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INTRODUCTION

A SYMBIOTIC PATHWAY DESIGN STRATEGY FOR THE WATER SYSTEM
TRANSITION TO COMBAT WATER SCARCITY AND DESERTIFICATION IN

THE SEGURA RIVER BASIN, SPAIN.
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Figure 2. Seasonal green and blue water consumption by industry in
the EU for 2015. Source: (EEA, 2025)
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Figure 5. Precipitation map Spain. Source: made by author, based on (Ro-
driguez-Sanchez & Sarabia-Sanchez, 2020)
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Figure 10. The Adaptice Cycle of the Panarchy Theory. (Gunderson & Holling, 2002).
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Figure 11. The Network Approach applied to this research. Source: made by author, based
(de Hoog et al., 1998 & Priemus, 2004 & 2007) .
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HYDRAULIC PARADIGM

<> SPANISH NWP 1993
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Figure 13. National Hydrological Plan of 1933. Source: (Source: YA Figure 14. Planned volumes of water through transfers
Newspaper 19.1.1993), adapted from (Lopez-Gunn, 2009) from the Spanish NHP 1993. Source: Made by author.
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Figure 16. Image of the TST water supply canal. Made by author.

Figure 17. Course of the TST in Spain. Source: by author.

Figure 15. (RTVE.es, 2015) 21/105
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Figure 19. Socio-political conflict in Spain regarding the
TST. Source: Made by author.

Figure 20. Source: Image by Fernando Alvarado, retrieved from (Bachiller, 2023). 99/105
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Figure 21. Traditional Irrigation in the SRB. Source: Made by author, based on (Martinez-Alvarez et al, 2017)
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Figure 22. Irrigation agriculture after the promise of the TST. Source: Made by author, based on (Martinez-Alvarez et al, 2017)
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Figure 23. Irrigation agriculture after the development of groundwater extraction techniques. Source: Made by author, based on (Martin-

ez-Alvarez et al, 2017)
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Figure 24. Total agricultural area. Source: Made by author, based on (Martinez-Alvarez et al, 2017)
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Figure 25. Location of the main desalination plants in the region. Source: Made by author, based on (Martinez-Alvarez et al., 2017).
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Figure 26. Location of the main desalination plants in the region. Source: Made by author, based on (Martinez-Alvarez et al., 2017).
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Figure 27. Location of the main irrigated areas. Source: Made by author, based on (Martinez-Alvarez et al., 2017).
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Figure 28. Agriculture intensity. Source:
made by author, based on (FutureWater, z.d.).
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Figure 29. Graph of agriculture transition towards more intensive water use
systems. Source: made by author, based on (FutureWater, z.d.).
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Figure 30. Blue and green water consumption and blue water economic productivity in the SRB. Source: Aldaya et al (2019), based on CHS (2015) and data from the Government of Spain and the green water footprint (Aldaya et al., 2017).
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Figure 33. Image of the export industry in the harbour of Campo de Cartagena, in Cartagena city. Source: Made by author.
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Figure 35. Image of the energy landscapes in the industrial area of the Cartagena food export harbour. Source: Made by author.
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POLLUTING EFFECTS
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Figure 37. Diffuse and point pollution in the SRB. Source: Made by author, based on data from CHS (2025) .
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Figure 38. Protected and vulnerable areas and water abstractions. Source: Made by author, based on data from CHS (2025) .
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Figure 39. Cumulative map of the layered analysis on the full basin scale. Source: made by author.
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Figure 40. Synthesis of the layered analysis on the sub-basin scale. Source: made by author, based on data from (CHS, 2025).
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Figure 43. Section of the pollution in Mar Menor. Source: Made by author.
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Figure 54. Framework for the patterns. Source: made by author.
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Linear waste systems in agriculture and urban areas often
lead to nutrient loss, pollution, and increased dependency
on synthetic inputs. Implementing a cross-sectoral organic
waste collection and reuse system focusing on compost-

ing, manure exchange, and inter-sectoral redistribution,
addresses these inefficiencies by closing nutrient loops at

the regional scale. By transforming local organic waste into
valuable inputs such as compost, biochar, or organic mulch,
the system promotes soil restoration, reduces reliance on
chemical fertilisers, and supports organic farming practices.
Additionally, facilitating manure exchange among farmers
or between sectors like agriculture, landscaping, and golf
courses reduces logistical burdens, prevents over-application
and runoft, and helps combat desertification. This systemic
approach supports circularity, enhances ecosystem resil-
ience, and creates shared economic and ecological value
across urban-rural interfaces (FAO, 2025).
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to oprationalise this project are possible, where the
collective aims are to depollute the natural substrate
by reducing agricultural pollutants from fertiliser or
pesticide use, improve local biodiversity, and combat
desertification and decrease flood risk in agricultural
soils by improving the water retention capacity.
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Figure 61. Map of the no-regret measures when comparing all sce-
narios spatially. Source: made by author.
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Figure 62. Map of the no-regret measures when comparing all sce-
narios spatially. Source: made by author.
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Figure 65. Map of the no-regret measures when comparing all sce-
narios spatially. Source: made by author.
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Figure 66. Map of the no-regret measures when comparing all sce-
narios spatially. Source: made by author.
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Figure 70. Section of the current practices and systems in location 1. Source: made by author.
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Figure 71. Section of the pattern selection for scenario 1 applied in location 1: practices and systems. Source: made by author.
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Figure 79. Phasing of interventions of the symbiotic pathway for
strategic project 1. Source: made by author.
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Figure 8o. Phasing of interventions of the symbiotic pathway for
strategic project 1. Source: made by author.
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Figure 81. Phasing of interventions of the symbiotic pathway for
strategic project 1. Source: made by author.
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Figure 82. Map of the no-regret measures when comparing all sce-
narios spatially. Source: made by author.
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Figure 83. A visual impression of the strategy for a symbiotic system transi-
tion on the scale of the sub-basin. Source: made by author. 111/106
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Figure 84. A visual impression of the strategy for a symbiotic system transi-
tion on the full basin scale. Source: made by author.
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Figure 86. Right: the Network Approach applied to this research.
Source: made by author.

Figure 85. Left: the Dutch Layers Approach, Middle: the Network Approach. Source:
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made by author, based on (de Hoog et al., 1998 & Priemus, 2004 & 2007).
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Figure 87. Sketches of the field visit observations. Source: made by author.
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Figure 89. Map of the patterns applied in the sub-basin according to
scenario 1. Source: made by author. Figure go. Selection of scenario based patterns for scenario 1. Source: made by author.
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Figure 91. : Map of the patterns applied in the sub-basin according to scenario 2. Source: made by author. Figure 92. Selection of scenario based patterns for scenario 2. Source: made by author.
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Figure 93. : Map of the patterns applied in the sub-basin according
to scenario 3. Source: made by author.

Figure 94. Selection of scenario based patterns for scenario 3. Source: made by author.
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