-
ample focused on drivers of irrigation trajectorsa®d hence sustainability outcomes were not ad-
dressed in the interview guestio@ble 15furthermoreprovides an overview of which indicators
stakeholder groups provided information for, and which outcomes they expressed their aiminion

Table15: Prevalence of sustainability indicatotisatirrigation-related outcomes were identified for in stakeholder inter-

views.A=Interviewees were directly asked about an indicator. I=Interviewees provided information on outcome.
O=Interviewees expressed their opinion on the outcome discussed.

Theme Indicator Regional Irrigation Irrigation Farmers Environmental
government | union community experts
Water Irrigation water I, 0 Al O Al Al O
consumption
Water use I, 0 | Al I, O
efficiency
Agrochemical | Application of I, 0 Al Al O Al Al
products fertilizers
Soil and land | Landdegradation | A, I, O Al Al
Extension in Al | (@] I,0
irrigated area
Biodiversity Habitat loss and I, O
fragmentation
Population Emigration I | |
dynamics
Good Accountability of Al O Al O
governance authorities
Fairness of water Al O A lLO
allocation
Organizational I, O
efficiency
Water conflicts Al O I, 0
Cl NX S NI Occupational I, O I, O Al O
well-being well-being
Working hours Al O I, O
Occupational Al O
stress
Vulnerability | Vulnerability to I, 0 Al O
and risk climate change
minimization | Risk minimiing Al O
strategies
Selfreliance Subsidies Al O Al Al O
Revenue and | Crop yield I, O | Al O (@]
costs Irrigation Al O Al O
expenses
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Interview partners of the irrigation communities, farmers, and environmental experts were further-
more asked about the sustainability of irrigation syst@nasabout possibilities to move towards more
sustainability Their answers are presented in the following, together with elaborations on opinions of
stakeholder groups on sustainability outcomes as indicafibla 15

Environmental Experts

Environmental experts did not rate a specific irrigation system to be the most sustainable. They rather
talked about negative outcomes such as rebound effects of an increased water use efficiency and posi-
tive outcomes such as the increased ability to control water use with the UPN. Furthermore, criteria to
consider regarding the sustainability of irrigation were discussed. EE02 and EEO1 highlighted the im-
portance of water availability in relation to the sustainability of irrigation systems. In their point of
view, an irrigation system can only be sustainable if water is sufficiently available in a region, and if
the water resource is not overexploited. In this context, the ecological flow of rivers should be guaran-
teed. As a suggestion towards more sustainability of agricultural irrigation, changes to less water in-
tense crops were suggested. According to EEQ1, the irrigated area should be reduced for agricultural
irrigation to be more sustainable. All environmental experts interviewed lamented losses in biodiversi-
ty that occur with the UPN establishment in their perspective. EEO3 suggested the naturalization of
areas less optimal for production.

Environmental experts were not asked about social and economic sustainability outcomes. However,
some expressed an understanding of the need for the economic security aneingetif farmers.
EEO03 for example mentioned the labour intensity of flood irrigation and talked positively about labour

savings with the UPN.

Farmers

Nine farmers interviewed named the UPN as the most sustainable irrigation systefarmer did

not specifyhis answefurther than sprinkler irrigatiarThree farmers specified that they perceive un-
derground pipes or pivots connected to an UPN to be more sustainable than aerial pipes. These stanc-
es were explained by farmers with criteria such as higher water use efficiency, savings of water re-
sources, reduction in labour, increases in productivity, and decreases in fertilizers applied. Farmers
furthermore mentioned that they need to receive financial support for irrigation expenses for an irriga-
tion system to be sustainaldad theyhighlighted the importance of a fair water distribution amongst
irrigators. SMI02 criticized expansions of irrigation, since it may lead to a decrease in water availabil-
ity for his Theyrare pxpanding mdre amdch more ihectares, more hectares and more
hectares. And of course, if before you had four (...) now you still have three and a half, and each time
demanding more, demanding more, demanding more. And in the end, of course, there will come a
point that maybe yogannot(...) take out certain crops because it has a lot of demand forawater.

Some farmers expressed discontent about the decreased accountability of authorities in relation to the
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UPN establishment. However, increases in occupationatbeelly and decreases in occupational
stress were talked positively about. Farmers furthermore welcomed the increased possibility to apply
risk minimizng strategies and the decreased vulnerability to climate change with the UPN, as it in-

creases their economic security.

Irrigation Communities

When asked for criteria of a sustainable irrigation system, the interviewees of both irrigation commu-

nities talked about the UPN. IC02 described improvements of farmersuehmnnected to an UPN

as f o [Thosewvha irrigate by flood, are in a league and those who are (...) those who irrigate

with pressure are in the champion league, you khowl C01 menti oned doses of

ing reduced with the UPN, which is favourable in his point of view. ICO3 perceives the water alloca-
tion with the UPN as the #Afairest in the worl do
t h &verything is solved with modernizatioos. Two empl oyees of the SMP c
their contentment about the improvement of organizational efficiency since the UPN establishment.

IC03 furthermore talked about the increase in occupationatbnvell ng wi t HWheteliseno UP N: i
colour, but not only (...) what does a modernized community give you? It's a simple thing. It's not (...)

the first thing it gives you is quality of life. My life would not be the same modernized as not modern-

izedd The decrease in vulnerability to climate <cha
the UPN. Concerns about the accountability of authorities and rising electricity prices were expressed.

For the UPN to be more sustainable, ICO1 suggested solar power as energy source. To conclude, irri-
gation community members perceived the UPN as the most sustainable irrigation system. Similarities

to the perspective of farmers can be noted. The similarities mesldied tothe fact that the irriga-

tion community employees are farmers themselves.

Regional Government

The interviewee of the regional agricultural department described the higher water use efficiency of

the UPN as Atremendousodo advantage. RGO1 also ra
applications to be beneficial regarlidhinkigis(L.Jand dec
environmentally it is very positive, the modernization of irrigatton.| ncr eases i n qual |

farmers and productions were named as further advantages of the UPN, and the interviewee described

the financial support of farmers with subsidies to be helpful.

Irrigation Unions

The member of the irrigation union interviewed perceived the UPN as environmentally beneficial,
because water is saved in his perspective. The interviewee did not express his opinion on other sus-

tainability outcomes that he provided information for.
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6 Discussion

The methodologwf this thesis allowed to answer the research questions raised in the beginning. The
resultsare discussed subsequently according to the order of the research questions. Afterwards, the
results are discussed in the context of (sustainable) agricultural intensification, suggestions towards
more sustainability are made, and the methodological limitations are pointed out.

6.1 Irrigation Development

Theirrigation developmenat the two study sitesasanalysed for the period from 1970 onwards. At

the beginning of the period analysed, farmers who were interviewed all irrigated their farms by flood
through ditches and furrows. For the SMP study site, this finding is in line with research conducted by
Garcia Martine£2020 in the Paramo regionthe regiorthat the study site forms part of. The author
depicted floodrrigated farmsafter the arrival of th®arrios de Lunaeservoirwater in 1959For the

SMI study site, no specifications on irrigation systems used had been encountered in literature. Ac-
cording to the interviews conducted within my thesis, $Mins were irrigated by flood with water

from theBarrios de Lunaandthe VillamecareservoirA further new finding concerning the irrigation
development is the introduction of aerial pipes (AP), which occurred on fabmothatudy sites from

1992 onwards. The absence of this irrigation system in literature may be related to the spatial scale at
which the system was introduced. Aerial pipes were introduced for sprinkler irrigation on the farm
scale, but the irrigation infrastructure on the landscape level kept on consisting of the network of
ditches and drains (séégure? in chapters.2.2Irrigation SystemTrajectorieg. Furthermore, the ra-

tio of land irrigated by AP ranged from 10% to 50% per farm. Hémeentroduction of aerial pipes
wasonly a partial transformatiorHowever, farmers interviewed perceived the introduction of aerial
pipes as beneficial, which will be further discussed in chapteBustainabilityOutcomes ofrriga-

tion Systens.

An irrigation development identified that occurred on a larger scale is the establishment of the under-
ground pipe network (UPN) for pressurized water distribution at the SMP study site from 2005 on-
wards. This result is in line with research conducted in the region the study site beloBgscia.
Martinez(2020) described sectarise installations of underground pipes in fé&ramo regioifirom

the mid2000s onwards, anBodriguez(2011) mentioned increasing replacements of ditches with
underground pipes in the Duero River basin in the 2000s. The results of thisribesited future
projects to establish an UPN at the SMI study site, which points to the relevance of research concern-
ing this irrigation development. These landsclgwel UPN establishments also fit into the develop-
ment on the national level, as increasing replacements of ditches with pressurized distribution net-
works have been reported in Spé@arrillo Cobo et al., 2014; Fernandez Garcia et al., 2@&prd-

ing to Tarjuelo et al(2015) the switch from opexhannel to pressurized distribution networks is the

most common approach to renew irrigation systems in Spain. Likewise, in other arid aradidemi
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countries, pressurized water distribution has become common in the recent decazles al., 2012;
Fernandez Garcia et al., 2020; Santbés et al., 2021)

The onfarm irrigation development in the case study region from flood to sprinkler irrigation also fits
into the national, and partly international, trend. In sard regions of Spain and other sesmid
countries, transitions from flood irrigation as the most common irrigation system towards sprinkler
irrigation have increased, especially since the 2q@assterad et al., 2018; Herrero et al., 2007;
Nogués & Herrero, 2003Another orfarm irrigation system that has gained national and internation-

al prominence in replacing flood irrigation is drip irrigati(frerndndez Garcia et al., 2013; Lopez
Gunn et al., 2012; Pool, Francés, Gaiiats, Puertes, et al., 202Dyip irrigation was not prevalent

in the case study region, but for example became dominant in irrigated agriculture in Eastern Spain,
where fruit orchards prevafPool, Francés, Garchrats, Pulidevelazquez, et al., 2021While the

new onfarm irrigation systems may hence differ, imcreasing replacement of flood irrigation is
shared bythe case study region with humerous ottegfions in SpainThe termmodernizatioris of-

ten encountered in literature to refer ke tintroduction of nevonfarm irrigation systemssuch as

drip or sprinkler irrigation, but also to refer to pressurized water distribution networks on the land-
scape level, and sometimes to refer to technological improvements of existing irrigation systems. To
avoid confusion, the term will not be used in the following discussion sections. The irrigation systems

will be referred to directly.

6.2 Driving Forces oflrrigation SystemTrajectories and Involvement of Actors

Perceived driving forces of the irrigation trajectories at the two study sites since 1990 were identified
for all categories considered, namelylitical and institutional, economic, technological, cultural and
personal, and natural and spatial driving forcBse driving forces were further differentiated into
spatialscalesand presented separately for the irrigation trajectories on the landscape and farm level.
The number of driving forces identified on the landscape leied considerably greater than the
number of driving forces identified for efarm irrigation. This indicates that the change to the under-
ground pipe network (UPN) may have been of greater relevance fimténgew partnersit the time

of the interviews than new earm infrastructure. The greater relevance may for one be related to the
actuality of the irrigation system change. While the first aerial pipes were introduced in the 1990s, the
UPN establishments started from 2005 onwards at the SMP study site. Future UPN establishments
were approved at the SMI study site in 2018 and 2021, hence concerning the near future of interview
partners. The greater relevance may also be related to the spatial level at which the new irrigation sys-
tems are introduced, and to the amount of actors who are accordingly involved. Wiitenanfra-
structure mainly concerns the fassnale, UPNs are established on the landscape scaldPN es-
tablishment was found to be of interest &odiversity ofactors, from ministries of the national gov-

ernment to theegionalgovernment, irrigation communities, irrigation unions, aigidustrial compa-
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nies, banks, and farmerg/ith on-farm infrastructure governmental entities and irrigation unions
were not involvedThe driving forces are discussed hereindftereach of the five categorigaclud-

ing interrelations of driving forces that have been found relevant to be discussed. The involvement of
actors is discussed in more detail at the end of this chapter.

The category with the highest number of driving forces identified is the one of political and institu-
tional driving forces. This finding is in accordance with Plieninger et al. (2016) who identified politi-

cal and institutional driving forces as the most prevalent category across 144 case studies on land use
and landscape change in Europe. Correspondingly, irrigated agriculture has been found to occupy a
privileged position in Spanish policy (Lop&unn et al., 2012). The results of my thesis show that
interview partners perceived the UPN as measure to foster rural development and transform the agri-
cultural sector. This is in line with the argumentation of Le@emnn et al. (2012) who talk of a
fistrong social legitimacy of irrigation in many regions as a policy to settle population in rural areas
and generate employmeér(LopezGunn et al., 201285). According to the authors, the goal to settle

rural population through irrigation development especially accounts for inland Spain, which includes
both study sites. A political driving force that was not directly mentioned by interview partners but
was influential for the replacement of flood irrigation accordingidpezGunn et al(2012, Garcia
Martinez(2020),Fernandez Garcia et 42016) and Berbel et al. (2019) was the National Irrigation
Plani Horizon 2008 (NIP 2008). The NIP 2008 was enacted in 2002 with the goal to renew and re-
place irrigation infrastructure in one third of the irrigated area in Spain, and the plan was followed by
the Plan de Choqu&006to accelerate the implementati@Berbel etal., 2019; LopeZ5unn et al.,

2012) For theParamaregion, Garcia MartineZ22020) mentioned the Comprehensive Agrarian Plan

of Castilla y Lén 20072013 to have continued the implementation of the national plans. While these
national and regional plans were not directly mentioned in interviews, the financing scheme that stems
from the NIP 2008 was mentioned. Loans under preferential conditions and direct collaborative finan-
cial contributions by regional governments, sawned companies, and the EU were provided, which
fostered the UPN establishment in SMRis thesis not only founuhstitutional collaboration regard-

ing finances, but also regarding convincing farmers through informative talks to approve of the UPN.
Garcia Martine£2020)noted a reluctance of farmers to change. However, the psychological aspect of
convincing farmers to change was not encountered in literature, which may be related to the rather
informal nature of the measure. As a final note on political and institutional driving forces, land own-
ership was therein identified as relevant driving force slowing down UPN establishments. Land own-
ership continued to influence darm irrigation infrastructure on rented farms after UPN establish-
ments. This was not encountered in literature, probably because the authors referred to above focused
on driving forces intensifying the irrigation development. Driving forces that impeded changes were

additionally incorporated into the analysis of my thesis.
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Irrigation infrastructure costs were also found to delay UPN establishments and imsch anfra-

structure decisions of farmers. This impeding economic driving force in turn seems to have fostered
the previously mentioned financial contributions to support farmers with irrigation installations. As
Sanchislbor et al. (2021) and Tarjuelo et al. (2015) pointed out, transitions fromat@@mel to un-
derground pipe networks call for large public investments. Contrastihglypdssibility to increase

water use efficiency with thePN seens to haveplayeda central ra for its approval and establish-

ment. Water use efficiency was also identified as an economic driving force for the introduction of
aerial pipes on farms in the 1990s. This finding is in line with research by 1Gyez et al. (2012)

who noted a push in Spain towards measures to increase water efficiency in the 1990s, especially tar-
geting agricultural water use. Furthermore, Berbel et al. (2019) identified ambitions to increase water
efficiency and foster the competitiveness of irrigated agriculture in Spain. In this context, the authors
mentioned the EU strategy for resoutee efficiency to which Spanish efficiency goals were aligned

to (Berbel et al., 2019)Political and economic driving forces hence seem to be strongly rehatell.
interrelations were also recognized in chapt8r8 IntercategorialRelations andnvolvement oAc-

tors. In addition to national and regional governmental pursuits to increase water use efficiency, inter-
views conducted pointed to farmers striving to increase water use efficiency. Their ambitions were
inter alia related to the optimization of crop conditions and productivity increases. Productivity in-
creases seem to be another shared objective across spatial levels an8awtbisbor et al.(202])
andTarjuelo et al(2015)identified them as economic driving force to replace flood irrigation on the
regional and national governmental level. Aims to increase productivity further fit into agricultural
land use changes in Europe, as they were identified as economic drivers especially for management

intensity increases in the last decafle=vers et al., 2016; van Vliet et al., 2015)

