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PART I. DIAGNOSIS
1. Description of the Ebro Delta
1.1. Territorial context: physical environment
In its final stretch, the River Ebro forms the second-largest delta of the western Mediterranean, with
an emerged surface of around 320 km2 (see Table 1) and altitudes verging on sea level. Generally
speaking, the Ebro Delta is shaped like a triangle, with a gentle, flat coastline, made up of fine sand
and a drainage network defined by a single main channel. As regards sedimentology, the Ebro Delta
is considered to be dominated by wave action, where the shape of the delta front is mostly
conditioned by wave movement, compared to other shaping agents such as coarse sediment or tides.
Its distinctive geological and geomorphological features and the diversity of dynamic processes
convert it into a unique place; it is the second largest wetland area in the western Mediterranean
and is the natural environment with the greatest relevance of the Catalan coast.
Geomorphological element
Delta
Spits
Bays
Estuary

Beaches

Sand dune systems

Lagoons

Name
Delta de l’Ebre
Punta del Fangar
Punta de la Banya
El Fangar
Els Alfacs
River mouth
Sandy area
Fangar
Goleró
Marquesa
Bassa de l’Arena
Riumar
Sant Antoni
Buda
Alfacada
Serrallo
Platjola
Eucaliptus
Aluet
Trabucador
Fangar Beach
Marquesa Beach
Bassa de l’Arena Beach
Trabucador Beach
Others
Les Olles
Canal Vell
Garxal
Calaixos de Buda
Alfacada
Platjola

Length / Perimeter
(km)
58.42
13.8
41.74
31.73
59.89
16.27
1.98
7.39
1.13
1.77
3.1
3.45
1.93
4.66
2.77
1.81
1.31
2.68
1.95
20.39

2.4
8.68
6.04
12.13
3.94
5

Surface (Ha)
29,753.24
489.9
2,664.69
2,430.31
6,994.93
400.67
4.18
480.06
0.62
12.67
14.5
59.75
14.97
107.16
55.8
72.65
56.65
77.42
29.94
561.01
77.71
8.34
7.82
336
204.47
27.8
245.46
205.72
507.09
65.86
50.14
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Length / Perimeter
Surface (Ha)
(km)
Tancada
9.11
238.8
Encanyissada
22.68
782.4
Table 1. Geomorphological and structural elements. Source: OCCC. Baseline study n1. Delta de l’Ebre (2008)
Geomorphological element

Name

Throughout history, the Delta has undergone very significant geomorphological changes. Based on
the analysis of historiographic documentation, different interpretations have been put forward
regarding the evolution of the delta in recent millennia (e.g. Canicio & Ibáñez, 1999). There is a wide
variety of geological, radiometric, palaeontological and sedimentological evidence (Cearreta et al.,
2016) that show the formation of the deltaic plain of the Ebro commenced during the early
Holocene, about 8,000 years ago, like the rest of deltaic areas on the planet (Stanley & Warne, 1997).
Three fundamental physiographic units can be distinguished in the Delta: the deltaic plain, coastal
and transition environments and marine environments. The topography is extremely flat;
approximately 10% of its surface has an altitude of over 2 m, 30% has an altitude of between 1 m and
2 m, and the remaining 60% has an altitude of under 1 m. The seafront stretches for 51 km.
The Ebro Delta, like all deltaic areas on the planet, makes up a geological system that is in permanent
evolution, the result of the activity of the processes of erosion, transport and sedimentation of
materials throughout the drainage basin; coastal and marine currents; variation of the sea level and
dynamics of the lithosphere. Recent sediments in its emerged part, associated to the slowdown of
sea level rise during the Holocene, have a maximum thickness of about 60 metres (Maestro, 2002).
As a whole, these recent sediments on the deltaic plain define a wedge-shaped body that
commences at the foot of the Montsià mountain range (standing on the south-west margin of the
Delta) and Cardó-el Boix (on the north-west); and it thickens towards the sea. The set of Holocene
sediments cover an older sedimentary succession from the Pleistocene and Pliocene, which at some
points reach a thickness of over 1,000 metres. These sediments make up the sedimentary records
that have represented the Ebro drainage basin for the last 5 million years. Lying underneath them is a
basement of Miocene and Mesozoic material, divided into compartments by normal faults.
From a hydrogeological point of view, the Ebro Delta is made up of essentially silt and clay
formations from the Quaternary and Pliocene that represent a sedimentary package with a thickness
of over 400 m in some areas. The bedrock of these sedimentary materials is made up of carbonated
formations with a structure clearly affected by tectonic accidents (faults) that in outcrop give rise to
the relief of the massif of Montsià and the mountain passes of the Ports de Tortosa.
Generally speaking, the most permeable levels can be identified by some superficial sandy layers
with a maximum thickness of 10 metres (higher aquifer) and another layer of gravel and sand with a
thickness of between 10-25 m (deep aquifer) separated by a silty layer that partly acts as an aquitard,
confining the latter. Below these Quaternary formations a large package is developed that is
predominantly made up of silty materials from the Pliocene Epoch, of an alluvial, prodelta and footof-the mountain origin, which could act as a multi-layer aquifer system.
The development of these formations is conditioned by the low hydraulic gradient (given the
practically non-existent slope) that leads to high salinization in practically all the underground water,
besides its low renewal rate (congenital salinity). In this regard, the underground water is hardly used
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at present. However, the great difference of permeabilities of silty materials in comparison to alluvial
and carbonated sediments mean that from a hydraulic perspective, the Delta acts as a plug, in such a
way the discharge occurs by rising flows that give rise to upwellings of fresh or brackish water (called
ullals).
On the one hand, the flood cycle of the rice fields and dense drainage canal network mean that the
salt in the superficial levels of the top aquifer is washed by the moderately salty water in the most
superficial layer and by quite saline or hypersaline water in the base. On the other hand, the reduced
discharge and number of floods have caused the salt wedge to remain for longer, which has
increased the salinity of the water table of the adjacent river areas. From Amposta to the river
mouth, the Ebro behaves like a highly stratified estuary, where the length and thickness of the salt
wedge depend on the flow rates, the sea level and the topography of the riverbed.
The main element of the river network is obviously the River Ebro; of a marked Mediterranean
character, with an irregular flow in terms of both monthly and annual variations. Likewise, the Ebro is
the river with the highest discharge in Catalonia. The evolution of the annual average flow rate and
the discharge at the height of Tortosa have dropped significantly in the last 100 years, with a
reduction of over 30% if the records of data taken from the time the capacity station was opened are
compared with those obtained after the large reservoirs were built in the basin. This reduction can
be attributed to both anthropic causes and causes directly related to climate change. In chapter 2.3.
Hydrological resources show the data obtained in detail.
It is quite well known that reservoirs significantly modify the hydrology of rivers, as they cause an
alteration of the natural regime. The Ebro drainage basin is regulated by about 190 reservoirs, among
which the reservoirs of Flix, Riba-roja and Mequinensa are of notable importance. The reservoirs are
responsible for reducing flow, due to the increased water requirements of the different
socioeconomic sectors throughout the entire drainage basin, and they retain a major part of the
sediments (nearly 99%). As a result, the Ebro Delta has stopped growing and there is a dominance of
erosional processes (Guillén and Palanques, 1992; Jiménez and Sánchez-Arcilla, 1993; Ibáñez et al.,
1996; Tena et al., 2013).

Sediment deposit
Source
(t/year)
1877
0
30,000,000
Gorria, 1877
1944
720
22,000,000
-1961
3,450
2,200,000
Català, 1969
1982
6,240
320,000
Varela et al., 1986
1986
6,280
150,000
Palanques, 1987
1987
6,280
130,000
Muñoz, 1990
1990
6,280
120,000
Guillén et al., 1992
2000
7,000
100,000
PHN 2000
2015*
7,833
84,000
PHE 2015-2021 / Rovira et al., 2015
Table 2. Historical data of the capacity of the reservoirs in the drainage basin and the contribution of sediments
in the lower course of the Ebro. Source: OCCC. Baseline study n1. Delta de l’Ebre (2008)
* Hydrological Plan for the Ebro (2015-2021) / Rovira et al., 2015
Year

3

Capacity (hm )
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The lack of sediments and absence of vertical accretion emphasise the natural phenomenon of
subsidence in the Delta as a whole. Within the framework of the Life Ebro Admiclim project, the ICGC
and IRTA have assessed the areas that are vulnerable to subsidence and sea level rise, based on the
analysis of geoinformation data and satellite images (ERS, ENVISAT and PALSAR). When comparing
images in a time window of approximately two decades (1992-2010), it is possible to detect
subsidence patterns in the Delta with average intensities of 3 mm/year, but with certain differences
depending on the area: a gradient in the subsidence is detected that ranges from very low values at
the back of the Delta (1 mm/year) to higher values near the mouth (5-6 mm/year) (Pérez-Aragüés F.
and Pipia L., 2015). This gradient is also observed mainly in the L-band study (PALSAR), conducted in
a relatively short period of time and with a precision of the order of the detected movements.
Further processing is therefore necessary to either confirm or rule out the different trends observed.
Another C-band study (Sentinel-1A and 1B satellites) is currently underway with all the images
available in the catalogue.
According to data of the ACA, practically all the territory on the Delta is prone to episodes of river
flooding in return periods of 10 and 50 years. Recently, Alvarado et al. (2012) has estimated that as a
consequence of sea level rise in 2100, between 45% and 60% of the surface of the Ebro Delta could
be flooded.

Flood prone areas with a 10-year return period
Flood prone areas with a 50-year return period
Flood prone areas with a 100-year return period
Flood prone areas with a 500-year return period

Figure 1. Flood prone areas in the Ebro Delta. Source: ACA. Display of river areas

The hydrological functioning is completely anthropised by the construction of irrigation canals, which
converted most of the wetlands and lagoons into rice fields. As a result, the water flow became
conditioned by the requirements of crops and the associated canals.
The canals carry water for approximately seven months a year, coinciding with the rice crop.
Between October and December the flow of the canals diminishes and some fields are kept wet for
agro-environmental or hunting reasons (except in recent years, when fields are dried out in order to
control the applesnail plague). Each field of crops empties the returned irrigation water into a
drainage network that mostly discharges into the open sea, but also supplies freshwater to the
lagoons and bays.
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As regards temperature and rainfall, the Delta territory is located in the south coast Mediterranean
climate zone. It is characterised by low thermal fluctuations and a high relative humidity, as well as
strong gusts of wind. The annual average temperature during the 1961-1990 period, internationally
accepted as a climate normal, was 17 ºC to 18 ºC, with a temperature range from 13 ºC to 15 ºC. The
annual average precipitation fluctuated between 500 and 600 mm, although it was quite irregular
and, generally speaking, with two periods of heavy rain (from September to November and April to
May); there was a marked drought during the remainder. Freezing point is hardly ever reached. The
predominant winds are dry northern winds, in gusts, and humid eastern winds, mainly responsible
for the rain.

1.2. Territorial context: natural environment
The Ebro Delta is eminently used for agricultural activities. The land is mainly used to cultivate rice
and the fields occupies 65% of its surface. The space not used for farming activities corresponds to
mainland water (lagoons) and natural areas where the potential vegetation is developed, mostly reed
and bulrush plantations. The forests along the riverbanks is the only forest community in the Delta. It
is worth noting the limited surface used for urban areas and housing estates, road infrastructure, and
industrial and commercial areas.

5%

9%

12%
Forestry
5%

Agriculture
Housing
Continental waters
Others
69%

Figure 2. Main use and coverage of the land in the Ebro Delta (2006). Source: Terres de l’Ebre landscape
catalogue

The natural habitats represent 20% of the surface and include marine and land systems, mainland
water and limnetic zones, many of which are protected by different national and international
bodies. At an international level, the Ebro Delta is included on the list of the Ramsar Convention on
Wetlands of International Importance, it integrates spaces included in the Natura 2000 network as
Special Areas of Conservation (SACs) and Special Protection Areas (SPAs) for birds, it integrates areas
of special interest for the conservation of halophile vegetation and is included on the European Red
List for the conservation of aquatic plants, it forms part of the Terres de l'Ebre biosphere reserve
(declared by the UNESCO on 28 May 2013) and includes as many as 20 habitats of Community
interest according to Annex I of 92/43/EEC Directive, on habitats.
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At a national level, it integrates spaces included in the Plan for Spaces of Natural Interest (PEIN) and
is considered a Special Protection Area under the names of Natural Park, Partial Nature Reserve and
Wildlife Nature Reserve. The entire Delta is catalogued as an Area of Interest for flora and fauna.
The vegetation is very rich in taxa and the latest catalogues list 515 species; some of which are quite
rare such as Limoniastrum monopetalum and Zygophyllum album. Other species worth noting are
Bergia aquatica, Zostera sp., Cymodocea sp., Lindernia dubia, Limonium sp. and Fraxinus oxycarpa,
strictly protected by the PEIN, and Kosteletzkya pentacarpos, included in the Habitats Directive.
The wide variety of environments create a great faunistic richness of both invertebrates and
vertebrates, which include an important number of birds.
As regards the invertebrates, in the brackish waters of the inland lagoons and bays, there are
organisms such as caramote prawns (Penaeus kerathurus) and freshwater mussels (Unio mancus)
that are not found in any other place in Catalonia. The less brackish waters are home to the
European medicinal leech (Hirudo medicinalis) and the red swamp crayfish (Procambarus clarkii), a
species that was introduced and at present is fully included in the trophic network and is an
important part of the diet of many birds. Mosquitoes (with the presence of different species) are
another of the most characteristic organisms.
Standing out among the entomological fauna is the coleoptera, known locally as the rice fields’
grandparents (Hydrophilus) and the rice field pimelia. The sandy areas are also the habitat of unique
species typically found in dry and desert environments, such as the tiger beetle Cicindela circumdata,
the darkling beetle Dendarus schusteri and the heteropter Pentacola sphacelata. Lepidoptera also
have their singular representatives, such as Pelosia plumosa and Pelosia obtusa.
As regards vertebrates, the diversity of aquatic environments gives rise to the presence of numerous
species of reptiles and amphibians: the water snake (Natrix natrix and Natrix maura), Spanish pond
turtle (Mauremys leprosa), European pond turtle (Emys orbicularis), Iberian spadefoot toad
(Pelobates cultripes), Mediterranean tree frog (Hyla meridionalis), the marbled newt (Triturus
marmoratus) and the palmate newt (Triturus helveticus). Although it is an introduced species, it is
worth noting the presence of a population of Hermann's tortoise (Testudo hermanni) in the Punta de
la Banya.
The Delta is one of the few estuarine areas on the Iberian peninsula and it offers one of the richest
backdrops in Catalonia in terms of the diversity of fish species. The coastal lagoons are very rich from
the perspective of fishery production and they are an appealing habitat for the species that colonise
the brackish waters. The noteworthy species include the Spanish toothcarp (Aphanius iberus),
freshwater blenny (Blennius fluviatilis), three-spined stickleback (Gasterosteus aculeatus), south-west
European nase (Chondrostoma toxostoma), Ebro barbel (Barbus graellsii), spined loach (Cobitis
taenia) and the twait shad (Alosa fallax).
In recent decades some new species have appeared, such as the wels catfish (Silurus glanis),
introduced for recreational fishing purposes in upstream reservoirs, which has colonised the deltaic
environment. Another species that was introduced earlier but is of no less importance is the eastern
mosquitofish (Gambusia holbrooki), which strongly competes with species like the Spanish toothcarp
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or the Valencia toothcarp (Valencia hispanica); the latter, currently without a natural population in
the Delta, is the object of a breeding plan in captivity, implemented in the Natural Park.
It is interesting to note the creation of an ichthyofauna typically found in estuary areas, the result of
its adaptive evolution, which enables it to adapt to changes in salinity. As regards marine species, of
special importance are the thinlip mullet (Liza ramada), shi drum (Umbrina cirrosa), corvina (Johnius
regius), striped red mullet (Mullus surmuletus), flathead grey mullet (Mugil cephalus) and the gilthead bream (Sparus aurata).
The group of mammals includes the Etruscan shrew (Suncus etruscus), Mehely’s horseshoe bat
(Rhinolophus mehelyi) and Daubenton’s bat (Myotis daubentonii).
Avifauna is the group of vertebrates that gives the greatest importance to the Delta as a whole and
makes it so well-known. The aquatic bird population represents approximately 90% of the total in
Catalonia; and the population of ducks and waders makes up over 60%. About 20 bird species use the
Ebro Delta as their only nesting site in Catalonia, although for some it is the only site in the entire
Iberian peninsula. The Delta comprises an area of vital importance for wintering, reproduction and it
is a place where many species of birds come to rest during migration. Until recent years, the Punta
de la Banya had the largest reproductive colony of Audouin's gull (Larus audouinii) in the world. At
present, its colony has become smaller, even though it is still the most important colony in Catalonia.
The greater flamingo (Phoenicopterus roseus) arrived in 1992 and the Delta is the only reproduction
area in the country. There was a downwards trend of four consecutive years that reached a point in
2015 when the species had stopped nesting in the area. However, in 2017, the colony of flamingoes
started to recover. With the start of the reproductive period, 2,711 pairs of birds have been counted
in the Trinitat salt mines, the third-highest figure ever recorded.
Many of these species are strictly protected by the PEIN, and are included in Annex II of Council
Directive 92/43/EEC, on habitats, or Annex I of Directive 2009/147/EC, on the conservation of wild
birds.

1.3. Sectoral context: socioeconomic environment
Population
 The Ebro Delta forms part of the districts of Montsià (right half) and Baix Ebre (left half).
 Between 1998 and 2012, there was an increase in the evolution of the population. However,
according to the official figures of the municipal inhabitants register, in 2012, after reaching
64,276 inhabitants, this trend reversed and in 2016, the population had dropped to 61.353
inhabitants.

Municipality
L’Aldea
L’Ampolla
Amposta

2

Surface (km )
35.2
35.6
138.3

Population (2016)
4,250
3,322
20,654
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Municipality
Surface (km )
Population (2016)
Camarles
25.2
3,349
Deltebre
107.4
11,544
Sant Carles de la Ràpita
53.7
14,718
Sant Jaume d’Enveja
60.8
3,516
TOTAL
456.2
61,353
Table 3. Surface and population of the municipalities in the Delta. Source: IDESCAT

70000

L’Aldea

60000

L’Ampolla

Habitants

50000

Amposta

40000

Camarles

30000

Deltebre

20000

Sant Carles de la Ràpita

10000

Sant Jaume d’Enveja
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016

0

TOTAL

Figure 3. Evolution of the population (1998-2016). Source: authors’ compilation based on data of the IDESCAT
Municipal register of inhabitants

 The estimations of seasonal population in municipalities with over 5,000 inhabitants (2015) show
an increase of the annual full-time equivalent (AFTE) in respect to the resident population of 6.1%
in Sant Carles de la Ràpita, the most significant. This increase is reduced to 1.4% in Amposta and
reaches negative values (-0.6%) in Deltebre. Source: IDESCAT.
 The unemployment recorded in March 2017 in the districts of Baix Ebre and Montsià was 5,295
and 4,454 people, respectively, with a registered unemployment rate of 15.88% and 16.23%; both
higher than the registered unemployment rate for the whole of Catalonia, which is 12.69% (see
Table 4).

Territorial scope

Recorded
Registered unemployment
unemployment
rate (%)
L’Aldea
220
11.59
L’Ampolla
182
17.17
Camarles
178
12.93
Deltebre
799
16.45
Total Baix Ebre
5,295
15.88
Amposta
1,557
17.04
Sant Carles de la Ràpita
859
15.62
Sant Jaume d’Enveja
195
13.66
Total Montsià
4,454
16.23
CATALONIA
446,017
12.69
Table 4. Unemployment by districts and municipalities (March 2017). Source: Observatori del Treball i Model
productiu (Observatory of employment and production model). Catalan ministry of Employment, Social Affairs
and Families.
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6%

9%
11%

Agricultura
Indústria
Construcció

13%

Serveis
Sense ocupació anterior

61%

Figure 4. Unemployment recorded according to sectors (2016). Source: authors’ compilation based on data
from the IDESCAT

 By sectors, there is a significant number of people employed in the service sector. However, it is
worth noting that 9.8% of employment is in the primary sector, far higher than the 1.6% in
Catalonia as a whole.

10%

13%

Agricultura
Indústria

9%

Construcció
Serveis

68%

Figure 5. Distribution of the employed population according to sectors (December 2016). Source: authors’
compilation based on data of the IDESCAT Social Security affiliations according to their registered address

Farming activities
 Most of the farming surface of the Delta corresponds to ploughed land, which has increased in
the last 30 years. In 2009, 91.9% of the Utilised Agricultural Area (UAA) corresponded to ploughed
land, while pasture only represented the remaining 8.1%.
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Figure 6. Evolution of the distribution of agricultural surface. Source: authors’ compilation based on data of the
IDESCAT
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Figure 7. Utilised Agricultural Area (UAA, 2009). Source: authors’ compilation based on data of the IDESCAT

 The rice fields comprise the most important system as regards quantity: they occupy over 65% of
the Delta’s surface and 77.6% of the ploughed land (about 21,000 ha). The rice industry is one of
the area’s major financial supports, with an average production of 6,512 kg/ha (Genua-Olmedo A.
et al., 2016). The remaining 22.4% corresponds to fruit trees (6.3%), olive groves (15.5%),
vineyards (0.1%) and others (0.6%).

9000
8000

L'Aldea

ha

7000
6000

L'Ampolla

5000

Amposta

4000

Camarles

3000

Deltebre

2000

Sant Carles de la Ràpita

1000
0

Sant Jaume d'Enveja
Herbacis
(arrossars)

Fruiters

Olivera

Vinya

Altres

Figure 8. Ploughed land according to type of crop (2009). Source: authors’ compilation based on data of the
IDESCAT
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Fisheries
 The fishing activity is centred around five fishing ports (Sant Carles de la Ràpita, Ametlla de Mar,
Ampolla, Deltebre and Cases d’Alcanar) and six fishermen’s guilds, which make up 25% of the
Catalan fishing fleet. 46% of the vessels are used for traditional fishing and 35% are trawlers. The
remaining 19% is divided between seine-haul fishing to catch Atlantic bluefin tuna, seine-hauling,
surface longline fishing and auxiliary methods.

Núm. embarcacions

Figure 9. Fishing ports and quantity of fish caught (2016). Source: Life CLINOMICS

100
90
80
70
60
50
40
30
20
10
0
Deltebre

L'Ametlla de Mar

L'Ampolla

Les Cases
d'Alcanar

Sant Carles de la
Ràpita

Figure 10. Fishing fleet according to port (2016). Source: authors’ compilation based on data of the DARP

 The catches represent nearly 20% of the total amount of fish caught in Catalonia, and practically
25% of the total fishing income. However, in recent years the catches have dropped, especially in
the two main ports (Sant Carles de la Ràpita and Ametlla de Mar).
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Figure 11. Proportion of catches and income from fisheries (2016). Source: authors’ compilation based on data
of the DARP

Figure 12. Evolution of the fishing catches in the Terres de l’Ebre (2000-2016). Source: DARP

Aquaculture and salt production
 Marine aquaculture is also carried out in the Ebro Delta, along the coast, in the bays and in the
open sea; freshwater aquaculture is carried out on land in the lagoons and artificial ponds.
 The aquaculture facilities are mostly concentrated together on the coast of Sant Carles de la
Ràpita and around the Punta del Fangar. The mussel production farms are in the Alfacs and
Fangar Bays. The long-line ropes are suspended around the perimeter of the northern coast of the
Delta and Alcanar.
 Aquacultural activity represents an important source of income for the area’s economy. More
than 75% of the Catalan companies dedicated to the sector are located in the deltaic area. They
produce about 3,500 t/year of mussels, 300,000 kg/year of oysters and 90,000 kg/year of clams
(practically 100% of the total amount produced in Catalonia). However, in the last decade, there
has been a significant drop in the quantity and quality of the production.
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 Despite breeding bivalves, the aquacultural activity has diversified with exploitations directed
towards breeding and fattening different fish species for consumption.

Figure 13. Aquacultural cultivation and shellfish production areas (2012). Source: Life CLINOMICS

 The old salt mines of Sant Antoni, between the lagoon of La Tancada and Alfacs Bay, were
partially transformed into a fish farm at the end of the 1980s. The facilities were abandoned but
thanks to the Life Delta-Lagoon Project, this natural space is being restored and recovered. At
present, the Trinitat salt mines, in the Punta de la Banya, are in operation.

Tourism
 According to data calculated in information centres, the Ebro Delta Natural Park received about
150,000 visitors/year during the 2003-2011 period. This figure is an estimated amount as not all
the visitors use the information equipment.
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Figure 14. Evolution of visitors to the information centres. Source: Ebro Delta Natural Park

 The influx of visitors shows a very marked seasonality, with two clear peaks: the month of August
and the month of April, which coincide with the Easter Week holidays.

Figure 15. Annual evolution of the influx of visitors (1993-2011). Source: Life CLINOMICS

 The number of places used by tourists has fallen since the beginning of 2000, especially as regards
places in camp-sites. However, in the last five years, the figure has remained stable.
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Figure 16. Evolution of the number of places used by tourists. Source: authors’ compilation based on data from
the IDESCAT
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Figure 17. Tourist accommodation (2015). Source: authors’ compilation based on data from the IDESCAT

Industrial activity
 In the Delta as a whole, there is very little industrial activity, as it is nearly always based on
farming. Most of the industrial activities are located on the axis of the N-340 national road,
outside the deltaic plain. Needless to say, the number of establishments has increased in recent
years.

