
Delft University of Technology
MSC Architecture, Urbanism and Building Sciences 

Sanne van Rees

23-06-2025
A. Wandl & V. Muñoz-Sanz
P5 presentation

a symbiotic pathway design strategy for the water 
system transition to combat water scarcity and 

desertification in the segura river basin, spain.

RIPPLES OF

      RESILIENCE



2/105

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

THE SEGURA RIVER BASIN, SPAIN.

introduction - theory - methodology - analysis - design - conclusion

introduction - theory - methodology - analysis - design - conclusion



3/105

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

THE SEGURA RIVER BASIN, SPAIN.

A REGIONAL 
SYMBIOTIC 

DESIGN 
STRATEGY

SYMBIOTIC 
SYSTEMIC 

DESIGN 
METHODOLOGY

1
A SYMBIOTIC 
PATHWAY 
PATTERN 
LANGUAGE

2 3

introduction - theory - methodology - analysis - design - conclusion



4/105

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

THE SEGURA RIVER BASIN, SPAIN.

introduction - theory - methodology - analysis - design - conclusion

Figure 1.  (Scherer, 2023)
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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-Sánchez, 2020)
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LACK OF A SYMBIOTIC DESIGN FRAMEWORK FOR THE SYSTEMIC 
WATER TRANSITION IN ARID AGRICULTURAL REGIONS. 
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HOW COULD SYMBIOTIC SYSTEMIC DESIGN BE USED TO DEVELOP 
PATHWAYS FOR THE SUSTAINABLE WATER SYSTEM TRANSITION, 
CONTRIBUTING TO WATER SECURITY AND A SOCIO-ECOLOGICALLY 
RESILIENT FUTURE FOR THE SEGURA RIVER BASIN ?
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Figure 8.  Conceptual framework for a symbiotic water system.
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Figure 9.  SER (Holling, 1973; Walker et al., 2004; Folke, 2006; Sanchez, 2019).
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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 on 
(de Hoog et al., 1998 & Priemus, 2004 & 2007) .
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Figure 13.  National Hydrological Plan of 1933. Source: (Source: YA 
Newspaper 19.1.1993), adapted from (Lopez-Gunn, 2009)

Figure 14.  Planned volumes of water through transfers 
from the Spanish NHP 1993. Source: Made by author.

HYDRAULIC PARADIGM

introduction - theory - methodology - analysis - design - conclusion



21/105
Figure 15.  (RTVE.es, 2015)

Figure 16.  Image of the TST water supply canal. Made by author.

Figure 17.  Course of the TST in Spain. Source: by author.
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Figure 19.  Socio-political conflict in Spain regarding the 
TST. Source: Made by author.
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Figure 20.  Source: Image by Fernando Alvarado, retrieved from (Bachiller, 2023).
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Figure 21.  Traditional Irrigation in the SRB. Source: Made by author, based on (Martínez-Alvarez et al, 2017)
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Figure 22.  Irrigation agriculture after the promise of the TST. Source: Made by author, based on (Martínez-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 (Martín-
ez-Alvarez et al, 2017)
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Figure 24.  Total agricultural area. Source: Made by author, based on (Martínez-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 (Martínez-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 (Martínez-Alvarez et al., 2017).
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Figure 27.  Location of the main irrigated areas. Source: Made by author, based on (Martínez-Alvarez et al., 2017).
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Figure 28.  Agriculture intensity. Source: 
made by author, based on (FutureWater, z.d.).

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 32.  Image of the plastic foil landscapes of the quilted agriculture of Campo de Cartagena, near Cartagena city. Source: Made by author.
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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 34.  Image of an empty container ship entering the export 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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Figure 36.  Image of the energy landscapes in the industrial area of the Cartagena food export harbour. Source: Made by author.
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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) .

VULNERABLE AREAS

introduction - theory - methodology - analysis - design - conclusion



40/105
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).

DESIGN LOCATION

introduction - theory - methodology - analysis - design - conclusion

- vulnerable area

- intensive monocultures

- protected wetlands

- economically significant

- drainage of the basin

CAMPO DE CARTAGENA
...



42/105
Figure 41.  Image of the desalination infrastructures in the polluted protected saline wetlands. Source: Made by author.
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Figure 42.  (Marín et al., 2015).

Figure 43.  Section of the pollution in Mar Menor. Source: Made by author. Figure 44.  Polluted water of Mar Menor. Source: made by author.
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Figure 45.  Conclusion of the analysis of the systemic layers
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Figure 46.  Design principles for the transition of the water system in the region. Source: made by author.
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Figure 47.  Start of a decision tree in symbiotic design of the water system. Source: made by author.
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Figure 48.  Vision framework: Systemic Symbiosis, global drivers and sectors involved. Source: made by author.
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Figure 49.  Design principles for the transition of the water system in 
the region. Source: made by author.