The category with the least amount of driving forces identified is the one of technological driving
forces. This finding may be related to the research object itself, which is an irrigation development
that comprises technological changes. Jepsen et al. (2015) inter alia identified irrigation per se as a
technological driving force of land use change in Europe. While technological drivers were found to
be of great importance in European land use ch@igmsen et al., 2015; van Vliet et al., 20156

small number of technological driving forces identified for the irrigation trajectories may also mean
that these played a less significant role than other driving forces. The results showed nonetheless that
the age of infrastructure influenced the spatial development of where UPNs began to be installed. The
resultingtime point of installation seems to be relevant on the farm scale. Some farmers for example
would have preferred an earlier installment due to perceived advantages that will be further discussed
in chapter6.4 SustainabilityOutcomes ofrrigation Systens. Irrigation system characteristics were

also identified as technological driving force, especially influencing decisions abdatnorirriga-

tion infrastructure. The characteristics found

driving forces farm topography, work comfort, or water use efficiency. In literature, irrigation system
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characteristics are discussed mostly with a relation to water use effi¢secye.Fernandez Garcia
et al., 2013; Lopetsunn et al., 2012; Morani et al., 2022; Tarjuelo et al., 2015)

As explained in chapte®.2 Driving Forces ofLand Use andLandscapeChange personal driving

forces were incorporated into the category of cultural driving forces. Personal motivations of farmers
to move forward and save resources were found to foster UPN approvals. Aspirations to increase
work comfort and quality of life were found to influence the introduction of aerial pipes, were again
found to foster UPN approvals, and to further influencdaom infrastructure decisions. The objec-
tive to improve farmersd working conditions in
also been recognized by Berbel et al. (2019), Tarjuelo et al. (2015), andGopazt al. (2012). Ac-

cording to the results of this thesis, a neighbourhood effect contributed to farmers becoming aware of
the possibilities to improve quality of life through changes in irrigation. The exchange with other
farmers seemed to have played a relevant role on the personal level. This driving force had not been
encountered in literature. However, neighbourhood effects are a driver often identified in studies on
land use changgutherland et al., 2012; van Vliet et al., 2013; Verburg et al., 2004; Zhou & Kockel-
man, 2008) Population age structure was identified as a further cultural driving force at the study
sites. Farmers close to retirement were found to be less willing to invest in theéhaPoung farm-

ers This is in line with findings byrernandez Garciat al. (2020), that the early adopters of new
technologies are usually younger farmers, and by van Vliet et al. (2015), that young farmers are more
inclined towards considerable farm changes than old farmers. The latter authors explained this inter-
generational difference with the fact that young farmers have a longer career ahead for investments to
become rentable. Interviews conducted at the study sites indicated that older farmers were also gener-

ally more skeptical towards the new irrigation system.

According toLopezGunn et al(2012 and Berbel et al. (2019), severe droughts in Spain enhanced
the public and political will from the mi@d990s onwards to save water and increase irrigation effi-
ciency.LopezGunn et al(2012 noted a subsequent shift in the public debate from specific concerns
over droughts towards concerns over climate change, which is associated with more frequent droughts
though (LopezGunn et al.,, 2012)The results oimy thesisalso identified droughts and climate
change to motivate farmers to approve of UPN establishments. This finding is further supported by
research that found farmers to increasingly value and pay for guaranteed water supplies as climate
change adaptation meas\Berbel et al., 2019; Mesturado et al., 2012Jor onfarm irrigation in-
frastructure, the natural driving forces farm topography and soil characteristics were detected within
this thesis. A relation to optimization of crop conditions seemed to be prevalent becausaphet

type of soil was said to be better supported by sprinkler irrigation than by flood irrigation. High soil
quality has indeed been associated with high yigldsers et al., 2016Furthermore, soil quality and

farm topography have been found to generally influence agricultural land use changes in(\iaurope

Vliet et al., 2015)

91



MasterThesis
Fabienne Laura Frey F—

Farm topographyias also contributed to the study site differences identified within my thesis. Farms
in SMP were said to bessflat and hence farmers saw the necessity for aerial pipes earlier than farm-
ers in SMI. Regarding the study site differences of the UPN approval, the larger extent of the irrigated
area in SMP was said to have fostered political support for an earlier establishment. Research con-
ducted byLopezGunn et al(2012 shows that funds were also not distributed equally between irri-
gated regions in Spain. The Duero River basin with its large irrigated area was amongst the regions
that received the highest investmefitspezGunn et al., 2012)A well-established irrigation commu-

nity structure was found to have contributed to the earlier UPN establishment in SMP as well, and the
merging of small communities in SMI seems to have contributed to the final UPN approval at this
study site.This finding fits into studies that identified changes in social organization contributing to
land-use/cover chang@xinn & Ghimire, 2011; Lambin et al., 2003; van Dijk et al., 20IH)e rele-

vance of irrigation communities as actors will be further discussed b&tatherdriving force iden-

tified to have influenced the time difference in the UPN approval is theagacultural land owner-

ship in SMI. This result is supported by studies highlighting the influence of land tenure configuration
on land use change trajectories in Eur@igartvigsen, 2014; James Millington, 2008; Trukhachev et

al., 2015) For the final UPN approval at the SMI study site, the engagement of an individual was said
to have been relevarkarcia Martine£2020) identified a former president of the irrigation communi-

ty in SMP as a fundamental actor for the implementation of the Comprehensive Agrarian Plan of Cas-
tilla y Ledn 20072013. This indicates that individual action also played a role for the UPN approval

at the SMP study site, and not only at the SMI study site.

The involvement of actors in irrigatiothevelopmenis prevalent in literature, as partly pointed out
before Berbel et al. (2019) named national and regional governments as main proofidterge-
placement of flood irrigatignwhile LopezGunn et al(2012 see the lead with the Spanish State-

tional and regional governmental involvement was also recognized within this thesis. According to
LopezGunn et al.(2012, farmer organisations and the main national irrigation union then became
active campaigners for the replacement of flood irrigation in Spain. The main national irrigation union
was only referred to in interviews as bringing together central irrigation boards and communities, but
more detailed results on the role of a central irrigation board and irrigation communities were con-
ducted. According to the results of this thesis, both actors have contributed to the replacement of flood
irrigation with UPNs, and they have collaborated with the regional government, driven by joint politi-
cal and economic ambitions. Other farmer organisations were not mentioned in interviews.- Sanchis
Il bor et al . (2021) point out that the participa
Mediterranean countries exhibits regional differences. The authors furthermore mentioned companies
being involved in the replacement of flood irrigation, as also suggested by the results of this thesis. A
stateowned company to be highlighted $EIASA Garcia Martine2020 attributed the company

with a fundamental role in the UPN approvals in Bé&@amaregion due tats financial contributions
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According to the results of this thesis, the company additionally participated in informative talks to
convince farmers of UPN approvals. As already mentioned previously, a relevant distinction to be
made seems to be one across the spatial levels at which a new irrigation system is impl&uoented.
ernmental entities and irrigation unions were found to be particularly involved with fostering changes
on the landscape level, whereas individiaaers were partly sharing similar interests but were also
found to impede UPN establishments, especially at the beginning. Hence it also needs to be noted that
farmers cannot be viewed as a unified adfbe role of the age of farmers was already elaborated on
above. Berbel et al. (2019) additionally mentioned that the level of entrepreneurship of farmers influ-
enced their engagement for the replacement of flood irrigdtiowever, farmers interviewed within

this thesis were identified as main agents regardinfaion irrigation changes, a spatial level where

governmental entities and irrigation unions did not interfere.

6.3Irrigation -related L andscapeChanges

According toFarina(2000) agriculture is one of the main factors contributing to the formation of
landscapes in Europe. The results of this thesis indicate that agricultural irrigation therein contributes
to landscape changes. In the following, the landscape changes identified and their relation to the irri-
gation trajectories at the study sites are discussed.

Certainirrigation-related landscape changes were detected at both study sites. They include decreases
in trees and wells and increases in corn cultivations. As the interviews indicated, trees were removed
because they damaged irrigation ditches. The removal of wells, which lost their necessity and profita-
bility, contributed to the removal of trees. This finding is in line with research conduct&aroia
Martinez (2020 who mentioned the limited potential of wells for a productive agriculture, and the

| oss of f GarctadMartineza02a14) with (he removal of wells. The author also elaborat-

ed on increases in corn cultivation, which he attributed to the market potential of the crop that was
accelerated by the introduction of sprinkler irrigation and saidi climatic conditions allowing high

yields (Garcia Martinez, 2020B5almeron et al(2011) agree that senarid conditions allow high

yields of irrigated corn, and accordingXiassi et al(2016) the increase in corn cultivation in Spain
coincided with the increase in sprinkler irrigation from 1990 onwards. Considering that corn is a crop
with high water needéSalmerédn et al., 2011; Segov@ardozo et al., 2019)t makes sense that new
irrigation possibilities such as sprinkler irrigation with aerial pipes can contribute to an increasing
prominence of the crop. The interviews conducted within this thesis furthermore indicated that the
work comfort, low production cost, and irrigation resistance of the crop contributed to the cultivation
increase As mentioned in chapte2.3 Irrigated Agriculture in the Case Sudy Region Rodriguez

(2011) found thaincreases in corn cultivation led to a homogenization ofahdscape in the Duero

River basin, to which both study sites belong.
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At the SMP study site, more landscape changes were identified than at the SMI study site, and the
changes in SMP were all found to be related to irrigation. In the scope of the underground pipe net-
work (UPN) establishment and its associated land consolidation, crop area and field size of crops in-
creased, while field margin vegetation, wetlands, and the number of wells, ditches, and trees de-
creased. These results are in line with research that had been conducted in the regioR&Famihe

region, to which the SMP study site belongs, similar landscape changes have been mentioned in rela-
tion to UPN establishments and associated land consolidations. This is the case for field size increase
(Garcia Martinez, 2020; Rodriguez, 20ahyl the elimination of ditches and wel{3arcia Martinez,

2020) Field margin vegetation and field trees were not mentioned by the authors to have decreased,
but Blanco et al(2016)mentioned land consolidations having reduced the natural vegetatitasin

tilla y Le6n the autonomous community the study site belongs to. The findings regarding decreases in
field margin vegetation and field trees also make sense considering the enlargement of field size de-
tected at the study site, and considering that agricultural land consolidations have been associated with
the removal of landscape elements such as trees and hed{Ranmsy et al., 2000; Denac & Kmecl,

2021; Jan Benthem, 1969; Papanastasis et al., .20008hg et al.(2020) mentioned a reduction in
surface vegetation that can occur with road constructions in agricultural land consolidations. Interest-
ingly, roads were said to have been widened at the SMP study site, but the overall area taken up by
roads and paths in the study perimeter was found to have decreased. The area taken up by paths was
most likely transformed to agricultural land, as parcels have been enlarged in the study perimeter
where paths previously connected fields (see ch&ptelr LandUse). Two further landscape changes

that can occur with such irrigatieelated land consolidations worthwhile pointing out are an increas-

ing amount of rectangular shaped plots, afichinations of infrastructure with a heritage value
(Rodriguez, 2011)What also needs to be noted is that the landscape changes elaborated on above are
not exclusively irrigatiorrelated. As mentioned in the interviews, the land consolidation at the SMP
site simultaneously served to increase the efficiency of other agricydtadices This is in line with

studies that identified land consolidations as tools to increase agricultural effi¢@edgfaw et al.,

2019; Vries & Timo, 2022; Yaslioglu et al., 2009he SMI study site had not experienced an UPN
establishment nor a second land consolidation at the time of the interviews, which may explain the

smaller amount of landscape changes detected at this site.

In conclusion, it can be said that sprinkler irrigation with aerial pipes contributed to landscape chang-
es at both study sites, but the UPN establishment in SMP seems to have had-neachiiag land-

scape impact. This result is in line wigodriguez(2011), who conducted research in the river basin

the study site belongs to. The author called the UPN establishment witb lanmds ol i dat i ons
the actions with the greatest territorial magnitude and landscape impact that is being carried out in the
r e g i Rodriguez2011:63).
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Two landscap4devel indicators with potential links to changes in irrigation did not show a clear trend,
i.e., the number of wild animal species and vegetation greenness (NDW§results of my thesis

show that the number of some wild animal species decreased, while other wild animals increased in
number. Interviews conducted indicated that the replacement of flood irrigation, especially with the
establishment of the UPN, seems to have partly contributed to changes in species compositions. Simi-
larly, JiménezGarcia et al(2014)found that a few wildlife species can benefit from the introduction

of high technique irrigation systems, but most species cannot survive in the altered conditions.
Moulton et al.(2022)found that floodirrigated agriculture provides a habitat for certain bird species

that cannot be provided by sprinkietigated agriculture, anBerreira & Beja2013)pointed out that

only generalist species may be able to deal with irrigation habitat changes such as the elimination of
surface water. However, what also needs to be noted is that before the arrival of the reservoir water,

theParamaegion was a dry land with low water availabil{tgarcia Martinez, 2020)

The results on study site differences in NDVI summer means were not significant, but higher NDVI
summer means were detected at the SMP than at the SMI site for both periods of time considered.
Peak differences between study sitesy be related to crop types. As interview partners declared,
more corn is sown in SMP, while more potatoespaatedin SMI. A greater amount of corn sown

could have contributed to higher NDV&lues considering thatorn has been found to have longer
lasting NDVI peaks than potatoé¥ohnson, 2016; Tasumi & Allen, 2007he river passing through

the SMI study site may have also influenced peak differefeegusaevater bodies imply a low or

even negative NDV[Huang et al., 2021)Focusing on the&SMP study site, iténcrease insummer
meandgfor the period of 2015 to 202dompared tdahe period of 1995 to 2001 could be related to the
UPN establishment. As stated by interview partners, the new irrigation system allowed for a more ef-
ficient irrigation water usage by plants aed to higher corn yieldsConsidering that the NDVI has

been found to correlate with crop yiel(Benedetti & Rossini, 1993; Johnson, 2016; Poudel et al.,
2021) higher corn biomasses could hamdeedcontribuedto the higher NDVI values. As stated by
interview partners, the amount of corn cr@gpghe study sitincreased over time. Therefore, an in-
crease irthe amount otorn crops could havaddedto the higher NDVI values in the second period.
Considering that the NDVI is sensitive to drougfsuthi & Aslam, 2015knd that both study sites
showed the most similar values during the year with drought conditions, the new irrigation system in
SMP seems to not have been able to buffer the water constraints. This is in line with the finding of
GarciaGarizabal et al(2017)for anotheriver basin in Spain. The authors found that the implemen-
tation of ondemand irrigation systems in the Ebro basin did not prevent water deficits for corn crops
during drought conditions. The authors mentioned that it nonetheless allowed for a better adjustment
to the water needs of crops, and underground pipe networks have been mentioned to help farmers deal
with droughts(Lecina et al., 2010; Lope@unn et al., 2012)Droughts are further discussed in the

next chapter in the context of vulnerability and risk minimization.
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6.4 Sustainability Outcomes ofl rrigation Systems
The environmental, social, and economic sustainability outcomes that were analysed for aerial pipes
(AP) and the underground pipe network (UPN) are discussed hereinafter for each dimension. Results

on stakeholder perspectives are incorporated in this discussion chapter.