Infrastructure
 Communication infrastructure: roads and ports.
 Hydraulic infrastructure: irrigation canals, drainage and pumping stations.
 Sewage infrastructure: Wastewater treatment plants (EDARs), sewer pipes and marine outfalls
 Other services: water supply, energy, telephone systems, etc.

Water consumption
 According to the latest data available (2014), the volume of urban water consumed in the districts
of Baix Ebre and Montsià was 5.8 hm3 and 5.1 hm3, respectively.

Consumption
3
domestic (m )

Consumption
Total
Industry and services
consumption
3
3
(m )
(m )
Baix Ebre
4,581,000
1,215,600
5,796,600
Montsià
3,962,800
1,125,000
5,087,900
Table 5. Water consumption in the districts of Baix Ebre and Montsià (2014). Source: IDESCAT
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 The amount of water granted to the two communities of farmers with irrigation rights in the Ebro
Delta is established at 27.64 m3/s for the General Community of Farmers with Rights to Irrigate
Using the Canal on the Right of the Ebro and 25 m3/s for the Comunitat de Regants - Sindicat
Agrícola de l’Ebre (canal on the left of the Ebro).

Waste generation and management
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 At a district level, the generation of municipal waste increased until 2011, at which point it
dropped slightly. However, there was a slight increase in the amount of waste generated in 2015
in comparison to 2014 (0.7%). The rest fraction grew by 1.6% and sorted collection fell by 0.4%.

Figure 18. Evolution of municipal waste generation in Baix Ebre and Montsià. Source: IDESCAT

 In 2015, 73,914 tonnes of municipal waste were generated, with a generation coefficient of 1.41
kg/inhab/day in Baix Ebre and 1.32 kg/inhab/day in Montsià. Sorted waste collection (33,523
tonnes) represented 45% of the total amount of municipal waste generated.

Coefficient
(kg/inhab/day)

Baix Ebre
Montsià
TOTAL
CATALONIA

Landfill
(t)

Incinerator
(t)

Mechanical
Sorted
and
collection
biological
(t)
treatment (t)
1.41
24,187
230
0
16,567
1.32
15,974
0
0
16,956
-40,161
230
0
33,523
1.35
631,500
233,978
1,396,175
1,442,005
Table 6. Waste generation and management (2015). Source: IDESCAT

Total (t)

40,984
32,930
73,914
3,703,658
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Figure 19. Sorted collection of municipal waste in Baix Ebre and Montsià (2015). Source: authors’ compilation
based on data from the IDESCAT

Territorial urban development
-

Territorial planning
 The partial territorial plan for the Terres de l’Ebre (PTTE), approved definitively by the
Executive Council on 27 July 2010. According to territorial planning, practically the entire Delta
forms part of the open spaces system within the categories of land requiring special
protection, and land requiring territorial protection of farming and/or landscape interest.
The Plan mentions a specific development strategy in the areas specialising in residential use
located in Eucaliptus, in the municipal district of Amposta; Riumar, in Deltebre; P-2, in Sant
Jaume d’Enveja. It establishes the need to orchestrate appropriate measures to minimise the
effects on these areas produced by climate change and the deltaic dynamics, and avoid urban
developments that are unable to fully guarantee the risk-free survival of people or property, or
which could imply public expenditure for this purpose.

-

High-level urban planning
 Urban Master Plan for the Coastal System, definitively approved by the Catalan minister for
Territorial Policy and Public Works of the government of Catalonia on 25 May 2005.
 Urban Master Plan for the Ebro Delta, approved by Government Agreement on 5 March 1996.

-

General planning

Camarles
 Municipal urban development plan, published in the Official Journal of the government of
Catalonia (DOGC) on 6 March 2012. The environmental report does not refer to climate
change.
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L’Aldea
 Consolidated text of Subsidiary Planning Regulations, published in the DOGC on 14 de June
2005.
L’Ampolla
 Municipal urban development plan, published in the DOGC on 26 July 2011. The plan
description does not refer to climate change.
 Special urban development plan, published in the DOGC on 11 March 2013. Currently at the
initial approval stage, the OCCC issued a report with a series of considerations, of which the
majority have been included into the Plan.
Deltebre
 Subsidiary planning regulations, published on 3 July 1995.
 The draft of the municipal urban development plan (POUM) was approved on 21 February
2017 by the Municipal Plenary Session in ordinary meeting. Among the strategic guidelines
that have to inspire the targets of the POUM, it is established that all actions must bear in
mind the possible risks existing in the territory, which especially include susceptibility to
flooding and the effects derived from climate change.
 Partial urban development plan for the Riumar IV-I sector, published in the DOGC on 26
November 2014. The environmental report establishes the modification of plots and places the
building line more than 20 m from the current coast; modification of the height of
development to prevent floods caused by climate change; construction of two mounds to
protect the building land to prevent floods due to climate change; and the commitment of the
local council to provide the beach with sand and create sediment retention barriers.
Sant Jaume d’Enveja
 Municipal urban development plan, published in the DOGC on 16 October 2013. The targets
and environmental protection criteria of the environmental report establish preventing
hydrological risks caused by important episodes, as well as avoid harming property and people.
Said criteria also aim to improve the mobility model and reduce energy consumption by
applying energy efficiency measures in buildings, even though there is no mention of climate
change.
Sant Carles de la Ràpita
 Municipal urban development plan, published in the DOGC on 12 May 2014. The Plan’s
environmental targets establish taking into account the existence of risk areas, mainly in flood
prone areas and vulnerable areas due to the regression and subsidence of the Ebro Delta;
consider the expected effects of climate change; promote energy efficiency in buildings and
include prescriptive criteria for building and sustainable urban planning, as well as different
aspects related to sustainable mobility.
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Amposta
 Municipal urban development plan, published in the DOGC on 21 January 2008. The plan
description does not refer to climate change.
 Special development plan ‘Lo mas de la Cuixota’, published in the DOGC on 21 November
2014. The environmental report states that the different considerations mentioned in the
sectoral report issued by the OCCC in 2011 have been included in the Environmental
Sustainability Report.

Emergency plans
Emergency
plan*

Amposta

PROCICAT

2006

INFOCAT

2006

Camarles

Deltebre

L’Aldea

L’Ampolla

2003

St. Carles de
la Ràpita

St. Jaume
d’Enveja

2008
2008

NEUCAT
INUNCAT

2006

SISMICAT

2006

CAMCAT

2006

TRANSCAT

2006

2014

2003

2012

2013

2010
2013

2015
2011

2015

2012

2009

2008

2012

2008

2008

PENTA
Pollution Ebro

2008

2013

Plan in
force
(date)

Pending
mandator
y plan

Recommen
ded plan

Table 7. Emergency plans of the Delta municipalities (2016). Source: Catalan ministry of Home Affairs
* PROCICAT: Territorial plan for civil protection in Catalonia
INFOCAT: Special emergency plan for forest fires in Catalonia
NEUCAT: Special emergency plan for snowfall in Catalonia
INUNCAT: Special emergency plan for flooding in Catalonia
SISMICAT: Special emergency plan for seismic emergencies in Catalonia
CAMCAT: Special emergency plan for polluted marine water in Catalonia
TRANSCAT: Special emergency plan for accidents involving road and rail transport of dangerous goods in
Catalonia
PENTA: Off-site nuclear emergency plan in the nuclear power stations of Ascó and Vandellòs

Other bodies, and planning and management instruments
 Consortium for Environmental Policies in Terres de l’Ebre (COPATE), which includes the Agència
d’Energia Terres de l’Ebre.
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 Institute for the Development of the Ebre Districts (IDECE).
 Covenant of Mayors for Climate and Energy and Sustainable Energy and Climate Action Plans
(SECAP).
 Local Agendas 21.
 European Charter for Sustainable Tourism, which has certified the Natural Park since 2007.
 Committee for Sustainability in the Terres de l’Ebre.

Plan

Amposta

Camarles

Deltebre

L’Aldea

Adhesion
2015
In process

Adhesion
2016

L’Ampolla

St. Carles de
la Ràpita

St. Jaume
d’Enveja

Agenda 21
SECAP

Adhesion
2015
Approved

Signature of Covenant of
Mayors (pending SECAP)

Table 8. Local instruments for environmental action and adaptation to climate change (2016). Source: authors’
compilation
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2. Climate and climate change in the Ebro Delta
2.1. Recent evolution of the climate variables
 According to the Annual Climate Indicator Bulletin (BAIC 2016), the annual temperature of the air
in Catalonia increased at a rate of +0.24 °C/decade during the 1950-2016 period, with an increase
rate of the maximum temperature that was higher than that of the minimum temperature (+0.30
°C/decade for the maximum and +0.18 °C/decade for the minimum). Seasonally, the summer is
the time of year when the average temperature increases the most (+0.35 °C/decade), followed at
a distance by spring (+0.23 °C/decade). The average temperatures in autumn and winter increase
at a similar rate (+0.20 °C/decade for both seasons). 2016 was the fifth warmest year since 1950.
For the 1905-2016 period, the Ebro Observatory recorded an increase of the annual average
temperature of +0.14 °C/decade; the summer is the time of year with the most marked increase,
+0.18 °C/decade. Winter, spring and autumn show more modest, similar positive trends. 2016
was the warmest year of the series, with a variation of +1.8 °C compared to the 1961-1990
period.

Figure 20. Variation of the annual average temperature in the Ebro Observatory (1905-2016) in respect to the
1961-1990 period of reference. Source: BAIC - SMC
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Table 9. Trend of the annual and seasonal average temperatures in the Fabra Observatory (1914-2016) and
Ebro Observatory (1905-2016), expressed in °C/decade. * Significant values. Source: BAIC - SMC

 As regards precipitation, the BAIC indicates that the annual average trend in Catalonia as a whole
for the 1950-2016 period shows a slightly negative value, -1.7%/decade, with no statistical
significance. In terms of seasons, the summer is the only time of year that shows a significant
downwards trend (-5.0%/decade). The level also dropped in winter, albeit to a lesser extent (3.1%/decade), whereas there was no clear trend in spring and autumn.
The Ebro Observatory recorded a slightly positive insignificant trend of +0.3%/decade for the
1905-2016 period. Summer shows a negative trend of -1.8%/decade, and the rest of the year the
trend is practically nil or it increases slightly.

Figure 21. Variation of annual precipitation in the Ebro Observatory (1905-2016) compared to the 1961-1990
period of reference. Source: BAIC - SMC
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Table 10. Trend of annual and seasonal precipitation in the Fabra Observatory (1914-2016) and Ebro
Observatory (1905-2016), expressed in %/decade. Source: BAIC - SMC

 The recent evolution of evaporation and evapotranspiration in the Iberian peninsula shows an
upward trend. Sánchez-Lorenzo et al. (2014) indicate that evaporation was tending to increase by
0.15 mm per day and decade during the 1985-2011 period. However, Vicente-Serrano et al.
(2014b) conclude that there was a marked increase of evapotranspiration in all seasonal scales
during the 1961-2011 period.
 The total annual cloud cover in the north-east of the peninsula increased by 0.4%/decade
between 1913 and 2010, but it has dropped sharply since 1960 (-1.1%/decade). This is due to
insolation (the number of effective hours of sun) that has increased significantly every year from
the 1980s to the present day (Sánchez-Lorenzo et al., 2007, 2012).
The Ebro Observatory showed an upward trend in the number of effective hours of sun per year
of +67.48 hours/decade for the 1968-2015 period.

Figure 22. Effective hours of sun per year in the Ebro Observatory (1968-2015). Source: BAIC - SMC

 Climate indices in Catalonia have undergone notable variations since 1950. The Fabra and Ebro
Observatories have detected an increase in the number of summer days, tropical nights,
maximum and minimum values of the maximum temperature, minimum value of the minimum
temperature, warm days and nights, length of the hot period and annual temperature range.
However, the number of icy days, cold days and nights, and the length of the cold spells have
decreased. As regards precipitation indices, both observatories coincide with the upward trend of
the simple index of the daily intensity.
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2.2. Climate projections
 The climate projections for Catalonia until the mid-21st century give a very robust signal of a
temperature increase for the forthcoming decades This increase will be continuous and is
expressed in all seasonal horizons, all the seasons of the year and in all the geographical/climate
areas (Calbó J. et al., 2016).
For the present decade (2012-2021), the annual average temperature in Catalonia could increase
by +0,8 °C in respect to the average of the 1971-2000 period, whereas by the middle of the
century (2031-2050) the temperature could increase by nearly +1.4 °C. In terms of seasons, the
highest increases take place in summer and autumn. As regards sectors, the coastal region shows
the same trend.

Table 11. Temperature projections for Catalonia in 2021 and 2050. Source: TICCC

 In the case of precipitation, the trend is rather uncertain. The predictions show a very insignificant
change of -2.4% for the current decade (2012-2021) compared to the period of reference. The
drop in precipitation becomes more noticeable in the middle of the 21st century, with
representative values of around -10% in spring , summer and autumn. In terms of sectors and in
practically all the seasons, the values obtained on the coastal region show the drop is greater than
in the whole of Catalonia.

Table 12. Precipitation projections for Catalonia in 2021 and 2050. Source: TICCC
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 The results of the ESCAT project, developed in 2011 and 2012 on climate projections in the northwest Mediterranean (1971-2050), indicate that temperature and precipitation extremes would
alter noticeably with changes such as the significant increase of warm months, increase of tropical
nights on the coast, increase of the probability of episodes of very abundant daily precipitation
(>200 mm in 24 h) and longer dry periods, with more severe droughts.

2.3. Hydrological resources
 Besides the impacts of climate change (higher temperature, significant reduction of precipitation
in the summer, increase of evapotranspiration, reduced thickness of snow cover in the Pyrenees)
it is necessary to add the impacts derived from changes in land use: the increase of forest cover at
the head of many basins stimulate evapotranspiration, leading to a reduction of the volume
flowing in rivers (Gallart et al., 2011; López Moreno et al., 2011).
Preliminary results of the Life MEDACC project (Vicente-Serrano et al., 2015) have confirmed
relevant drops in the volumes flowing in the Segre, Ter and Muga rivers from 1950 onwards, in
both the head waters of these rivers as a consequence of climate-related factors and waters
downstream from reservoirs, due to the fact that the hydrological management of the basin and
surface water derivations play a decisive role in the alteration of natural flow regimes (in the
lower course of the Segre -Balaguer gauging station- these alterations can reach 90%). In the Ebro
basin, previous studies revealed that the reduction of the volume (at a rate of 0.2%/year) was
influenced by the natural forestation of the basins in the middle of the 20th century (Gallart and
Llorens, 2001, 2003). This reduced flow rate caused by forestation has also been assessed in the
Life MEDACC in the Muga basin and, to a lesser extent, in the middle course of the Ter (Pla E. et
al., 2016). In regulated rivers such as the Ebro, the annual runoff has also dropped considerably
(Batalla et al., 2004), a fact that can be attributed to the reduction of the water in the source and
especially the increase of irrigated surface throughout the drainage basin.
 It can be seen that the discharge of the river and the annual amount of water transported by the
Ebro have fallen significantly when comparing the values recorded after the Tortosa gauging
station entered into operation, with those obtained after the large reservoirs on the basin were
built.
Period
1912-2013
Annual average flow
rate
Average minimum
daily flow rate
(annual Qe)
Average maximum
daily flow rate
(annual Qc)
Annual supply

3

423.93 m /s
3

80.24 m /s
3

2,024.58 m /s
3

13,369.16 hm /year

Period
1980-2013
3

289.40 m /s
3

79.65 m /s
3

Reduction
31.7%
0.74%

1,379.17 m /s

31.88%

9,132.29
3
hm /year

31.7%
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Table 13. Historical data of flow rate and annual discharge in the Tortosa gauging station. Source: authors’
compilation based on MAPAMA, Hydrology Yearbook Information System (values obtained without considering
incomplete years)

Figure 23. Historical comparison of annual discharge and average flow rate in the Tortosa gauging station.
Source: CHE

 According to the report of the hydrological plan for the Ebro Hydrographic Demarcation 20152021 (December 2015), the inventory of natural water resources includes hydrological
precipitation series, potential and real evapotranspiration, aquifer recharges, snow cover, surface
and underground runoff, and runoff or total discharge.
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Table 14. Monthly average evolution of the primary hydrological variables in the Ebro basin. Source: CHE

The statistical analyses show:
- Reduction of the precipitation, with the estimation that an annual average of 641.2 mm/year
(1940-2006) to 617.8 mm/year (1980-2006) have passed through the Ebro basin, with a
variation of -3.6%; and Management Board number 11 that includes the Ebro Delta, of 488.3
mm/year (1940-2006) to 468.0 mm/year (1980-2006), which represents a variation of -4.2%.
- Reduction of the aquifer recharges and total runoff.
- In the 1998 Hydrological Plan, the water resources in the entire drainage basin were estimated
with a natural regime at 18,217 hm3/year, as of the 1940-1986 series (CHE, 1996). In the current
Hydrological Plan, the estimated annual average discharge for the 1940-2006 series is 16,448,1
hm3/year, which implies a reduction of 10% in respect to the forecast of 1998, whereas for the
1980-2006 series, the estimated discharge is 14,623,3 hm3/year, representing a reduction of
20% in respect to the discharge forecast for the basin in 1998.
 The increase of temperatures and lengthening of the dry summer period mean that a higher
amount of water is required for crops. It has been detected that the increased severity and
frequency of droughts throughout the peninsula in the last five decades is due to the increased
thirst of the atmosphere (evaporative demand) as a response to higher temperatures (VicenteSerrano et al., 2014). It is a seasonal process that is highly relevant in the summer. In addition, the
severity of the dry period could worsen as a result of increased water consumption for urban use.
 In the Ebro Delta the balance between fresh and salt water is extremely delicate, due to its
geography and especially because the water balance is controlled by farming activities (Ibáñez et
al., 1997). The Ebro is the paradigm of a coastal water system that receives the effects of the
global change from both land and sea. In addition, the anthropic management of the territory has
conditioned this natural system in such a way the adaptation to climate change becomes a matter
that implies both local management and that of the whole drainage basin (Fatoric and Chelleri,
2012).
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 All over the Catalan coast, sea level rise and decreased recharge in the coastal plains will lead to
the advancement of the salt wedge, a fact that will diminish the volume of freshwater stored in
the aquifers (Mas-Pla and Ortuño, 2005).
The study based on the Ebro Delta (OCCC, 2008) pointed out an important difference in the
definition of the top limit of the flow rate, due to the existence of the wedge. While the National
Hydrological Plan (PHN) of 2000 established that no salt wedge existed for flow rates higher than
400 m3/s, the data of the study conducted in 2008 raised the limit to 600 m3/s. This study
established that during an average year, the wedge overtook Gràcia Island about 20% of the time,
and it was estimated that in 2100, it would overtake the island between 40% and 50% of the time
(using the scenarios proposed in the Fourth Assessment Report of the IPCC).
 There are no significant trends of catastrophic floods in Catalonia (rivers overflowing and totally
destroying infrastructure near riverbeds). However, since 1850 extraordinary floods (causing
sporadic destruction) have tended to increase. These increases are not exclusively attributable to
the alteration in the precipitation regime, as it has been detected that water does not have the
chance to filter through, particularly in large developed areas, where riverbeds have been
channelled or covered (Barreda-Escoda et al., 2015).
If it is borne in mind that the entire deltaic plain is prone to suffering episodes of river floods, the
significant increase of the torrential nature and frequency of days with heavy rain will also
increase the territory’s vulnerability against this risk.

2.4. Hydrological projections
 The projections considered in the Third Climate Change Report in Catalonia (TICCC) show a water
response that is parallel to the climate variations for the horizons of 2021 and 2051. The figures
for the reduced availability of the resources is 9.4% in the Pyrenees districts, 18.2% inland and
22% on the coast. It is worth noting the estimations in the Pyrenees sub-basins, which will
condition the available water resources for the regulation of reservoirs (Mas-Pla J. et al, 2016).

R/P: Available resources (blue water: runoff + infiltration) / Precipitation

Table 15. Projection of the primary variables and available resources for 2021 and 2051. Source: TICCC
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Figure 24. Projection of the available resources corresponding to runoff and infiltration (R/P quotient).

 The clearest effect caused by climate change is the reduction of natural discharge. According to
the conclusions of the Centre for Hydrographic Studies (CEDEX, 2010), the decrease of the natural
discharge in the 2011-2040 period in respect to the 1940-2005 period is the demarcation of the
Ebro.
The provisions of the Hydrological Plan for 2015-2021 establishes that the indicator for ‘Natural
water resources corresponding to the series of total natural discharge of the 1980/81-2011/12
series’ is a current value for 2013 of 14,623 hm3, with a forecast of 13,892 hm3 for 2027.
 It is worth noting the importance of the modifications in land use as regards the future
availability of water in the drainage basins (generation of resources in the head waters and
consumption in the lower courses), a fact that suggests that territorial management is a basic
component of the adaptation process (Mas-Pla J. et al, 2016).
If new irrigated land is created and large dams are constructed to supply them with water, which
is projected in the current Hydrological Plan, the increase of farming requirements will enter into
conflict with other uses (something that has already occurred). Environmental uses and, more
specifically, the Delta’s stability in all aspects that depend on the hydrological and sediment cycle
would be especially sensitive: transport of sediment and contention of the salt wedge, balance of
the coastline, availability of water for irrigation purposes, maintenance of the environmental
balance in its widest sense and, obviously, the socioeconomic dynamics related to the river’s flow
rate (Mas-Pla J. et al, 2016).
Reservoir management, with new criteria, could become a key element for adapting to the new
hydroclimate conditions, preserving the river-aquifer relationship in the lower courses of the
basin, providing the necessary and urgent sediment to the Delta, as well as for maintaining the
suitable levels of hydromorphological and ecological quality of the river systems.

2.5. Temperature and sea level
 According to the BAIC 2016, the temperature of the sea in L’Estartit increased by around 0.3
°C/decade during the 1974-2016 period, both on the surface and at a depth of up to 50 m. At 80
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m, the warming is lower (+0.20 °C/decade). The seasonal analysis reveals that warming occurs in
all seasons of the year, with a more pronounced increase in summer and autumn.

Table 16. Trend of the annual average temperature of the sea at different depths in L’Estartit (1974-2016). *
Significant values. Source: BAIC – SMC

Figure 25. Evolution of the annual average temperature of the sea in L’Estartit (Josep Pascual, 1974-2016).
Source: BAIC – SMC

 Due to their shallow depth, thermal effects are greater in the bays.
 The sea level in L’Estartit rose by 3.5 cm/decade during the 1990-2016 period; similar variations
to those that took place in other points of the western Mediterranean Basin. Sea level rise is
greater in spring (+4.2 cm/decade). The Fifth Assessment Report of the IPCC (2014) affirms that it
is highly likely that the average global sea level (the whole planet) rose by +2.0 mm/year during
the 1971-2010 period and that it increased by +3.2 mm/year between 1993 and 2010.
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Figure 26. Evolution of the monthly average sea level in L’Estartit (Josep Pascual, 1990-2016). The straight line
shows the linear trend. Source: BAIC - SMC

 The IPCC anticipates that the sea level will rise between 2.7 and 5.8 mm/year during the 20812100 period in respect to 1986-2005 for a relatively benign scenario (an increase of between 26 to
55 cm). In the worst scenario, the rises range between 4.7 and 8.6 mm/year (between 45 and 82
cm).
In geographical terms, the rise is irregular. Although there are no detailed projections at a
regional scale, the maps for the Mediterranean show rises that are slightly lower than the global
averages, with a difference of up to 10%. Despite this, estimations based on the data of MedCORDEX have been obtained for the Mediterranean Basin between the global values and 10 cm
above, due to the overheating of the NE Atlantic (Gomis et al., 2015).
 There is a predominance of subsidence in the deltaic environments; therefore, a relative sea level
rise can be expected that is higher than a rise caused solely by the variation of the ocean level. In
the Ebro Delta large extensions could easily flood.
 The bays are relatively inactive from a morphological perspective and it is not clear how they
respond to sea level rises. Sea level rise could convert these areas into flood initiation points and
the greater depth could also lead to an increase of sedimentation.
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Figure 27. Flood simulations in the Ebro Delta. On the left, evolution with the practically non-existent current
sediment deposit; on the right, evolution with an expected sediment deposit of about 2M tonnes a year. The
areas marked in red correspond to areas that, as a result of subsidence, are already below sea level, although
they are not yet flooded because they are not connected to the sea. Sea level rise established according to the
most moderate scenario agreed upon by the IPCC, of about 6 mm/year. Source: ICGC - Life Ebro Admiclim

2.6. Coastal systems and littoral dynamics
 The most relevant processes in the coastal system are erosion and flooding caused by the
combined action of waves and the sea level. However, at present and in forthcoming decades,
this erosion is basically due to the lack of sediment deposits from the River Ebro.
Beaches, due to their dynamic nature, are the most susceptible systems to the effects of climate
change (Sánchez-Arcilla et al., 2016).
 In the medium term, the primary process is the erosion of the coastline caused by wave action,
with a marked longitudinal component (longitudinal sediment transport). Erosion is placed at an
average of between 0.60 and 0.90 m/year. The greater part of the beach extension is subject to
erosion and a small part is affected by accretion (Casas-Prat et al., 2012).
The Ebro Delta baseline study (2008) identifies Cap de Tortosa, the beaches of Riumar, Marquesa
and Trabucador, and the Trinitat salt mines as areas where sediment is lost and the coastline
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retreats; the beaches of Fangar and Eucaliptus, and the Punta de la Banya are identified as
receiving areas, without a significant trend to increase or reduce the transport rates.
 In the long term, the erosion process caused by sea level rise will gradually gain importance,
although its weight has not been quantified in relation to erosion from lack of sediment and
subsidence. This type of erosion, which at the moment is very small, affects the whole coast of
the Delta and it superimposes erosion caused by a lack of sediment.
The Ebro Delta baseline study identified Cap de Tortosa and the beaches of Riumar and Marquesa
as areas with the greatest retreat due to sea level rise.

