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Supplementary materials

To be, to Do, to Share: The Triple-Loop of Water Governance to
Improve Urban Water Resilience —Testing the Benidorm’
Experience, Spain

The water consortium is not an institution that represents

Unlike other neighboring regions where irrigation accounts agriculture, and that is its weak point, although it has an easy
for 75% of water consumption, in the Marina Baja county solution: incorporate farmers in decision-making processes.
and given coastal tourism development, this percentage is .
reduced substantially until reaching a balance between the (r]
urban supply and irrigation. However, that equality in

Water demand for irrigation during the summer is higher than the accurnulated
rainfall, forcing farmers to regulate water resources differently. The key point is that
when demand is concentrated in a specific period, the only way to guarantee available
water resources is through regulation. However, regulation is focused on ensuring
Benidorm urban resilience while the farmer, who is the owner of the water rights, does
not have water regulation capacity.

percentage is not translated into an equal representation in
the water consortium.

Away of proceeding and deciding based on a single Water
discourse (water supplying to coastal governance
municipalities) has been imposed to benefit
Benidorm's water supply.

) A
@ = 5
the problems, difficulties, and

Urban Without water regulation and
challenges are managed from Regional Government resilience water distribution, there is no
the urban supply side. Generalitat Valenciana urban resilience possible for
Benidorm nor B plan for the whole
county.

Technical arguments are also powerful, and
sometimes they override social learning and mutual (G|
understanding among water users.

Water In Marina Baja county, farmers perceive the urbanistic pressure
supply. of the coastline. It is challenging to promote rural development
in a territorial framework with an evident competition for water
@] and land resources.
What the farmer does not want is to irrigate with water affecting Reclaimed ]
crop production. Some prefer not to irrigate rather than see how water Water
their product cannot be sold for not complying with the management
optimum quality standards that it would get if surface water can The conflict between irrigation and urban
be used. supply would not exist if a more integrated
water management approach were
promoted.
The technicians do not decide anything because The power of water beIf)ngs to those who manage
the decisions are political. water, The current conflicts around water resources
are over its management, neither by water rights

nor by uses.

Figure S1. Regional Government — Generalitat Valenciana’ narrative.
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Reclaimed L. . . Water
water Provincial Council of Alicante supply

Q Q

Quality standards in reclaimed We consider that an option to increase In general, the irrigation-urban supply and
water should be improved while water supply in the region is to promote consumption nexus is usually distributed in a
circular economy principles are desalinated water, although we are aware ratio of 80%-20%, although in Marina Baja

prioritized. thatitis a bipolar issue: sometimes county, the ratio is 50-50% mainly due to the
desalination is the solution while water demands led by the mass-tourism
sometimes water transfers are. destination of Benidorm.

Figure S2. Provincial Council of Alicante’ narrative.
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Alfas del Pi city council

Water
governance

Irrigation and urban supply
must be mutually understood.

Thanks to the reclaimed water generated through the
Benidorm WWTP and the management carried out by the
water consortium and the Canal Bajo del Algar irrigation

community, the water quality standards of reclaimed water
are good, and the problem of water availability for

@]

Reclaimed
water

Q

There is an increasing demand for
reclaimed water to be used in green
areas, and some individuals request

this non-conventional water resource
to irrigate their gardens.

agricultural purposes can be solved.

Figure S3. Alfas del Pi city council narrative.

The northern municipalities are in solidarity with the
southern municipalities, but when northern
municipalities need water, those in the south should
also be in solidarity, but this does not happen.

Water quality standards from wells are good, but
those from water resources managed by the water
consortium are not suitable due to its high
conductivity levels, motivated by groundwater
overexploitation and saline intrusion.

Water
governance

The water consortium is not neutral. A democratic
system is established to make decisions, but it turns
out that one municipality (Benidorm) has more than

half of the representation. Therefore, what
Benidorm says is what will be done; there is no
possibility of changing that decision.

|

Reclaimed

2)

water Altea city council

Q

One of the water consortium’s functions is to guarantee ]
reclaimed water quality standards. Benidorm, as the
leading partner of the water consortium, does not have
water quality problems because it can assume the cost
of making it drinkable. However, the water consortium
does not promote efforts to improve the water quality
standards of the water provided to the small
municipalities.

Water

Q

consumption

Cl

Water
supply

Q

Although drinking water is prioritized, the farmer
becomes angry when drinking use priority is
applied to filling swimming pools or watering
private gardens. The farmer sees how his crop,
resulting from his effort and economic investment,
is not benefiting from water access while urban
water use is not limited.