Environmental Sustainability Outcomes

An increase in water use efficiency was identified on the farm level with the introduction of sprinkler
irrigation, especially in the scope of the UPN establishment. Water efficiency improvements with
transitions from flood to sprinkler irrigation have been frequently highlighted in literé@aneillo-

Cobo et al., 2014; Eldeiry et al., 2016; Ferndndez Garcia et al., 2013; Herrero et al., 2007; Venn et al.,
2004) However, the results of this thesis indicated that the annual water consumption has not been
reduced with the new systems on the regional level. Berbel et al. (2019) found that some regions in
Spain have achievatkcreases in wateonsumptiorwith new irrigation systems, btiie authorsec-

ognized rebound effects preventing overall net water savings or even increasing water consumption in
other regions, as also further authors recognig@&dnzalezCebollada, 2015; Lecina et al., 2010;
LopezGunn et al., 2012; Nogués & Herrero, 2003; Tarjuelo et al., 2@%prding toDiaz et al.

(2012) increases in irrigation efficiency contributed ttee introduction of more watetemanding

crops, which have in turn counteracted water savibigz et al., 2012)Extensions in irrigated area,

as they have been found at the SMP study site, have also been suspected to counteract water savings
(Berbel et al., 2019; Hoffmann & Villamaydiomas, 2023; Lope&unn et al., 2012What further-

more needs to be pointed out is the reduction of irrigation returns associated with a higher water use
efficiency. This was mentioned in interviews and by Le@emn et al. (2012), according to whom a
reduction in irrigation returns reduces aquifer recharge and is disadvantageous for areas downstream.
The increase in water use efficiency identified is hence not necessarily a positive outcome, and it was

accordingly criticized by environmental experts interviewed.

However, the results indicated a higher efficiency in fertilizer absorption with the UPN leading to
farmers in SMP lowering doses of fertilizer applied. This effect was similarly found farathgo-

lada irrigation district(Barros et al., 2012and the dcar river basir(Berbel et al., 2019 Spain.

Berbel et al. (2019) pointed out that such reductions in fertilizer applications improve water quality
andYang et al.(2019)found that they reducemissions of the atmospheric pollutardONJimenez

Aguirre et al.(2014)recognized possibilities to reduce nitrogen applications with the passage from
flood to sprinkler irrigation, but favour case by case assessments because nitrogen contaminations

also depend on the nitrogen management and characteristics of local water bodies.

Data conducted within this thesis was not sufficient to rate sustainability outcomes regarding energy
consumption. Research suggests that new pressurized irrigation systems have resulted in significant

energy use increas@s Spain(Berbel et al., 2019; Carrik€obo et al., 2014; Gonzak&ebollada,
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2015; Jlassi et al., 2016; Khadra & Sagardoy, 2038kh energy use increases are viewed as a global
environmental concern for the coming decades. Additionally, the energy costs for farmers are increas-
ing rapidly (Berbel et al., 2019; Lope@unn et al., 2012; Moreno et al., 2010Y¥igation costs are
discussed further below in the context of economic sustainability outcomes.

Wada et al. (2014) mentioned that salinization issues can increase with the passage from flood to
sprinkler irrigation. At the study sites, replacements of flood irrigation did not seem to have influ-
enced salinization issues, which is in line with the results of a study comparing soil salinity of flood
and sprinkler irrigation conducted by Casterad et al. (2018). According to Lecina et al. (2010), the
salinity of underlying geological strata rather determines salinization issues.

Biodiversity indicators considered include diversity of wild animal species, habitat loss and fragmen-
tation, and the quantity of wetlands. Negative outcomes were identified especially for the UPN. As
elaborated in the previous chapter, changes in species compositions were prevalent, which may be
related to altered habitats as surface water practically disappears with the complete replacement of
flood irrigation. Similarly,Rodriguez(2011) associated a high biological diversity with the presence

of water in floodirrigated fields.Results of my thesis furthermore indicated that the UPN establish-
ment contributed to habitat loss and fragmentation through the removal of trees and ditches, and the
enlargement of parcels. Scattered trees are considered an important habitat in agricultural landscapes
(Gibbons et al., 2008and landscapes of structural complexity were found to be important for diversi-

ty in agroecosystem@scharntke et al., 2005)scharntke et al2021)argue that the structural com-

plexity of agricultural landscapes and small parcels are even more important for biodiversity than or-
ganic farmingThis is in line with the finding that land consolidatsaran negatively impact biodiver-

sity (Denac & Kmecl, 2021)andis of relevance considering that half of all species in Europe are de-
pendent on agricultural habita{Stoate et al., 2009Wetlands are also crucial for biodiversity
(Getzner, 2002; Kingsford et al., 2018Yetlands were found to have decreased with the UPN estab-
lishment. A study commissioned by the municipality of SMP furthermore reported a degradation of
wetlands in the area inter alia related to changes in irrigéfiénchez, 2021)rrigation systems with

a high efficiency were also found to damage wetlands in other European ré@gazBlanco &

Sapino, 2022)

Social Sustainability Outcomes

In the social sustainability dimension, th@allesthumberof negative outcomes was found. This re-

sult is supported byorregeMarin & Berbel(2019) who rated the replacement of flood irrigation

with largescale sprinkler irrigation as a good social investment. While Antunes et al. (2017) found an

unequal water distribution as a main sustainability issue for two study sites in Spain without an UPN,
a social sustainability outcome to be highlighted is the increased fairness of water allocation that

seems to be associated with UPNs. The outcome was found to be valued by both irrigation communi-
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ties and farmers, which is in line with the finding that from the perspective of farmers, fairness means

that every farmer can irrigate with the same frequéisig, 2015; Delos Reyes & Schultz, 2021)

Similarly, Rey et al(2019)characterized the distribution based on queuing, as it is the case with flood
irrigation, as unequal. A study Hysteban et al(2018) conducted in southeastern Spain found that
userso perspectives on fairness differ based on
tends to disappear with the replacement of flood irrigatiesieban et al., 2018Regarding the per-

formance of authorities, the authors found that the opinion is similar amongst users. The performance

of authorities whaskban et al k281dyhite she résults of this thekis indicated a

slight discontent with the accountability of authorities concerning the UPN establishment. However,
farmers interviewed expressed satisfaction with their participaiidegaReig et al(2017)classified

the participation of farmers in decision making processes on irrigation as low, but nonetheless noted a
high satisfaction of farmers with their participation, due to high confidence towards the irrigation
communities Villamayor-Tomas(2017)found that participation of local stakeholders in energy plan-

ning of irrigation is lacking.

Irrigation community members interviewed talked of an increased organizational efficiency with the
UPN. Management efficiency gains and management improvements with the new irrigation system
were also mentioned in literatu(Berbel et al., 2019; Playan & Mateos, 2006; Santtos et al.,

2016) Berbel et al. (2019) explained the efficiency gains with a professionalization of irrigation
community staff in the scope of the establishment of new irrigation systems, and with the increasing
automation and remote control of irrigation. The automation and remote control have also contributed

t o an i ncr e a sbeingiaatording to theauthods. An edrdase in fardwezl-being was

detected within this thesis already for the aerial pipes, but to a greater extent for the UPN. The in-
creased welbeing was attributed to decreases in working hours and occupational stress. Reductions

in the amount of work and improved quality of life have been recognized for UPN establishments in
other regions in Spain as wé¢ihadra & Sagardoy, 2019The decrease in water conflicts mentioned

in interviews may have adbemg astalso Lécimaeet dl. (R@lD)sprake i n
of reduced labour tensions and improved working conditions for farmers with UPNs. Furthermore,
MesaJdurado et a2012)f ound t hat far mer soé6 wel fare increases
is the case with an UPN. However, a farmer interviewed felt less free in his decisions than during the
time when he used to irrigate by flood. Similatybizua & ZagaMendez(2020) recognized a re-

duced autonomy to setirganize with the new irrigation system a®anchislbor et al.(2017)found

water saving technologies removing the autonomy of users in the name of collectibeingll

The results of this thesis furthermore indicated that the UPN establishment may have the potential to
prevent emigration from the countryside. While this potential is politically frequently highlighted as
an advantage of the URBerbel et al., 2019} opezGunn et al. (2012) highlighted labour reductions

associated with the UPN and therefore questioned whether the irrigation system can prevent rural de-
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population.Garcia Martine£2020)speaks of a demographic decline in B@amaregion due to the
mechanization of agriculturaractices According to the authoSanta Maria del Paranforms an
exception to the demographic decline, which is related to its irrigation development but also to the
economic diversity of thenunicipality The larger size of th8anta Maria del Paranrounicipality
compared to th&anta Maria de la Iskaunicipality (see chaptdr.4 Casestudy Stes) may also coun-

teract a demographic declinEhe UPN establishment alone therefore does not seem to prevent emi-
gration, but it maystill contribute to settling rural population through increasing the attractiveness of

farming (Khadra & Sagardoy, 2019specially for young farme(3arjuelo et al., 2015)

Economic Sustainability Outcomes

In the economic dimension, productivity increases were noted with aerial pipes, and to an even greater
extent with the UPN. This result fits into research that found sprinkler irrigation to be associated with
a higher beneficial water use than flood irrigat{blogués & Herrero, 2003and there seems to be a
scientific consensus that large scale underground pipe networks further increase prodabtivégt

& Khan, 2017; Berbel et al., 2019; Gonzaleebollada, 2015; Hoffmann & Villamaydromas,

2023; Lecina et al., 2010; Playan & Mateos, 2006; Tarjuelo et al., 2Ba&yers interviewed talked

of crop yield increases by 25 to 45 percent, which is similar to the 25 to 33 percent that Tarjuelo et al.
(2015) recognized. What needs to be notethiadequatmanagemendf the available water resource

and further production techniquese also relevant factoisfluendng productivity (Tarjuelo et al.,

2015)

Results indicatethat productivity increases did not necessarily lead to a higher net income of farm-
ers. Especially the UPN was associated with high expenses, not only for its establishment but also for
the subsequent electricity suppl@onzalezCebollada(20195 argue that the amortizing costs can
threaten the economic viability of a farm, and the high energy cost dependence has been mentioned to
increase the economic vulnerability of farméanchislbor et al., 2021)The subsidies farmers can
receive for irrigation infrastructure may counteract these expenses, but future energy price fluctua-
tions may continue to influence economic farm viabflitgcina et al., 2010)t therefore makes sense

that farmers interviewed perceived the financial support for irrigation expensesoaspanentof

irrigation sustainability.

Regarding the vulnerability of farmers to drougl@®mez & PéreBlanco(2014)argue that irriga-

tion systems with a higher efficiency do not decrease vulnerability, nor do they reduce water scarcity.
The authors explain their stance with the rebound effect of irrigation efficiency and a resulting higher
water use. In this contextppezGunn et al(2012 pointed to a possible decrease in the overall resil-
ience of the agricultural system, to which the increasing reliance on-wtgmese crops contributes.
Farmers interviewed within this thesis perceived their vulnerability to climate change to have de-

creased with the UPN, and it allowed them to adopt risk miimgntrategies during droughts. Water
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users interviewed bi¢steban et a[2018)agreed that the replacement of flood irrigation would be the
best policy to deal with water scarcity. From the perspective of irrigators, vulnerability to droughts
and climate change may therefore be reduced with UPN establishments. Howevtrriomginera-

bility may be questioned, and the exposure to droughts may increase despite more efficient irrigation
(LopezGunn et al., 2012 The longterm development is of great relevance considering the forecast
of more frequent drough{8erbel et al., 2019)

6.5 Irrigation Development in the Context of (Sustainable)Agricultural |ntensifi-
cation

Based on the conceptualization of agricultural intensification adopted (see cB@pigricultural
IntensityChange(AIC) and Sustainablelntensification (Sl) the results indicate that the irrigation
trajectories at the two study sites form part of agricultural intensity changes. Investments in irrigation
infrastructure and adjustments of water use were identified, which are both mechanisms of agricultur-
al intensity change operating in Eurofigiogo et al., 2022)Furthermore, irrigation equipment was
replaced and renewed, and water efficiency was increased. These indicators speak for an increased
agricultural intensityDiogo et al., 2022)Especially the UPN establishment seems to form part of
agricultural intensity changes, considering its moredaching effect compared to AP. Furthermore,

the UPN was associated with an increase in irrigation area and with a land consolidatiorgrevhich
also mechanismof agricultural intensity chang@iogo et al., 2022)Similarly, the elimination of
landscapestructures aneélements and increasing field sizes are seen as typical landscape changes of

agricultural intensificatioriHelfenstein et al., 2020; van Vliet et al., 2015)

Regarding the sustainability of agricultural intensification processes, increased productityed

as a pivotal componemnd meet the increasing global food demand, and is hence often perceived as
promising to contribute to a sustainable intensificaf{idiogo et al., 2022; Helfenstein et al., 2020)
Irrigation-related increases in productivity have been detected at the study sites. Accorlangato

& Mateos(2006) the magnitude of irrigatierelated increases in productivity is not sufficient consid-

ering the increases jrojectedglobal fooddemand Furthermore, negative environmental outcomes
have been detected at the study sites, especially related to the UPN establishment. These do not seem
to comply withthe aim ofSl to proted¢ the environmentDiogo et al., 2022; Weltin et al., 2018)
However, i ncr e alx@ghave heerf ckarlyradtnibste towhe Irrigaggstemsat the

study sites, and the social sustainability dimension was found to have various positively rated out-
comes. The promotion of a good quality of life as a goal ¢D&Igo et al., 2022; Janker et al., 2019)

thus seems to be prevalent for the irrigation development researched. Overall, it can be said that the
irrigation development at the study sites led to taifle as it is often the case with sustainable inten-
sification processef®iogo et al., 2022Helfenstein et al., 2020While further sustainability indica-

tors were assessed as presented in the previous chapter, there is a range of indicators that have not
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been considered but would be relevant for a more thorough Sl assessment (Diogo et al., 2022). On a
final note, Weltin et al. (2018) perceive increases in water use efficiency as the field of action for a
sustainable intensification in the context of irrigation. As elaborated on in the previous chapter, water
use efficiency increases are not necessarily a positive sustainability outcome. It hence seems of im-
portance to expand this perception by other fields of action. Suggestions are made in the following

chapter.