Table 17. Estimated coastline evolution. Source: OCCC. Baseline study n1. Delta de l’Ebre (2008)

Figure 28. Coastline retreat and accumulation areas. Source: IRTA

 One of the consequences of coastal dynamics is the closure of the Fangar mouth, which prevents
the flow and renewal of water. According to the recent study ‘Anàlisi de la circulació i renovació
de l’aigua a la Badia del Fangar sota condicions presents i futures. Implicacions per a la gestió’
(Analysis of the flow and renewal of water in Badia del Fangar under present and future
conditions. Management implications), submitted by the Directorate-General for Fisheries and
Food to the Ebro Delta Mollusc Producers Association on 8 March 2017, it is expected that by
2050, the mouth will have decreased by 140 m. At present, the average water renewal time is
between four and seven days, with a maximum of up to 21.
 The effects of climate change on erosion caused by storms have been analysed by Bosom (2014).
Considering the contribution of longitudinal transport, by 2060 the number of vulnerable
kilometres of the beaches of Montsià and Baix Ebre will have significantly grown. The maximum
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increase will be in Montsià, with 65 km of vulnerable coast, compared to the three kilometres
currently existing.
The most recent effects were produced by the storm that took place in January 2017, which
managed to break the sandbar that separates the Calaixos (coastal lagoons) of Buda Island
(chiefly freshwater lagoons) of the sea, opening a canal with a width of about 100 m and a depth
of 80 cm. On this occasion, and for the first time until the present day, the entry of salt water did
not naturally abate and the lagoon was communicated with the sea for about four months, until
the Natural Park took emergency action.

2.7. Marine environment and marine ecosystems
 Added to the rise in temperature of the water and sea level are changes in salinity, ocean
acidification, increased stratification, changes in the ocean flow, changes in water mass
formations, changes in outcrops and changes in wave intensity (Kersting DK., 2016).
 Since the middle of the 20th century, the salt content of the Mediterranean Sea has progressively
increased, especially in deep areas. In superficial waters, this trend is not so clear (Pelejero C. et
al., 2016).
The warming and salinization of intermediate and deep waters is due to a set of processes that
depend on different factors, including variables not directly related to climate change, such as the
drop in freshwater discharge of and the construction of dams (Kersting DK., 2016).
 A clear acidification trend has not yet been detected in the Mediterranean (Pelejero C. et al.,
2016). The first quantification of the changes in pH demonstrates the acidification of waters
between the pre-industrial period and the beginning of the 21st century, with a drop of between 0.14 and -0.05 units (Touratier and Goyet, 2011). Other studies appear to indicate that the greater
accumulation of anthropogenic carbon in the Mediterranean Basin does not translate into higher
levels of acidification (Palmiéri et al., 2015).
 The stratification of the water column has intensified in recent decades, with a prolongation of
the length of time with typical summer conditions (Coma et al., 2009). This stratification affects
the availability of nutrients, which are becoming scarce in the photic zone.
 Another source of nutrients in the photic zone are the contributions associated to river
discharges. This discharge is influenced by the regulation of the river, the decrease in rainfall
during the spring and snow deposits in the head waters (Lloret et al., 2004).
 The changes at a physico-chemical level are modifying the environmental conditions in which
organisms develop, causing a range of responses at a biological level: mass-mortality episodes of
benthic invertebrates and increase of mortality rates, changes in species distribution that favour
invasive species and encourage species to spread to warmer waters, a drop in primary production,
reduction of CO2 absorption capacity, less keystone species, phenological shift, organisms’
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difficulty to grow with a calcium carbonate skeleton or shell, and a general loss of biodiversity
(Kersting DK., 2016).
 In the bays, the closure produced by coastal dynamics means that less water is renewed and there
is a greater accumulation of freshwater drainage, which could cause eutrophication processes.
The high biological productivity of these areas, thanks to which an important aquacultural activity
has been developed, is affected by rising sea temperatures and episodes of hypoxia, especially in
the summer. At the same time, the same aquacultural activity could cause further eutrophication
if it is not properly managed and the load capacity is exceeded. Likewise, the aquacultural sector
confirms that water transparency has increased in recent years, which could partly be due to the
oligotrophication of the water of the Ebro and the reduced supply of nutrients in the bays. The
truth is that no one really knows the latest causes of the changes in the bays and it requires a
comprehensive study.

2.8. Freshwater ecosystems: lagoons
 Since the middle of the 19th century, linked to the expansion of rice cultivation, the surface of
most of the lagoons in the Delta has decreased and, in some cases, it has disappeared. The water
requirements of rice fields has inverted the natural water cycle of these bodies of brackish water.
Consequently, there has been a reduction in the annual average salinity level, the concentration
of nutrients has risen and the water has lost some of its transparency. These alterations have led
to a decline in macrophytes, especially in the lagoons that receive large volumes of drainage
water from the fields.
 Biodiversity and the functioning of freshwater ecosystems depend on everything that takes place
in the basin, where impacts of climate change and alterations caused by human activities
converge: changes in land use, derivation and regulation by means of canals, dams and reservoirs,
confined water masses or excess of nutrients.
 Nutrient dynamics in the lagoons basically depend on the charges that enter with the water. The
ecosystems are therefore very sensitive to pollution originating in the reception basin (Sabater S.
et al., 2016). The trend in the Ebro basin and the last stretch of the river is an oligotrophication
process caused by a considerable reduction of the phosphorus that has drastically reduced the
amount of phytoplankton (Ibáñez et al. 2012), which has led to an improvement of the ecological
status of the lagoons in the Delta, without them having reached a good status yet (Prado et al.
2014).
 Changes in the intensity and irregularity of precipitations may imply a progressive increase of the
salinity. Consequently, there could be changes in the structure of the aquatic community, given
that in present conditions, the species that colonise these waters have trouble tolerating salinity
fluctuations and they need a certain flow of freshwater.
 Effects on biodiversity are expressed in the life cycle and distribution of the species, in
interactions and trophic networks, a favouring of invasive species, impacts on the metabolism of
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ecosystems, effects on nutrient dynamics or the decomposition of organic matter. Communities
could consequently become alike and there could be a decline in the number of endemic species
that, at present, are much more abundant in many other climate regions (Sabater S. et al., 2016).
 The proliferation of invasive species puts native species and economic activities at risk. This is the
case of the red swamp crayfish (Procambarus clarkii), zebra mussel (Dreissena polymorpha), Asian
clam (Corbicula fluminea), applesnail (Pomacea maculata), eastern mosquitofish (Gambusia
holbrooki) and European carp (Cyprinus carpio), among others. Many of them are thermophiles
and limnophiles, and the rise in temperatures and drop in flow rate could favour the distribution,
reproductive capacity and density of the populations. The temperature rise could favour new
invasive species, of an even more thermophilic nature, that until now have found it difficult to
survive winter temperatures.

2.9. Terrestrial ecosystems
 The combination of climate change, its associated disturbances (floods, droughts, forest fires,
etc.) and the modifications of other components of global change (land use variations, pollution
and overuse of resources) could mean that the limit of resilience of many ecosystems could be
exceeded (IPCC, 2014), as well as altering their structure and functioning (Peñuelas et al., 2013)
and jeopardising the services they currently provide (Millennium Ecosystem Assessment, 2005).
 Some species are more vulnerable to these changes than others; the competitive habitat may be
altered and, ultimately, change the composition of the communities with distribution
movements, such as the migration of Mediterranean species to higher levels or the reduction in
the number of species in scrubland (Peñuelas et al., 2016).
 In the last 50 years, the vegetative period has extended by an average of three or four days per
decade, due to the fact that springs starts earlier and the onset of winter is later, and an advance
has been observed in the flowering and fruiting calendar of different species.
 Besides structural changes, functional changes of ecosystems have been described, such as the
absorption of CO2 during droughts or an increased loss of nutrients, due to lixiviation after rain.
 Other alterations are a greater fire risk or the increase of emissions from biogenic volatile organic
compounds.
 The soils indicate a trend towards less available water, increased aridness and erosion, increased
salinity, gradual loss of organic matter due to mineralisation, and a certain loss of edaphic
biodiversity.
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Figure 29. Topoclimate suitability of forest species. Source: Canvibosc (2013)

2.10. The rice fields
 Rice cultivation is threatened by the effects of climate change (water scarcity, sea level rise and
soil salinization, greater incidence of plagues as a result of higher temperatures) and by factors
that are not directly related to climate, such as the invasion of allochthone species (applesnail).
 Soil salinity is directly related to the distance from the river, the inner border of the Delta and the
old mouth, and it is inversely proportional to the rise of the surface as the most influential
variable, the river’s flow rate in winter and the presence of silt. The spatial distribution of salinity
shows a gradient in all scenarios, with lower values throughout the riverbank and higher values
around the coastal lagoons that are connected to the sea. In the worst case (a sea level rise of 1.8
m according to Jevrejeva et al., 2014), salinity would increase by as much as three times in 2100,
although this scenario is highly unlikely (extreme scenario: RCP 8.5, of the IPCC); the most likely
scenario is RCP 4.5 (medium), with an expected increase of 35% (Genua-Olmedo A. et al., 2016).
 Rice production is opposed to soil salinity. The common trend in all scenarios is a drop in
production following the rise in salinity. In the worst scenario (extreme scenario: RCP 8.5), the
world rice production index (100% means a maximum of production of about 10,000 kg/ha) will
fall from 61.2% in 2010 to 33.8% in 2100 (approximately 50%), with a drop in income of up to
€300/hectare. In the likeliest scenario (medium scenario: RCP 4.5), the expected fall in production
is in the region of 10%.
These lower production values compared to the current minimum values are located on the
southern side of the Delta. These values are not found in the northern side of the Delta until the
sea level rises by 0.5 m. In the worst case, the salt intrusion could affect around 30% of the rice
fields (Genua-Olmedo A. et al., 2016).
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Figure 30. Soil salinity and rice production distribution. Source: Genua-Olmedo A. et al. (2016)

2.11. Greenhouse gas emissions in the Ebro Delta
 Rice cultivation produces net GHG emissions. Wetlands and rice plantations in flooded fields
produce methane (CH4), with a global warming potential that is 25 times higher than the CO2.
Methane is produced when rice stubble decomposition, rice root exudates and plant remains take
place in anoxic conditions caused by the water surface, which prevents oxygen diffusion from the
atmosphere to the soil. GHGs are also produced in the periods when the fields are not flooded. In
this case, it is nitrous oxide (N2O) that, although it has a higher warming potential than CH4, it is
produced in lower proportions.
One of the actions performed within the framework of the Life Ebro Admiclim project was to
estimate the GHG emissions produced by rice fields, based on measurements and periodical
samplings performed in the rice fields during cultivation and also during the winter months.
Emissions of 6,595.7 t CH4 have been estimated for 2015 which, in terms of CO2 are equivalent to
164,.892 t CO2eq.
If this information is compared to the official GHG emission inventories for the Ebro Delta rice
field emissions, it is observed that they are in the same range, as official inventories estimate
emissions of about 119,512 t CO2eq (see Table 18).
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It is worth noting that the GHG emissions of the Ebro Delta rice fields are quite insignificant in
respect to Catalonia as a whole. Specifically, they represent 0.4% of the total emissions.

Emissions produced by the rice fields
Total GHG emissions (2015)
(2015)
CH4
N2O
TOTAL
TOTAL
(t CO2 eq)
(t CO2 eq)
(t CO2 eq)
(t CO2 eq)
Tarragona
98,299
21,213
119,512
10,060,280
Catalonia
103,098
29,850
132,948
43,532,144
Spain
442,265
115,544
557,809
335,661,517
Table 18. Inventory of GHG emissions produced by rice fields and totals. Source: OCCC. Greenhouse gas
inventory

In addition to estimating the total GHG emissions from rice fields, the samplings and field tests
conducted as part of the Life Ebro Admiclim project also provide data of the times of year in
which these emissions are produced. The studies show a clear seasonal pattern and indicate that
70% of annual methane emissions are released during postharvest (October - December).
Likewise, the studies also show that the emissions vary considerably in the different plots
analysed, which is determined by the different farming methods and/or physico-chemical
conditions of the fields.
As regards 2016, without having definitively validated the data, the preliminary calculations of
methane emissions from rice fields indicate values that are similar to those obtained in 2015.
 Based on data provided by COPATE, the electricity consumption of the public sector and street
lighting in Ebro Delta municipalities is shown in the following table (see Table 19). Although
further energy-consumption data are not available, the emissions associated to this consumption
of electricity are calculated (applying a CO2 emission factor attributable to the electricity supply
established for 2016, at 308 g of CO2/kWh. Source: OCCC. Practical guide for the calculation of
greenhouse emissions) a figure is obtained for 2016 of 2,984.2 t CO2, a much lower value than the
emissions produced by the rice fields.

Electricity consumption
(kWh/year)
2014
2015
2016
L’Aldea
933,620
933,851
933,750
L’Ampolla
1,006,576
986,743
966,030
Amposta
4,600,644
4,771,204
4,849,590
Camarles
554,800
566,955
562,830
No data
No data
No data
Deltebre
available
available
available
Sant Jaume d’Enveja
458,495
513,335
489,560
Sant Carles de la Ràpita
1,797,939
1,986,758
1,887,260
TOTAL
9,352,074
9,758,846
9,689,020
Table 19. Electricity consumption of the public sector and street lighting. Source: COPATE
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3. Principal vulnerabilities of the Ebro Delta
According to the Catalan Strategy for Adapting to Climate Change, Horizon 2013-2020 (ESCACC),
vulnerability is defined as a measure of the extent to which something is negatively affected; that is,
the degree in which a system is susceptible or capable of dealing with the adverse effects of climate
change, including variability and climate extremes. Vulnerability depends on the character,
magnitude and speed of climate variations and the fluctuations to which a system or sector is
exposed, as well as its sensitivity and adaptation capacity.

CLIMATE CHANGE

EXPOSURE
IMPACTS ON THE
DIFFERENT
SECTORS

ADAPTATION
CAPACITY

VULNERABILITY

SENSITIVITY

Therefore, vulnerability in a specific risk depends on three variables:
Sensitivity: the degree at which a system or sector is affected by stimuli related to the climate.
These effects may be either adverse or beneficial.
Exposure: presence of people, means of subsistence, environmental property and services,
financial, social and cultural assets in places that could be negatively affected by the impacts of
climate change.
Adaptation capacity: a socioeconomic system or sector’s inherent capacity to adapt to climate
change impacts, moderate potential damage, take advantage of opportunities and deal with the
consequences. The construction of adaptation capacity implies developing institutional capacity
to effectively respond to climate change. This entails compiling appropriate information and
creating the necessary regulatory, institutional and administrative conditions to be able to carry
out adaptation actions. Consequently, the greater the exposure and sensitivity to a specific risk,
the higher the level of vulnerability: greater adaptation capacity, less vulnerability.
At the end of 2016, the OCCC and LaVola completed the study Anàlisi del grau de vulnerabilitat i
resiliència dels municipis de Catalunya al canvi climàtic (Analysis of the degree of vulnerability and
resilience of Catalonia’s municipalities to climate change). The results of this report show a higherthan-average vulnerability index of the Ebro Delta territory, due to the following risks:
-

Increase of irrigation requirements in agriculture and livestock farming
Changes in crops
Changes in the pattern of tourist demands as regards water management
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- Less water available in water management
- Changes in energy demand patterns of industry, services and commerce
- Risk of fire in mobility and transport infrastructure
- Increase of mortality associated to heat
- Worsening of climate comfort (greater intensity of the urban heat island) and its effects on
health
- Changes in energy demand patterns in the energy sector
- Changes in tourist demand patterns in the tourist sector
- Greater risk of fire affecting the tourist sector
- Worsening of climate comfort in urban planning and housing
- Increase of irrigation requirements in urban planning and housing
Drawing on the analysis of the territory’s significant aspects and the impacts of climate change, and
using the study drawn up in 2008 as a basis, the new methodologies established in ESCACC 20132020 and the Monitoring and Assessment Report, as well as the information obtained in the Analysis
of the degree of vulnerability and resilience of Catalonia's municipalities to climate change, an
analysis is made of the main vulnerabilities/risks observed in the Ebro Delta in view of climate
change.
First of all, a matrix has been created of impacts, risks and economic sectors, which relates the main
risks to the most important change factors (temperature increase, decline in precipitation and
drought episodes and sea level rise) and the analysed economic sectors (agriculture, fishing and
aquaculture, and tourism). This matrix gives a preliminary identification of the significant risks for
each sector. The coloured cells indicate an interaction between the risk and the economic sector,
while the white cells correspond to the cases in which no relevant interaction has been identified.
The term ‘risk’ is a concept of a social and economic nature that estimates the likelihood of the loss
of human lives or material losses as the result of a phenomenon. Risk is the product of three factors:
danger, vulnerability and exposure. From a mathematical perspective, the risk is expressed as
follows:
Risk = Danger x Vulnerability x Exposure
If any one of these factors is zero, there is no risk. Therefore, in a certain sphere, the risk will not
exist if there is no danger, vulnerability or exposure. Another property of this expression is that a risk
can never be beneficial, at best there is no risk.
 Danger is defined as the likelihood of a potentially destructive phenomenon occurring within a
specific period of time and in a certain area of land. The likelihood of it occurring is related to the
‘frequency/activity’ of the phenomenon and the destructive potential with the
‘magnitude/intensity’ of the phenomenon. The concept of danger is strongly linked to
susceptibility, which is the likelihood of a phenomenon affecting or occurring in a geographical
area.
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 An element’s vulnerability is defined as the expected level of damage said element will undergo in
the event it is subjected to the action of a phenomenon. Each element has its own vulnerability
and is independent of the danger in the place.
 Exposure is the set of people, property, services and processes exposed to the action of danger. It
is quantitatively expressed as the number of potentially affected elements.
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3.1.

Matrix showing interaction between impacts, risks/vulnerabilities and economic sectors
CHANGE FACTORS (IMPACTS)
PHENOMENA

Reduction of the
river’s flow rate and
standardisation of
flow regimes.

Temperature
increase

X

Precipitation
Drought

X

Morphological
changes on the coast

Presence and
persistence of the salt
wedge

Sea level and
temperature

X

X

X

X

ECONOMIC SECTORS
Agriculture/
Livestock
Farming

Fishing/
Aquaculture

Tourism

RISK DESCRIPTION
- Decline in the quantity and quality of water resources.
- Reduction of sediment deposits.
- Reduction of drainage and surface runoff caused by the drop in
precipitation and increased evapotranspiration of vegetation, which
will affect the aquatic systems and riverbank vegetation.
- Reduction of the amount of freshwater and nutrients entering the sea
and bays, which could affect fishing and aquaculture.
- Salinization of the final stretch of the river.
- Reduction of days for sailing on the river.
- Loss of habitats and biodiversity.
- Plague of macrophytes.
- Tree and bush vegetation of the waterway.
- Serious effects on the Delta’s physical integrity due to subsidence of
the deltaic plain, insufficient sediment deposits, decrease in flow rate,
sea level rise and changes in the regime of marine variables.
- Potential floods and loss of land, especially near the bays and external
coast.
- Disappearance of farmland (rice fields) due to the sea level rise and
subsidence.
- Closure of the bays, with a serious potential impact on aquacultural
activity.
- Decline and degradation of the beaches due to coastal erosion.
- Loss and changes in habitats and biodiversity.
- Loss of tourist appeal.
- Affected infrastructure and facilities due to sea level rise.
- Deterioration of water quality due to the presence of the salt wedge,
with a higher likelihood of episodes of hypoxia occurring in the estuary.
- Increased salinity in wells near the river.
- Effects on fauna and aquatic vegetation.
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CHANGE FACTORS (IMPACTS)
PHENOMENA

Temperature
increase

Precipitation
Drought

Sea level and
temperature

Loss of environmental
values and changes in
landscape quality

X

X

X

Loss of habitats and
biodiversity

X

X

X

Decline of water
availability

X

X

Increase of
allochthone and
invasive species

X

X

X

ECONOMIC SECTORS
Agriculture/
Livestock
Farming

Fishing/
Aquaculture

Tourism

RISK DESCRIPTION
- Changes in the distribution and structure of farming and aquacultural
areas.
- Fewer habitats that provide landscape richness.
- Alteration of the water-land interface due to sea level rise.
- Loss of tourist appeal.
- Modification of climate suitability for plant and animal species.
- Changes in structural and functional features and in the biome of
natural systems.
- Effects on plant and animal species that need to be conserved.
- Difficulty to conserve land riverbank forest cover and other cover
associated to freshwater.
- Effects on marine biodiversity.
- Proliferation of allochthone and invasive species.
- Loss of tourist appeal.
- Decrease in the quantity and quality of water resources that could
negatively affect the optimal development of farming, fishing, shellfish
and tourist activities.
- Loss of biodiversity due to a decline in the amount of freshwater
supplied to the sea and bays.
- Overuse of aquifers.
- Risk of drinking water restrictions.
- Increase of irrigation requirements for agriculture.
- Favours saline intrusion and soil salinization.
- Increased effects on terrestrial and marine biodiversity due to invasive
species.
- Increased effects caused by plagues and disease as a result of invasive
species in agricultural production.
- Risk of disease-transmitting organisms reaching the area.
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CHANGE FACTORS (IMPACTS)
PHENOMENA

Temperature
increase

Precipitation
Drought

Changes in the types
of crops

X

X

Changes in rice field
productivity

X

X

X

X

X

X

Increase of irrigation
requirements

Alterations in fishing
and aquaculture

Sea level
and
temperature

X

X

ECONOMIC SECTORS
Agriculture/
Livestock
Farming

Fishing/
Aquaculture

Tourism

RISK DESCRIPTION
- Changes of crops or varieties of the same crop as a consequence
of the higher water demands of cultivated varieties, so as to
maintain production or modify the soil’s physico-chemical
characteristics (salinization). In the case of rice, in the future
evapotranspiration will probably undergo a significant increase,
especially in the summer, when the vegetative phase of plants
takes place, and coinciding with the period when temperatures
are potentially higher and precipitation is lower.
- Loss of crops due to salinization and/or flooding, and the higher
cost of pumping and infrastructure maintenance.
- Effects on landscape and loss of tourist appeal.
- Effects on gastronomic tourism and locally-grown product
projects.
- Acceleration of the vegetative cycle, with negative consequences
for the production and quality of agricultural products, particularly
grains.
- Sporadic production losses due to extreme phenomena.
- Loss of rice production due to salinization.
- Increase of diseases and plagues that affect rice cultivation.
- Increased water demands for crops to counterbalance the
increase of evapotranspiration.
- Effects on fishing/aquacultural infrastructures and facilities due to
sea level rise.
- Loss of biodiversity, with effects on fishing species (fish, shellfish,
molluscs, etc.).
- Decline in catches due to sea level rise and acidification.
- Drop in production in the bays due to the rise of sea
temperatures, natural closure, acidification, decline in the supply
of freshwater and nutrients, eutrophication, anoxia, mortality of
organisms, pathogens, etc.
- Increased operational costs.
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CHANGE FACTORS (IMPACTS)
PHENOMENA

Loss of climate
comfort

Temperature
increase

Precipitation
Drought

Sea level
and
temperature

X

Changes in sanitary
and environmental
conditions

X

X

Changes in the tourist
demand pattern

X

X

X

ECONOMIC SECTORS
Agriculture/
Livestock
Farming

Fishing/
Aquaculture

Tourism

RISK DESCRIPTION
- Appearance of allochthone species and opportunistic pathogens.
- Effects on gastronomic tourism and locally-grown product
projects.
- Increased frequency of heatwaves and loss of climate comfort,
which could negatively affect the resident population and visitors.
- Loss of quality of phreatic and surface water.
- Risk of a higher number of vector-borne diseases.
- Risk of a higher number of allergies and asthma.
- Risk of a higher number of heat strokes, dehydration, low blood
pressure, insomnia.
- Risk of a higher number of food and water-borne illnesses.
- Increased frequency of heatwaves and loss of climate comfort.
- Decline and degradation of beaches due to sea level rise and
increased frequency and intensity of storms.
- Risk of drinking water restrictions and/or restrictions of water
used for recreational purposes.
- Risk of a higher number of illnesses.
- Loss of landscape interest of rural areas.
- Loss of interest in protecting natural areas to perform certain
activities.
- Effects on gastronomic tourism and locally-grown products due to
changes in type and the productivity of fields, in fishery and
aquacultural production.
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3.2.

Vulnerability analysis

Below are some tables showing a vulnerability analysis for each one of the systems and sectors. The
risk/vulnerability assessment methodology is based on a qualitative evaluation conducted in
accordance with a colour code: the red circle indicates a risk with negative connotations, whereas
the green circle indicates positive aspects. In some cases, the evaluation can lead to several
interpretations and could be ambivalent, depending on the sector’s sensitivity and degree of
exposure.