People are more efficient in water use, but
they use water for a more significant
number of uses (services).

Figure S4. Altea city council’ narrative.
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For Benidorm, water is a
scarce resource, making it
strategic in both quantity

and quality terms.

|

< @
Urban . . . Water
resilience Benidorm city council management

Q Q Q

In recent years, many dissemination campaigns Our distribution network is exemplary We think that the water
have been carried out explaining the origin and because we achieve a 95-96% water management system is robust.
importance of water resources for Benidorm efficiency level. Unfortunately, we are
and the county, including innovation and new not publicizing this achievement
technologies and applications to provide sufficiently.
information to citizens and increase their
awareness.

Figure S5. Benidorm city council’ narrative.
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Water Reclaimed For most farmers, reclaimed water
infrastructure Ca"osa d’en Sarl‘ii‘! City COunCil water will be used to produce food when
citizens from Benidorm and the

rest of coastal municipalities drink
reclaimed water.

Q

The Canal Bajo del Algar exists for many C:) ¢
years, but its functionality has been

dramatically diminished, and nowadays it bec\:‘ava:;i\;vfetilra :fnl%t;gfgruzﬁ);;r::;:ﬁen ¢ If reclaimed watcer is notigoad'to
is used just to guarantee Benidorm's water v f beidrunkwhyitican.be good'to
quality, coastal municipalities would be produce food?

SUpply: using this resource for irrigating their

gardens, but this does not happen because
municipalities are using potable water for
gardening.

Figure S6. Callosa d’En Sarria city council” narrative.
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Urban N X . Agriculture
resilience Finestrat city council
¢ No one lives exclusively from
Water is a general agriculture; everyone has a business in
7 Water ; . "
concern for citizens, for the tourist sector, services, or industry.
. o s governance : -
tourists, especially in People keep the agricultural activity by
Benidorm, but itis an tradition, as a hobby, to keep the
obsession for the farmers. garden as a recreational activity.

The water consortium is of the municipalities, but
sometimes it seems to be an external entity because
usually, it acts without consulting the municipalities.

Furthermore, the relationship between
municipalities and the water consortium only
occurs in times of crisis (drought periods).

Figure S7. Finestrat city council’ narrative.
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Reclaimed .. . Agriculture
water La Nucia city council
]
¢ Water
infrastructure ¢

Reclaimed water was of poor quality some
years ago (it smelled and was very cloudy),
but now it is of good quality thanks to
tertiary treatment and desalination.

Agriculture is not productive; it is for subsistence, with
smallholdings. There are very few full-time farmers;
everything is part-time, weekend farming. It is not
possible to live in agriculture.

Q
Historically, managing water is managing drought cycles, and for that, we
need to invest in water infrastructure. That is why the agreement between
the Canal Bajo del Algar irrigation community and the water consortium
works so well, except for the last five years in which some water
infrastructures were abandoned, and it has been costly to put it in order.

Figure S8. La Nucia city council’ narrative.
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Water
consumption

Q

The farmer pays very little for water while the
industrial or urban-tourist user pays a lot. The water
consortium has a very favorable treatment with
farmers (water is very cheap; the water consortium
assumes the cost of water infrastructures).

]

Agriculture

2)

Polop city council

o @

Water Agriculture is going down, but
supply smallholding continues. Itis not a
hobby, but it offers the farmer a
complementary income.

Q

The topic that water is taken to Benidorm still survives,
but the reality is that about half of the county's
population work in Benidorm or for Benidorm.

Therefore, if that topic were proper, all of us would be

taking the water.

Figure S9. Polop city council’ narrative.

Q
We are not prepared to face a dry decade; we
could not survive with the current water
infrastructure if drought periods are increased.
Desalinated water is expensive due to the
energy cost, but this will guarantee the
coexistence between confronted water uses.

] Q
9
Water We consider that it is necessary to invest in more hydraulic
infrastructure infrastructures since it has been verified that water cannot be
collected in case of heavy rains, and the volume (until 100 hm3)
could be dumped into the sea. If another reservoir or several
ponds were built to collect this complimentary water, water
availability could be increased for several years.

o A -
Reclaimed I N . Agriculture
water Villajoyosa city council
6 6

Secondary treatment is not enough since it @] The culture of a territory can only be associated
usually leads to emitting particles in suspension with agriculture when the distance between the

in the water, and farmer needs to see water Water producer and the consumer is minimal. Food
almost crystalline to accept use this water supply production is not being promoted as part of the

instead of surface water.

culture of the territory. Therefore, there is a lack of
interest in recognizing food produced near the
town. Forty years ago, tomatoes, cucumbers,
zucchini, melons, artichokes were produced here
and were sold in the town.