6.6 Towards More Sustainability
In this chapter, suggestions towards more sustainability are made based on the previously presented

sustainability outcomes and findings from research in this context.

Clough et al(2020)recommend considering the ecological effects of changes in parcel size into the
design of land consolidations. Parcel size should hence only be reduced as much as necessary to in-
stall underground pipes. To further prevent biodiversity losses with an UPN establishment, preserving
landscape elements such as trees, hedgerows, and wetlands wherever possible would be beneficial.
Tscharntke et a(2021)suggest preserving at least 20% seminatural habitat in agricultural landscapes.
Therein, a focus should also be put on landscape conne¢ligitharntke et al., 2021The authors

stress that collaborations between farmers and other stakeholders are needed for such a landscape de-

sign, together with governmental schemes.

Even though drip irrigation has been found to be more water use efficient than sprinkler irrigation
(Ahmad & Khan, 2017; Couto et al., 2013)conversion to drip irrigation may not be the solution to
achieve water savings, as it may also lead to rebound effésissceMufioz et al., 2019)Lecina et

al. (2010) suggest a shift from the focus onfamm irrigation efficiency towards evapotranspiration
management to achieve water savings. Deficit irrigation may also serve as a strategy-stressed
times(VelasceMufioz et al., 2019)Considering the prevalence of crops with high water needs in the
case study region, a switch towards less water intense crops may be behiailoMufioz et al.
(2019)andSanchislbor et al.(2021)point to the potential of unconventional water sources for water
savings, like water derived from desalination or from reuse and rainwater harvesting systems. The use
of unconventional water sources may also prevent the further degradation of wéWatadxo

Mufioz et al., 2019)The authors stress that the production procesfsasconventional water sources
should be improved, and attention needs to be paid to the final price of water for farmers not to in-
crease. According t@sémez & PéreBlanco (2014) a comprehensive policy mix is needed to
achieve water savings without reducing agricultural incdde#fmann & VillamayorTomas(2023)
suggest involving irrigation associations more actively into these decrsa&ing processes because

of their ability to encourage collective action. As a final note on water savings, Berbel at el. (2019)

stress preventing further expansionsheirrigation areaA prevention of further expansions was val-
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ued by farmers and environmental experts interviewed, and accord@gntezLiméon & Goémez

Ramogq2007)alsoby the regional society

Considering the increasing vulnerability of farmers to energy price fluctuatiwr e, public funding

anda new funding scheme may be neces§agnzalezCebollada, 2015)lo reduce energy costs and
lessen the environmental impacts of energy consumption, fostering the switch towards renewable en-
ergy sources, especially solar energy, is suggg§€tadillo-Cobo et al., 2014; SancHisor et al.,

2021; Tarjuelo et al., 2015)ocal stakeholders should also be more involved in energy planning to

decrease their vulnerability to price fluctuatigh8lamayor-Tomas, 2017)

Overall, the incorporation of various stakeholder perspectives, developing a common vision of sus-
tainability, andthe negotiation of the sustainability trad#s is crucial on the path towards more sus-
tainability (Helfenstein et al., 2020Y herein, more attention should be paid to the influence of power
relations and the capacity of users to-seffanize(Albizua & ZagaMendez, 202Q)Considering the

results of this thesis, this seems to be of great relevance especially for future UPN establishments. The
irrigation sector has a certain responsibi(erret & Payen, 2020and considering the sustainability

outcomes that irrigatiogystemscan have, the sector plays a crucial role towards more sustainability.

6.7 MethodologicalLimitations

The aerial photograph analysis conducted within the SIPATH project was integrated into the land-
scape assessment of this thesis, which allowed to save time resources. However, this meant that the
analysis of the study perimeters was carried out by two different people. The same landscape assess-
ment protocol was followed and the SIPATH analysis was repeatedly consultédmiayt not have

been avoided that thasual interpretatiorof certain featuresliffered slightly Differentvisual inter-
pretations of hedgerows and tree lines could have inter alia contributed to the unexplainable study site
difference noted in chaptér4.2 Landscapétructures andelements The different spatial resolution

of the aerial photographs of 2002 and 2017 may have also impacted the comparability of the results.

For the remote sensing analysis, the NDVI was chosen as indicateasons elaborated on in chap-

ter 4.2 Selection of Categories and Indicatdrke limitations of the indicator must be made transpar-

ent as well, which include atmospheric, aerosol, and sensor effects, high variability, and low repeata-
bility (Bellon et al., 2017; Huang et al., 202Hpwever, the atmospheric effect is minirf@uo et al.,

2019; Huang et al., 2021and choosing Tier 1 data with intealibrated images reduced the influence

of these effects. The comparability of the two study sites was limited by the different availability of
satellite images though. Furthermore, the boundaries of the two study perimeters for the landscape
assessment did not coincide with the municipal boundaries nor with the delineations of the irrigation
communities interviewed. The difference in boundaries made the integration of results of the land-

scape assessment and interviews more complex.
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Regarding the interview partners, a dominance of male perspectives must be pointed out. While this
selection of the interview partners allowed to reconstruct the irrigation development and drivers of the
irrigation trajectories, sustainability outcomes concerning-mafe individuals may have been left

out. The interview partners were not selected randomly but mainly found through snowball sampling.

This may have led to a selection of interview partners with rather similar perspectives. Furthermore,
due to differing time resources of interview partners, not all stakeholder groups were asked in equal
depthabouttheir perspective on sustainability outcomes. The differing depth of the data restricted the

analysis of stakeholder perspectives.

The analysis of the drivers of the irrigation trajectories was focused on perceived driving forces. The
scope of the thesis did not allow to research external drivers in more detail, but it must be noted that
these may have been more influential than the results suggest. For the sustainability assessment, inte-
grating three sustainability dimensions allowed to prevent a dominance of the environmental dimen-
sion, as it is often the case in research on sustainable irrigated@sceMurioz et al., 2019)This
broadening of the scope however impeded to analyse the individual dimensions in more detail. The
sustainability outcomes should therefore not be regarded as exhaustive.

The initial document analysis carried out was impeded by the different availability of documents for
the two study sitesThe initial document analysis nonetheless pointed to driving forces in the legisla-
tive and political context that were not mentioned in interviews. The interviews alone were also not
sufficient for the sustainability assessment. Additional data provided by stakeholders was incorpo-
rated, and the contextualisation of the outcomes with literature seemed pivotal because interview
partners could not provide data detailed enough to rate certain indicators. The interviews rather al-
lowed to capture ofarm irrigation developments and drivers that were not found in documents nor in
literature. The combination of the methods hence allowed to compensate certain limitations of the in-
dividual methods. Lastly it needs to be mentioned that a focus on the knowledge transfer of the results
surpassed the scope of the thesis, a focus that would increase the application of knowledge generated
(Burgi et al, 2022).
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7 Conclusionsand Outlook

This thesis could provide insight into the irrigation development at two study sites in Spain. The irri-
gation system trajectories of both study sgexe 1970and associated drivefer the period after

1990 were reconstructed, and irrigatioelated landscape changes were identified (RQ I). Further-
more, sustainability outcomes of two systems used, namely aerial and underground piped irrigation,
were identified concerning the environmental, social, and economic dimensions (RQ II). The research
questions could be answered with a mixeethods design consisting of document analysis, inter-
views, aerial photograph analysis, and satellite image analysis.

The first change in irrigation recognized was the partial transition from flood irrigation to sprinkler
irrigation with aerial pipe¢AP). This onrfarm development started in the 1990s at both study, sites

but seven years earlier at the SMP than at the SMI study site. The second change recognized con-
cerned the SMP study site. After an approval per vote in the irrigation community;\siset@stab-
lishments of underground pipe networks (UPNSs) for pressurized water distribution were carried out on
the landscape levéilom 2005 onwards. This development led to a complete replacement of flood irri-
gation and was tied to a land consolidation-f@mm irrigation infrastructure subsequently consisted

of a combination of underground pipes, aerial pipes, and pivots. At the SMI study site, UPN estab-
lishments were approved per vote prior to the interviews, and the installations are expected to be fin-
ished by 2029. The replacement of flood with sprinkler irrigation and the establishment afdalee
pressurized distribution networks fit into the trend of sand regions in Spain and in further semi

arid countries. Furthermore, the irrigation development analysed, and therein especially the UPN es-

tablishment, can be viewed as forming part of agricultural intensity changes.

Some driving forces were perceived to have fostered both the introduction of AP and the UPN, such
aswater use efficiency, productivity, work comfort and quality of,lifee neighbourhood effect, and
interprofessional exchangkloweverthe number of driving forces identified was larger for the land-
scapescale development than for the-famm development considerefihe same accounts for the
number of actors involved in the developments, which was considerably larger in the case of the UPN.
Political and institutional driving forces were especially influential, and an interconnection between
political and economic driving forces was eviddrite UPN establishment wdsiven by national and
regional agricultural policies, ambitions to foster rural development, the goal to transform the agricul-
tural sectarandmarket growth and commercialization. Driving forces impeding the UPN establish-
ment were also recognized. These include land ownership, investment costs, and skepticism towards
the new irrigation system. Ti@duce resistancaf nonagricultural landowners and farmensstitu-

tional and economic actors collaborategirying outinformative campaigns and provmg financial
incentives For farmers t@pprove of the UPN, personal driving forces such as the motivation to move

forward and save resources then also played a role. Furthermore, droughts and climate change en-
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hanced the political and personal will for change in irrigation. Regardingetheotraldifference in

the development between the study sites, natural and spatial factors such as farm topography, water
availability, and the extent in irrigated area played a role, but also differences in irrigation community
history and structure were influential. Furthermore, differences in land ownership configuration and

population age structure contributed to the later development at the SMI site.

The increasing use of aerial pipes contributed to landscape changes at both study sites, which include
decreases in the number of trees and wells and increases in corn cultivation. The UPN establishment
at the SMP study site was found to have hatbee farreachingandscape impact. Together with the
associated land consolidation, it contributed to the removal of more trees, the elimination of ditches,
increases in crop area and field size, and decreases in wetlands and field margin vegetation.

A reduction in the structural diversity of the agricultural landscapeawsesrdinglyassociated with

the UPN establishment, and biodiversity losses were recognized in the environmental sustainability
dimension. Increases in water use efficiency with aerial pipes and the UPN were associated with re-
bound effects. However, a higher fertilizer absorption efficiency after the UPN establishment seems to
have lowered doses of fertilizers applied. The social dimension was the most positively rated sustain-
ability dimension, especially considering the outcomes of the UPN. Fairness of water allocation, irri-
gation community ef fbeingthergincncreasedmditie amaunt mfevataer 6on-w e | |
flicts decreased. Furthermore, the UPN seems to have the potential to contribute to settle rural popula-
tion and increase the attractiveness of farming. Regarding economic sustainability outcomes, produc-
tivity increases were noted with both the AP and the UPN. However, increases in irrigation costs, es-
pecially in the case of the UPN, impeded an ovérgiease innet income and may continue to
threaten economic farm viability. From the perspective of farmers, the UPN decreased their vulnera-
bility to climate change and allowed to adopt risk minimgzstrategies during droughts. Results from

the landscape assessment indicated that the UPN was not able to buffer water constraints during a
drought year, and lontgrm vulnerability to droughts may increase nonetheless, considering the water
efficiency rebound effects. Overall, sustainability traffis seem to be associated with the irrigation
development researched, as it is also the case with sustainable intensification processes. The negotia-
tion of these tradeffs is crucial on the path towards more sustainability. Further suggestions towards
more sustainability include the preservation of seminatural habitats in agricultural landscapes, a shift
from efficiency increases towards evaporation management and the use of unconventional water
sources, the prevention of further expansions in the irrigated area, a switch towards solar energy, and a

new funding scheme for irrigation costs.

To conclude, this thesisontributed to a better understanding of agricultural irrigation development

resulting landscape changesd associatedustainability outcomes, which helps to understand the
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mechanisms of agricultural development in Eurepel may indicatgotential pathways towards

more sustainability.

Further studies on sustainability outcomes seem pivotal to gain more detailed knowledge about the
impact of the development researched. This thesis indicated that data is scarce regarding wildlife spe-
cies diversity, energy consumption for irrigation, and net farm income. Furthermordetongul-
nerability to climate change and farm viability have been found to be contested. More research would
therefore be beneficial, also on how to prevent water use efficiency rebound effects and achieve water
savings in semaarid regions. In future studies, a focus on the UPN seems important considering the
actuality of this irrigation development. To gain a more complete understanding of the driving forces
contributing to the irrigation development, external drivers should therein be incorporated. Detailed
knowledge is also still needed on the perspectives of stakeholders, in order to incorporate the perspec-

tives in future planning and policy processes of irrigation development.
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Annex

A: Sustainability Indicator Set

Indicators that were excludexdior to/ during field workare marked in grey.