3.2.1. Vulnerabilities in physical and natural systems
Effects:

Negative Positive
Subsidence of the deltaic plain, emphasised by the reduced flow rate and lack of
sedimentary deposits
Reduction of the River Ebro’s flow regime, with a moderation of the quantity and quality of
the water resources, and standardisation of flow regime.
Lack of sediment deposits along the River Ebro
Morphological changes on the coast: erosion of the coastline as a result of the longitudinal
transport of sediment and sea level rise.
Closure of the bays
Decline and degradation of beaches
Potential salinization, flooding and loss of land, especially near the bays and the external
coast, with serious effects on the Delta’s physical integrity.
Permanence of the salt wedge due to lower flow rates and sea level rise, which would cause
an increase of salinization and eutrophication, with a higher frequency of episodes of
hypoxia in the estuary.
Overuse of aquifers due to scarcity of water resources
Loss of natural heritage: loss of habitats and biodiversity. Modification of climate suitability
for plant and animal species.
Difficulty to conserve land riverbank forest cover and other cover associated to freshwater.
Changes in structural and functional features and in the biome of natural systems: changes
in biological cycles, the presence and abundance of species, in the way they relate to each
other and the extinction of some populations due to the disappearance of the habitats they
occupy.
Risk of a higher number of allochthone and invasive species
Loss of environmental and landscape values
Increased risk of agroforestry fires
Beaches, sand dune systems and other natural systems, such as marshes, can adapt to sea
level rise as the result of their dynamic nature in comparison to rigid soils, particularly those
that imply built surfaces, which have no adaptation capacity. Likewise, the fact that only a
small area of the deltaic plain is occupied by urban areas and infrastructure makes it easier
to adapt to sea level rise
The existence of the Ebro Delta Natural Park and the fact it forms part of the Natura 2000
network, as well as the declaration of the Terres de l'Ebre biosphere reserve, means that
instruments are available to ensure the environment is properly managed and programmes
and actions related to climate change can also be set into motion
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3.2.2. Vulnerabilities in socioeconomic systems
Urban centres and population
Effects:
Negative Positive
Loss of heritage and damage to property due to sea level rise
Effects to urban areas due to sea level rise, subsidence and regression, especially in the
centre of Riumar
Higher frequency of heatwaves and loss of climate comfort
Decline in the quantity and quality of water resources, with a risk of drinking water
restrictions
Changes in sanitary and environmental conditions, with the risk of a higher number of
vector-borne diseases, allergies, asthma, heat strokes, dehydration, low blood pressure, etc.

Agriculture
Effects:
Negative Positive
Loss of farmland due to flooding or salinization, and the higher cost of pumping and
maintenance of irrigation infrastructure
Decline in the quantity and quality of water resources used for crop irrigation due to the
river’s reduced flow rates and higher occurrence of droughts
Increased water demands in farmlands, to counterbalance the increase in
evapotranspiration
Sporadic production losses due to extreme phenomena and the progressive loss of
production, due to soil salinization
Increased effects caused by plagues and diseases in crops
Increased fire risk in agroforestry systems
Acceleration of the vegetative cycle (the plant growth and maintenance period commences
earlier, and the necessary time to complete the life cycle is shortened), which could have
negative consequences on the production and quality of farming products.
A shorter cycle, accompanied by varieties with adaptation capacity, could extend the range
of crops used for rotation, thus maintaining the level of quality.
Change of varieties and cultivation techniques (for example, dry sowing) of rice crops, as a
consequence of the higher water demands of cultivated varieties, to therefore maintain
production or modify the physico-chemical characteristics of the soil (salinization)
Specific farming techniques (conservation agriculture, adding carbon to the soil, precision
agriculture, etc.) could help mitigate climate change effects
The agricultural cooperatives widely implemented in the Ebro Delta are a good instrument
for boosting rice products, cutting production costs and improving distribution networks
In a global economic context, a growing trend to consume locally-grown, organic and quality
products has been observed

Fishing and aquaculture
Effects:
Negative Positive
Decline in the quantity and quality of water resources, which could negatively affect the
optimal development of fish and shellfish production activities
Effects on fishing species (fish, shellfish, molluscs, etc.) and smaller catches due to a rise in
sea temperatures, salinization, acidification, stratification and/or a lower supply of
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Fishing and aquaculture
Effects:
Negative Positive
freshwater from the river
Effects on the existing facilities (cages, floating and non-floating platforms, bateas, ponds)
due to sea level rise
Decline in production in the bays due to a rise in sea temperatures, reduced water renewal
and a lower supply of freshwater and nutrients from the river.
Complex bay and lagoon management due to closure, filling, eutrophication, anoxia, water
warming, harmful biological proliferations, mortality of organisms, etc.
Loss of land used for inland aquaculture, as a result of floods
Increased operational costs
Invasion of new allochthone species that are harmful for fishing and aquaculture

Salt mines
Effects:
Negative Positive
Loss of land of the Trinitat salt mines due to sea level rise and the coastline retreat in the
littoral zone
The productive season could lengthen, as a consequence of the rise in temperature and
evaporation

Tourism
Effects:
Negative Positive
Direct effects on existing facilities (camp-sites, holiday homes, restaurants, etc.)
Higher frequency of heatwaves and loss of climate comfort
Decline and degradation of beaches due to sea level rise and increased frequency and
intensity of storms
Loss of habitats and biodiversity, with negative effects on the influx of visitors
Loss of tourist appeal, due to loss of environmental values and changes in landscape quality
Effects on gastronomic tourism and locally-grown product projects, as a result of changes in
the type and productivity of farmland, in fishery and aquacultural production
Decrease in the quantity and quality of water resources, with a risk of drinking water
restrictions and/or restrictions of water used for recreational purposes, which could
negatively affect the optimal development of tourist activities
Changes in sanitary and environmental conditions, with the risk of a higher number of
vector-borne diseases, allergies, asthma, heat strokes, dehydration, low blood pressure, etc.
Deseasonalisation in the influx of visitors, which is currently concentrated in the summer
(July and August) and the Easter holidays
The existence of the European Charter for Sustainable Tourism (ECST) could be a good
framework for adapting the tourist sector to climate change

Infrastructure
Effects:
Negative Positive
Effects on infrastructures and facilities (roads, ports, coastline protection, service network,
etc.) due to sea level rise and coastal erosion, particularly those located on the sea front or
nearby
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Infrastructure
Effects:
Negative Positive
Effects on the functionality of pumping stations of agricultural drainage, situated at low
levels, especially those located on the sea front and in the bays of Fangar and Alfacs
Effects on the functionality of wastewater treatment plants (EDARs), sewer pipes and
marine outfalls, as well as the dispersion of outfall effluent discharges, due to sea level rise
and alterations in the dominant marine currents

53

Climate Actions for the Ebro Delta (ACDE)

4. Context of current policies
When preparing a document for climate action in the Ebro Delta, it is necessary to bear in mind the
plans and programmes currently in effect. The framework of existing policies is extensive, and this
complexity and lack of institutional coordination often make it difficult to consider an approach that
encompasses the whole territory. As a result, the policies become a barrier that prevents their
optimisation. The analysis of the main policies that have an impact on the Ebro Delta management
has to be able to identify whether they are a barrier, or an element that facilitates the fight against
climate change.
The water management planning in the Ebro basin is regulated by the consolidated text of the
Spanish Water Act (TRLA) and is implemented by the Ebro Hydrographic Confederation in the
execution of its competencies regarding transboundary basins. With the approval of Directive
2000/60/EC of the European Parliament and of the Council (Water Framework Directive), and its
transposition into the Spanish legal system, the first Ebro Basin Hydrological Plan (approved in 1998
and in force for 15 years) was renewed by the first-cycle Hydrological Plan (2009-2015). Finally, on 20
January 2016 the Hydrological Plan, currently in force, entered into effect (second-cycle Hydrological
Plan, 2015-2021). Among other features, the plan includes supplying 465,000 new hectares of
irrigated land, constructing 52 reservoirs and foresees an ecological flow rate that is much lower than
the figures approved and agreed upon in Catalonia. The historical and constant claims of the
territory’s agents against the deficiencies implied by this hydrological plan are well known: the lack of
sediment deposits required to maintain the Delta and the socioeconomic activities developed there,
insufficient flow rate to guarantee and safeguard the river’s biodiversity, or the impossibility to
achieve the good status of the water bodies.
The Rural Development Programme (RDP) for Catalonia 2014-2020, of the Catalan ministry of
Agriculture, Livestock, Fisheries and Food, is developed through the Consortium for the Development
of Baix Ebre and Montsià. One of its lines of action is to promote environmental sustainability by
fostering green economy, which includes energy efficiency, reduction of the carbon footprint,
improvement of natural resource management, reduction of environmental impacts, reuse of natural
resources by creating energy and the search for alternative energies. During the 2007-2013 period,
funding has been awarded to 20 Leader projects and it has participated in four cooperation projects.
The European Maritime and Fisheries Fund (EMFF) for Catalonia 2014-2020 is one of the
government of Catalonia’s main instruments for promoting a structural policy addressed to the world
of fishing, aquaculture and the marketing and transformation of fishing and aquacultural products.
Within the EMFF framework, local development is governed by Fisheries Local Action Groups
(FLAGs), entities that collaborate with the DARP in aid management in Catalonia. As per resolution of
28 October 2016, the Local Action Group Association ‘Terres de L’Ebre’ was selected to be a Fishery
Local Action Group. It submitted the participatory local development strategy, which was approved,
and a budgetary allocation was assigned in order to apply the strategy.
Other plans and programmes of the ministry of Agriculture, Livestock, Fisheries and Food
(Departament d'Agricultura, Ramaderia, Pesca i Alimentació -DARP) are the Catalan Irrigation Plan
(2008-2020), the programme to encourage organic agro-food production (2015-2020), the Catalan

54

Climate Actions for the Ebro Delta (ACDE)

agricultural cooperation master plan (2016-2020), the Annual Technology Transfer Plan or the
Strategic Plan for Agrifood Research, Innovation, and Knowledge Transfer in Catalonia (2013-2020).
The System of Natural Protected Areas of Catalonia is a combination of plans and programmes
(PEIN, ENPE and xN2000). These areas are managed by the Catalan ministry of Territory and
Sustainability, with authority over planning at different levels, concerning water, waste, urban
development, transport and environment. The department has authority over area planning
throughout the principality, following the guidelines set forth in the General Territorial Plan of
Catalonia and Partial Territorial Plans, and promotes integrated coastal protection strategies
through the application of the Catalan Coastal Planning Act (at present, the preliminary report of the
draft bill has been approved). These policies are fundamental for Delta adaptation management,
although the Management Plan for this area is still pending approval.
On 9 October 2012, the government approved the Energy and Climate Change Plan (2012-2020),
which includes climate change mitigation aspects related to energy. The strategic pivotal elements of
the Plan are energy-saving and efficiency policies, renewable energies as a strategic option,
contribution to GHG reduction commitments and civil society’s involvement in the construction of
the autonomous region’s new energy model.
In November 2012, the Catalan Strategy for Adapting to Climate Change, Horizon 2013-2020
(ESCACC) was released. Its strategic purpose is to make Catalonia a less vulnerable territory to the
impacts of climate change. This document defines the socioeconomic sectors and systems that could
suffer impacts and it establishes a proposal for adaptation measures. The first monitoring and
assessment report, drawn up in February 2017, updates the information on climate change impacts
and monitors the measures contained in the ESCACC. Within this context, two of the general
measures directly related to the Delta are the implementation of maintenance flow rates and the
guarantee of sediment deposits in the Catalan part of the Ebro, as well as the adaptation of urban
development to the Delta’s vulnerability to climate change. As regards specific measures, actions for
each one of the defined sector are described in detailed.
On 27 July 2017, the Catalan parliament passed the Climate Change Act (Act 16/2017, of 1 August,
on climate change). The text includes and formulates specific proposals for integrating climate
change dynamics into the sectoral policies of public administrations.
In this wide context, where local administrations and socioeconomic stakeholders play a
fundamental role, the mitigation and adaptation processes demand new ways of drawing up
policies, based on an integrated and transparent approach with a common purpose: to reduce
vulnerability to the impacts of climate change.

55

Climate Actions for the Ebro Delta (ACDE)

5. Main challenges identified in the Ebro Delta
What sort of Ebro Delta do we want in the future?
Based on the identification of current and potential impacts caused by climate change and the global
change, as well as the Ebro Delta’s main vulnerabilities, we need to be able to imagine what we want
and, consequently, be aware of the challenges we have to face. The subsequent adaptation and
mitigation measures to be implemented must be able to obey the resolution of the defined
challenges and make the imaginary future of the Delta become a reality. Adaptation to climate
change involves anticipating adverse effects, taking suitable actions to minimise the consequences
and even taking advantage of any benefits that could emerge.
It must be taken into account that the adaptation and mitigation measures, as well as the developing
actions, involves a participatory debate and agreement process among all the territory’s agents. This
process needs to be developed within a working group framework, to be fundamentally established
as a body where social and economic stakeholders may discuss matters with public administrations.
In this regard, although the actions that emerge from the identified challenges and considered
measures, and their priority in terms of time, must be dealt with and agreed upon, the establishment
of this working group becomes the first of the challenges to be tackled and, once it has been
overcome, not only the actions contemplated in this document may materialise, but all those that
arise from the joint work.
The main challenges identified in the Delta within the climate change framework and global change
are:

Actively involve all the social and economic stakeholders, and all the administrations concerned
in the territory’s sustainable development, by means of a transparent and participatory process
that helps improve the way to govern, keeping away from dogmatisms.
Achieve the necessary balance and level of agreement between the different interests and views
existing in the Delta: between productive sectors (rice farmers vs. fishermen/shellfishers),
between different values (productive sectors vs. biodiversity protection) and between different
views (productivist vs. conservationist).
Reduce vulnerability and ensure the longevity of both the physical and natural environments,
and the socioeconomic environment that supports the Delta: a river of quality, with a higher
flow rate and more sediment as a core solution, and a dynamic model for adapting to the
changing morphology of the coastline.
Give priority to an economic basis that promotes quality rather than quantity in all the
productive sectors: quality agriculture and fishing, with higher economic value; industrial and
construction sector of quality; sustainable tourism.
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6. Conclusions of the diagnosis
Over 61,000 people live in the second wettest region of the western Mediterranean, a Delta that was
formed between 8,000 and 6,000 years ago. A unique area that covers 300 Km2 where rice
cultivation is the main activity -over 65% of the Delta’s surface- and where natural habitats represent
20%. Agriculture and nature again. But also fishing, shellfishing, aquaculture and tourism. A paradise
for many birds and a living scenario of the impacts of global change: native species strive to survive
against the establishment of allochthone species, water that is progressively declining and sediment
that is completely disappearing. The sea level is rising, subsidence is underway and the regression of
the coastline is evident along many stretches. Climate change is touching a raw nerve of the Ebro
Delta’s vulnerability: the physical disappearance of the area.
At the moment, no other territory of this size in Catalonia is facing this risk. There are four factors
destroying this chunk of the country, and only one of the factors is natural, not caused by anthropic
activity: subsidence. The other three factors are directly produced by human action: on the one
hand, lack of water and sediments and, on the other, accelerated sea level rise. Can the situation be
reverted? Yes, and not only is it possible, it is absolutely necessary. How? By making more water and
sediment reach the Delta from the river, in the same way as the majority of rivers in the world. There
is not much we can do as regards accelerated sea level rise; however, if a much greater amount of
sediment arrived accompanied by generator flow rates and a variable environmental flow regime,
such as those approved by the Sustainability Commission of the Terres de l'Ebre (CSTE), subsidence
would decrease and the Delta would be much less vulnerable than it is at present. Other alternatives
such as those referring to classic engineering (breakwaters, jetties, perimeter walls, dykes, etc.),
which have been considered by some of the Ebro Delta’s stakeholders, need to be evaluated within a
context of the sustainability of the measures.
The Delta’s survival has nothing to do with the fact it is a natural park, or that rice, tourism, shellfish
farming and fishing represent a percentage of the GDP in Catalonia. Its disappearance would not only
imply losing part of our territory, a unique place that is the western Mediterranean’s second most
important humid area and the most relevant natural environment on the Catalan coast, but it is also
a part of unparalleled culture and tradition in this region of Catalonia; it would imply we had totally
failed in our management of natural resources, which would be a universal disgrace. As universal as
the death of the Great Barrier Reef in Australia or the disappearance of polar bears.
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PART II. ADAPTATION AND MITIGATION MEASURES TO CLIMATE CHANGE
7. Adaptation and mitigation measures to climate change
The identification of the main challenges existing in the Ebro Delta is the first step for defining the
adaptation and mitigation measures to be implemented. In this way, the four challenges defined in
the diagnosis have been converted into five measures that, in turn, will materialise into a series of
actions that must allow the set targets to be reached.
Following the same order established in the challenge definition, the following adaptation and
mitigation measures are determined:

CHALLENGE A: Actively involve all the social and economic stakeholders, and all the administrations
concerned in the territory’s sustainable development, by means of a transparent and participatory
process that helps improve the way to govern, keeping away from dogmatisms.
CHALLENGE B: Achieve the necessary balance and level of agreement between the different interests
and views existing in the Delta: between productive sectors (rice farmers vs. fishermen/shellfishers),
between different values (productive sectors vs. biodiversity protection) and between different views
(productivist vs. conservationist).
AB.1. Put an end to individualism and foster a common project by and for the territory; a project
agreed and assumed by all the stakeholders, which can be used to define a new governance
model.

CHALLENGE C: Reduce vulnerability and ensure the longevity of both the physical and natural
environments, and the socioeconomic environment that supports the Delta: a river of quality, with a
higher flow rate and more sediment as a core solution, and a dynamic model for adapting to the
changing morphology of the coastline.
C.1. Implement environmental flow rates in the River Ebro, so as to maintain the structure and
functioning of the river and its estuary, and restore sedimentary flow.
C.2. Recover the protective function of coastal systems and work together with natural
processes to mitigate sea level rise and coastline regression.

CHALLENGE D: Give priority to an economic basis that promotes quality rather than quantity in all
the productive sectors: quality agriculture and fishing, with higher economic value; industrial and
construction sector of quality; sustainable tourism.
D.1. Optimise greenhouse gas emissions, carbon sequestration and removal of nutrients in the
rice fields in the Delta, improve farming conditions and increase the product’s added value.
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D.2. Incorporate climate change impacts and risks in the definition of the policies that have to
guide the territory’s different socioeconomic sectors.
The proposed measures are then described and justified with further detail, and the specific actions
contemplated in each one of them are entered. Chapter 9 of the present document contains fact
sheets with the detailed description of the actions.
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7.1. MEASURE AB.1: Put an end to individualism and foster a common project by and for
the territory; a project agreed and assumed by all the stakeholders, which can be used to
define a new governance model
The unique nature of the Ebro Delta, added to this territory’s high vulnerability to the impacts of
climate change and the global change, explains the numerous studies, projects and programmes that
historically have used this area as a pivotal element. However, the technical and political difficulty to
concentrate on an overall solution means that, at present, instead of defining a comprehensive
action plan, a series of specific proposals have been put forward to counterbalance the impacts on
this unique and exceptional environment.
The high complexity of the socioeconomic system of the Ebro Delta, where there are different points
of view and interests, and the standardised mass of people who fail to discuss the matter and reach
agreements, is shouting out for a change in political behaviour and an improvement in governance
practices.
This measure intends to promote commitment, transparency in debates and create the necessary
trust among stakeholders to mediate in disagreements. It should enable them to work in
collaboration and provide them with the indispensable comprehensive view of the territory, find
consensual and compatible solutions and, in conclusion, formulate effective policies to satisfy
everyone's needs.
The creation of an instrument that facilitates the participation of the territory’s stakeholders and
makes decision-taking easier is an essential step for successfully implementing adaptation and
mitigation strategies for the impacts of climate change. This is not a new path; Catalonia has had
many different experiences aimed towards improving governance practices. An is example is the
Water Users Community from the Coastal Plain of the Muga, promoted within the framework of Life
MEDACC project with similar performance targets as those considered here. This Community is the
place where users and all the water stakeholders, whose interests do not always coincide, discuss
which measures and actions for adapting to climate change impacts must be included in the water
management in the coastal plain of this basin, to make sure these measures can eventually be
effective and efficient.
Within the scope of the Ebro Delta, the promotion of governance practices is based on a single
action, as unique as it is essential.
 Establishment of the Ebro Delta Stakeholders’ Working Group, which could easily be assumed by
the Sustainability Commission of the Terres de l'Ebre (CSTE).

60

Climate Actions for the Ebro Delta (ACDE)