Q

Municipalities and citizens should take care of and
protect farmers because they are the ones who have
given up their water rights so that the coastal
municipalities have guaranteed water.

Figure S10. Villajoyosa city council’ narrative.
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Water Marina Baja county is an example of
governance mutual understanding between
confronted water users.

c

Water
infrastructure

b

The Canal Bajo del Algar is a symbol for the people
of Marina Baja county because it represents a
technical and social achievement; it is perceived as

everyone's heritage.

Jucar River Basin Authority

Water
consumption

Q

@] When water supply must be ensured, the
cost of water is secondary because the
priority is to guarantee enough water to all
water uses and ensure maximum water
quality standards for reclaimed water.

Water
management

Q

The county’s water demands can be met in an average
rainfall year by combining water resources from
reservoirs and groundwater, but external water
resources must be needed during dry rainfall years.

Figure S11. Jucar River Basin Authority’ narrative.

Perhaps one of the main challenges of water
management was recognizing the role of
agriculture when cultivating and managing the Water policy and water management have different
hinterland landscape. scales of action: while policies are conceived in the short

¢ term (because the politician could change every four
Domestic water consumption has years), vs{la(ter management requires medllur'q anfj long-
term vision. Nothing that is executed thinking in the
130 liters/person/day. @ short term is a solution, only a patch.

dropped from 250 liters/person/day to
‘ Water  ¢

management

Irrigation water consumption can be Water /

improved by addressing the lack of consumption
regulation in water infrastructure together collateral effects of this water management
whit actions to improve the inadequate model in which reclaimed water plays a
maintenance of the water distribution @] key role.

network. . N . Agriculture
Marina Baja Water Consortium

The water consortium aims to guarantee
urban water supply, but the generation of
landscaping is one of the main positive

Cll o)
Water . T . -
(= Agriculture does not receive public subsidies. It
supply ©

is a type of agriculture that sells water abroad
(loquat, orange, lemons, avocado).

Coastal
tourism

If desalinated water were promoted instead of
maintaining the reclaimed water exchange
managed by the water consortium, half of the
county’s farmers would disappear because it could
not assume the high cost of desalinated water.

For coastal tourism, it is essential to have inland
landscapes, such as green routes or rural corridors,
which the public administration does not recognize,
although tourists and visitors value them (although

not residents).

Figure S12. Marina Baja Water Consortium’ narrative.
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Benidorm, for example, would not exist without the solidarity

that the irrigation community has had with the county’s
coastline when exchanging surface water for reclaimed
water to face scarcity periods.

An exchange consists of supplying surface water for
urban-residential use and receiving reclaimed water
with high quality standards.

The "natural’ thing is not that the environment and
water resources are self-managed; the ‘natural’ thing is
to intervene in them in a positively manner to ensure

that the natural cycle continues. Conservationism cannot @]
be based on not intervening in coupled human-nature Water
systems, as if the territory were an immovable, lifeless
landscape, leaving aside the natural and anthropic
dynamics that have coexisted for centuries.

The nexus between\ @]

Benidorm’s urban water
supply and tourist
development and the Canal
Bajo del Algar irrigation
community is evident.

Water supply

As long as Benidorm has
residents and visitors,
water to farmers will be

The function of the Canal Bajo del Algar to guaranteed.

guarantee water for urban-tourist use is
not socially recognized. You go out into the
street and ask, ‘what is the Canal Bajo del
Algar?" and nobody knows. However,
everyone includes crop fields and water
ditches in their picture of the county. That
is the paradox.

2 @[

Canal Bajo del Algar irrigation community

In this county, economic development depends on
tourism, but itis also true that most of those
owners of a hotel or a business in a coastal
municipality bought a second residence in the

There is an entire brotherhood between the Canal Bajo del Algar
irrigation community and the water consortium. The water consortium
uses the water infrastructure of the irrigation community to distribute
surface water to Benidorm and other municipalities, and in return, the
irrigation community receives reclaimed water with guaranteed quality
standards.