Environmental Sustainability Outcomes

b

u

b
UNIVERSITAT
BERN

Theme Indicator Description Selection Assessment Data collection | Reason for
based on scale methodology exclusion of
indicator
Water Irrigation water | Development Antunes et al. | Regional, Interviews, data
consumption of annual (2017) community provided by
irrigation water stakeholder
consumption
Water use Development | Antunesetal. | Farm Interviews
efficiency of water use (2017)
efficiency
Wastewater Development | Antunesetal. | Farm No data
reuse of share of (2017) available
wastewater
reused for
irrigation
Agrochemical | Application of | Development Previous inter- | Farm Interviews
products fertilizers of fertilizer views within
application the SIPATH
project
Application of | Development Previous inter- | Farm Interviews
pesticides of application views within
of pesticides the SIPATH
project
Soil and Land | Salinization of | Development Antunes et al. Farm Interviews
soils of salinization | (2017)
issues
Soil structure Development | Antunesetal. | Farm Beyond
of share of soils| (2017) scope of the
with poor thesis
structure
Land degrada- | Development Antunes etal. | Farm Interviews
tion of land degra- | (2017)
dation
Extension in Development Interview Landscape Interviews, data
irrigated area of extension in | analysis provided by
irrigated area (inductive stakeholder
indicator)
Energy Energy con- Development Antunes etal. | Farm Interviews
sumption for of amount of (2017)
irrigation energy used for
irrigation
Biodiversity Diversity in Development Previous inter- | Landscape Interviews
species of species views within
diversity the SIPATH
project
Habitat loss Development Previous inter- | Landscape Remote sensing
and fragmenta- | of habitat loss | views within
tion andfragmenta- | the SIPATH
tion project
Quantity of Development Exchange with | Landscape Interviews
wetlands of number of local project
wetlands partner
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Social Sustainability Outcomes

b
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Theme Indicator Description Selection based| Assessment Data collection | Reason for
on scale methodology exclusion of
indicator
Population Emigration Development of | Antunes et al. Community Interviews, data
dynamics emigration in (2017) provided by
the area stakeholder
Good govern- | Accountability | Development of| Antunes et al. Regional & Interviews
ance of authorities accountability (2017) community
of authorities
Participation Development of | Antunes et al. Farm Interviews
degree of par- | (2017)
ticipation in
decision
making in water
management &
satisfaction
regarding par-
ticipation
Conflict Development of | Antunes et al. Community Interviews
management formal/ (2017)
informal
institutions for
conflict
management
Fairness of Development of| Antunes et al. Farm & Interviews
water alloca- perceived fair- | (2017) community
tion ness of water
allocation
Organizational | Development of| Interview Community Interviews
efficiency organizational | analysis
efficiency with- | (inductive
in community indicator)
Social com- Water conflicts | Development of| Antunes et al. Farm & commu- | Interviews
mitment water conflicts | (2017) nity
Sense of com- | Development of| Antunes et al. Farm & commu- | Interviews
munity perceived sense (2017) nity
of community
Equity Perceived in- Development of | Antunes et al. Farm & commu- | Interviews
come distribu- | perceived in- (2017) nity
tion come distribu-
tion
Food security | Food security of| Development of| Diogo et al. Farm Interviews
farm house- perceived food | (2022)
holds security of farm
households
C NJ S NX| Occupational Development of| Diogo et al. Farm Interviews
being well-being occupational (2022)
well-being
Working hours | Development of | Previous inter- | Farm Interviews
working hours | views within
the SIPATH
project
Occupational Development of| Diogo et al. Farm Interviews
stress occupational (2022)
stress
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Economic Sustainability Outcomes

b
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Theme Indicator Description Selection Assessment Data collection | Reason for
based on scale methodology exclusion of
indicator
Vulnerability and| Bargaining Development of | Previous Farm Interviews
risk minimization| power bargaining interviews
power within the
SIPATH project
Vulnerability to | Development of| Antunes et al. Farm Interviews
climate change | perceived vul- | (2017)
nerability to
climate change
Risk minimimg | Development of| Antunes etal. | Farm Interviews
strategies adoption of risk | (2017)
minimizng
strategies
Selfreliance Subsidies Development of| Antunes etal. | Farm Interviews
irrigation subsi- | (2017)
dies
Capacity to pay | Development of| Antunes etal. | Farm Too detailed
for water maximum ca- (2017) for data
pacity to pay collection
for water in
irrigation
Revenue and Crop yield Development of | Antunes et al. Farm Interviews
costs crop yield (2017)
Irrigation ex- Development of| Antunes etal. | Farm Interviews
penses irrigation ex- (2017)
penses
Value of water | Development of| Antunes etal. | Community Too detailed
tariffs value of water | (2017) for data
tariffs collection
Revenue of Development of| Antunes etal. | Farm Too detailed
irrigation costs | revenue from (2017) for data
irrigation/ total collection
operational and
management
costs for irriga-
tion
Net farm in- Development of | Antunes et al. Farm Interviews
come net farm in- (2017)
come
Economic out- | Development of | Diogo et al. Regional Beyond scope|
put agriculture | GVA agriculture| (2022) of the thesis
Regional eco- | Annual growth | Diogo et al. Regional Beyond scope
nomic output of GDP per (2022) of the thesis
capita
(Un)employment| Regional un- Development of | Diogo et al. Regional Beyond scope
employment regional unem- | (2022) of the thesis
ployment rate
Agricultural Development of | Diogo et al. Regional Beyond scope
employment employmentin | (2022) of the thesis

agriculture rate
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C: Interview Guidelines

The guidelines for the different interview partners are presented in the following order
Farmers

Irrigation communities

Environmental experts

Regional government

a > w e

Irrigation union

The declaration of consent is presented after all the guidelines. The content was slightly adapted to fit

the interview partnerg.he passages that were adapted are marked in grey.
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Desarrollo de sistemas de regadio: Preguntas de la entrevista (Farmers)

Entrevistador

Caddigo del entrevistado

Fecha y hora de la entrevista:

Lugar de la entrevista

Tipo de entrevista: Cara a cara
Otro:

Duracionde la entrevista:

Comentarios sobre la situacion de la ent
vista
(ambiente, molestias, observaciones):

Sexo del entrevistado: Y dz2 S NJ
K2YoNB
2 0 NB

sinrespuesta

Edad del entrevistado:

Papel en la agricultura

Tipo de explotacion D Néggfc@l&
hiNEZYYYYYyy

Note:

Thequestions marked in green have aliyeheen asked to the farmers in SMP. For those farmers who
are interviewed again, they can be omitted.
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Parte 1: Preguntas abiertas sobre la vida en la agricultura

A: ¢ Podria describir su vida en la agricultura?

1 ¢En qué época trabajo en la agricultura?
1 ¢Cbomo ha cambiado la profesion de agricultor entre la época en que se hipodmasus

tierras y la actualida@

B: ¢ Qué papel ha desempefadeeghdioen su vida agricola?

1 ¢ Cuando se produjeron los principales cambig€dmo le afectaron?
1 ¢Quédesventajase asocian alegadi® ¢ Y qué ventajas?

*Las preguntas en cursiva pueden hacerse si el agricultor no se explaya demasiado por si mismo.

Parte 2: Preguntas especificas sobre los cambios en la explotacioregatlio

1

Biografia y antecedentes |

1.1 ¢,Cuando empez6 a trabajar eadgiculturay cuandase hizo cargo de sus propias tiePras
1.2 ¢,Ha cambiado de explotaciéro largo de los afi®En caso afirmativo, ¢ cuando?
1.3 ¢,Cuando laned(/ plang ajubilarse?
1.4 ¢ Ha tenido (/ tiene) usucesor?
2 Caracteristicas de la explotacion
2.1 Tamarfio de la explotacion
2.1.1 ¢Cuél era el tamafio de la explotacion en ha cuando empez6 y cuando dej6 de trabajar
alli?
2.1.2 Si es relevante; Cuando cambio el tamafio de la explotacigi@r qué?
2.2 Uso de la tierra
2.2.1 ¢Qué proporcion de la superficie de la explotacion se destinaba a tierras de labran-
zalpraderas/cultivos permanentes/bosques cuando empez6 y cuando dejé de trabajar
en la explotacion?
2.2.2 Si es relevante; Cuando cambiaron estas acciones? ¢ Por qué?
2.2.3 ¢Cudles eran los cultivos mas importantes cuando empezé y cuando dejo de trabajar
en la explotacion8i es relevante;, Cuando cambi6 esto? ¢ A qué? ¢ Por qué?
2.3 Tenencia de la tierra

2.3.1 ¢Qué proporcién de la tierra de cultivo era propia / arrendada / comun (%) cuando
empez0 y cuando dejo de trabajar en la explotacion?

2.3.2 Si es relevante; Cuando cambié esto? ¢ A qué? ¢ Por qué?

2.3.3 Tierra alquilada: ¢ A quién se lo ha arrendado (a un particular, a una finca, a un muni-
cipio, etc.)? ¢Ha cambiado esto alguna?vEm caso afirmativo¢,Cémo? ¢ Cuando?
¢ Por qué?
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¢ Como influyo el tipo de tenencia de la tierra en su utilizacion? ¢ PoSgnéze ha
mencionado yag Cémo influyo en el tipo dastema deegadioutilizado?

3

Desarrollo de sistemas deegadio

3.1

Desarrollo tecnoldgico

La siguiente tabla puede rellenarse durante la entrevista, por lo que no es necesario transcribir esta
parte. Las preguntas que aparecen a continuacion sirven para rellartabla y pasar rapidamente

por esta parte. Compruebe después de la primera entrevista con la comunidad de regantes si se
pueden omitir algunas preguntas tecnolégicas.

Tipo Princip | Infraestructura | Infraestructura | Fuente de Fuente de | Superficie Cultivos de Superficie
io transporte aplicacién energia agua irrigada (%) regadio drenada (%)

3.1.1 ¢Cuando empez06 a regar sus tierras?

3.12 ¢Qué tipo deegadiautilizé al principio?
Si no empez6 con laundacion, sigue con la pregunta 3.1.7

3.13 ¢Qué sistema ha utilizado para transportar el agua a sus tierras? ¢ Cuando el agua ya
estaba en las tierras, como se regaba

3.1.4 ¢Qué fuente de agua se utilizo?

3.1.5 ¢Qué proporcion (%) de sus tierdescultivo ha regado con inundacion? ¢,Qué culti-
VoS reg6?

3.1.6 ¢Cuando acabd de regar con inunda@ion

3.1.7 ¢Cuando introdujo tuberias aér@as
Si no introdujo tuberias aéreas, sigue con la pregunta 3.1.13 en caso decBMB-
sa de SMI Cuando preveen cambiar su sistema de regadiosigue con la pregunta
3.1.18

3.1.8 ¢Qué sistema ha utilizado para transportar el agua a sus tierras? ¢ Cuando el agua ya
estaba en las tierras, como se regaba

3.19 ¢Qué fuente de agua se utiliz6?

3.1.10 ¢Qué fuente de energia se ha utilizado?

3.111 ¢Qué proporcién (%) de sus tierras de cultivo ha regadtasanberias aéreag Qué
cultivos regécon est@

3.1.12 ¢Cuandacabd de regar con las tuberias aéreas?

3.1.13 Para SMP:¢,Cuéandantrodujotuberiassubterraneas?

3.114 ¢Qué sistema ha utilizado para transportar el agua a sus tierras? ¢Cuando el agua ya

estaba en las tierras, como se redgaba
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3.2

3.115
3.1.16
3.117

3.1.18

3.1.19

¢, Qué fuente de agua se utiliz6?
¢, Qué fuente de energia se ha utilizado?

¢, Qué proporcién (%) de sus tierras de cultivo ha regaddasotuberias subterra-
nea® ¢Qué cultivos regton est@

¢, Habia usado algun tipo o alguna infraestructura de regadio que no se ha menciona-
do?

¢ Cuantas de sus tierras de cultivo fuetmnadas cuando empezé a regar sus tierras
y cuando dejo de trabajar en la explotaci@n2s relevante; Cuando cambié esto?
A qué? ¢ Por qué?

Impulsores de los cambios

3.2.2

3.2.3

3.2.4

3.2.5

3.2.6
3.2.7

3.2.8

3.29

3.210
3.2.11

3.212

¢, Quén pago6 para que se pudiera uslkgistema por inundaciéen tus tierra® ¢ Re-
cibiste alguna ayuda economiga

¢, Qué parte del sistema por inundadidmstett ? ¢, Ylas acequid®

Si el agricultor usé las tuberias aéreas (si no, sigue con la pregunta 3Qeritré-
monos ahora en la introduccién de las tuberias aéreas. ¢ Puede explicar por qué se han
introducido estas?

¢,Cudl ha sido su papel ehcomienzo con la tuberia aéPegué le hizo introducir
las tuberias aéreag Qué otrogpersonasorganizaciones y acontecimientos influye-
ron?¢Coémo?

¢ Qué partes de las tuberias aéreas pagastg Rara qué partes recibiste subven-
ciones? ¢ De quién ¢ Hasta cuando las tuvier8ry, Quién mas te ayudo con la finan-
ciacion?

Qué parte de las tuberias aéreas instalaste t¥ el resto, quién lo inst&6
¢ Como cambié la introduccién de tuberia aérea su vida agricola?

Por SMP Centrémonos ahora en la introduccion de las tuberias subterraneas. ¢, Puede
explicar por qué se han introducido estas?

¢,Cual ha sido su papel en el cambio a las tuberias subterraneas? ¢Qué le hizo intro-
duir las tuberias subterraneg€Qué otros personas, organizaciones y acontecimientos
influyeron? ¢ Como?

¢, Qué partes de las tuberias subterraneas pag&steRara qué partes recibiste sub-
venciones? ¢ De quiér? ¢Hasta cuando las tuvierBrg, Quién mas te ayudo con la fi-
nanciacion?

Qué parte de las tuberias subterraneas instala®te Yel resto, quién lo inst&l6

¢ Como cambiéa introduccion de tuberia subterraseavida agricola?

Si es relevante¢,Por qué has dejado de regar por inundaion

Si otro tipo habia sido usado, también pregunta 3.2.7 hasta aqui por este tipo.

¢,Ha pasado por el mismo desarrollo del sistemaghdioque s vecino® Si no es
asi: ¢Qué fue diferente y por qué? ¢Y en comparacion con otragjgehasoccurri-
do?
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6.2

3.3
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Agua (forms part of the sustainability dimension but fits better herghe flow of the inter-
view; the numbering was kept in this order to facilitate the analysis)

6.1.1 ¢Cuantos y qué meses al afio regaba cuando empez6 y cuando dej6 de trabajar en la
explotacion?

Si es relevante; Cudndo cambid esto? ¢ Por qué?

6.1.2 ¢Con qué frequencieegaba cuando empezd y cuando dejo de trabajar en la explota-
cion?

Si es relevante;, Cuando cambio esto? ¢ Por qué?

6.13 ¢Cuanta agua utilizé pararelgadioal afio cuando empezé y cuando dejo de trabajar
en la explotacion?

Si esrelevante ¢ Cuando cambila cantida@ ¢ Por qué?

6.14 ¢Como ha cambiado a lo largo de los dagsroducciérobtenida por la agricultura
en comparacion con la cantidad de agua necesaria? ¢ Cuando se produjeron los princi-
pales cambios? ¢ Por qué?

6.15 ¢Cual es la proporcion de aguas sobrantes o agua que ha sido utilizado por otros
agricultores que usa para regar?
¢,Ha cambiado esto con el tiemgg&rPcaso afirmativog Como? ¢ Cuando? ¢ Por qué?

6.16 ¢Adonde va a parar el aggae hautilizada para etegadi®@ ¢ Como ha cambiado su
calidad a lo largo de los afioS? no se ha mencionado:ygHay méas / menos / la
misma cantidad de residuos en el agua?