7.2. MEASURE C.1: Implement environmental flow rates in the River Ebro, so as to
maintain the structure and functioning of the river and its estuary, and restore
sedimentary flow.
The core measure for reducing vulnerability and ensuring the Ebro Delta’s longevity lies in water and
sediments: more water and, above all, more sediment. This measure is defined in a series of actions
to manage the river’s flow rate and the sediments currently retained in the basin’s reservoirs,
especially in the Mequinensa - Riba-roja system, as well as the review of the same reservoir
management protocols and hydroelectric concessions.
Under the provisions set forth by the legislation in force, and due to being a transboundary basin,
these actions are only possible at the moment with the involvement of the Ebro Hydrographic
Confederation and, consequently, the Spanish ministry of Agriculture and Fisheries, Food and
Environment. Even though this fact goes way beyond the specific actions contained in the present
document, it is worth pointing out, as also established in the ESCACC, that if the ACA were the fully
competent authority throughout Catalan territory it would create the ideal context for facilitating the
planning and management of water and sediment. There would be an Ebro basin management body
in Catalonia, which would enter into agreements with the rest of authorities with competence in this
hydrographical basin that is shared by many people.
However, it is worth specifically mentioning the Proposed Resolution on the execution of scientific,
legislative and legal actions to mobilise retained sediments in the reservoirs of the Ebro basin,
especially in Mequinensa and Riba-roja d’Ebre that, following the motion promoted by the Sediment
Campaign, was submitted to the Parliament Bureau on 14 March 2017 and approved by the
Environment and Sustainability Commission on 5 July 2017 (Text submitted: BOPC 372, 29). Likewise,
in the session held on 20 April 2017, the Governing Board of the Ebro Delta Natural Park agreed to
support the proposal submitted by the Sediment Campaign.
Within this context, and adopting the facts expressed in the Proposed Resolution, the actions to be
performed in this second measure are defined as follows:
 Implementation of a variable environmental flow regime in the Ebro Basin Hydrological Plan that
is capable of maintaining the good performance of the river and its estuary.
 Analysis and modelling of the Ebro and irrigation canals’ capacity to transport sediment.
 Characterisation of the suitability of the sediment retained in reservoirs, so as to determine
practices that can make use of downstream waters.
 Draw up a Comprehensive Plan for the Ebro Basin Sediment Management and conduct a pilot test
for transferring sediment to the Riba-roja reservoir.
 Request Spain to perform an independent inspection of all the mechanisms, particularly of the
bottom outlets of the dams in Mequinensa, Riba-roja and Flix.
 Request the competent institutions to review the dam management action protocols and the
integrated environmental authorisations.
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 Request the competent institutions to set in motion the review files of the hydroelectric power
station concessions located in Mequinensa, Riba-roja and Flix.
 Recovery of the colmatage policy in the Ebro Delta.
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7.3. MEASURE C.2: Recover the protective function of coastal systems and work together
with natural processes to mitigate sea level rise and coastline regression
The management strategies for coastal areas against regression caused by climate change impacts
have been classified into a series of alternatives: protect property and infrastructures, which implies
maintaining the coastline using maritime engineering techniques; adapting, which entails working
together with natural processes to reduce risks and allow the coast to change naturally; or retreating,
which implies leaving greater space in the water and enable the creation of a new coastline further
inland.
Until now, Catalan coastal management, like in many Mediterranean coastal areas, has stemmed
from protection strategies: a control perspective based on rigidisation and artificialisation, or massive
regenerations. The perception has spread that we can control nature; a perception that, on the other
hand, clashes with a highly dynamic natural system, especially in sedimentary systems, such as
deltas. In many cases, even though the erosion problems have been resolved in a local or temporary
fashion, this strategy has emphasised the problems of erosion upstream and/or downstream; in
conclusion, it has done nothing but increase the system’s vulnerability. In contrast, the coast’s
dynamic and changing nature has practically been ignored, as well as the self-defence mechanisms
that the system sets into action to fight against regression or the possibility of working together with
these natural processes. And, especially in the Ebro Delta, these could be strategies with a greater
adaptation capacity that improve the natural capacity to cope with extreme events (for example,
marine storms).
Although the population’s perception of the severity of climate change impacts ha gradually
intensified, considerable divergences are noticed when it comes to assessing response capacity and
the strategies to be implemented. Our preferences as regards actions partly come from our
perception of coastal systems. On many occasions, working with physical processes and recovering
natural coastal protection mechanisms directly interfere with private interests, which can lead to
significant social conflicts. There is still a very weak perception that a regenerated sand dune system
and restored wetlands could be as effective or more efficient than a solid construction. Given our
long tradition of solid construction, it is logical that people believe that the recovery of natural
defence systems can only be justified from a purely conservationist point of view, and they do not
provide a real defence against sea level rise and storms (Serra J., Roca E., 2010). Likewise, at present
the European Union considers that it is more important to develop techniques stemming from
nature-based solutions (known as NBS), combining green infrastructures with classic infrastructures
whenever necessary.
In this point, the coastal management approach includes integrating and coordinating the policies
carried out by the different public and private stakeholders, by way of rational planning and a
continuous and dynamic integrated management process. Integrated Coastal Management (ICM) or
Integrated Coastal Zone Management (ICZM) becomes the key for linking the policies with everything
we can ascertain, with facts, is being subjected to regulation. And only the participation of the
affected people, the dissemination of coastal aspects that are relevant for the population,
transparency and access to information can guarantee the efficiency of this management, legitimise
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the proposed adaptation measure and the actions to be carried out, as well as generate the
necessary trust in the interventions.
It is necessary to use the experience of other wet areas, such as the Netherlands or the Mississippi
Delta, as a reference. In these places they have stopped solely relying on rigid barriers and have
started to apply nature-based solutions and, in some cases, a managed retreat of the coast, leaving
free spaces, beach systems and wetlands that act as a natural defence to stop floods. Along these
lines, the third measure considered in the Ebro Delta is directed towards recovering this natural
protective function offered by coastal systems, maintaining the existing sand dunes, creating new
beach-dune-wetland-dune systems that extend along the entire coast and working with natural
solutions, in order to stabilise the land.
The main goals considered are: 1) achieve a wider beach, which does not prevent its natural
dynamics 2) ensure a buffer system against storms 3) protect against sea level rise 4) create a flora
and fauna ecosystem 5) increase the system’s resilience to future situations that are difficult to
foresee 6) discuss the proposed actions and create trust among the affected people.
At the moment, the maximum responsibility for coastal management corresponds to the Spanish
ministry of Agriculture and Fisheries, Food and Environment. The main aim of the DirectorateGeneral for Coast and Sea Sustainability is to protect the coastal and marine environment, as well as
guarantee its free, public and gratuitous use through the Spanish Coastal Act (22/1988), modified by
Act 2/2013, on the protection and sustainable use of the coast, as the primary regulatory
frameworks. It is not difficult to sense that these rules, which regulate the coast like a geographical
narrow stretch of land, are far from useful for the development of an integrated management of
coastal zones that makes up the pivotal element for its sustainable development in the 21 st century.
An excessive fragmentation of responsibilities, too much enthusiasm when using the coast for
recreational purposes and keeping away from international recommendations are the evils of our
coastal management (Romagosa F., 2016).
However, it is worth noting that the current Statute of Autonomy of Catalonia extends the
government of Catalonia’s scope of competence, by incorporating the management of land and sea
of public domain, among other matters. The orchestration of new specific legal instruments
translates into the Draft Bill on coastal development, currently in process, which has to enable the
integrated management of coastal zones.
the actions to be performed in this measure are defined as follows:
 Recover a beach that is wide enough to respond to storms and sea level rise.
 Create and promote sand dune systems and spits that guarantee the free movement of sand.
 Recover wetlands and lagoons as biodiversity elements, so as to protect the coastline and favour
accretion and carbon sequestration.
 Execute affordable flexible protection actions, which respond to natural solutions and have a low
environmental impact.
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 Execute construction projects to build elevated coastal protection footpaths in the bays of Alfacs
and Fangar (coastal footpaths).
 Recover a secondary arm of the river, with the renaturalisation of habitats and the creation of a
green corridor to be used by citizens and tourists.
 Improve the quality of the water in the bays of Fangar and Alfacs.
 Improve green filter management and regulate the effluents that empty into the lagoons and
bays.
 Monitor the subsidence and geodynamics of the coastal front, bays and lagoons.
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7.4. MEASURE D.1: Optimise greenhouse gas emissions, carbon sequestration and
removal of nutrients in the rice fields in the Delta, improve farming conditions and
increase the product’s added value.
The Life Ebro Admiclim project included an assessment of the greenhouse gases produced by the rice
fields, according to farming practices and characteristics of the fields.
Field studies in the paddies and the application of different farming practices during harvest and
postharvest have also enabled us to know which water management practices and other farming
practices minimise greenhouse gas emissions without affecting either rice production or biodiversity.
The results obtained become the basis to establish a useful emission management instrument for the
rice production sector.
Beyond mitigating net emissions from rice fields, this measure also integrates actions linked to the
adaptation of majority crops in the Delta in view of the new conditions derived from climate change,
as well as new opportunities and quality and brand strategies to increase the rice’s added value.
The actions to be performed within the rice production framework are defined as follows:
 Modify the rice field flooding pattern and make changes in water management: intermittent
irrigation.
 Conduct pilot tests and monitor farming practices related to fertilisation, manage organic matter
after harvest and use machinery to determine the possible reduction or increase of emissions,
timing and/or optimum quantity.
 Apply management measures that prevent or minimise salinization, erosion and the loss of
organic matter in the soil.
 Analyse the feasibility and crop conditions to plant rice with the dry sowing method.
 Develop rice varieties with improved salt tolerance.
 Conduct pilot tests and model the incorporation of organic and inorganic matter in the soil, based
on sediment deposits transported by the canals.
 Encourage the modernisation of irrigation infrastructures, adapting them to sea level rise and the
transport of sediment, promoting drainage sectionalisation and changes in the location of
pumping stations whenever necessary.
 Condition the irrigation infrastructure that connects the river to Canal Vell Lagoon and the bay,
subsequently improving the freshwater supply.
 Analyse the potential for using renewable energies in irrigation infrastructures, either as an
improvement opportunity or a mechanism to respond to new water pumping requirements.

 Establish informational workshops addressed to the agricultural sectors, with the purpose of
encouraging users to transfer their knowledge, technology and management measures.
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7.5. MEASURE D.2: Incorporate the impacts and risks derived from climate change in the
definition of the policies that have to guide the different socioeconomic sectors
Due to the general nature of the last measure, it integrates a higher number of actions, which have
to enable each one of the socioeconomic sectors in the territory to adapt to the new reality caused
by climate change. Looking at the impacts and risks, described in detail in the first sections of this
document, it is evident that all the stakeholders need to become involved and each one has to do
what they can in their own field to accomplish the common goal to reduce vulnerability.
In this regard, Chapter III of the recently approved Act 16/2017, of 1 August, on climate change, is
dedicated to sectoral policies. It establishes a specific legal framework that has to be able to fully
develop all the aspects that, in matters concerning climate change policies, have to guide the actions
of institutions, society and the different economic sectors. The complex and cross-cutting nature of
climate change involves areas and spheres such as agriculture, livestock farming, fishing and
aquaculture, shellfish production, water resources, energy, urban planning, mobility, health, tourism,
industrial sectors, infrastructure, forest management and civil protection.
For each one of the socioeconomic sectors existing in the scope of the Ebro Delta there is a range of
possible mitigation and adaptation actions to be developed, which need to be executed insofar as it
is permitted by dialogue and working together.
The actions defined a priori in this second measure are specified below:
 Adhesion of all the Ebro Delta municipalities to the Covenant of Mayors and preparation of the
corresponding Sustainable Energy and Climate Action Plans (SECAP).
 Adapt urban development to the Delta’s vulnerability and include the impacts and risks derived
from climate change in the urban planning of the territory.
 Define specific emergency plans against extreme meteorological phenomena.
 Ensure the population in risk of exclusion has access to basic water and energy services.
 Define plans for a more efficient urban water use.
 Establish drinking water surveillance and monitoring systems.
 Promote proximity-based marketing and traditional commerce.
 Promote programmes to monitor the marine, deltaic and river environments: climate indicators,
productive and invasive species and impacts of climate change on the ecosystem.
 Change the paradigm of fishing activity management, with resource management that takes an
ecosystemic approach, and based on sustainability criteria.
 Encourage low impact fishing methodologies.
 Include climate impacts in fishing and aquacultural sectoral management plans.
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 Encourage new fishing and aquacultural techniques.
 Adapt tourist resources and changes in the promotion and target audience strategy.
 Promote the diversification of tourist activities with the aim of offering fewer climate-dependant
proposals: cultural, family, business, sports, gastronomic offers, etc.
 Boost the deseasonalisation of tourist activities, promoting two seasons: spring and autumn.
 Define and promote climate change mitigation measures in socioeconomic sectors (fishing and
aquaculture, industry, services, commerce, tourism, mobility and maritime transport, farming
machinery, urban planning and housing, natural spaces and waste management).
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8. Table showing the relationship between challenges, measures and actions

CHALLENGES
A. Actively involve all the social
and economic stakeholders, and
all the administrations concerned
in the territory’s sustainable
development
B. Achieve the necessary balance
and level of agreement between
the different interests and views
existing in the Delta

C. Reduce vulnerability and
ensure the longevity of both the
physical and natural
environments, and the
socioeconomic environment that
supports the Delta

MEASURES

ACTIONS

AB.1. Put an end to individualism
and foster a common project by
and for the territory; a project
agreed and assumed by all the
stakeholders, which can be used
to define a new governance
model

 Establishment of the Ebro Delta Stakeholders’ Working Group, which could easily be assumed by the
Sustainability Commission of the Terres de l'Ebre (CSTE).

C.1. Implement environmental
flow rates in the River Ebro, so as
to maintain the structure and
functioning of the river and its
estuary, and restore sedimentary
flow.

 Implementation of a variable environmental flow regime in the Ebro Basin Hydrological Plan that is
capable of maintaining the good performance of the river and its estuary.
 Analysis and modelling of the Ebro and irrigation canals’ capacity to transport sediment.
 Characterise the sediment retained in reservoirs, in order to determine practices that can make use of
downstream waters and estimate the retained volume in the reservoir storage area.
 Draw up a Comprehensive Plan for Ebro Basin Sediment Management and conduct a pilot test for
transferring sediment to the Riba-roja reservoir.
 Request Spain to perform an independent inspection of all the mechanisms, particularly of the bottom
outlets of the dams in Mequinensa, Riba-roja and Flix.
 Request the competent institutions to review the dam management action protocols and the integrated
environmental authorisations.
 Request the competent institutions to set in motion the review files of the hydroelectric power station
concessions located in Mequinensa, Riba-roja and Flix.
 Recovery of the colmatage policy in the Ebro Delta.
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CHALLENGES

MEASURES

C.2. Recover the protective
function of coastal systems and
work together with natural
processes to mitigate sea level
rise and coastline regression

D. Give priority to an economic
basis that promotes quality
rather than quantity in all
productive sectors.

D.1. Optimise greenhouse gas
emissions, carbon sequestration
and removal of nutrients in the
rice fields in the Delta, improve
farming conditions and increase
the product’s added value.

ACTIONS
 Recover a beach that is wide enough to respond to storms and sea level rise.
 Restore, create and promote sand dune systems and spits that guarantee the free movement of sand.
 Recover wetlands and lagoons as biodiversity elements, so as to protect the coastline and favour
accretion, carbon sequestration and improve water quality.
 Execute flexible protection actions that reproduce natural solutions, of a small magnitude and low
environmental impact.
 Execute construction projects to build elevated coastal protection footpaths inside the bays of Alfacs and
Fangar (coastal footpaths).
 Recover a secondary arm of the river, with the renaturalisation of habitats and the creation of a green
corridor to be used by citizens and tourists.
 Improve the quality of the water in Fangar Bay.
 Improve green filter management and regulate the effluents that empty into the lagoons and bays.
 Monitor the subsidence and geodynamics of the coastal front, bays and lagoons.
 Modify the rice field flooding pattern and make changes in water management: intermittent irrigation.
 Conduct pilot tests and monitor farming practices related to fertilisation, manage organic matter after
harvest and use machinery to determine the possible reduction or increase of emissions, timing and/or
optimum quantity.
 Apply management measures that prevent or minimise salinization, erosion and the loss of organic
matter in the soil.
 Analyse the feasibility and crop conditions to plant rice with the dry sowing method.
 Develop rice varieties with improved salt tolerance.
 Conduct pilot tests and model the incorporation of organic and inorganic matter in the soil, based on
sediment deposits from the canals.
 Encourage the modernisation of irrigation infrastructures, adapting them to sea level rise and the
transport of sediment, promoting drainage sectionalisation and changes in the location of pumping
stations whenever necessary.
 Condition the irrigation infrastructure that connects the river to Canal Vell Lagoon and the bay,
subsequently improving the freshwater supply.
 Analyse the potential for using renewable energies in irrigation infrastructures, either as an
improvement opportunity or a mechanism to respond to new water pumping requirements.
 Establish informational workshops addressed to the agricultural sectors, with the purpose of
encouraging users to transfer their knowledge, technology and management measures.
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CHALLENGES

MEASURES

ACTIONS

D.2. Incorporate the impacts and
risks derived from climate change
in the definition of the policies
that have to guide the different
socioeconomic sectors

 Adhesion of all the Ebro Delta municipalities to the Covenant of Mayors and preparation of the
corresponding Sustainable Energy and Climate Action Plans (SECAP).
 Adapt urban development to the Delta’s vulnerability and include the impacts and risks derived from
climate change in the urban planning of the territory.
 Define specific emergency plans against extreme meteorological phenomena.
 Ensure the population in risk of exclusion has access to basic water and energy services.
 Definition of plans for a more efficient urban water use.
 Establish drinking water surveillance and monitoring systems.
 Promote proximity-based marketing and traditional commerce.
 Promote programmes to monitor the marine, deltaic and river environments: climate indicators,
productive and invasive species and impacts of climate change on the ecosystem.
 Change the paradigm of fishing activity management, with resource management that takes an
ecosystemic approach, and based on sustainability criteria.
 Encourage low impact fishing methodologies (traditional methods, such as longline fishing).
 Include climate impacts in fishing and aquacultural sectoral management plans.
 Encourage new fishing and aquacultural techniques.
 Adapt tourist resources and changes in the promotion and target audience strategy.
 Promote the diversification of tourist activities with the aim of offering fewer climate-dependant
proposals: cultural, family, business, sports, gastronomic offers, etc.
 Boost the deseasonalisation of tourist activities, promoting two seasons: spring and autumn.
 Define and promote climate change mitigation measures in socioeconomic sectors (fishing and
aquaculture, industry, services, commerce, tourism, mobility and maritime transport, farming
machinery, urban planning and housing, natural spaces and waste management).
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9.

Fact sheets of the Climate Actions in the Ebro Delta

MEASURE AB.1: PUT AN END TO INDIVIDUALISM AND FOSTER A COMMON PROJECT BY AND
FOR THE TERRITORY; A PROJECT AGREED AND ASSUMED BY ALL THE STAKEHOLDERS, WHICH
CAN BE USED TO DEFINE A NEW GOVERNANCE MODEL

ACTION 1. Establishment of the Ebro Delta Stakeholders’ Working Group, which could easily be
assumed by the Sustainability Commission of the Terres de l'Ebre (CSTE)
The high complexity of the Ebro Delta, where there are different points of view
and interests, and the standardised mass of people who fail to discuss the
matter and reach agreements, is shouting out for a change in political
behaviour and an improvement in governance practices.

Description

The establishment of an Ebro Delta Stakeholders’ Working Group, which
represents all the territory’s voices, has to provide an appropriate space for
coordination, transparency and debate. It must become a meeting place where
people at all times may discuss, agree and set strategies and actions to be
undertaken, as well as monitor them.
This measure intends to encourage the different stakeholders to assume the
responsibility to find consensual and compatible solutions and, in conclusion,
offer them the opportunity to work together and provide them with the
indispensable comprehensive view of the territory.

Challenges to be tackled

Actively involve all the social and economic stakeholders, and all the
administrations concerned in the territory’s sustainable development, by
means of a transparent and participatory process that helps improve the way
to govern, keeping away from dogmatisms.
Achieve the necessary balance and level of agreement between the different
interests and views existing in the Delta.

Location

Benefits

The entire Ebro Delta territory.
The Stakeholders’ Working Group should be able to resolve the shortcomings
in the dynamics of relationship and governance between the public and private
sector, and between bodies of a same sector that historically has been known
for its lack of cooperation and dialogue.
This working area needs to include aspects related to the Climate Action in the
Ebro Delta document and new situations caused by climate change and global
change, promote the implementation of adaptation and mitigation measures,
as well as strengthen the flexibility of decision-taking processes.
The adoption of certain policies is a lengthy process.

Difficulties and potential
conflicts/negative impacts

Trend towards individualism and a low degree of cooperation at both a
sectoral level and between the different sectors and public administrations.
The absence of a common project that has been agreed upon and assumed by
all the stakeholders, which defines a territorial development model.
Given the social distrust of some stakeholders of authorities and the eventual
impact on individual interests, it might be difficult to successfully involve all the
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relevant stakeholders.
The success of the action resides on the willingness of practically all the
stakeholders to join the Stakeholders’ Working Group and the legal standing of
the participation process.
Implementation horizon

Short (<2 years).

Stakeholders involved

Spanish Ministry of Agriculture and Fisheries, Food and Environment
(MAPAMA), Catalan ministry of Territory and Sustainability, Catalan ministry of
Agriculture, Livestock, Fisheries and Food, Catalan Office for Climate Change
(OCCC), Catalan Water Agency (ACA), Ebro Hydrographic Confederation (CHE),
Institute for the Development of the Ebre Districts (IDECE), Consortium for
Environmental Policies in Terres de l’Ebre (COPATE), Ebro Delta Natural Park,
local entities (local and regional councils), provincial council of Tarragona,
research groups (IRTA, CIIRC, UPC, Ebro Observatory), economic sphere
(communities of farmers with irrigation rights, rice farmers, fishermen,
aquaculture farmers, salt mines, industrial sector, tourist sector), citizen
platforms and NGOs.

Entities in charge

Catalan ministry of Territory and Sustainability.

Specific examples

-

Water Users Community from the Coastal Plain of the Muga
Tordera Delta working group.
Ter Working Group
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MEASURE C.1: IMPLEMENT ENVIRONMENTAL FLOW RATES IN THE RIVER EBRO, SO AS TO
MAINTAIN THE STRUCTURE AND FUNCTIONING OF THE RIVER AND ITS ESTUARY, AND
RESTORE SEDIMENTARY FLOW.

ACTION 1. Implementation of a variable environmental flow regime in the Ebro Basin
Hydrological Plan that is capable of maintaining the good performance of the river and its
estuary
The regulatory provisions set forth in the Ebro Basin Hydrological Plan (20152021) establishes a minimum ecological flow rate in the river Ebro when it
3
passes through Tortosa under normal conditions of 3,009.9 hm /year and in
3
the mouth, 3,370.0 hm /year. Even though these flow rates increase with two
3
specific floods of 1.000-1.500 m /s to renaturalise the regime and particularly
reduce the invasion of macrophytes, the studies commissioned by the
government of Catalonia conclude that a much higher ecological flow rate is
necessary.

Description

On 25 June 2015, the Sustainability Commission of the Terres de l'Ebre (CSTE)
approved a proposal for ecological flow rates for the lower course of the Ebro
and the Delta, with differentiated proposals for dry, normal and wet years.
According to studies that have been submitted, the ecological flow rate for a
3
3
dry year should be 5,871 hm /year; for a normal year, 7,732 hm /year; and for
3
a wet year, 9,907 hm /year. The document also includes a proposed minimum
flow rate for exceptional circumstances in cases of prolonged drought, with
3
3,518 hm /year. The Catalan Parliament approved the proposal, which was
submitted as an allegation by the government of Catalonia, through the ACA,
so it could be included in the review of the Ebro Basin Hydrological Plan.
Within the context of the implementation of the Water Framework Directive, it
is essential to guarantee a maintenance flow rate that permits the functionality
of aquatic ecosystems; a fact that is even more relevant in the Ebro in order to
slow down the regression of the Delta. First of all the ecological flow rate has
to be set and then the water has to be allocated for other uses. Even though
Royal Legislative Decree 1/2001, of 20 July, approving the consolidated text of
the Water Act, sets forth that ecological flow rates or environmental demands
are not considered use and must be considered as a generally imposed
restriction on exploitation systems, the real situation in the Autonomous
Regions of the Ebro basin is completely different, and the ecological flow rate
is set from the water that is left after the reserves have been allocated, usually
for irrigation purposes. Added to this fact is reservoir management, with a
clear prevalence of hydroelectric production. It is therefore indispensable to
change the water and sediment management model for basin plans that are
coherent with European regulations that integrate ecological, scientific,
economic and social aspects.

Challenges to be tackled

Reduce vulnerability and ensure the longevity of both the physical and natural
environments, and the socioeconomic environment that supports the Delta.

Location

Reservoirs and river courses, especially in the lower stage of the basin.
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Benefits

Guarantees the river’s good environmental status, especially in the lower
course; mitigates the effects of subsidence and regression of the Delta;
prevents excessive soil salinization and slow down the salt wedge; reduces the
concentration of pollutants; ensures freshwater and nutrients reach the
mouth; places priority on economic activities such as fishing and aquaculture.
The need to increase flow rates in the lower course is one of the territory’s
historical claims, with which there is wide agreement.
Disputes related to the allocation of water reserves in the upper part of the
basin.

Difficulties and potential
conflicts/negative impacts

New irrigation plans (increased irrigation surface).

Implementation horizon

Short (<2 years).

Stakeholders involved

Ebro Hydrographic Confederation (CHE), Catalan ministry of Territory and
Sustainability, Catalan Water Agency (ACA), Sustainability Commission of the
Terres de l'Ebre (CSTE), Spanish ministry of Agriculture and Fisheries, Food and
Environment (MAPAMA).

Entities in charge

Ebro Hydrographic Confederation (CHE), while it is the competent body in the
administration and regulation of water and the hydraulic structures of the Ebro
basin and its tributaries.

Specific examples

-

This measure, considered indispensable, will only be feasible with the
involvement of the Ebro Hydrographic Confederation, while this body has full
authority over the Catalan part of the Ebro Hydrographic Demarcation.

Sectoral plan for flow rate maintenance of the internal basins in Catalonia.

75

Climate Actions for the Ebro Delta (ACDE)

ACTION 2. Analysis and modelling of the capacity of the River Ebro and the irrigation canals to
transport sediment
Sediment retention in the Ebro basin reservoirs (nearly 99%) lead to coastline
regression and cause the deltaic plain to sink faster. These effects are made
worse by sea level rise. In view of this scenario, it is essential to restore the
flow of river sediment towards the sea and the Delta. The arrival of sediments
would generate soil that would maintain the height of the deltaic plain and,
insofar as possible, slow down coastal erosion.
At the moment, 100,000 tonnes of sediment reach the mouth every year, less
than 1% of the volume that used to arrive before the reservoirs were built.
Studies conducted by the UPC and IRTA demonstrate that a minimum annual
deposit until 2100 of 1.2 million tonnes of sediments would be sufficient to
confront the combined threat of subsidence and sea level rise. In the event sea
level rise were higher than 53 cm, every year between 2.5 and 3.5 million
tonnes of sediment would have to be deposited to maintain the height. It has
to be born in mind that calculations estimate that Mequinensa reservoir
receives two million tonnes of sediment per year.

Description

Within the framework of the Life Ebro Admiclim project, several sediment
injection pilot tests have been performed in the lower course of the River Ebro
and the Delta irrigation canal network. In the first case, actions have been
carried out in two stretches of the river (at the height of Móra d’Ebre and from
Benifallet to the Assut (weir) of Xerta) to determine the River Ebro’s capacity
to transport sediment (sand and silt) as far as the deltaic plain and the sea.
Thanks to this test, it has been possible to determine the typology of sediment
that the river can transport according to the different flow rates as well as
calibrate conceptual water and sediment transport models.
In the second case, sediment from the river has been injected on a sporadic
basis, after previously subjecting it to a purification treatment in the CAT plant.
The goal of this pilot test is to assess the feasibility of reinjecting sediment into
the irrigation network, with the aim of removing the sludge generated in the
plant and reconvert it into a resource that contributes to climate change and
also assess the capacity to transport and distribute sediment via the irrigation
canal network and deposition rates in the rice fields (see Action C.1.8.). It has
been proven that this sediment injection is feasible and efficient, and does not
affect production of the rice fields. Consequently, a system has been designed
to reinject 1.000 t/year of inert mud coming from the facilities of the
Tarragona Water Consortium (CAT).

Challenges to be tackled

Reduce vulnerability and ensure the longevity of both the physical and natural
environments, and the socioeconomic environment that supports the Delta.

Location

Reservoirs, river courses and irrigation canal network in the lower stage of the
basin.

Benefits

Makes use of residue generated in the water treatment plant to mitigate the
sinking of the deltaic plain.
The need to recover sedimentary flow in the lower course of the river is one of
the territory’s historical claims, with which there is wide agreement.
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-

In the event of clogging, it would imply cleaning the canals with mechanical
means
This measure, considered indispensable, will only be feasible with the
involvement of the Ebro Hydrographic Confederation, while this body has
full authority over the Catalan part of the Ebro Hydrographic Demarcation.

Difficulties and potential
conflicts/negative impacts

-

Implementation horizon

Short (<2 years).

Stakeholders involved

Ebro Hydrographic Confederation (CHE), Spanish ministry of Agriculture and
Fisheries, Food and Environment (MAPAMA), Catalan ministry of Territory and
Sustainability, Catalan Water Agency (ACA), Geological and Cartographic
Institute of Catalonia (ICGC), Sustainability Commission of the Terres de l'Ebre
(CSTE), research groups (IRTA, UPC), communities of farmers with irrigation
rights, Ascó Nuclear Power Station, Tarragona Water Consortium (CAT),
ENDESA.