Agriculture is going to remain as something
Water . o . . it
residual because it is challenging to live O
exchange exclusively from agriculture. T
Y 9 g Farmers are not ecologists, but defenders of the
environment.

@/ .

In what other economic activity exists the risk of
working day after day and not being paid at the end of
the month? That only happens in agriculture, and that
instability influences the low attractiveness of the
profession for young people.

Agriculture

o)
In this county, agriculture is
@ disappearing; it remains in the
background because older people,
who do not have a generational
replacement, run the larger farms.

)

The region’s agricultural production is dedicated to either
exportation to the global market, the Vega Baja (neighboring
county), or Valencia (region’s capital). No municipality on the

coast eats from the hinterland food production, and this
invisibility of agriculture is the cause of the lack of
recognition of the farmer’s role.

The proximity of Benidorm is not used
to promote local agriculture.

countryside.

There must be harmony between ‘water for
eating’ (agriculture) and 'water for drinking
and swimming’ (tourism).

N
( P
Itis also necessary to speak clearly: | do not
know any farmer from Callosa d’En Sarria
irrigation community who has no interest in
Benidorm since the money earned in
agriculture has been invested in Benidorm.

Figure S13. Canal Bajo del Algar irrigation community’ narrative.

Q

T
Water availability and efficiency have
always been prioritized through the
construction of storage and distribution
water infrastructures. \ I

Water
infrastructure

Q

Sometimes, coastal municipalities
negatively see farmers without being

/ aware that the urban-tourist sector is

drinking thanks to farmers’ solidarity.
]

Water

supply

@] Q

]

Reclaimed
water

Q

Reclaimed water can be of good or poor quality. Most
people from Callosa d'En Sarria have croplands in the
municipality of Alfas del Pi, and they are watering with
reclaimed water without problems. However, farmers have
identified higher conductivity standards in reclaimed water
in some lands irrigated by the Canal Bajo del Algar.

Callosa d‘en Sarria
irrigation community

Agriculture There are more and more weekend
farmers while the number of
professional farmers is declining.

If water is born in your municipality, why should you be part
of an organization like the water consortium where other
water uses and users can have more influence and decision-
making capacity than you should? It makes no sense
because if decisions have to be made by a majority and
whoever has the water has no more decision weight, how
can you defend the needs of the municipality?

Water
governance

Figure S14. Callosa d’En Sarria irrigation community’ narrative.
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We are not prepared to face a dry decade; we
could not survive with the current water

infrastructure if drought periods are increased.

Desalinated water is expensive due to the
energy cost, but this will guarantee the
coexistence between confronted water uses.

A
] Q
Water We consider that it is necessary to invest in more hydraulic
infrastructure  infrastructures since it has been verified that water cannot be
collected in case of heavy rains, and the volume (until 100 hm3)
could be dumped into the sea. If another reservoir or several
ponds were built to collect this complimentary water, water
availability could be increased for several years.

J

Reclaimed
water

Q

Secondary treatment is not enough since it
usually leads to emitting particles in suspension
in the water, and farmer needs to see water
almost crystalline to accept use this water

instead of surface water.

]

Agriculture

2)

Villajoyosa city council

&

The culture of a territory can only be associated

C ] with agriculture when the distance between the
9
Water producer and the consumer is minimal. Food
supply production is not being promoted as part of the

culture of the territory. Therefore, there is a lack of
interest in recognizing food produced near the
town. Forty years ago, tomatoes, cucumbers,
zucchini, melons, artichokes were produced here
and were sold in the town.

Q

Municipalities and citizens should take care of and
protect farmers because they are the ones who have

given up their water rights so that the coastal
municipalities have guaranteed water.

Figure S15. Villajoyosa irrigation community’ narrative.

]

2)

Reclaimed
water

Q

The quality of the reclaimed water cannot be
compared to the quality of the rainwater. Some
colleagues from Alfas del Pi are using reclaimed

water, and they have many problems because the
productivity of the crop has been reduced.

Figure S16. Young Farmers Agrarian Association’

Young Farmers Agrarian Association

Water
supply

Q

Benidorm takes water from the Algar
River, uses the Guadalest reservoir,
and dries the Beniarda wells, but
farmers are seen as primary water
consumers and wasting water.

narrative.
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Benidorm and other coastal municipalities ask for
more water to ensure urban and tourist supply

cm|

during drought periods, and Callosa d’En Sarria Water Ho‘.N can it be explair_wed tha.t 2 municipality
does not have mechanisms to defend farmers’ management without water (Benidorm) is the one that
water needs. manages, in a hegemonic way, the water
r management model of the county?
@] m———— @ ]
What you cannot do is steal: if you do an Water supply . . Coastal
activity that needs water (such as a hotel, a Union of Farmers and Livestock tourism
golf course, or a resort) and you do not
have water resources, what makes sense is
that you pay for that water according to the H
value set by those who do have water, but \‘r
this is not the case for Benidorm.