6.17 ¢Ha cambiado la calidad del aguarégadioque usa lo largo de los afio€h caso
afirmativo: ¢ Cémo? ¢ Cuando? ¢ Por qué?

Energia

6.2.1 ¢Desde el momento en el que empezaste a usar energia para el regadio, como cambié
la cantidad usada a lo largo de los aPos

3.213 ¢ Cudles fueron las normas importantes que el gobierno aplicé durante sus afios de
trabajo en relacién con el desarrollo de los sistemasgiali® ¢ Por quéueronim-
portantes?

3.2.10 ¢ Ha participado alguna vez en @asamblea en la que se votaodre infraestructuras
de regadi® En caso afirmativo: ¢Cuando? ¢De qué se trataba? ¢Coémo votd? ¢ Ha
cambiado su opinién? ¢ Por qué (no)?

3.2.11 ¢ Esté satisfecho con estos cambios ergaddi® En caso negativo: ¢Qué le hubiera

gustado que fuera diferente? ¢ Esta satisfecho con el tipggaeéioactual? Si no es

asi, ¢qué le gustaria cambiar? ¢Como le gustaria camttarlwBMI: ¢Por qué el

cambio al sistema de tuberia subterranea se hara mucho mas tarde que en otras zo-
nas? ¢Para cuando esta previ&to

El papel de las administraciones

3.3.1

¢En qué medida cree que son justas las normas de asignacion de agua? ¢Han cam-
biado a lo largo de los afioB® caso afirmativog Cuando? Cémo? ¢ Por qué?
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¢, Qué grado de participacion crees que tienes en la toma de decisiones sobre la gestion
del agua en esta zona? ¢Ha cambiado esto a lo largo de lo&afaas® afirmativp
¢,Cuadndoz Como? ¢ Por qué?

¢,Cudl es su grado de satisfaccion con respecto a la participacion? ¢Ha cambiado a lo
largo de los afiosEn caso afirmativo¢, Cuando? ¢Como? ¢ Por qué? ¢Donde le hu-
biera gustado/le gustaria temedis voz?

¢, Cudl es el grado de compromiso de las autoridades locales para responder a sus
necesidades? ¢Ha cambiado esto a lo largo de los &ipsaso afirmativo:
¢,Cuandoz Como? ¢ Por qué?

4 Perspectivas de los agricultores sobre la sostenibilidad
4.1 Entendimiento de la sostenibilidad
4.1.1 ¢Qué entiendes por la palabra sostenibilida@®? no conoce la palabraA nuestro
entender, significa cuidar el medio ambiente al tiempo que se garantiza que las gene-
raciones actuales y futuras tengan vida justa.
4.2 Sostenibilidad de los sistemasreégadio
4.2.1 ¢Qué criterios debe cumplir un sistemaetgadioagricola para ser sostenible?
4.2.2 De los diferentes sistemas degadioque has utilizado, ¢cual es el mas sostenible?
¢Por qué?
4.2.3 De los diferentes sistemas mgadioque has utilizado, ¢ cual es el menos sostenible?
¢Por qué?
4.2.4 ¢Qué medidas son necesarias para hacer mas sostenible el actual sisezyadiade
agricola?
5 Cambios en el paisaje |
5.1 Cambios generales en el paisaje
5.1.1 ¢Cbmo ha cambiado el paisaje alrededor deistrasa lo largo del tiempo? ¢ Cuando
se produjeron los cambiogPor qué se produjeron los cambios?
Si no se ha mencionado yaCuandatoll6 los pozos de sutierra® ¢Por qué?
Si no se hamencionado ya¢Cuando eliminé laacequiasde s tierra® ¢Como
cambio6 esto el paisaje?
5.1.2 ¢Como ha cambiado la humedad del paisg§grando cambié? ¢ Coémo le afectd a us-
ted
5.2.  Numero / superficie de los arboles

521

5.2.2

¢, Cuantos arboles habia/ceéh el tamafio de la zona cuando empezaste y cuando de-
jaste de trabajar en la granja?

Si es relevante; Cuando cambié el nimero de arboles / el tamafio de laceana
arbole® ¢ Por qué?

Para SMP: Basandome en imagenes aéreas, he observado que hoy en dia hay muchos
menos arboles a lo largo de las carreteras y los campos en la zona norte de Santa

133



b

MasterThesis
Fabienne Laura Frey UNIVERSITAT

BERN

Maria del Paramo que en 1980. ¢Puede comentar esto? ¢ Cuando ha cambiado? ¢ Por
qué?

Para SMI: Basandome en las imagenes aéreas, he observado que apenas hay arboles a
lo largo de las carreteras y los campos en la zona del norte de Santa Maria de la Isla
ya en 1980. ¢ Puede comentar esto? ¢Por qué y cuando cambié a tan pocos arboles?
Hoy en dia, hay ain menos arboles a lo largo de las carreteras y los campos, pero hay
mas bosque a lo largo del rio Orbigo. ¢ Puede comentar esto? ¢ Cuando cambid? ¢Por
qué?

5.3 Concentracion parcelaria
5.3.1 ¢Cuéntas veces se l@mcentréus tierras?
5.3.2 ¢Cuéndo seoncentrésu tierra por primera / segunda /... vez? ¢ Cémo? ¢ Por qué?

Si no se ha mencionado yaCémo se relaciond la(s) concentracion(s) parcelaria(s)
con los cambios en etgadi@ ¢, Quién decidio la(s) concentracion(es) parcelaria(s)?

5.3.3 ¢Como ha cambiado el paisdgspués deada concentracion parcelaria?

6 Las consecuenciasle la sostenibilidad: Dimension medioambiental |

6.3 Suelo y tierra
6.3.1 ¢Hatenido problemas de satiaddel suelo?

En caso afirmativog, Cuando? ¢ Por qué? ¢ Qué parte de su terreno se vio / se ve afec-
tada? ¢ Como lo ha afrontado?

6.3.2 ¢Ha tenido problema algunas zonas de sus tierras a la hora de s@mbrar

En caso afirmativog Cuando? ¢ Por qué? ¢Qué parte de su terreno se vio/se ve afec-
tada? ¢ Como lo ha afrontado?

6.3.3 ¢Ha pensado alguna vez en la agricultura ecologiPa? quéno)? ¢Qué papel ha
desempefiado ebgadicen esta decision?

6.4 Biodiversidad

6.4.1 ¢Como ha cambiado la diversidad de aves, mariprmassy flores silvestres desde
gue empezé a trabajar en la agricultura? ¢ Cuando ha cambiado?

6.4.2 ¢Qué otros cambios en la cantidad de especies (animales y plantas) ha nstedo en
tierra® ¢Cuando? ¢Y la diversidad de especies? ¢ A qué crees que se debe este cam-
bio?

6.5 Otras practicas agricolas

6.5.1 ¢Qué cantidad de abono mineral utilizabas cuando empezaste y cuando dejaste de
trabajar en la explotaci@ry, Empezaste a aplicarlo a través del sistemegaeli® En
caso afirmativa ¢Cuand® &£06mo cambid esto la cantidad de fertilizante que utili-
zabas?

6.5.2 ¢Ha empezado a aplicar aditivos (herbicidas, fungicidas, insecticidas) a través del sis-
tema deregadi® En caso afirmativo: ¢ Cuéles y como ha cambiado la cantidad que
utilizaba?
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6.5.3 ¢Los cambios en la infraestructura régadiohan modificado alguna de sus otras
practicas agricolas? (por ejemplo, el tipo y la frecuenclatueed

7 Consecuenciasle sostenibilidad: Dimensién econémica
7.1 Ingresos y costes
7.1.1 ¢Como hacambiaddos ingresos agricolaslo largo de los afios? ¢ Por qué?
Si no lo han mencionado yg Cémoha cambiado la cantidad producida deltivo
principal? ¢Y ha cambiado el dinero recibido por dicho cultio
7.12 ¢Quécultivoseran mas rentables desde el punto de vista econdémico cuando empezo y
cuando dejo la explotaciégPor qué?
7.13 ¢Como han cambiado los gastos de aguaghioa lo largo de los afios? ¢ Por qué?
7.14 ¢Como han cambiado a lo largo de los afios los gastos de electricidad utilizados para
el agua deegadi@ ¢ Por qué?
7.2 Mercado de venta
7.2.1 ¢Qué mercados de venta eran importantes para la(s) produccién(es) principal(es)
cuando empezé y cuando dej6 de trabajar en la explotacion?
7.2.2 ¢COomo ha cambiado tu pod#e negociacidmacia los mercados a los que vendias
durante estos afios? ¢ Como le afect6?
7.3 Ingresos no agricolas
7.3.1 Para las explotaciones familiaregCuanto [%] de los ingresos del hogar se generaba
en actividades no agricolas cuando empezé a trabajar y cuando dejé de hacerlo en la
explotacion?
7.3.2 Si es relevante; Cuando cambio esto? ¢ Por qué?
7.5 Vulnerabilidad y minimizacion de riesgos
7.5.1 ¢En qué medida se siente o se sintié vulnerapériadas de sequém lo que respec-
ta a las limitaciones degadi® ¢ Cémo ha cambiado esto a lo largo de los afios?
7.5.2 ¢Como lo afronta o lo ha afrontad¢gi?a tomado alguna medida para evitar posibles
dafios en la futura
8 Resultados de sostenibilidad: Dimension social
8.1 Bienestar del agricultor

8.1.1 ¢Cbomo ha cambiado su propio bienestar desde que empez6 a trabajar en la agricultu-
ra? ¢Por qué?

8.1.2 ¢Como ha cambiado su satisfaccion concsusliciones de vida en estos afios? ¢ Por
qué?

8.1.3 ¢Como ha cambiado su bienestar laboral en estos afios? ¢, Por qué?

8.1.4 ¢Cbomo ha cambiado la media de horas de trabajo semanales a lo largo de los afios?
¢ Por qué? ¢ Coémo le ha afectado?
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8.1.5 ¢Ha podido tomarse vacaciones? En caso afirmativo, ¢desde cuando, como ha cam-
biado?

8.1.6 ¢ Cudles fueron los momentos estresantes para usted en relacion con el riego? ¢ Qué le
causo el estrés y cémo le afectd? ¢ Como ha cambiado su nivel de estrés general a lo
largo de los afios? ¢ Por qué?

8.2 Seguridad alimentaria

8.2.1 ¢Hubo algin momento en el que usted o su familia tuvieron dificultades para conse-
guir ganarse la vidaSi es asi, ¢cuando y por qué?

8.3 Equidad

8.3.1 ¢Ha cambiado el poder adquisitivo de los agricultores en comparacion con los que no
lo son?;Desde cuandd

8.3.2 ¢Como se distribuian las tareas de la explotacion en su familia cuando empezé y
cuando dejé de trabajar? Si es relevante: ¢ Por qué camt?éSestmbos miembros
de la pareja trabajan en la explotaciopQuién esta registrado como agricultor?

8.4 Compromiso social

8.4.1 ¢Hay union entre los agricultoresjui? ¢Ha cambiado a lo largo de los afios@aso
afirmativo: ¢ Cuando? ¢ Como? ¢ Por qué?

8.4.2 ¢Como de importante sdas relacionentre losagricultorespara elregadi® ¢Ha
cambiado esto a lo largo de los afi&sf?caso afirmativog Cuandoz Cémo? ¢ Por
qué?

‘ Preguntas finales

1 ¢Hay algo que desee afiadir a nuestra conversacion de hoy?

1 Sitodavia tenemos alguna preguntaeguimiento, ¢ podemos ponernos en contacto con us-
ted por teléfono?

1 ¢Leinteresaria ser informado de los resultados del estudio?
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Desarrollo de sistemas de regadio: Preguntas de la entrevistarigation communities)

Entrevistador:

Caddigo dekntrevistado

Fecha y hora de la entrevista:

Lugar de la entrevista

Tipo de entrevista Cara a cara
Otro:

Duracién de la entrevista

Comentarios sobre la situacion de la

entrevista

(ambiente, molestiagpbservaciones):

Nombe de la comunidad de regantes:

Sexo del entrevistado: Y dze S NJ
K2 Y0NS
2 0 NP
aespyiestdlJ

Edad del entrevistado:

Papel en la comunidad de regantes:
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1 Biografia y antecedentes |
1.1 Para empezar, ¢ podHablarme de su papel en la comunidad de regantes?
Si no lo ha mencionado ygEn qué afio empezo a formar parte de la comunidad?
1.2 ¢,Donde crecisteSi no es en la region del Paramdega del Tuertog, Cudndo se mudo aqui?
1.3 ¢, Cual es la funcién de la comunidad de regantes?
1.4 ¢, Cuantos miembros tiene la comunidad de regantes?
1.5 ¢, Como se hace uno socio? ¢ Cudles son las razones para hacerse socio?
1.6 ¢Qué zonas forman parte de esta comunidad de regantes (hay pueblos)?
2 Desarrollo de sistemas deegadio
2.1 Desarrollo tecnol6gico

La siguiente tabla puede rellenarse durante la entrevista, por lo que no es necesario transcribir esta
parte. Las preguntas que figuran a continuacion sirven para rellenar la tabla y para pasar rapida-
mente por esta parte.

Tipo Periodo Compart en la zona| Fuente de energii

2.1.1 (Al principio se regaba por inundacion en la zona de su comunidad de regantes, es
verdad? ¢ En qué periodo de tiempo se utilizé este tipo de regadio? ¢En qué parte de
la superficie de su comunidad de regantes se utiliz6?

2.1.2 ¢Cuando se introdujeron las primeras tuberias aéreas? ¢ Se siguen utilizando? ¢En qué
parte de la superficie de su comunidad de regantes se utilizaron / utilizan? Qué fuente
de energia es necesaria para su funcionamiento?

2.1.3 ¢Cuando se introdujeron las primeras tuberias subterraneas? ¢En qué parte de la su-
perficie de su comunidad de regantes se utilizé al principo y ahora? Qué fuente de
energia se es necesaria para su funcionamiento?

2.1.4 ¢Qué porcentaje de pivots hay en SRIP ;Ventajas y desventajas de los pivots
frente a los aspersores?

2.1.5 ¢Se ha usado algun tipoalguna infraestructura de regadio que no se ha menciona-
do?

2.16 ¢Qué procesos de drenaje estaban/estan asociados al desarrollo del sigtgatiale
de su comunidad?Cuando? ¢ Por qué?

2.2 Impulsores de los cambios

2.2.1 ¢Todas las explotaciones pasaron por el mismo desarrollo al mismo tiempo?

Si no es asi¢ Cudles fueron las diferenciagRor qué?
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Me gustaria repasar los cambios eregadio con mas detall€entrémonos ahora en
la introduccién de las tuberias aéreas. ¢ Puede explicar por qué se han introducido es-
tas?