Entities in charge

Research groups (IRTA, UCO, UPC).
-

-

Specific examples
-

-

The report Sediment Issues and Sediment Management in Large River
Basins. Interim Case Study Synthesis Report, published by the International
Sediment Initiative (ISI) of the UNESCO, provides examples of sediment
management in different large river basins around the world: Hai and Liao
rivers and the basin of the Yellow River (China), the Rhine basin, Volga
basin, Mississippi basin and Nile basin.
The report Sustainable sediment management in reservoirs and regulated
rivers: Experiences from five continents, published by the United States
Agency for International Development. Regional Development Mission for
Asia (USAID/RDMA) provides examples of sediment management in
different reservoirs and regulated rivers around the world.
In China, there are numerous examples of sediment management in
reservoirs: Sanmenxia and Xiaolangdi dams, Yellow River; Three Gorges
Dam, Yangtze River; Zhuwo reservoir, Pearl Lake; Hengshan Reservoir,
Wuxi River.
Sediment management in the basins of the Ain, Durance and Fontaulière,
rivers, France.
The Ebro Hydrographic Confederation (CHE) repaired the lower floodgates
of the Barasona-Joaquín Costa Reservoir (Aragón), and it makes them work
regularly.
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ACTION 3. Characterisation of the suitability of the sediment retained in reservoirs, so as to
determine practices that can make use of downstream waters.
Although the regression of the Ebro Delta is no longer reversible with
preventive reservoir management alone, by no means is it less important.
Consequently, corrective action has to be requested.
Sedimentary dynamics and the distribution of sand, silt and clay in the Ribaroja and Mequinensa reservoirs are not the same; they depend on the
management of the reservoirs themselves. For this reason that, a priori, it is
indispensable to characterise the sediments, not only as regards quantity and
spatial distribution, but also in relation with its physico-chemical
characteristics. At the end of 2009, at the request of the Ebro Hydrographic
Confederation, the UPC and UB submitted the study titled Dinàmica
sedimentària i batimetria de precisió de l’embassament de Riba-roja, which
was the first step for analysing the practical application of retained material.
However, it is not only necessary to know the characteristics of the retained
sediments, the appropriate mechanisms must also be established for making
them available to the river in significant quantities in a sustained, proportional
and sufficient manner.
Description

Preventive management implies studying, modelling and planning, in order to
know the production and type of sediment and inlets, as well as the kind of
reservoir management required to enable periodical evacuation. Corrective
management implies sediment extraction, whether by hydraulic methods
(controlled flooding, event management, periodical emptying), mechanical
methods (dredging, excavation, aspiration) or structural methods (improve
evacuation systems, increase outlet capacity).
On the bottom of the Riba-roja reservoir there are 30 million tonnes of
sediment, and it is indispensable to agree upon the most suitable options for
taking advantage of them, whether it is by releasing water or using the
turbulent waters that arrive with the floods. Nevertheless, it must be taken
into account that this measure is contingent upon totally removing the
polluting sludge from Flix reservoir.
The results obtained from the Actions C.1.2. (Analysis and modelling of the
River Ebro’s capacity to transport sediment from the reservoirs) and C.1.3..
(Characterisation of the suitability of the sediment retained in reservoirs, so as
to determine practices that can make use of downstream waters) must enable
the establishment of mechanisms for conducting a pilot test of controlled
sediment transfer from Riba-roja reservoir to the river mouth.

Challenges to be tackled

Reduce vulnerability and ensure the longevity of both the physical and natural
environments, and the socioeconomic environment that supports the Delta.

Location

Reservoirs in Mequinensa, Riba-roja and Flix.

Benefits

Recovers the sedimentary balance produced by the dynamics of the river and
counterbalances the hydraulic regulation and consequent retention of
sediments in the reservoirs.
The use of sediment would also benefit the reservoirs themselves, which
would increase their storage capacity.
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The need to recover sedimentary flow in the lower course of the river is one of
the territory’s historical claims, with which there is wide agreement.

Difficulties and potential
conflicts/negative impacts

Conflicts related to the current reservoir management and the prevalence of
hydroelectric production, as making use of the retained sediment could imply
stopping hydroelectric activity.
Potential toxicity of the sediments retained in the reservoirs. This measure
implies completely decontaminating the polluted sludge in Flix reservoir.

Implementation horizon

Short (<2 years).

Stakeholders involved

Ebro Hydrographic Confederation (CHE), Catalan ministry of Territory and
Sustainability, Catalan Water Agency (ACA), Geological and Cartographic
Institute of Catalonia (ICGC), Sustainability Commission of the Terres de l'Ebre
(CSTE), research groups (IRTA and universities).

Entities in charge

Ebro Hydrographic Confederation (CHE), Spanish ministry of Agriculture and
Fisheries, Food and Environment (MAPAMA), Catalan Water Agency (ACA),
research groups (IRTA and universities).
-

-

Specific examples
-

-

The report Sediment Issues and Sediment Management in Large River
Basins. Interim Case Study Synthesis Report, published by the International
Sediment Initiative (ISI) of the UNESCO, provides examples of sediment
management in different large river basins around the world: Hai and Liao
rivers and the basin of the Yellow River (China), the Rhine basin, Volga
basin, Mississippi basin and Nile basin.
The report Sustainable sediment management in reservoirs and regulated
rivers: Experiences from five continents, published by the United States
Agency for International Development. Regional Development Mission for
Asia (USAID/RDMA) provides examples of sediment management in
different reservoirs and regulated rivers around the world.
In China, there are numerous examples of sediment management in
reservoirs: Sanmenxia and Xiaolangdi dams, Yellow River; Three Gorges
Dam, Yangtze River; Zhuwo reservoir, Pearl Lake; Hengshan Reservoir,
Wuxi River.
Sediment management in the basins of the Ain, Durance and Fontaulière,
rivers, France.
The Ebro Hydrographic Confederation (CHE) repaired the lower floodgates
of the Barasona-Joaquín Costa Reservoir (Aragón), and it makes them work
regularly.
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ACTION 4. Draw up a Comprehensive Plan for the Ebro Basin Sediment Management and
conduct a pilot test for transferring sediment to the Riba-roja reservoir.
The Ebro Delta is considered to be one of the most vulnerable territories to
climate change and, at the same time, it receives the effects of actions and
pressure from higher sections of the basin. The fragmentation of
competencies, the high number of stakeholders and the basin management
carried out until now makes it difficult to obtain a comprehensive view of the
area.
In order to recover sedimentary balance and, consequently, an ecological
balance, as well as ensure the economic sustainability of this part of the
territory requires considering comprehensive solutions that are planned with
the entire basin in mind.
Description

This measure proposes placing priority on a specific process to draw up a
Comprehensive Sediment Management Plan that, with the results of the
actions described above, makes it possible to design and implement the
necessary mechanisms for recovering the sedimentary balance that
corresponds to the river’s natural dynamics. The future Plan should consider all
the variables related to sedimentary balance (sediment transport,
hydrodynamic flow regime of when releasing volume from the reservoirs,
sustainability of coastal ecosystems, effect of infrastructures on erosion and
siltation processes of river courses, riverbank forests, etc.).
This Plan must be included in a relevant and specific manner in the review of
the Ebro Basin Hydrological Plan (2021-2027), since suitable management of
sedimentary balance is a basic element, not only for accomplishing the targets
of the Water Framework Directive, but also for the Delta’s survival.

Challenges to be tackled

Reduce vulnerability and ensure the longevity of both the physical and natural
environments, and the socioeconomic environment that supports the Delta.

Location

Ebro Hydrographic Demarcation

Benefits

Recovers the sedimentary balance produced by the dynamics of the river and
counterbalances the hydraulic regulation and consequent retention of
sediments in the reservoirs.
Conflicts of interest related to the need to change the focus of the current
Ebro basin management.

Difficulties and potential
conflicts/negative impacts

Within the scope of the Ebro Delta there is a wide political, social and scientific
agreement as regards the inadequate current management of the sediment in
terms of the basin as a whole. However, this unit contrasts with the decisions
approved in the respective reviews of the hydrological plan, where not only
the interests of a further eight autonomous communities enter into play, but
also private interests, mostly related to irrigation and energy use.

Implementation horizon

Medium (<5 years).

Stakeholders involved

Ebro Hydrographic Confederation (CHE), Autonomous Regions of the Ebro
Basin, government of Catalonia, Catalan ministry of Territory and
Sustainability, Catalan Water Agency (ACA), Geological and Cartographic
Institute of Catalonia (ICGC), Sustainability Commission of the Terres de l'Ebre
(CSTE), IRTA, UCO, UPC, Ebro Observatory.
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Entities in charge

Specific examples

Spanish Ministry of Agriculture and Fisheries, Food and Environment
(MAPAMA).
-

Nile Basin Initiative.
Legal and administrative structures for sediment management in the
basins of the Hai and Liao rivers and Yellow River, Rhine and Volga.
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ACTION 5. Request the Spanish state to perform an independent inspection of all the
mechanisms, particularly of the bottom outlets of the dams in Mequinensa, Riba-roja and Flix
Reservoir management is regulated by the Directive for projects, construction
and operation of large dams, approved by the Order issued by the ministry of
Public Works on 31 March 1967, still in force; the Technical Regulations for the
safety of dams and reservoirs, approved by Order of the ministry of Public
Works, Transport and Environment on 12 March 1996; and Royal Decree
9/2008, of 11 January, amending the Regulation on Hydraulic Public Property.
According to the latter, the Technical Safety regulations accurately define the
obligations that have to be fulfilled by dam owners (ENDESA GENERACIÓN,
S.A.) and the competent public authority, as the final guarantor of the
functioning of the safety system, is responsible for verifying that the owner has
complied with its duties.
Description

Pursuant to the basic Civil Protection Directive, and as evidenced in the
technical data sheet of the State Inventory of dams and reservoirs, the Ribaroja and Mequinensa dams are classified as Category A, according to their
potential risk; that is, dams whose breakage or misoperation could seriously
affect urban centres or essential services, or cause very important material or
environmental damage.
Added to this classification is the progressive technical and structural ageing of
the dams, which were completed in 1948 (Flix), 1964 (Mequinensa) and 1969
(Riba-roja) and are therefore at least 50 years old. Furthermore, it is necessary
to take into account that the bottom floodgates of Riba-roja and Mequinensa
reservoirs have not been opened since they were built; therefore, it would
appear that the rules that regulate its management are not being fulfilled.

Challenges to be tackled

Reduce vulnerability and ensure the longevity of both the physical and natural
environments, and the socioeconomic environment that supports the Delta.

Location

Reservoirs in Mequinensa, Riba-roja and Flix.

Benefits

Ensures dam mechanisms are in good condition and safety systems are in
working order.

Difficulties and potential
conflicts/negative impacts

Conflicts related to the current reservoir management and the prevalence of
hydroelectric production.

Implementation horizon

Medium (<5 years).

Stakeholders involved

Spanish Ministry of Agriculture and Fisheries, Food and Environment
(MAPAMA), Ebro Hydrographic Confederation (CHE).

Entities in charge

Ebro Hydrographic Confederation (CHE), while it is the competent body in the
administration and regulation of water and the hydraulic structures of the Ebro
basin and its tributaries.

Specific examples

-

Repair the bottom outlet gates of the Valmayor dam (Madrid).
Emergency works on the bottom outlets of the Guiamets dam (Tarragona).
Replace the spillway gates of the Camporredondo dam (Palencia).
Works to replace elements of the outlet closing system of the Compuerto
dam (Palencia).
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ACTION 6. Request the competent institutions to review the dam management action protocols
and the integrated environmental authorisations.
ACTION 7. Request the competent institutions to set in motion the review files of the
hydroelectric power station concessions located in Mequinensa, Riba-roja and Flix.
The operation of the dams and reservoirs in Mequinensa, Riba-roja and Flix is
developed under a concession, in accordance with Royal Legislative Decree
1/2001, of 20 July, approving the consolidated text of the Water Act, and the
water resources are mainly used to produce hydroelectric energy.

Description

According to studies conducted by Rovira i Virgili University (URV), the entire
Spanish electricity system is connected and production exceeds requirements.
At present, in Spain there are over 100,000 MW of power installed, with a
maximum historical demand of (2007) of around 45,000 MW. The electricity
system has been a net exporter of electricity since 2004 and hydroelectricity
only represents 17% of the total (the Mequinensa and Riba-roja hydroelectric
power stations represent a small part of this percentage). The data prove that
there would be no problems with electricity supply if the power stations
stopped operating during water release activities.
th

Nevertheless, since the end of the 20 century, different studies have brought
to light the important environmental impacts arising from hydroelectric power
stations and reservoirs.
As a result, it would not only be necessary to examine the environmental
impact of the Mequinensa - Riba-roja - Flix system and the remaining
reservoirs in the basin, taking into account the increasing subsidence rates,
regression of the Delta and impacts of climate change and global change, it is
also important to review the concessions of the power stations located in
these reservoirs, imposing new and necessary determining factors related to
the environment when managing the use of water resources and, at the same
time, prohibit the construction of new structures upstream that could become
an obstacle for the mobility of sediments.
Challenges to be tackled

Reduce vulnerability and ensure the longevity of both the physical and natural
environments, and the socioeconomic environment that supports the Delta.

Location

Reservoirs in Mequinensa, Riba-roja and Flix.

Benefits

Ensures compliance with the necessary measures to guarantee the protection
of the Ebro Delta.

Difficulties and potential
conflicts/negative impacts

Conflicts related to the current reservoir management and the prevalence of
hydroelectric production.

Implementation horizon

Medium (<5 years).

Stakeholders involved

Spanish Ministry of Agriculture and Fisheries, Food and Environment
(MAPAMA), Ebro Hydrographic Confederation (CHE).

Entities in charge

Ebro Hydrographic Confederation (CHE), while it is the competent body in the
administration and regulation of water and the hydraulic structures of the Ebro
basin and its tributaries.

Specific examples

---
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ACTION 8. Recovery of the colmatage policy in the Ebro Delta
The wetlands in the Delta began to be transformed into rice fields at the end of
th
the 19 century. The colmatage technique was used, which consisted in
transporting water and sediment to the irrigation canal network, fill the land
with mud, thus transforming it into rice fields. With the construction of
reservoirs at the end of the 1960s, practically all the sediment that used to be
transported by the river was retained in the dams.
A way to counterbalance the loss of capacity to fight against subsidence and
sea level rise is to restore, insofar as possible, the amount of river sediment
flowing towards the Delta, using the canal network to transport part of the
sediment to the deltaic plain.

Description

Within the framework of the Life Ebro Admiclim project, a pilot test has been
carried out to inject the mud generated in the water treatment plant of the
Tarragona Water Consortium (CAT) into the irrigation canal network of the
Delta. The purpose of this action was to assess the transport and distribution
capacity of the irrigation canals, know the sediment rates in rice fields and
model sediment transport.
Consequently, by recovering the colmatage method it is not only possible to
recover sedimentary flow, but also convert the mud generated in the CAT plant
into a resource that helps adapt the territory to climate change. The modelling
of sediment transport along the canals has made it possible to design a
continuous reinjection system of 1,000 t/year of inert mud coming from these
facilities.
The CAT is drawing up a project called PC27P. Projecte Constructiu d'aportació
de sediments de l'ETAP de l'Ampolla al Delta de l'Ebre. TM de l'Ampolla i
Amposta (Construction project for taking sediment from the Ampolla drinking
water treatment plant -ETAP, to the Ebro Delta). The execution of this project
will put Action B1 of the Life Ebro Admiclim project into practice. The purpose
of said action is to inject sediment into the Delta’s irrigation canals, which will
affect the sediment deposit in the Delta, albeit in a low percentage.

Challenges to be tackled

Reduce vulnerability and ensure the longevity of both the physical and natural
environments, and the socioeconomic environment that supports the Delta.

Location

Water treatment plant of Tarragona Water Consortium, irrigation canal
network and rice fields.

Benefits

Reduces the effects of subsidence and sea level rise in the deltaic plain.
Using the irrigation canal network to transport sediment and recovering the
old practice of colmatage requires the agreement of farmers with irrigation
rights.

Difficulties and potential
conflicts/negative impacts

At present, the communities of farmers with irrigation rights in the Ebro Delta
do not share the same opinion about which actions need to be undertaken to
prevent regression and subsidence. While one side defends the deposit of
water and sediments as a basic solution, the other is in favour of engineering
actions (Berga, 2017).

Implementation horizon

Short (<2 years).
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Stakeholders involved

Catalan ministry of Territory and Sustainability, Catalan ministry of Agriculture,
Livestock, Fisheries and Food, Catalan Water Agency (ACA), Geological and
Cartographic Institute of Catalonia (ICGC), communities of farmers with
irrigation rights, rice farmers, research groups (IRTA), Tarragona Water
Consortium (CAT).

Entities in charge

Communities of farmers with irrigation rights and the Catalan ministry of
Agriculture, Livestock, Fisheries and Food.

Specific examples

---
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MEASURE C.2: RECOVER THE PROTECTIVE FUNCTION OF COASTAL SYSTEMS AND WORK
TOGETHER WITH NATURAL PROCESSES TO MITIGATE SEA LEVEL RISE AND COASTLINE
REGRESSION

ACTION 1. Recover a beach that is wide enough to respond to storms and sea level rise
ACTION 2. Create and promote sand dune systems and spits that guarantee the free movement
of sand
The coastal zone is a dynamic area that is constantly changing. It is very
sensitive to weather conditions and there is a wide variety of biodiversity. In
ideal conditions, the natural functioning of the coast depends on the materials
carried by the river; sediments, especially sand, are transported by currents
along the coast and deposited on the beach by waves. Any change in
environmental conditions (currents, wave action, sea level, etc.) immediately
changes the characteristics of the beach, which the system itself is capable of
regulating: during the storm season there is a predominance of coastal erosion
periods, while the summer coincides with a period of recovery. Hence, one of
the beach’s functions is to provide protection, meaning that if there is a
sufficiently wide spit, the beach better resists the impacts of storms.

Description

Over the years, coastal dynamics have increasingly altered and human actions
is the main modifying element. Besides the drastic reduction in the volume of
sediment brought by the river, there are others pressures such as the
alteration of coastal dynamics, caused by defence works, breakwaters, dykes,
sewer pipes, etc., breakage and disappearance of the sand dune system,
changes in the territory for urban-planning reasons, new uses or the
disappearance of the prairies of marine phanerogams. As a result, the beaches
have gradually lost their natural defences and have undergone an important
degradation.
In this regards, the importance of the coastal dune system has to be
considered, not only for its relevant role as regards conservation of the
associated biodiversity, but also because of the functions it performs to
protect and conserve the sand on the beaches, as well as protecting the coast
by forming a barrier to prevent the sea from entering, and acting as screen to
soften sea winds. Sand dune ridges protect the seafront from erosion and
stabilise their profile, attenuating the erosive action of storms. Within a
context of global change, the conservation of the fore dunes and their sand
balance is a key mitigation element further inland of the possible effects of the
gradual sea level rise; as is the conservation of the different natural coastal
areas (coastal grasslands, lagoons, marshes, etc.).
The proposed actions are defined as follows:
1) Recover the beach on the deltaic seafront, basing its regeneration on
either using sand accumulated in other zones or by dredging it. Guarantee
a beach that is wide enough to increase resilience to sea level rise and
episodes of marine floods.
2) Formation of sand dunes in a beach-dune-march-dune system. Coastal
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ecology and sand dunes that face the mistral wind coming from the northwest must be considered, as the fore-dune development requires a wide
strip of land (approximately 200 m). This system could end on the side of
the land, with the construction of a rigid dune made of granular material.
Challenges to be tackled

Reduce vulnerability and ensure the longevity of both the physical and natural
environments, and the socioeconomic environment that supports the Delta.

Location

Coastline.

Benefits

The implementation of this strategy (together with Action C.2.3.) is one of the
basic aims of the comprehensive coastal zone management of the Delta. It
creates a buffer area that guarantees protection against the effects of storms,
sea level rise, floods and subsidence.
These actions are difficult to carry out as they imply occupying a strip of coast,
which would be added to the land and sea of public domain.

Difficulties and potential
conflicts/negative impacts

Linked to the difficulties related to this addition to the land and sea of public
domain is that the development of this action might not be accepted by the
public and/or private stakeholders that currently own this land.
Although the deltaic seafront is characterised by its relative naturality, thus
allowing the implementation of adaptation strategies, it is necessary to bear in
mind that the urban areas of Riumar and Eucaliptus represent two pressure
points and barriers to coastal dynamics on the seafront.

Implementation horizon

Short (<2 years).

Stakeholders involved

Tarragona Coastal Service (MAPAMA), Catalan ministry of Territory and
Sustainability, Geological and Cartographic Institute of Catalonia (ICGC),
research groups (CIIRC, UPC, IRTA), local entities (local and regional councils).

Entities in charge

Catalan ministry of Territory and Sustainability.

Specific examples

As part of the Life Pletera project in L’Estartit, for the deurbanisation and
restoration of Pletera's marsh, the document Restauració i gestió de sistemes
dunars. Estudi de casos (Restoration and management of the sand dune
systems. Case studies) was drawn up. It includes a series of examples of dune
restoration carried out in different parts of the Atlantic and Mediterranean
coasts and different countries (Spain, Portugal, Italy and France). Among which
the following are included:
- Dune fields on the coasts of Asturias, Cantabria and the Basque Country.
- Conservation and restoration of coastal dune habitats in Sardinia (Life +
Providune).
- Ecological restoration of coastal dunes on Guincho Beach (Portugal).
- Dune restoration on the Albufera wetlands in Valencia.
In Catalonia we also have several examples of dune restoration projects.
Including:
- Recovery of sand dune systems on the beaches of Castelló d’Empúries and
Sant Pere Pescador (Alt Empordà), and Torroella de Montgrí and Pals (Baix
Empordà).
- Dune recovery project on Platja Llarga in Tarragona.
- Recovery of the sand dune system on Castelldefels Beach.
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ACTION 3. Recover wetlands and lagoons as biodiversity elements, so as to protect the coastline
and favour accretion and carbon sequestration.

Description

Between 2009 and 2011, the Aquatic Ecosystems Programme of the IRTA drew
up the project called Desenvolupament de tècniques per compensar la
subsidència i la pujada del nivell del mar a les costes i als aiguamolls del Delta
de l’Ebre (Development of techniques for compensating subsidence and sea
level rise on the wetland coasts of the Ebro Delta). One of the conclusions of
the study was that most of the wet areas in the Delta that are connected to
river and sea environments show that the vertical growth of the land is
sufficient (throughout this century) to cope with the risk of floods caused by
subsidence and sea level rise, since this connection guarantees a continuous
supply of organic and inorganic sediment that is greater than threat of sinking.
As a result, if practically the whole deltaic plain is affected by subsidence,
positive accretion rates have only been measured in some wetland, where
organic accretion takes place, product of the high primary production and low
decomposition rate.
The wet areas and lagoons are found between the planet’s most biologically
active ecosystems and they play a key role in maintaining the natural balance:
they renew and clean the water of a wide variety of pollutants, they act like a
sponge against floods and drought, they protect the coasts in a natural
manner, they are the habitat of numerous species, a biodiversity reservoir and
a medium for CO2 storage. Consequently, their conservation and good
management systems are essential in the tasks addressed towards mitigating
and adapting to the effects of climate change.
In this regard, not only is it proposed to maintain the good status of existing
lagoons, but to also restore the wetlands in the most vulnerable areas: land
occupied by rice fields that are currently below sea level.

Challenges to be tackled

Reduce vulnerability and ensure the longevity of both the physical and natural
environments, and the socioeconomic environment that supports the Delta.

Location

Wet areas, lagoons and rice fields located below sea level and near the
coastline.

Benefits

Restores altered areas and recovers their full ecological function.

Difficulties and potential
conflicts/negative impacts

The difficulties of this action reside on the transformation of the zones
currently occupied by rice fields, those that lie near the coast and are located
below sea level, in lagoons, with the consequent conflict of interests.
Although the landowners could agree to this transformation in exchange for an
economic compensation, its development might not be accepted.

Implementation horizon

Medium (<5 years).

Stakeholders involved

Tarragona Coastal Service (MAPAMA), Catalan ministry of Territory and
Sustainability, Geological and Cartographic Institute of Catalonia (ICGC),
research groups (CIIRC, UPC, IRTA).

Entities in charge

Catalan ministry of Territory and Sustainability.

Specific examples

-

Life Pletera project in L’Estartit, for the deurbanisation and restoration of
Pletera's marsh. http://lifepletera.com/life-pletera/#elprojecte
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ACTION 4. Execute affordable flexible protection actions, which respond to natural solutions and
have a low environmental impact
The Maritime Engineering Laboratory (LIM) of the UPC has conducted studies
with different engineering solutions to combat coastal impacts caused by
climate change, assess the most efficient actions and prevent those used at
present from being ineffective in a relatively near future.

Description

The impact of climate change in the most extreme scenarios at a global level,
analysing the effects of erosion and flooding, has been considered in the
project called Respostes al Canvi Climàtic de la Costa: estratègies d’innovació
per a escenaris extrems-Adaptació i Mitigació (Responses to Climate Change
on the Coast: innovation strategies for extreme scenarios-Adaptation and
Mitigation -RISES-RM), which was drawn up with the participation of 11
research centres and universities of the United Kingdom, Netherlands,
Germany, Italy and Romania. The project considers the first possible solutions
for improving coastal sustainability and conservation.
Keeping within the range of responses considered, work has started to analyse
the behaviour of traditional sand and stone-based coastal engineering
solutions, comparing them with more innovative solutions. According to the
conclusions, the margins of uncertainty of traditional engineering are high,
since the climatology varies. The new options involve combining the previous
solutions, but with the objective to create more flexible works that can be
adapted to climate change. Some of these possible solutions include the use of
vegetation barriers to fix the sand on the beaches and the combination of
these with stones and sand, design of underwater dykes and natural barriers
with seaweed and established plants to slow down the onslaught of large
waves or use of geotextile sandbags placed in areas that suffer the most.