Water has always been a symbol of power, and
today it is even more so. The Benidorm water
demand does not stop.

We are not against coastal municipalities’
urban and tourist development; on the
contrary: we want the same for Callosa

d’En Sarria.

The farmers of Callosa d’En Sarria have discovered that if they do not irrigate the medlar during the summer, its
production advances, and therefore, the water that in theory would need the medlar can be destined to the urban and
recreational supply of Benidorm. If the dominating crop were citrus fruits, which require water during the summer,
Benidorm would have had to look for alternative water sources. Even in this sense, Benidorm was lucky. However, this
may change with the upward trend in avocado cultivation, requiring irrigation during the summer. The production of this
crop is increasing because it requires less labor demand. What will happen if avocados production extends and the water
supply needed during the production stage matches the tourism water supply? A clash of interests.

Figure S17. Union of Farmers and Livestock’ narrative.

The Benidorm city council and the water consortium
have numerous conductivity measurement points,
while carried out daily analytical controls to check

water conductivity levels.

Agriculture and tourism are closely linked in this county.
It is easy to find farmers who are owners of hotels or
restaurants in Benidorm. Furthermore, Benidorm is a

local food market for many farmers.

Almost all the tourist establishments that have
wells use brackish water to fill the pools. This
practice is an example of water efficiency in the
hotel sector and partly responds to the
adaptation process after the water crisis of the
1970s.

Part of the tourist sector does not

assume that water resources must

be returned to the sewage system
with the highest water quality

standards for subsequent
agricultural use (..) in exchange for
ensuring the Benidorm' water
resilience.

0

Water supply

Reclalmed
water

The only recurring conflict generated by the
exchange of water is focused on the HOSBEC Hotel association

Urban
conductivity of reclaimed water. / /resﬂlence
(|

something very positive emerged from that
crisis, such as agreements between those
having water resources (farmers) and those
without (Benidorm).

The promotion of large water infrastructures

The water problem in Benidorm is not new.

6
e ~ » o

c|

Water
consumption

does not depend on the needs of the tourist
sector. However, the guarantee of the
Benidorm’s integrated water management
system was possible when the Guadalest-
Amadorio river system was connected to the
Commonwealth of the Taibilla Canals.

What happens is that there are some
city councils and part of the tourist
sector that do not value this water

exchange.

The tourism sector has also been modernized in
terms of including efficient water systems. Another
issue is the tourist: it is difficult to be water efficient
during a vacation in a mass-tourism resort, even if

you are conscient of being in a semi-arid region.
Maybe the key question is not about educating the
tourist but about educating the resident when is a

tourist: some tourists come from regions where
water availability is not a problem, but they visit
areas where water is a real problem.

The cost of desalinated water is not a problem
for the tourism sector; it is a problem for
agriculture. The hotel sector is paying for water
at a tertiary or industrial use price, which is
more than agriculture pays for primary use, but
the problem is that the profitability of
agriculture does not allow paying more for
water.

Figure S18. HOSBEC hotel association’ narrative.

Already in the 1970s, there was a major
water crisis affecting Benidorm, for which
the city was supplied by water from tanker

ships. That crisis ended with visiting
German tourism that has never recovered,
and another crisis could end with British
tourism, which nowadays is the first visitor
to the city.
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Urban Reclaimed water ensures agricultural activity as well as

resilience green areas, and can be the key issue to ensure Benidorm
urban resilience during water scarcity periods.

Water . . @ L. Water The farmer is water-efficient because
infrastructure Xoriguer environmental association consumption water is becoming more expensive.

Q

The Canal Bajo del Algar was necessary to built a @] <)
water distribution network for the whole region, but

i The tourist is also aware of water
the main beneficiary nowadays is Benidorm. Reclaimed

water scarcity risk, although its water
‘ consumption is higher than a citizen.

Q

Reclaimed water ensures agricultural activity as well
as green areas, and can be the key issue to ensure
Benidorm urban resilience during water scarcity
periods.

Figure S19. Xoriguer environmental association” narrative.