¢, Cudl ha sidel papelde esocomunidad de regantesm el comienzo con la tuberia
aére@ Aué le hizo introducir las tuberias aéfegPor qué (no) apoyaron ese cam-
bio? ¢ Qué otropersonasorganizaciones y acontecimientos influyergi€dmo?

¢, Qué partes de las tuberias aépmgd la comunidad de reganfegQuién mas
ayudo con la financiacion?

Qué parte de las tuberias aéreas iGdtatomunidad de reganfeg Y el resto, quién
lo instal@

Centrémonos ahora en la introduccién de las tuberias subterraneas. ¢Puede explicar
por qué se han introducido estas?

¢, Cudl ha sido el papel de su comunidad de regantes en el cambio a las tuberias sub-
terraneas? ¢ Quéddlevd a impulsar las tuberias subterraneg@®é otros personas,
organizaciones y acontecimientos influyeron? ¢ Cémo? ¢ Sabes quién tuvo por primera
vez la idea de introducir tuberia subterrdnea en el Paramo?

¢, Qué partes de las tuberias subterrapagé la comunidad de reganfeg Quién
mas ayudo con la financiacién?

Qué parte de las tuberias subterraneas intalomunidad de reganteg, Y el resto,
quién lo instal@

¢Por quése (no)ha dejado de regar por inundacin
Si otro tipo habia sido usado, también pregunta 2.2.7 hasta aqui por este tipo.

¢,Cuales fueron ldsyes o medidaBnportantes que el gobierno implementé en rela-
cion con el desarrollo de los sistemasregadi® ¢Cuando se aplicaron? ¢Por qué
eran importantes?

¢, Coémo influyeron en el desarrollo de los sistemasgiadi®

He leido que se han realizado votaciones sobre los cambios en los sistemas de rega-
dio. ¢ Cuando fue la primera votacion sobre la modernizacion? ¢ Cudl fue el resultado?
Si no: ¢ Por qué la gente no queria? ¢, Y cuando han cambiado su opinién? ¢ Por qué?

¢, Quién las organiz6?

Si no lo ha mencionado ygCémo fue la resistencia de los agricultores al principio
en cuanto a la modernizacion? ;Cémo lo habéis afrontado?

¢ Esté satisfecho con el tipomgadioactual? ¢ Por qué?

Si no es asi¢ Cémo le gustaria cambiarlo?

Cambios en el paisaje

3.1

Elementos del paisaje

3.1.1

¢, Como ha cambiado el paisaje en la zona de esta comunidad de regantes a lo largo del
tiempo? ¢ Cuando ggodujeron los cambios? ¢ Por qué se produjeron los cambios?
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3.1.2 ¢Hubo una época en la que se plantaron mas arboles? ¢ Cuando? ¢ Por qué? Y cuando
sequitaron?;,Por qué?

3.2 Concentracién parcelaria

3.2.1 ¢Cuantas veces se ha realizado emacentracién parcelaria en esta comunidad de
regantes?

3.2.2 ¢Cuando seoncentraroras tierraspor primera / segunda /... vez? ¢Qué se hizo?
¢ Por qué?

Si no se ha mencionado ygComo se relacionaron las concentraciones parcelarias
con los cambios en etgadi@ ¢ Quién decidio la concentracidon parcelaria?

3.2.3 ¢ El proceso fue simultaneo para toda la comunidad de reggR@s@ué (no)?

4 Consecuenciasle sostenibilidad: Dimension medioambiental |

4.1 Agua
4.1.1 ¢Cuanta agua se utiliza en su comunidad paemgatiical afo?

¢, Como ha cambiado esto con el tiempo? ¢ Cuando se produjeron los principales cam-
bios?¢ Por qué?

4.1.2 ¢Cual es la proporcion de agsabrantesitiizadas para eegadi@
¢,Ha cambiado esto con el tiempo? En caso afirmativo: ¢ Como? ¢ CyRodapié?

4.1.3 ¢Addnde va a parar el agua utilizada par@ghdi® ¢ Cémo ha cambiado su calidad
a lo largo de los afios? ¢ Cuando se produjeron los principales cambios? ¢or qué?
no se ha mencionado ygHay méas / menos / la misma cantidad de residuos en el
agua?

4.1.4 ¢Ha cambiado la calidad del aguareigadio que es usaddo largo de los afio£n
caso afirmativoy, Cémo? ¢ Cuando? ¢ Por qué?

4.1.5 ¢Hay problemas por nitritos/nitratos en esta zona? ¢ Hay algun estudio con datos que
nos puedas facilitar? Qué soluciones se han adoptado para resolver este problema?

4.1.6 ¢Qué usos se le da al agua procedente de la Estacion Depuradora de Aguas Residua-
les de Santa Maria del Paramo?

4.2 Energia
4.2.1 ¢Cuanta energia [GigaJoules/afio] se utiliza paegallioen su comunidad al afio?

4.2.2 ¢Como ha cambiado la cantidad de energia utilizada pasgaaliodesde el primer
tipo desistema deegadi® ¢ Por qué?

4.2.3 ¢Se van a instalar placas solares para dar electricidad a las estaciones de bombeo en
esta zona? Nos han hablado de un proyecto en la flidage momento esta parado.

5 Consecuenciasle sostenibilidad: Dimensién econdémica

5.1  Ingresosy costes

5.1.1 ¢Como han cambiado los gastos de aguagkdioen su comunidad a lo largo de los
afnos? ¢ Por qué?
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5.2 Tarifas e impuestos sobre el agua

5.2.1 ¢Cudl el impuestadel agua en su comunidad de regantes? (Volumen / superficie /
basada en volumen y superficie / tarifa plana / otra)

5.2.2 ¢Ha cambiado esto a lo largo de los afios? En caso afirmativo: ¢Cuando? ¢Cémo?
¢Por qué?

5.2.3 ¢Ha cambiado el valor des impuestosiel agua a lo largo de los afidsR caso
afirmativo: ¢ Cuando? ¢ Como? ¢ Por qué?

5.2.4 ¢Qué otros impuestos sobre el agua existen? ¢Han cambiado a lo largo de los afios?
En caso afirmativog Cuando? ¢ Como? ¢ Por qué?

6 Consecuenciasle sostenibilidad: Dimensioén social
6.1 Compromiso social

6.1.1 ¢En qué medidastan unidos los agricultorpsr aqui? ¢ Cémo ha cambiado esto a lo
largo de los afios? ¢, Por qué?

6.1.2 ¢Qué papel tienen las relaciomssre los agricultoresn elregadi® ¢ Como ha cam-
biado esto a lo largo de los afios? ¢ Por qué?

6.2 Papel de la administracion

6.2.1 ¢Cudl es el grado de compromiso de las autoridades locales para responder a sus ne-
cesidades? ¢Ha cambiado esto a lo largo de los afios? En caso afirmativo: ¢ Cuando?
¢, Cémo? ¢ Por qué?

6.2.2 ¢Existen instituciones formales o informales para la gestion de conflictos? En caso
afirmativo, ¢cudles y cual es su funcién? ¢Ha cambiado esto a lo largo de los afios?
En caso afirmativo: ¢ Cuando? ¢ Cémo? ¢ Por qué?

6.2.3 ¢En qué medida cree que son justas las normas de asignacion de agua? ¢Han cambia-
do a lo largo de los afios? En caso afirmativo: ¢ Cuando? ¢ Como? ¢ Por qué?

6.2.4 ¢Qué grado de participacion cree que tiene en la toma de decisiones sobre la gestion
del agua en esta zona? ¢Ha cambiado esto a lo largo de los afios? En caso afirmativo:
¢,Cuandoz Cémo? ¢ Por qué?

6.2.5 ¢Cudl es su grado de satisfaccion con respecto a la participacion? ¢Ha cambiado a lo
largo de los afios? En caso afirmativo: ¢ Cuando? ¢ Como? ¢ Por qué? ¢ Daside le
ria tener mas voz?

7 Perspectivas de la comunidad de regantes sobre la sostenibilidad |
7.1 Entendimiento de la sostenibilidad

7.1.1  ¢Qué significa por usted la palatsastenibilidad?
7.2 Sostenibilidad de los sistemasreégadio

7.2.1 ¢Qué criterios debe cumplir un sistemaeatgdioagricola para ser sostenible?

7.2.2 De los diferentes sistemas dgadio ¢ cual es el mas sostenible para la agricultura de
su comunidad? ¢ Por qué?

7.2.3 ¢Cuél es el menos sostenible? ¢ Por qué?
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7.2.4 ¢CoOmo califica el desarrollo del sistema de regadio agricola en la zona de su comuni-
daden cuanto a sostenibilidad? ¢Qué impactos negativos ha tenido? ¢Qué beneficios
ha tenido?

7.2.5 ¢Qué medidas son necesarias para hacer mas sostenible el actual sisézyadiae
agricola?

Preguntas finales |

1 ¢Hay algo que desee afiadir a nuestra conversacion de hoy?

1 ¢Tiene algun mapa o documento sobre el desarrollo del sistaegadéoque pueda sernos Util?
Incluso de los diferentes sectores de la modernizacién?

1 Tenéis algun estudio socioeconémico / agroindustrial / medioambiental que se haya hecho en re-
lacion con la modernizacion en Santa Maria del Paramo?

i Sitodavia tuviéramos algumsegunta de seguimiento, ¢ podriamos ponernos en contacto con us-
ted por teléfono?

1 ¢Le interesaria ser informado de los resultados del e8tudio
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Desarrollo de sistemas de regadio: Preguntas de la entrevisinfironmental experts)

Entrevistador

Caddigo del entrevistado

Fecha y hora de la entrevista:

Lugar de la entrevista

Tipo de entrevista: Cara a cara
Otro:

Duraciénde la entrevista:

Comentarios sobre la situacion de la

entrevista

(ambiente,molestias, observaciones):

Nombre de la organizacion medioambientg

Sexo del entrevistado: Y dz2 S NJ
K2 Y0NS
2 0 NP

sinrespuesta

Edad del entrevistado:

Papel en la organizacion medioambiaint

143




b

u

MasterThesis
Fabienne Laura Frey UNIVERSITAT

BERN

1 Biografia y antecedentes |
1.1 Paraempezar, ¢ podria hablarme de su funcién en la organizacion medioambiental?
Si no lo ha mencionado ygEn qué afio comenzd a formar parte de la organizacion?
12 ¢ Cuantos miembros tiene la organizacion?
13 ¢,Cuales son las principales preocupaciones de la organizacién medioambiental?
Si no se han mencionado ygEn quéegionesactua?
14 ¢, Cudl es la relacién de la organizacion con el desarrollo de sistenegmdmagricolaen el
Paramo/ Vega del Tuef?o
2 Perspectivas de la organizaén medioambiental sobre la sostenibilidad
2.1 Entendimiento de la sostenibilidad
2.1.1 ¢Tiene su organizacién una declaracion de objetivos en la que aparezca el término
sostenibilidad? ¢ Qué significa el término para usted
En algunas preguntas vamos a utilizar consecuencias en cuanto a la sostenibilidad. Cuando
usemos estas palabras puedes decir consecuencias positivas 0 negativas en funcion de lo que
opines.
2.2 Sostenibilidad de los sistemasreégadio
2.2.1 ¢Qué criterios debe cumplir un sistemaetgdioagricola para ser sostenible?
2.2.2 De todos los sistemas degadiogque conoces, ¢.cudl es el mas sostenible para la agri-
cultura?¢;,Por qué?
2.2.3 ¢Cudl es el menos sostenible? ¢ Por qué?
3 Consecuencias en cuanto sostenibilidad
3.1 Santa Maria del Paramo

3.1.1 En mi investigacién, me estoy centrando en los alrededores de Santa Maria del Para-
mo y Santa Maria de la Isla. Hablemos primero de Santa Maria del Paramo. ¢ Tiene
usted alguna relacién con el desarrollo del sistema de regadio desde los afios 60 en es-
ta zona?

3.1.2 Desde el punto de vista de la sostenibilidad, ¢qué opina su organizacién sobre este
desarrollo?

3.1.3 Hablemos ahora de las distintas etapas de desarrollo. ¢ Qué conse&recg&Edo a
sostenibildad se asociaron cdmintroducciérdetuberias aéreas en torno a SMP?

Si el conocimiento no es lo suficientemente especifico para la zona, la pregunta debe-
ria hacerse parda introduccion dduberias aéreas en general.

3.1.4 ¢Quéconsecuencias en cuanto atestenibilidad se asociaron con el cambioetm-
dioa tuberias subterraneas en torno a SMP?

Si los conocimientos no son lo suficientemente especificos para la zona, la pregunta
deberia formularse para el cambio myadioa tuberias subterrdneas en general.
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¢,Como ha cambiado la diversidad de especies vegetales y animales desde la década
de 1960 en torno a Santa Maria del Paramo? ¢Por qué? ¢Qué especies aumenta-
ron/disminuyeron en nimero? ¢ Cuando? ¢ Por qué?

¢ Como ha cambiado la cantidad y la calidad de los humedales desde la década de
1960 en torno a Santa Maria del Parag@uando se produjeron los principales
cambios? ¢ Por qué?

¢, Cudl es la postura de su organizacion sobre los embalses y canales que se construye-
ron para llevar el agua a las explotaciones agricolas de los alrededores de Santa Maria
del Paramo?

¢Como es el estado actual de la canalizacion en la zona? ¢Qué papel desempefia la
pérdida de agua?

¢, Qué otps problemas de sostenibilidad de los que no hemos hablado todavia se le
ocurren en relacion con el regadio agricola en Santa Maria del Paramo? ¢Y los bene-
ficios en cuanto $a sostenibilidad?

¢ Qué desarrollo futuro es importante para hacer més sostenible el regadio agricola en
esta zona? ¢,Quién tiene damar qué medidas?

Santa Maria de la Isla

3.2.1

3.2.2

3.2.3

3.24

3.25

3.2.6

3.2.7

3.2.8

3.29

Ahora hablemos de Santa Maria de la Isla. ¢ Tiene usted alguna relacién con el desa-
rrollo del sistema de regadio desde los afios 60 en esta zona?

Desde el punto de vista de la sostenibilidad, ¢qué opina su organizacién sobre este
desarrollo?

¢, Qué consecuenciaa cuanto a laostenibilidad se asociaron con la introduccién de
tuberias aéream los alrededores de Santa Maria de la Isla?

Si los conocimientos no son lo suficientemente especificos para la zona, omita la pre-
gunta.

¢, Cémo ha cambiado la diversidad de especies vegetales y animales desde la década
de 1960 en torno a Santa Maria de la Isla? ¢Por qué? ¢ Qué especies han aumentado o
disminuido en numero? ¢ Cuando? ¢ Por qué?

¢, Cémo ha cambiado la cantidad y la calidad de los humedales desde la década de
1960 en torno a Santa Maria de la Igl€uando? ¢ Por qué?