Challenges to be tackled

Reduce vulnerability and ensure the longevity of both the physical and natural
environments, and the socioeconomic environment that supports the Delta.

Location

Deltaic seafront.

Benefits

Improves the coast against the effects of storms, sea level rise, floods and
subsidence.

Difficulties and potential
conflicts/negative impacts

The acceptance of actions of this nature resides in trusting innovative and
more sustainable solutions, with a lower environmental impact than those
used traditionally in engineering and infrastructure management.

Implementation horizon

Medium (<5 years).

Stakeholders involved

Tarragona Coastal Service (MAPAMA), Catalan ministry of Territory and
Sustainability, Geological and Cartographic Institute of Catalonia (ICGC),
research groups (CIIRC, UPC, IRTA), local entities (local and regional councils).

Entities in charge

Catalan ministry of Territory and Sustainability.

Specific examples

---
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ACTION 5. Execute construction projects to build elevated coastal protection footpaths in the
bays of Alfacs and Fangar (coastal footpaths)
The recovery of the environment and the coastal footpaths inside the bays of
Alfacs and Fangar were two of the actions established in the Comprehensive
Plan for the Protection of the Ebro Delta, of July 2006, to be carried out by the
Directorate-General for Coasts of the ministry of Environment.
There were plans to build an elevated coastal protection footpath along the
coast of Alfacs Bay, running for 14-km between Sant Carles de la Ràpita and
the Trabucador isthmus, which would protect the inner coastline and create a
path for bicycles and pedestrians. The project, initially approved in 2010,
complete with allocated and projected budget items, has only been executed
in small stretches to restore paths affected by storms episodes.

Description

In November 2015, the MAPAMA technically approved the project Addenda al
projecte de millora mediambiental al marge del Delta al costat de la badia dels
Alfacs (termes municipals d’Amposta i de Sant Carles de la Ràpita) (Addenda to
the project for environmental improvement in the margin of the Delta next to
Alfacs Bay. Municipal districts of Amposta and Sant Carles de la Rápita). The
project contemplates the construction of a coastal footpath in Alfacs Bay,
between Fortalesa outlet and Torre de Sant Joan, opposite Poble Nou. At
present, although the project is ready to be executed, no schedule has been
set.
Even though negotiations for the Alfacs footpath project are underway, the
case is very different for Fangar Bay where to this day no project has been
drawn up.
In both cases, it must be taken into account that they are rigid protection
measures to tackle the effects of sea level rise and floods. These measures
could form part of the solution for the bays’ inner coastline. In contrast, it
would not be feasible to apply them to the external coast, where the
perimeter path would not stop the regression and, furthermore, would lead to
the disappearance of the beach. In any case, the construction projects for the
elevated coastal protection footpaths have to ensure the works blend into the
protected space as much as possible and cause the minimum amount of harm,
and under no circumstances may they end up as access roads for vehicles.

Challenges to be tackled

Reduce vulnerability and ensure the longevity of both the physical and natural
environments, and the socioeconomic environment that supports the Delta.

Location

Inner coast of the bays of Alfacs and Fangar.

Benefits

The elevated coastal protection footpaths increase the surface of the land and
sea of public domain; therefore they must be linked to recovering plant
formations and communities that are native to the Delta.
There is a great deal of uncertainty when it comes to predicting how rigid
protection works will respond to the effects of climate change in the long term.

Difficulties and potential
conflicts/negative impacts

The difficulties of this action mainly reside on the expropriation of land, which
would become part of the land and sea of public domain.
The construction project for the elevated coastal protection footpath in Alfacs
Bay has been accepted and is defended by the local councils of Amposta and
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Sant Carles de la Ràpita. However, some rice farmers oppose to the measure,
given that it implies expropriating land. The farmers state that the path could
be improved in places, without having to execute the projected 14 kilometres.
The dykes and other rigid works are defended by the General Community of
Farmers with Rights to Irrigate Using the Canal on the Right of the Ebro (Berga,
2017). Nevertheless, these projects create distrust among natural heritage
protection entities, which stress that they lack detail and fail to specify the
possible impacts their construction would cause.
Implementation horizon

Medium (<5 years).

Stakeholders involved

Tarragona Coastal Service (MAPAMA), Catalan ministry of Territory and
Sustainability, local entities (local and regional councils).

Entities in charge

Spanish Ministry of Agriculture and Fisheries, Food and Environment
(MAPAMA).

Specific examples

-

Mounds built along the borders of rivers such as the Llobregat, Tordera or
the Ebro itself.
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ACTION 6. Recover a secondary arm of the river, with the renaturalisation of habitats and the
creation of a green corridor to be used by citizens and tourists

Description

In 2016, the Catalan ministry of Territory and Sustainability, Deltebre Council
and the UPC submitted a joint project to reduce the retreat of the coastline in
the Ebro Delta. Said project, which had to be coordinated by the IRTA and
involved the Community of Farmers with Irrigation Rights - Ebro Farmers’
Union, the Polytechnic University of Catalonia and the University of Córdoba,
which participated as partners. This project involved an agreement between
institutions and organisations from different spheres to tackle the erosion of
the Delta, working together within a comprehensive framework . Part of the
budget was requested from Europe, through the Life 2016 NBS Coast Plan
project and, although the Life assessment committee rejected the project
stating among other aspects that there was a lack of technical specification,
the Catalan ministry of Territory guaranteed that the pilot test would be
carried out.
The project encompasses several actions with the aim of reducing coastal
erosion, improve the ecological quality of natural habitats, increase resilience
to sea level rise and episodes of sea floods, and ensure the sustainability of
aquaculture and ecotourism.
One of the projected actions is to draw up a plan to recover a secondary arm of
the river, to be able to supply water and sediments to the retreating coast,
slow down the erosion process and increase resilience to sea level rise. The
approach for this recovery is to renaturalise the habitats and create a green
corridor to be used by citizens and tourists.

Challenges to be tackled

Reduce vulnerability and ensure the longevity of both the physical and natural
environments, and the socioeconomic environment that supports the Delta.

Location

Northern side of the Delta

Benefits

Increases resilience to erosion processes and the impacts of climate change,
with a new supply of water and sediments.

Difficulties and potential
conflicts/negative impacts

Expropriation of land.

Implementation horizon

Medium (<5 years).

Stakeholders involved

Ebro Hydrographic Confederation (CHE), Tarragona Coastal Service (MAPAMA),
Catalan ministry of Territory and Sustainability, Catalan Water Agency (ACA),
Geological and Cartographic Institute of Catalonia (ICGC), research groups
(CIIRC, UPC, UCO, IRTA), communities of farmers with irrigation rights, local
entities (local and regional councils).

Entities in charge

Catalan ministry of Territory and Sustainability.
-

Specific examples
-

Restoration of the River Llobregat, with the recovery of the broken
morphology and a lateral arm of the river.
Functional recovery of an arm of the River Francolí.
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ACTION 7. Improve the quality of the water in the bays of Fangar and Alfacs
One of the main problems associated to Fangar Bay -that likewise affects Alfacs
Bay, but to a lesser extent- is the absence of water renewal. Added to this issue
is the progressive closure of the mouth, increased water temperature, poor
quality of the freshwater drained from the rice fields, overuse of marine
resources and filling of part of the bay due to the effects of pumping stations.
These circumstances affect the bay’s biodiversity and the fishing and
aquacultural production of one of the two main aquacultural production
centres: mussels and Japanese oyster of the Ebro Delta.

Description

In December 2017, the Directorate-General for Maritime Affairs and Fisheries
of the DARP published the results of the study assigned to the International
Centre for Coastal Resources Research (CIIRC) and the IRTA of Sant Carles de la
Ràpita, Anàlisi ambiental de les badies del Delta de l’Ebre i el seu entorn.
Desenvolupament d’una eina per a la seva gestió integrada. (Environmental
analysis of the bays in the Ebro Delta and the surrounding area. Development
of an integrated management tool). The purpose of the report is to know how
the problems related to water flow in the bays of the Delta affect aquacultural
and shellfish production. As a result of this work, it has been possible to
quantify the hydrodynamic, morphodynamic and ecological processes in
Fangar Bay for the first time. Together with new available satellite data, this
has made it possible to obtain an objective validation of the numeric models.
The result provided the opportunity to make a quantitative calculation of the
implications that a more efficient and sustainable management would
represent for productivity and aquaculture in the studied areas. The integrated
conclusions of the entire work suggest the need for a combined management
of water flows, sand flows and aquacultural activities.
Likewise, the IRTA is working on several projects to monitor the marine
environment and aquacultural crops. Two of the most relevant are Model de
circulació a la Badia del Fangar per a la gestió de les activitats d’aqüicultura i
marisqueig (Flow model in Fangar Bay for the management of aquacultural and
shellfishing activities) and MedAID. Desenvolupament integrat de l’aqüicultura
mediterrània (MedAID. Integrated development of Mediterranean
aquaculture) that aim to implement management systems to improve
cultivation practices and increase competition as a whole and the sustainability
of the entire value chain of the marine aquacultural sector.

Challenges to be tackled

Reduce vulnerability and ensure the longevity of both the physical and natural
environments, and the socioeconomic environment that supports the Delta.

Location

Bays of Fangar and Alfacs.

Benefits

Improves the water’s ecological quality; increases biodiversity, minimises
effects on aquacultural production.

Difficulties and potential
conflicts/negative impacts

The increase of eutrophication in the bay has negative consequences for fish
farms and bivalve exploitations.

Implementation horizon

Medium (<5 years).

Stakeholders involved

Tarragona Coastal Service, Catalan ministry of Territory and Sustainability,
Catalan ministry of Agriculture, Livestock, Fisheries and Food, research groups
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(CIIRC, UPC, IRTA), fishermen’s guilds, shellfishers’ associations, Federation of
the Ebro Delta Shellfish Producers, local entities.
Entities in charge

Catalan ministry of Agriculture, Livestock, Fisheries and Food.

Specific examples

---
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ACTION 8. Improve green filter management and regulate the effluents that empty into the
lagoons and bays
Green filters, also known as constructed wetlands or artificial wetlands, are
biological filters that can reduce the amount of pollutants in the water from
rice fields (nutrients, heavy metals, pesticides, etc.) and return it with better
quality to lagoons and the sea. These environments are large producers of
aquatic vegetation that accumulates carbon and traps sediment. Therefore,
they can be used as carbon sinks and, due to the fact they produce a high
amount of biomass, they encourage the accumulation and formation of land
(vertical accretion) to counterbalance sea level rise and subsidence. In
addition, these artificial wetlands are places where many bird species can nest
and find food, as well as being the home of numerous species of insects,
amphibians, reptiles and fish.
Description

The Comprehensive Plan for the Protection of the Ebro Delta included the
construction of two green filters (the Embut filter, in the southern zone of the
Delta, and the Illa de Mar filter, in the northern zone) with the aim of
improving the quality of water from the rice fields. However, there is no
management plan for these filters that optimises their performance.
Within the framework of the Life Ebro Admiclim project, work is being carried
out to improve the two filters by applying water management measures. The
purpose is to not only optimise the capture of nutrients and pollutants, but
also land generation and carbon sequestration. For this reason, it is necessary
to know the levels and optimum water renewal rates to successfully generate
maximum organic accretion and the best carbon sequestration rate, without it
reducing their natural purification capacity.

Challenges to be tackled

Reduce vulnerability and ensure the longevity of both the physical and natural
environments, and the socioeconomic environment that supports the Delta.

Location

Green filters of Embut, on the southern side, and Illa de Mar, on the northern
side.

Benefits
Difficulties and potential
conflicts/negative impacts

Improves the quality of the rice field drainage water that empties into the
lagoons and sea; encourage land formation and vertical accretion; CO2 sinks.
This action could be difficult to perform as some stakeholders do not believe in
the functionality of green filters, given the inefficient management to date.
Operational costs of the filters (pumping).

Implementation horizon

Short (<2 years).

Stakeholders involved

Tarragona Coastal Service (MAPAMA), Catalan ministry of Territory and
Sustainability, Catalan ministry of Agriculture, Livestock, Fisheries and Food,
research groups (IRTA), rice farmers, local entities (local and regional councils).

Entities in charge

Catalan ministry of Territory and Sustainability.

Specific examples

---
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ACTION 9. Monitor the subsidence and geodynamics of the coastal front, bays and lagoons
The geological dynamics condition the uses and activities developed in the
Ebro Delta. The Public Administration, as the responsible entity, has to ensure
the availability of a territorial and urban development plan for the entire Ebro
Delta, in order to record its sustainability and development. In principle, the
plan should avoid urban development in zones with high subsidence or
affected by coastal and river dynamics. Likewise, it should help to relocate
certain undeveloped building land and promote the gradual discontinuation of
the activities carried out in the most dangerous areas.
Sea level rise, river and coastal dynamics and subsidence are processes with a
risk that take place in the Ebro Delta. These processes need to be monitored,
in order to obtain better knowledge of their performance.
Description

The Ebro Admiclim project has begun work for monitoring subsidence in the
Ebro Delta. At the same time, a geographic information system has been
defined that integrates information referring to the Delta’s structure and its
recent evolution. By continuing to monitor the subsidence and dynamics of the
seafront, bays and lagoons, it will be possible to gain better knowledge of the
Delta’s evolution and its protection.
In conclusion, the proposed action includes the development of the following
tasks:
-

Monitor subsidence by the interpretation of DinSAR data.
Monitor the recent evolution of the seafront, bays and lagoons by the
interpretation of LIDAR data and orthophoto images.
Maintain and update the EbroAdmiclim geographic information system.

- Monitor the variations in underground water quality using geophysical
techniques.
Challenges to be tackled

That the scientific and technical knowledge takes the territorial management
of the Delta into account.

Location

Municipalities in the Ebro Delta

Benefits

Difficulties and potential
conflicts/negative impacts

Provides knowledge of the territory to improve its sustainability and
development.
- Improve the coherence of the DInSAR technique in the Delta’s farming
areas and wetlands (reflective corners).
- Define a stable team responsible for geographic information system
maintenance.
- The cost of flights, processing and generation of LIDAR products.

Implementation horizon

An action that can be implemented in a year and has to be maintained over the
years.

Stakeholders involved

Catalan ministry of Territory and Sustainability and local entities.

Entities in charge

Catalan ministry of Territory and Sustainability - Geological and Cartographic
Institute of Catalonia (ICGC).

Specific examples

-

Monitoring plan of subsidence and land movements with DInSAR
Flight plan, orthophotos and orthoimages
Geological map of Catalonia
LIFE EBRO ADMICLIM project.
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MEASURE D.1: OPTIMISE GREENHOUSE GAS EMISSIONS, CARBON SEQUESTRATION AND
REMOVAL OF NUTRIENTS IN THE RICE FIELDS IN THE DELTA, IMPROVE FARMING
CONDITIONS AND INCREASE THE PRODUCT’S ADDED VALUE

ACTION 1. Modify the rice field flooding pattern and make changes in water management:
intermittent irrigation
Rice grows in flooded lands, a practice that not only has a considerable impact
on water use, it also generates greenhouse gases.
Within the framework of the Life Ebro Admiclim project, an assessment has
been made of the greenhouse gases produced by rice fields, according to
farming practices and the characteristics of the fields. Field studies in the
paddies and the application of different farming practices during harvest and
postharvest (different flooding levels, different types of fertilisers, etc.) have
also enabled us to know which water management practices and other farming
practices minimise greenhouse gas emissions without affecting either rice
production or biodiversity.

Description

There are several different projects that work on researching agronomical
techniques that save water and reduce GHG emissions. The use of water
during cultivation is currently being studied with the purpose of identifying the
best strategy for reducing GHG emissions, without affecting rice production. In
particular, the application of an intermittent irrigation system appears to be a
promising solution for accomplishing these goals. The results obtained become
the basis to establish a useful emission management instrument for the rice
production sector, which is capable of adapting intermittent irrigation in the
Ebro Delta, optimise and manage water according to the type of soil and assess
the impacts of these practices on production, weeds, plagues and diseases.
However, before the system can be widely implemented in the Delta’s rice
fields, it needs to be studied at a small scale, adapting it to the particular
conditions of the field, such as soil texture, salinity and the size of the field. In
this way, intermittent irrigation will be able to reduce GHG emissions without
jeopardising production.
In the future, water and rice straw management during the postharvest period
could also become an agronomical technique addressed to reducing GHG
emissions and promoting carbon sequestration. Nevertheless, this technique
needs to be studied in depth in order to optimise its practice and fully assess
its impact on rice cultivation and soil management.

Challenges to be tackled

Give priority to an economic basis that promotes quality rather than quantity
in all productive sectors.

Location

Rice production fields, which represent over 65% of the deltaic plain’s territory
(about 21,000 ha).

Benefits

Reduces greenhouse gases; saves water consumptions; reduces the impact of
certain plagues.

Difficulties and potential
conflicts/negative impacts

The changes in the rice field flooding pattern must be introduced taking into
account the possible increase of soil salinity. Likewise, possible negative
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consequences must be avoided for biodiversity and the number of aquatic bird
species that winter in the Delta.
It is necessary to consider the different opinions and views regarding the
suitability, benefit-cost ratio and potential loss of productivity associated to
new farming practices, particularly in the case of the rice production sector.
Implementation horizon

Short (<2 years).

Stakeholders involved

Catalan ministry of Agriculture, Livestock, Fisheries and Food, research groups
(IRTA), Unió de Pagesos, Prodelta, Rice Growers’ Chamber of Montsià, Rice
Growers’ Chamber of Deltebre, Vegetation Defence Association, communities
of farmers with irrigation rights.

Entities in charge

Catalan ministry of Agriculture, Livestock, Fisheries and Food.
-

Specific examples

GreenRice Project: Sustainable and environmental friendly rice cultivation
systems in Europe, a project with European funding that joins researchers
from seven institutes from Catalonia, Italy, France and the UK. The purpose
is to assess the efficiency of an alternative production system known as
Alternate Wetting and Drying (ADW), which consists in filling fields with 2
to 5 cm of water, leaving them to dry out until the soil reaches the safe
threshold and then flood them again. It is considered that this practice can
reduce water consumption by between 15% and 30% and methane
emissions by 48%, without reducing yield.
http://www.greenrice.eu/
- The INIA project Mitigación y adaptación al cambio climático en arrozales
costeros: definición de buenas prácticas para reducir emisiones y valoración
de variedades tolerantes a la salinidad (Mitigation and adaptation to
climate change in coastal rice fields: definition of practices to reduce
emissions and assessment of salt tolerant varieties). It aims to identify the
farming practices that cause the highest impacts on GHG emissions,
identify rice varieties that tolerate high salt levels produced by water
management based on GHG mitigation and identify better water and ricestraw management during the winter months, so as to reduce GHG and
optimise carbon sequestration.
- Pilot project funded by the DARP: Estalvi d’aigua en el conreu de l’arròs,
mitjançant la introducció de tècniques agronòmiques innovadores (Water
saving in rice cultivation through the introduction of innovative agronomic
techniques), in which the following entities have participated: CCRR Molí
de Pals, ADV Arròs de Pals, Farratges Baix Ter S.L., El Restallador S.L., Arròs
Estany de Pals SCP, Irrigation Engineering and Management Research
Group of the University of Girona, IRTA Mas Badia, CCRR del Canal de la
Dreta de l’Ebre, IRTA Amposta.
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ACTION 2. Conduct pilot tests and monitor farming practices related to fertilisation, manage
organic matter after harvest and use machinery to determine the possible reduction or increase
of emissions, timing and/or optimum quantity
The Life Ebro Admiclim project must not only be able to optimise greenhouse
gas emissions through monitoring different water management practices, it
also works on other conditions and farming practices related to the fertilisation
of fields, rice straw management and machinery employed in agricultural
work.
Within the framework of the Improvement plan for agricultural fertilisation in
Baix Ebre and Montsià, which forms part of the network of plans to improve
agricultural fertilization in Catalonia (PMFA), in 2012 the DAAM, with the
collaboration of the IRTA Experimental Station of the Ebro, commenced a field
study with the purpose of determining the optimum dose of organic fertiliser
to use, the fertilisation strategy to follow bearing in mind the specific features
of the soil, as well as offer applicable fertilisation advice supported by a sound
experimental basis. In this regard, studies are being conducted to compare
mineral nitrogen fertilisation and organic fertilisation (manure from egg-laying
hens), which must be able to monitor the GHG production and emission cycle
and, in conclusion, improve the use of organic and mineral fertilisers. The
results show that the application of organic fertilisers produces lower
emissions, although this is probably at the expense of a worse agronomical
behaviour. Longer studies would be necessary to confirm this trend.
Description

In the same way, stubble management at the end of the rice harvest which,
given its consequences for the quality of water discharged into the bays, has
turned into a historical dispute, can also help increase or reduce GHG
emissions. Straw decomposition produces methane and, according to data of
the Life Ebro Admiclim project, 70% of the methane gas produced by rice
cultivation comes from ploughing. By monitoring different straw management
practices, it has been possible to find feasible alternatives that respect the
environment, with fewer impacts on other socioeconomic sectors (straw
removal, straw bank, recycling and recovery of agricultural waste, composting,
etc.). If the straw is mixed with the soil, on the one hand, it maintains the
fertility of the soil, therefore favouring cultivation with less mineral fertiliser
and, on the other, it could promote carbon sequestration and accretion, in
such a way it would represent a mitigation measure to counterbalance for the
subsidence taking place in the Delta. Given the environmental and agronomical
benefits of straw, it would be necessary to study different straw management
strategies, together with water management in winter, in order to optimise
gas emissions and the carbon balance during postharvest.
Lastly, efforts need to be made to promote a change in farm equipment that
incorporates new energy saving technologies, in order to reduce both pollution
and greenhouse gas emissions.

Challenges to be tackled

Give priority to an economic basis that promotes quality rather than quantity
in all productive sectors.

Location

Rice production fields, which represent over 65% of the deltaic plain’s territory
(about 21,000 ha).
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Benefits

Difficulties and potential
conflicts/negative impacts

Reduces greenhouse gases
These actions could be difficult as their success is subject to the trust of the
stakeholders involved.
It is necessary to consider the different opinions and views regarding the
suitability, benefit-cost ratio and potential loss of productivity associated to
new farming practices, particularly in the case of the rice production sector.

Implementation horizon

Short (<2 years).

Stakeholders involved

Catalan ministry of Agriculture, Livestock, Fisheries and Food, research groups
(IRTA), Unió de Pagesos, Prodelta, Rice Growers’ Chamber of Montsià, Rice
Growers’ Chamber of Deltebre, Vegetation Defence Association, communities
of farmers with irrigation rights.

Entities in charge

Catalan ministry of Agriculture, Livestock, Fisheries and Food.
-

Specific examples

Rice straw bank in Albufera, Valencia.
The European project, SOSTRICE, in Albufera Natural Park, Valencia, and
the National and Natural Park of Doñana (The Guadalquivir wetlands,
Andalusia), which aim to reverse the environmental effects associated to
current rice straw management models by recovering energy with the
application of two technological processes: anaerobic digestion and
combustion.
http://ec.europa.eu/environment/life/project/Projects/index.cfm?fuseacti
on=search.dspPage&n_proj_id=4859
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ACTION 3. Apply management measures that prevent or minimise salinization, erosion and the
loss of organic matter in the soil
As regards soils, the general objective of the protection and sustainable use of
soils must be accompanied by specific actions centred on preventing
degradation processes: erosion, desertification, loss of organic matter,
pollution, compaction, reduction of biodiversity, salinization or flooding. The
use of heavy machinery, synthetic fertilisers or monocropping speed up soil
depletion.
Both the ESCACC’s Monitoring and Assessment document and the Climate
Change Act specifically mention the need to establish measures that prevent
soil degradation and facilitate carbon storage through improved organic
matter management, vegetation cover and conservation agriculture.
Description

The erosive action of water and wind is heightened by factors such as the
destruction of natural vegetation and deficient soil use. The main human
activities that accelerate this process are unsuitable farming and forestry
practices, forest fires, public works, as well as poor management of water
resources and inadequate forestry and farming policies. Possible actions to
prevent this erosion are the fixation of more mobile sandy soils, with plants
that have a high proportion of roots, crop rotation; plough the land using
thorough techniques, or plant trees or bushes to act as windshields.
Likewise, the supply and maintenance of organic matter in the soil would
reduce erosion, increase water and nutrient retention capacity, favour
conservation and improve fertility.

Challenges to be tackled

Give priority to an economic basis that promotes quality rather than quantity
in all productive sectors.

Location

Rice production fields, which represent over 65% of the deltaic plain’s territory
(about 21,000 ha).

Benefits

Prevention of soil degradation processes.

Difficulties and potential
conflicts/negative impacts

It is necessary to consider the different opinions and views regarding the
suitability, benefit-cost ratio and potential loss of productivity associated to
new farming practices, particularly in the case of the rice production sector.

Implementation horizon

Medium (<5 years).