LOCAL 
MATERIAL & 
RESOURCE 

FLOWS RENEWABLE 
WATER 
SUPPLY

ZERO 
POLLUTION

DESERTIFICATION 
PREVENTION

BIODIVERSITY 
INCREASE

WATER 
DEMAND 

REDUCTION

FLOOD 
PROTECTION

SUSTAINABLE 
SOCIO-ECONOMIC 
DEVELOPMENT

RENEWABLE 
ENERGY & 
EFFICIENCY

CIRCULAR 
FLOWS

COLLABORATION, 
PARTICIPATION & 

KNOWLEDGE EXCHANGE

11  P REGIONAL WASTE 
WATER TREATMENT

1  P TRANSITION TO 
ORGANIC AGRICULTURE

SYMBIOTIC SOLUTIONS
PROJECTS

introduction - theory - methodology - analysis - design step 1 - step 2 - step 3 - conclusion



55/105

AGRICULTURE 
TRANSITION

WATER 
MANAGMENT 
TRANSITION

NATURE 
RESTORATION 
TRANSITION

SPATIAL DESIGN CATALOGUE

introduction - theory - methodology - analysis - design step 1 - step 2 - step 3 - conclusion



56/105

Figure 50.  Pattern-web as a decision tree Source: made by author.
Figure 51.  Different components of the pattern language. Source: made by author.
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Figure 52.  Framework of a pattern language. Source: made by author.
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Figure 53.  Framework for the patterns. Source: made by author.
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Figure 54.  Framework for the patterns. Source: made by author.
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Figure 55.  Scenario framework, made by author.
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Figure 56.  Scenario framework, made by author.
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Figure 57.  Pattern-web as a decision tree Source: made by author.
Figure 58.  Different components of the pattern language. Source: made by author.
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Figure 59.  Selection of scenario based patterns for scenario 1. Source: made by author.
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Figure 60.  Map of the sub-basin: cumulative map of the spatial requirements for the 
patterns. Source: made by author.
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2. NATURAL LANDSCAPE LENS
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3. WATER MANAGEMENT LENS
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SECTOR SYMBIOSIS
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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.

LOCAL FOOD PROCESSING & 
DISTRIBUTION HUBS

A19 farmer markets
A20 urban farming

introduction - theory - methodology - analysis - design step 1 - step 2 - step 3 - conclusion

LOCAL FOOD 
PROCESSING & 

DISTRIBUTION HUBS   P2   



78/105

Figure 63.  Map of the no-regret measures when comparing all sce-
narios spatially. Source: made by author.
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Figure 64.  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 67.  Map of the interventions causing spatial conflict when 
comparing all scenarios spatially. Source: made by author.
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Figure 68.  Areas of spatial intervention conflict from overlapping the scenarios. Source: 
made by author.
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Figure 69.  Location strategic procject 1: cumulative analysis map. Source: made by 
author, based on (CHS, 2025) and (CORINE, 2022).
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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 72.  Section of the pattern selection for scenario 2 applied in location 1: practices and systems. Source: made by author.
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Figure 73.  Section of the pattern selection for scenario 3 applied in location 1: practices and systems. Source: made by author.
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Figure 74.  Section of the pattern selection for scenario 4 - symbiotic pathway - applied in location 1: practices and systems. Source: made by author.
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Figure 75.  Section of the pattern selection for scenario 4 - symbiotic pathway - applied in location 1: practices and systems. Source: made by author.
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Figure 76.  Symbiotic pathway design example scenario 4 - symbiotic pathway - for location 1. Source: made by author.
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Figure 77.  Section of the pattern selection for scenario 4 - symbiotic pathway - applied in location 1: practices and systems. Source: made by author.
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CONCLUSION

DESIGNING FOR SYMBIOSIS WITHIN A COMPLEX SYSTEMIC TRANSITION 
WITH MANY UNCERTAINTIES AND DIFFERENT OPINIONS IS POSSIBLE, AND 

NECESSARY, IN ORDER TO CHANGE TOWARDS A SOCIO-ECOLOGICALLY 
RESILIENT AND WATER-SECURE FUTURE.
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THANK YOU!
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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 80.  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.
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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 85.  Left: the Dutch Layers Approach, Middle: the Network Approach. Source: 
made by author, based on (de Hoog et al., 1998 & Priemus, 2004 & 2007).

Figure 86.  Right: the Network Approach applied to this research. 
Source: made by author.
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Figure 87.  Sketches of the field visit observations. Source: made by author.

Abandoned water mill and aquduct, connected 
to an abandoned farm. It shows the heritage of 
the region, but was left neglected within the 
protected wetland area.

Due to a few days of heavy reainfall in the 
area, the lowlands were in full bloom, showing 
almost no signs of struggles with drought and 
desertification.

Next to big industrialised 
monocultural farms, also 

small farms exist in the area. 
An old man was spotted on 

his bycile, cycling through his 
fields, with a dog on a leash 

and a basket of fresh broccoli 
on the back of the bike.

In between the sea and the lagoon, a small strip 
of 600 m wide is fully built with appartment 
buildings of tourism appartments that were 
almost all vacant and for sale. A highway of 
cars divided the connection between the waters.

From up close, the drip irrigation systems did 
not seem sustainable at all, as they are made 
out of small plastic tubes that create piles of 
plastic waste when big ploughs rush through 
the landscape.

The harbour of cartagena is where the food 
export industry of the region is most visible: 

big containerships line up and landscapes of re-
fineries and cranes define the coastline.

In a tourist village near the lagoon, an eco-
tourism route was created, providing informa-
tion about the historic and ecological relevance 

of the salt marshes.

In the inland, the car roads divided natural 
landscapes and areas of agricultural production 
that formed a sea of plastic or bare deserts of 

abandoned land.
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Figure 88.  Image of the urban tourism strip between the lake and the sea. 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 90.  Selection of scenario based patterns for scenario 1. Source: made by author.
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Figure 92.  Selection of scenario based patterns for scenario 2. 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.
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Figure 94.  Selection of scenario based patterns for scenario 3. Source: made by author.

SCENARIO 3
INNOVATIVE PRODUCTION

Figure 93.  : Map of the patterns applied in the sub-basin according 
to scenario 3. Source: made by author.
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