¢, Cual es la postura de su organizacion sobre los embalses y canales que se construye-
ron para llevar el agua a las explotaciones agricolas de los alrededores de Santa Maria
de la Isla?

¢,Como es el estado actual de la canalizacion en la zona? ¢Qué papel desempefia la
périda de agua?

¢, Qué otos problemasde sostenibilidad deo$ que no hemos hablado todavia se le
ocurren en relacion con edgadioagricola en Santa Maria de la Isla? ¢Y los benefi-
cios de la sostenibilidad?

¢, Qué desarrollo futuro es importante para hacer mas sostenmi@aioagricola en
esta zona? ¢,Quién tiene que tomar qué medidas?
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3.3 Ambos sitios

3.3.1

3.3.2

3.33

3.34

3.35

3.36

Si comparamos los dos lugares de estudio, ¢donde fue mas sostenible el desarrollo del
sistema deegadi® ¢ Por qué?

¢La cantidad de agua utilizada para el regadio, como es diferente con inundacion, tu-
beriasaéreas tuberias subterrdneag? puede decir algo sobta calidad del agua
utilizada para elagadi@ ¢Tenéis algunas estadisticas sobre los cambios en la canti-
dad y la calidad del agua?

¢En qué se diferencian los sistemas de regadio superficial y subterrdneo en cuanto a
su impacto en la calidad del suelo? ¢Y en comparacién con la inundacién? (Y la de-
gradaciordel suelo?

¢En qué se diferencian los sistemased@diosuperficial y subterrdneo en cuanto a
su impacto en la biodiversidad? en comparacién con la inundacion?

¢ Qué retos de sostenibilidad ve para el futuro en relacioelecegadioagricola en
los dos lugares de estudio?

¢, Qué soluciones ve para estos retos?

‘ Preguntas finales

1 ¢Hay algo que desee afiadir a nuestra conversacion de hoy?

1 Tenéis algun documento o algunas estadisticas en cuenta al desarrollo de sistemas de regadio en
estas zonas que podrian ser Util para nosotros? Por ejemplo sobre los especies, o sobre la evolu-
cion de la aplicacion de fertilizantes y productos fitosanitarios?

i Sitodavia tuviéramos alguna pregunta de seguimiento, ¢ podriamos ponernos en contacto con us-
ted por teléfono?

1 ¢Le interesaria ser informado de los resultados del estudio?

146



b

MasterThesis
Fabienne Laura Frey UNIVERSITAT

BERN

Desarrollo de sistemas de regadio: Preguntas de la entrevisRegional governmeny

Entrevistador

Caddigo del entrevistado

Fecha y hora de la entrevista:

Lugar de la entrevista

Tipo de entrevista: Cara a cara
Otro:

Duracionde la entrevista:

Comentarios sobre la situacion de la
entrevista
(ambiente, molestias, observaciones):

Sexo del entrevistado: Y dz2 S NJ
K2YoNB
2 0 NB

sinrespuesta

Edad del entrevistado:

Papel erel gobierno:

Papel de la persona / funcién dejobierno regional

1 Para empezar, ¢podria hablarme de su papel en el desarrollo de los sistemas de regadio?

Si no lo ha mencionado ygCudles son tus tareas? ¢ Desde cuando las realizas?

1 ¢Y cudl es el papel del gobierno regional en el desarrollo de los sistemas de regadio? ¢ Qué ta-
reas hacéis exactamente?

Si no lo ha mencionado ygDonde actuais?

1 Sino lo ha mencionado ygCual ha sido el papel en el desarrollo de los sistemas de regadio
en Santa Maria del Paramo? ¢ Y en el desarrollo de los sistemas de regadio en Santa Maria de
la Isla?

1 También tuviste/ tuvisteis un papel en la introduccion de tuberias aéreas en estas regiones?
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Cambios de regadio

T

¢, Cuales fueron las leyes o medidas importantes que el gobierno implementé en relacién con
el desarrollo de los sistemas de regadio? ¢ Cuando se aplicaron? ¢ Por qué eran importantes?

¢ Coémo influyeron en el desarrollo de los sistemas de regadio?

Sabes por qué la tuberia aérea ha sido introducida mas tarde en SMI que en SMP? Sabes de
donde vino la idea de instalar las primeras tuberias aéreas?

¢, QUué criterios tienen que ser cumplidos para que una zona se pueda modernizar?

¢,Cudles son los pasos de la transformacion a tuberia subterranea?

Si lo sabes: ¢Donde se hizo la primera modernizacion? ¢Por qué se hizo? ¢Como surgié la
idea?

¢, Coémo funciona la financiacién para la modernizacion? ¢ Ha cambiado esto a lo largo de los
anos?

Con quién colabordis/ trabajais juntos en cuanto a las modernizaciones? ¢ Como es la colabo-
racion?

aQu® comunidades todav2a no han dicho Asi 0 a
interesados?

¢Por qué la modernizacion en SMI es mucho mas tarde que en SMP? ¢Cuando se aprob6?
¢Por qué la modernizacion en Villarnera se va a realizar 8 afios después de que el pueblo la
haya aprobado?

¢, Qué instalaciones técnicas son necesarias para la modernizacion?¢ Es lo mismo con pivot y
pajaritos?

¢, Cual es la proporcion de agricultores que compran un pivot después de la modernizacién?
Qué ventajas / desventajas tiene un pivot en comparacion con los pajaritos/aspersores?

¢, Qué subvenciones pueden recibir los agricultores en relacién con el riego? ¢ Cémo han cam-
biado las subvenciones a lo largo de los afios?

¢ Podrias contarnos como funcionan las subvenciones para la instalacién de placas solares que
proporcionen electricidad a las estaciones de bombeo asociadas al sistema de regadio moder-
nizado? ¢Se podra utilizar toda la energia generada en ellas? ¢Qué se hara con la energia so-
brante? ¢Hay proyectadas nuevas instalaciones de placas solares en otras zonas? ¢ En el Para-
mo?

¢Por qué la rentabilidad de la remolacha ha bajado tanto en los ultimos afios?

¢, COomMo esperais que los cultivos vayan a cambiar con la modernizacion?

En el analisis del sector agroindustrial se dice que la concentracién parcelaria y la moderniza-

cion mejoran la conservacion del suelo y del paisaje. ,Como exactamente?
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1 ¢Hay lugares donde se aumenta la superficie utilizada por la agricultura debido a la moderni-
zacion?
9 Los agricultores cuentan que un 5% de sus tierras dejan de ser suyas debido a la moderniza-

cion y pasan a ser del Estado. ¢ Por qué? ¢ Cudl es el uso que se da a esas tierras?

Preguntas finales

9 Tienes alguna informacion / planes / mapas / documentos que podrias darnos, en cuanto a:
0 ¢Planos de las obras de la modernizacion?
o Cuando se hicieron las diferentes votaciones, concentraciones parcelarias y moderni-
zaciones del riego (en las comunidades / los pueblos de SMI/ SMP)?
o ¢Desarrollo de nimeros de pivots utilizados?
o Desarrollo de calidad de agua/ suelo (concentraciones de fertilizantes/ nitrégenos etc.
en el agua / en el suelo)
o Desarrollo de cantidad de agua utilizada para el riego
o Desarrollo de cantidad de energia utilizada para el riego
i Sitodavia tuviéramos alguna preguntasdguimiento, ¢ podriamos ponernos en contacto con
usted por teléfono?

1 ¢Leinteresaria ser informado de los resultados del estudio?
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Desarrollo de sistemas de regadio: Preguntas de la entrevistarigation union)

Entrevistador

Caddigo dekntrevistado

Fecha y hora de la entrevista:

Lugar de la entrevista

Tipo de entrevista: Cara a cara
Otro:

Duracionde la entrevista:

Comentarios sobre la situacion de la
entrevista
(ambiente, molestiagpbservaciones):

Nombre dé sindicato

Sexo del entrevistado: Y dz2 S NJ
K2YoNB
2 0 NB

sinrespuesta

Edad del entrevistado:

Papel erel sindicato

Papel de la persona / funcion del sindicato

1 Para empezar, ¢podria hablarme de su papel en el desarrollo de los sistemas de regadio?

Si no lo ha mencionado ygCudles son tus tareas? ¢ Desde cuando las realizas?

1 ¢Y cual es el papel del sindicato en el desarrollo de los sistemas de regaditétealuda-
céis exactamente?

Si no lo ha mencionado ygDonde actuais?

1 Sino lo ha mencionado ygCual ha sido el papel en el desarrollo de los sistemas de regadio
en Santa Maria del Paramo? ¢ Y en el desarrollo de los sistemas de regadio en Santa Maria de
la Isla?

1 También tuviste/ tuvisteis un papel en la introduccion de tuberias aéreas en estas regiones?
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1 ¢Cudles han sido los problemas, en relacion al regadio, a los que te has tenido que enfrentar
durante todos estos afos? ¢Cuales son las diferentes posturas de los agricultores frente a la
modernizacion? ¢ Como se ha conseguido que aquellos agricultores reacios al cambio al final

estén de acuerdo con el?

Cambios de regadio

1 ¢Cudles fueron las leyes o medidas importantes que el gobierno implementé en relacion con
el desarrollo de los sistemas de regadio? ¢ Cuando se aplicaron? ¢ Por qué eran importantes?

¢,Coémo influyeron en el desarrollo de los sistemas de regadio?

1 Si no se han mencionado todavi®Qué papel ha desempefado/desempefia la ley de aguas en
el desarrollo de los sistemasrégadi@
1 Sabes por qué la tuberia aérea ha sido introducida mas tarde en SMI que en SMP? Sabes de
donde vino la idea de instalar las primeras tuberias aéreas?
¢, QUuE criterios tienen que ser cumplidos para que una zona seymdstaizar?
¢,Cudles son los pasos de la transformacion a tuberia subterranea?
Con quién colabordis/ trabajais juntos en cuanto a las modernizaciones? ¢ Como es la colabo-
racion?
1 Silo sabes: ¢Dénde se hizo la primera modernizacion? ¢Por qué se hizo? ¢Como surgié la
idea?
1 ¢Cuéndo ha cambiado la votacion sobre la concentracion parcelaria de mayoria absoluta a
mayoria simple? ¢Por qué?
1 ¢También se convierten algunas tierras de secano al regadio en los procesos de moderniza-
cién?
1 ¢Cbmo funciona la financiacién para la modernizacion? ¢Ha cambiado esto a lo largo de los
anos?
T aQu® comunidades todav2a no han dicho fAsi o0 a
interesados?
1 Podrias explicarnos la evolucién de las comunidades de regantes en la zona de Santa Maria de
la | sl aé
0 ¢siguen actuando de forma individual o ahora a través de la Gnica comunidad de re-
gantes del Bajo Tuerto?
o Todas las comunidades han aprobado la modernizacion?
0 Sabes si alguna otra comunidad de la region no ha aprobaxdaléanizacion?
o Cuando fue la votacion en la comunidad de regantes de Canal Alto de Villares? Estan

modernizando ahora en esa zona?
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¢Por qué la modernizacion en SMI es mucho mas tarde que en SMP? ¢ Por qué la moderniza-
cion en Villarnera se realiza afios después de que el pueblo la haya aprobado?

¢, Cual es la proporcion de agricultores que compran un pivot después de la modernizacién?
Qué ventajas / desventajas tiene un pivot en comparacion con los pajaritos/aspersores?

¢, Como esperais que los cultivos vayan a cambiar con la modernizacion?

¢ Por qué la rentabilidad de la remolacha ha bajado tanto en los ultimos afios?

¢Hay lugares donde se aumenta la superficie utilizada por la agricultura debido a la moderni-
zacion?

¢,Donde exactamente/ qué comunidades han tenido que acabar con el riego este afio el 20 de
agosto? ¢ Desde cuando lo sabian los agricultores? Quién lo decidié / por qué en otros sitios
no?

¢ Podrias contarnos como funcionan las subvenciones para la instalacién de placas solares que
proporcionen electricidad a las estaciones de bombeo asociadas al sistema de regadio moder-
nizado? ¢Se podré utilizar toda la energia generada en ellas? ¢Qué se hara con la energia so-
brante? ¢ Hay proyectadas nuevas instalaciones de placas solares en otras zonas?

¢Por qué hay problemas de nitratos y nitritos en la margen derecha del rio Orbigo? ¢Hay al-
gun informe con resultados de analiticas? ¢ Podrias proporcionarnoslos o decirnos donde con-

seguirlos? ¢ Se estan tomando medidas para evitar que estos problemas se sigan produciendo?

Preguntas finales

1 Tienes alguna informacién / planes / mapas / documentos que podrias darnos, en cuanto a:

o Planos de las obras de la modernizacion?
o Cuando se hicieron las diferentes votaciones, concentraciones parcelarias y moderni-

zaciones del riego (en las comunidades / los pueblos de SMI/ SMP)?

i Sitodavia tuviéramos alguna pregunta de seguimiento, ¢ podriamos ponernos en contacto con

usted por teléfono?

1 ¢Leinteresaria ser informado de los resultados del estudio?
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Desarrollo del sistema deegadia Declaracion de conformidad

Las investigaciones realizadas en el marco del proyecto internacional e interdisciplinario SIPATH
(Sustainable Agricultural Intensification Pathways in Europe) indicaron un cambio importante en el
regadioagricola en torno a Santa Maria del Paramo desde la década de 1960. En el marco de mi tesis
de méaster, sigo investigando el desarrollo de los sistenraga@icagricola y los cambios resultantes

en torno a Santa Maria del Paramo, asi como en la zona de Santa Maria de la Isla. Para ello, mi com-
pafiera Virginia me ayuda a realizar entrevistas con diferentes a&onesellos hay 10 agricultores

de los dos lugares.

En la entrevista, hacemos pregurgabre el desarrollo detgadioagricola, lasaracteristicas de las
explotaciones, los cambios en el paisaje y los resultados de la sostenibéisladspuestas que nos
proporcione ayudaran a comprender la evolucidneatgdioagricola en el pasado y sus repercusio-
nes.

La participacion en este estudio no entrafia ningun riesgo. Las respuestas que dé en la entrevista seran
anonimas y solo se utilizaran para mi tesis de master y las actividades relacionadas con el proyecto
SIPATH.

La participacién en este estudio es voluntaria: No tiene que responder a ninguna pregunta que no
quiera y puede interrumpir la entrevista en cualquier momento.

Para poder evaluar sus respuestas, es importante que grabemos la entrevista.
[ Si, se puede grabar la entrevista.

Con mi firma, confirmo que he comprendido la informacién anterior y acepto voluntariamente parti-
cipar en esta encuesta.

Nombre del participante:

Firma Fecha

Si tiene alguna pregunta sobre este estudio, noelugenerse en contacto conmigo

Fabienne FreyUniversity of Bern)
Hallerstrasse 12

3012 Bern
fabienne.frey@students.unibh
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