Stakeholders involved

Catalan ministry of Agriculture, Livestock, Fisheries and Food, research groups
(IRTA), Geological and Cartographic Institute of Catalonia (ICGC), Unió de
Pagesos, Prodelta, Rice Growers’ Chamber of Montsià, Rice Growers’ Chamber
of Deltebre, Vegetation Defence Association, communities of farmers with
irrigation rights.

Entities in charge

Catalan ministry of Agriculture, Livestock, Fisheries and Food.

Specific examples

---
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ACTION 4. Analyse the feasibility and crop conditions to plant rice with the dry sowing method

Description

Dry sowing of rice is an agronomical technique already employed in the Delta’s
rice fields as a method to control applesnail plagues; moreover, it is a watersaving cultivation practice. This method involves sowing the seed at a depth of
a few centimetres and the field is not flooded until the plant is tall enough.
Consequently, not only is the flooding of the fields reduced by between four
and six weeks, it also means that fewer seeds need to be planted, as it
drastically diminishes the effects of chironomidae and ducks, reduces the
incidence of certain plagues and achieves greater uniformity in plant
distribution.
Not having to flood the fields during this stage of rice cultivation also helps
reduce greenhouse gas emissions, although it is hardly noticeable as at this
stage of cultivation, GHG emissions are already low despite the fact the fields
are flooded.

Challenges to be tackled

Rice production fields, which represent over 65% of the deltaic plain’s territory
(about 21,000 ha).
Dry sowing is not possible in all the rice fields, due to the effects it would have
on soil salinity, although this procedure can be implemented in a certain
percentage of the fields, establishing a rotative cycle.

Location

Rice production fields, which represent over 65% of the deltaic plain’s territory
(about 21,000 ha).

Benefits

Reduces water consumption.
Helps reduce greenhouse gas emissions.
Controls plagues (for example, applesnail, chironomidae).

Difficulties and potential
conflicts/negative impacts

When carrying out dry sowing practices, the fact that soil salinity could
increase needs to be taken into account. Likewise, possible negative
consequences must be avoided for biodiversity and the number of aquatic
bird species that winter in the Delta.
It is necessary to consider the different opinions and views regarding the
suitability, benefit-cost ratio and potential loss of productivity associated to
new farming practices, particularly in the case of the rice production sector.

Implementation horizon

Short (<2 years).

Stakeholders involved

Catalan ministry of Agriculture, Livestock, Fisheries and Food, research
groups (IRTA), Unió de Pagesos, Prodelta, Rice Growers’ Chamber of Montsià,
Rice Growers’ Chamber of Deltebre, Vegetation Defence Association,
communities of farmers with irrigation rights.

Entities in charge

Catalan ministry of Agriculture, Livestock, Fisheries and Food.
-

Specific examples

GreenRice Project: Sustainable and environmental friendly rice
cultivation systems in Europe, a project with European funding that joins
researchers from seven institutes from Catalonia, Italy, France and the
UK. The purpose is to assess the efficiency of an alternative production
system known as Alternate Wetting and Drying (ADW), which consists in
filling fields with 2 to 5 cm of water, leaving them to dry out until the soil
reaches the safe threshold and then flood them again. It is considered
that this practice can reduce water consumption by between 15% and 30
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% and methane emissions by 48 %, without reducing yield.
http://www.greenrice.eu/
- Pilot project funded by the DARP: Water saving in rice cultivation through
the introduction of innovative agronomic techniques, which involved the
participation of CCRR Molí de Pals, ADV Arròs de Pals, Farratges Baix Ter
S.L., El Restallador S.L., Arròs Estany de Pals SCP, Engineering and
Management Research Group of the University of Girona, IRTA Mas
Badia, CCRR del Canal de la Dreta de l’Ebre, IRTA Amposta.
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ACTION 5. Develop rice varieties with improved salt tolerance.
One of the strategies for maintaining the feasibility of rice cultivation within
the context of climate change is to increase the varieties’ resistance to salinity.
For the past few years, the Valencian Institute of Agricultural Research (IVIA),
l’IRTA, University of Barcelona (UB) and Centre for Research in Agricultural
Genomics (CRAG) have been working on improving the characteristics of native
rice varieties to increase salt tolerance. To achieve their goal they use different
strategies, including the introduction of salt-tolerant genes into local varieties,
the part of the plant’s genome that endow it with salt tolerance, based on
crossing Asian varieties, where they have plants that tolerate salt very well.

Description

Within the framework of the NEURICE project, work was started to monitor
the salinity in different fields in the Ebro Delta, so as to conduct tests with new
varieties of salt-tolerant rice. For a few months the following aspects will be
monitored to obtain accurate information: salinity of the water and soil in the
fields, height of the water surface and the salt content in the water when it
enters and exits the fields. The assessment of the results will allow the
development of rice varieties with a commercial value that can be cultivated in
Mediterranean climates and grow in conditions of high salinity.
At the same time, the UB is carrying out a protein study on rice varieties with a
higher salt tolerance, in order to determine the mechanism that enables these
plants to grow in environments with a very high level of salinity.
The possibility to cultivate varieties with high salt tolerance would help
eradicate the applesnail plague by flooding the fields with sea water, it would
also help establish the dry-sowing strategy and would ensure productivity
against the effects of marine intrusion and salinization.

Challenges to be tackled

Give priority to an economic basis that promotes quality rather than quantity
in all productive sectors.

Location

Rice production fields, which represent over 65% of the deltaic plain’s territory
(about 21,000 ha).

Benefits

The use of these salt-resistant varieties also reduce water consumption.
Soil salinization.

Difficulties and potential
conflicts/negative impacts

Dry-sowing practices, changes in the rice field flooding pattern and the use of
varieties with higher salt tolerance have prevented possible negative
consequences for biodiversity and the number of aquatic bird species
wintering in the Delta.
It is necessary to consider the different opinions and views regarding the
suitability, benefit-cost ratio and potential loss of productivity associated to
new farming practices, particularly in the case of the rice production sector.

Implementation horizon

Medium (<5 years).

Stakeholders involved

Catalan ministry of Agriculture, Livestock, Fisheries and Food, research groups
(IRTA, UB, CRAG), Unió de Pagesos, Prodelta, Rice Growers’ Chamber of
Montsià, Rice Growers’ Chamber of Deltebre, Vegetation Defence Association,
communities of farmers with irrigation rights.
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Entities in charge

Catalan ministry of Agriculture, Livestock, Fisheries and Food.
-

Specific examples

The NEURICE project (New Commercial European Rice), coordinated by the
University of Barcelona with the participation of the IRTA, CRAG and Rice
Growers’ Chamber of Montsià, among other European partners.
http://neurice.eu/
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ACTION 6. Conduct pilot tests and model the incorporation of organic and inorganic matter in
the soil, based on sediment deposits transported by the canals
The Life Ebro Admiclim project includes Actions B1 (Pilot test to inject
sediments into the irrigation canals) and B5 (Assessment of sediment deposit
on rice production). Said actions have made it possible to analyse one of the
main proposals to counterbalance the effects of sea level rise, subsidence,
intrusion of salt water into the soil and river, the rice fields’ progressive loss of
productivity and the consequent economic infeasibility of the crop.

Description

In line with the two actions developed in the Life project, the present
document includes Action C.1.2., linked to modelling the capacity of irrigation
canals to transport sediments, Action C.1.8., on recovering the practice of
colmatage and the necessary assessment of the possible effects of
incorporating organic and inorganic matter into the soil that this deposit would
represent.
As indicated in the aforementioned actions, part of the sediment transported
to the rice fields could originate from the mud generated in the treatment
plant of the Tarragona Water Consortium (CAT) after the positive results
obtained in previous campaigns.
A field study was conducted to assess the agronomic response and that of gas
emissions after organic matter (hen manure) and sediments had been added
to the rice fields. The results indicate that the deposit of sediment in the rice
fields does not affect either yield or emissions. However, adding organic
matter does significantly reduce yield, although at the same time, it reduces
CH4 emissions, as well as possibly a lower agronomic development. To confirm
this behaviour, a longer monitoring period would be required.

Challenges to be tackled

Give priority to an economic basis that promotes quality rather than quantity
in all productive sectors.

Location

Water treatment plant of Tarragona Water Consortium, irrigation canal
network and rice fields.

Benefits

Reduces the effects of subsidence and sea level rise in the deltaic plain.
Using the irrigation canal network to transport sediment and recovering the
old practice of colmatage requires the agreement of farmers with irrigation
rights.

Difficulties and potential
conflicts/negative impacts

At present, the communities of farmers with irrigation rights in the Ebro Delta
do not share the same opinion about which actions need to be undertaken to
prevent regression and subsidence. While one side defends the deposit of
water and sediments as a basic solution, the other is in favour of engineering
actions (Berga, 2017).

Implementation horizon

Short (<2 years).

Stakeholders involved

Catalan ministry of Territory and Sustainability, Geological and Cartographic
Institute of Catalonia (ICGC), Catalan ministry of Agriculture, Livestock,
Fisheries and Food, research groups (IRTA, UCO), communities of farmers with
irrigation rights, Unió de Pagesos, rice farmers, Tarragona Water Consortium
(CAT).
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Entities in charge

Catalan ministry of Agriculture, Livestock, Fisheries and Food.

Specific examples

---
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ACTION 7. Encourage the modernisation of irrigation infrastructures, adapting them to sea level
rise and the transport of sediment, promoting drainage sectionalisation and changes in the
location of pumping stations whenever necessary
A high number of measures considered in the ESCACC for the agricultural and
livestock sector involve efficient water use; the most vulnerable resource to
the impacts of climate change in our country. In this regard, the Monitoring
and Assessment document of the ESCACC considers that the measure
Incorporació en la Planificació del reg agrícola dels impactes observats i
projectats del canvi climàtic a Catalunya i, especialment, de les actuals
deficiències en la garantia de disponibilitat d’aigua (Inclusion of the observed
and projected impacts of climate change in Catalonia, and the current
shortcomings in guaranteed water availability in particular, in agricultural
irrigation planning) which can be considered to be the most relevant, is not
moving in the right direction and emphasises the major inefficiencies at a
national level.

Description

The nearly 21,000 ha of farmland on the deltaic plain are included in the
Catalan Irrigation Plan (2008-2020). Beyond the inefficient general assessment
of this planning that is monitored by the ESCACC, both documents mention the
need to modernise traditional irrigation systems by encouraging measures that
imply a better and more rational use of water, with maximum energy
efficiency. Agriculture is the sector that uses the highest amount of water and
the importance of this use shows that if water saving policies are applied, they
could make a considerable impact. In this regard, the Catalan Irrigation Plan
includes a Plan for the Modernisation of Irrigated Farmland in the Ebro Delta,
which considers the increased efficiency of transport, automated pumping and
impulsion, automation and control of water distribution in the plots, so as to
adapt its use. The modernisation actions improve availability and foster water
saving, and probably reduce diffuse pollution, since a more controlled water
supply would reduce dragging an excess of fertilisers.
The rice field drainage network has been the main cause of the spread of the
applesnail plague. Drainage sectionalisation, dividing the network into
hydraulically isolated sections (using gates, barriers, filters, etc.), mean that the
plague can be attacked in an independent or simultaneous manner, combining
plague-attack methods and prevent the risk of infection.
Lastly, it would be necessary to assess whether the pumping stations are
located in the best place as regards their efficient performance.

Challenges to be tackled

Give priority to an economic basis that promotes quality rather than quantity
in all productive sectors.

Location

Rice-growing areas, which represent over 65% of the deltaic plain’s territory
(about 21,000 ha), with the drainage and irrigation canal network and the
pumping stations.

Benefits

The modernisation of traditional irrigation methods increases water use
efficiency, water management is more accurate and effective and the targets
of the Water Framework Directive are met; it involves a release of the resource
and facilitates better management of the quality and quantity in the aquifers.
The sectionalisation of the drainage network facilitates the fight against the
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applesnail.
There is wide agreement between rice farmers and the communities of
farmers with irrigation rights as regards the need to modernise and improve
the irrigation system.
Difficulties and potential
conflicts/negative impacts

---

Implementation horizon

Medium (<5 years).

Stakeholders involved

Catalan ministry of Territory and Sustainability, Catalan ministry of Agriculture,
Livestock, Fisheries and Food, communities of farmers with irrigation rights,
Unió de Pagesos, rice farmers.

Entities in charge

Catalan ministry of Agriculture, Livestock, Fisheries and Food.
-

Specific examples

-

Irrigation infrastructure modernisation projects of the Community of
Farmers with Irrigation Rights of the Canal of Aragón and Catalonia.
Irrigation infrastructure modernisation projects of the Community of
Farmers with Irrigation Rights of the Baix Ter.
Irrigation modernisation projects of Horta, Lleida.
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ACTION 8. Condition the irrigation infrastructure that connects the river to Canal Vell Lagoon
and the bay, subsequently improving the freshwater supply
The conditioning of the irrigation structures between the river and Canal Vell
Lagoon would improve the transport freshwater and nutrients, not only to this
wet area, but also to Fangar Bay.
The Action Plan of the Comprehensive Plan for the Protection of the Ebro
Delta, of July 2006, included the Programa de qualitat de les aigües del Delta
de l’Ebre. Alimentació de les badies amb aigua dolça dels canals de reg. 1a
Fase. Condicionament de canalitzacions de reg per a l’aportació d’excedents a
les dues badies (Water quality programme in the Ebro Delta. Supplying the
bays with freshwater from the irrigation canals. Stage 1. Conditioning of the
irrigation channels to transport surplus to both bays).

Description

In October 2009, the state-owned company Acuamed published the Plec de
clàusules reguladores per a la contractació de l’execució de les obres incloses
en l’actuació urgent 4.a. Programa de qualitat de les aigües del Delta de l’Ebre.
Alimentació de les badies amb aigua dolça dels canals de reg. 1a Fase
(Regulatory terms and conditions for the contract to execute the work included
in urgent action 4.a. Water quality programme in the Ebro Delta. Supplying the
bays with freshwater from the irrigation canals. Stage 1.). This document
included the connection of the Salines and Bombita irrigation ditches with
Canal Vell Lagoon as actions carried out on the left bank of the Delta. These
works would improve the quality of the water in the lagoon and enable
freshwater from the river to reach the bay by way of the Penal and
Rastrellador drainage outlets.
However, according to the press release published in the local press in March
2014, although Acuamed had executed the works to fit the gates and install an
underground pipe to enable the Penal drainage outlet to transport river water
to the lagoon, the mollusc producers in Fangar Bay were still asking for the
completed works to be put into operation.

Challenges to be tackled

Give priority to an economic basis that promotes quality rather than quantity
in all productive sectors.

Location

Northern side of the Delta Irrigation infrastructure between the river and Canal
Vell Lagoon.

Benefits

Improves the water quality of Canal Vell Lagoon and Fangar Bay; transports
nutrients for mollusc production in the bay.

Difficulties and potential
conflicts/negative impacts

Difficulties related to the transfer of the irrigation infrastructure management.

Implementation horizon

Medium (<5 years).

Stakeholders involved

Catalan ministry of Territory and Sustainability, Catalan ministry of Agriculture,
Livestock, Fisheries and Food, communities of farmers with irrigation rights,
Unió de Pagesos, rice farmers.

Entities in charge

Catalan ministry of Agriculture, Livestock, Fisheries and Food.

Specific examples

---

Taking measures to prevent the spread of the applesnail.
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ACTION 9. Analyse the potential for using renewable energies in irrigation infrastructures, either
as an improvement opportunity or a mechanism to respond to new water pumping
requirements
The Climate Change Act establishes energy transition towards an 100%
renewable model, with neutral greenhouse gas emissions. Likewise, promoting
the implementation of renewable energies for self-consumption is one of the
measures established in ESCACC 2013-2020. In line with the stipulations of the
European Union, the Government considers that self-consumption of
electricity based on renewable energies, mainly solar power, has to become
one of the pivotal elements of the country’s new energy model.

Description

Despite the hurdles of the Regulation on electricity production and supply for
self-consumption (Royal Decree 900/2015), in recent years solar power
installations for self-consumption have been put into operation in Catalonia.
Said installations are connected to the internal grid without injecting
electricity, in such a way all the generated energy is self-consumed.
In the case of the irrigation infrastructures in the Delta, self-consumption using
solar power systems is a good alternative. The communities of farmers with
irrigation rights could generate either a part or all the energy they consume
using renewable sources. This self-consumption system offers important
benefits: those associated with the use of renewable energies, it lowers the
energy costs of pumping and reduces the dependence on a rather volatile
electricity market with continuous price swings.

Challenges to be tackled

Give priority to an economic basis that promotes quality rather than quantity
in all productive sectors.

Location

Irrigation infrastructures.

Benefits

Energy efficiency and environmental goals are achieved; reduces dependence
on fossil fuels; reduces greenhouse gas emissions; lowers energy cost; reduces
dependence on the electricity market, cuts costs (improves competitiveness).

Difficulties and potential
conflicts/negative impacts

Minor obstacles related to technical and maintenance restrictions of
renewable energy installations.

Implementation horizon

Medium (<5 years).

Stakeholders involved

Catalan ministry of Territory and Sustainability, Catalan ministry of Agriculture,
Livestock, Fisheries and Food, Catalan Energy Institute (ICAEN), communities of
farmers with irrigation rights, rice farmers.

Entities in charge

Catalan ministry of Agriculture, Livestock, Fisheries and Food.
-

Specific examples

Solar pumping in the irrigation to the Canal of Aragón and Catalonia
(General Community of Farmers with Irrigation Rights of the Canal of
Aragón and Catalonia).
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ACTION 10. Establish informational workshops addressed to the agricultural sectors, with the
purpose of encouraging users to transfer their knowledge, technology and management
measures
Transferring knowledge related to technology and management measures to
users in the sector becomes a key feature for linking research, the institutional
world and the daily lives of the territory’s farmers and agro-food industry.
Ultimately, communication and the exchange of information must be fitted
into place before the necessary changes and improvements for combating the
effects of climate change on agricultural activity can be implemented.

Description

One of the existing tools is the Annual Technology Transfer Plan (PATT), drawn
up by the Catalan ministry of Agriculture, Livestock, Fisheries and Food. The
PATT encompasses the annual programme of activities aimed towards
transferring knowledge and research related to agriculture, agro-food and the
rural sphere. It includes actions for research, investigation and dissemination,
as well as the transfer of technical and management knowledge.
Furthermore, the DARPA also makes available the RuralCat portal, an online
medium for transferring knowledge regarding technology service provision,
technology transfer and advice for farmers, livestock farmers, the agro-food
industry, and its associations and organisations. The portal has virtual offices
dedicated to plant health, agro-food and rural innovation, irrigation office,
fertilisation office, support for the agro-food industry, proximity-based
marketing or advice.

Challenges to be tackled

Give priority to an economic basis that promotes quality rather than quantity
in all productive sectors.

Location

Farming activity in the territorial scope of the deltaic plain.

Benefits

The creation of places where people linked to the sector can meet and
exchange their knowledge gives access to innovation, technology transfer,
provides advice and training and, ultimately, improves the sector’s capability
to tackle future challenges.

Difficulties and potential
conflicts/negative impacts

Historical alienation and a possible lack of dialogue between the scientific
world and some socioeconomic sectors.

Implementation horizon

Short (<2 years).

Stakeholders involved

Catalan ministry of Territory and Sustainability, Catalan ministry of
Agriculture, Livestock, Fisheries and Food, research groups, communities of
farmers with irrigation rights, Unió de Pagesos, rice farmers, agro-food
industry.

Entities in charge

Catalan ministry of Agriculture, Livestock, Fisheries and Food.

Specific examples

-

RuralCat portal http://www.ruralcat.net/web/guest
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MEASURE D.2: INCORPORATE THE IMPACTS AND RISKS DERIVED FROM CLIMATE CHANGE IN
THE DEFINITION OF THE POLICIES THAT HAVE TO GUIDE THE DIFFERENT SOCIOECONOMIC
SECTORS

ACTION 1. Adhesion of all the Ebro Delta municipalities to the Covenant of Mayors and
preparation of the corresponding Sustainable Energy and Climate Action Plans (SECAP)
In 2008, the European Union launched the Covenant of Mayors for local
sustainable energy, an initiative for channelling the participation of local
citizens in the fight against climate change. Although the purpose of the
Covenant was to work on the mitigation of climate change, the challenges it
entailed led to a new initiative, Mayors Adapt.

Description

In 2016, the two main world initiatives of cities and local governments leading
the fight against climate change joined forces, which resulted in the Covenant
of Mayors for Climate and Energy. This initiative is a key instrument for
involving and giving support to local governments, becoming a voluntary
commitment that enables municipalities to assume the targets of reducing
their GHG emissions at least 40% by 2030 in respect to the baseline year
(2005), increase the territory’s resilience and guarantee that everyone has
access to safe, equitable and sustainable energy services. The adaptation is
incorporated in a cross-cutting manner, maximising the emission reduction
targets and minimising environmental, social and economic risks.
To transfer these commitments to the action, the municipalities have to draw
up a Sustainable Energy and Climate Action Plan (SECAP). The signatories must
report the implementation of their SECAP every two years and, upon
submitting their monitoring report, they may adjust their priorities to
guarantee the accomplishment of the established targets.
The Covenant of Mayors for Climate and Energy is the only initiative addressed
to and by municipalities. It forms part of a bottom-up movement that joins
local and regional authorities with a common commitment and view.

Challenges to be tackled

Give priority to an economic basis that promotes quality rather than quantity
in all productive sectors.

Location

Municipalities in the Ebro Delta

Benefits

The Covenant of Mayors enables local, regional and national authorities from
around the world to work in cooperation and address climate change.

Difficult and potential
conflicts/negative impacts

The complexity of this initiative resides in its cross-cutting nature, in the
dialogue between the different areas of local councils while proposing actions,
and their inclusion in existing plans. The SECAP must not be just another plan.
It must be considered a strategic planning procedure that requires the
consensus and promotion of the different areas.

Implementation horizon

Medium (<5 years).

Stakeholders involved

Local entities (local and regional councils).

Entities in charge

The provincial council of Tarragona, ICAEN and the network of Sustainable
Cities and Towns are the leading coordination entities of the Covenant. They
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work together with the rest of provincial governments, the AMB and the
Council for Local Environmental Initiatives for the province of Girona, through
the Catalan Covenant Club.
Specific examples

In Catalonia over 600 towns and villages have committed themselves and
have adhered to the Covenant of Mayors for Climate and Energy and will
form part of the Global Covenant.
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ACTION 2. Adapt urban development to the Delta’s vulnerability and include the impacts and
risks derived from climate change in the urban planning of the territory
The territory constitutes a unique reality upon which the different authorities
exercise their competence through planning. This has led to the appearance of
a series of planning and regulation instruments of both a territorial and urban
nature, which need to be integrated and completed.

Description

Since 2007 the General Sub-directorate for Environmental Assessment and the
Catalan Office for Climate Change of the government of Catalonia have been
working on features of climate change in the environmental assessment of
plans, programmes and projects. Act 21/2013, of 9 December, on
environmental assessment, and the recently passed Climate Change Act can
be considered an order to include climate change in urban planning
regulations, in regard to both the mitigation of greenhouse gas emissions and
adapting to impacts. Likewise, criteria for saving water and energy and their
efficient use are included in the tools that have an impact on urban planning.
In this regard, the basic criteria to be considered in territorial, sectoral and
urban development plans and urban must promote mitigation and adaptation
to climate change, in such a way the entire Delta is governed by the same
planning, management and action criteria.
The figures of new urban development plans, their modifications and reviews,
as well as territorial planning, must consider the feasibility studies and
recommendations of public authorities. They should be coherent with the
delimitation of land and sea of public domain, and incorporate a quantitative
analysis and descriptive assessment of their effects on greenhouse gas
emissions. The impacts of climate change on the new plan and adaptation and
mitigation measures must also be included. It is important to ensure that the
planning in deltaic territory prevents urban development in areas of risk.
Therefore, the risk of flooding and erosion needs to be considered, restricting
the spread of urban centres, preventing the relocation of certain undeveloped
building land and promoting the gradual discontinuation of the activities
carried out in the most vulnerable areas. In all cases, territorial planning
should be brought forward to prevent the installation of new infrastructures
or stop the size of developed surface from increasing in areas of risk.

Challenges to be tackled

Give priority to an economic basis that promotes quality rather than quantity
in all productive sectors.

Location

Municipalities in the Ebro Delta

Benefits

Increases the territory’s resilience; create efficient and quality areas;
sustainable use of resources (water, energy, land).

Difficult and potential
conflicts/negative impacts

Impacts of climate change are produced at mid and long-term horizons, which
makes it difficult to include them in territorial and urban planning.

Implementation horizon

Medium (<5 years).

Stakeholders involved

All public authorities , in both Catalonia and Spain.

Entities in charge

Catalan ministry of Territory and Sustainability and local entities.
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-

Specific examples
-

Sustainable criteria for land occupation. The concept ‘carrying capacity’ is
implicitly mentioned in Legislative Decree 1/2010, of 3 August, approving
the consolidated text of the Urban Planning Act, which sets forth the
shaping of land occupation models that avoid the spread of the territory,
favouring social cohesion, rehabilitation and renovation of urban land.
Directive for partial territorial plans, regarding both the ecological
functionality of open areas and avoiding the spread of new settlements.
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ACTION 3. Define specific emergency plans against extreme meteorological phenomena
Risk management becomes a cross-cutting process that includes anticipatory
actions (risk analysis and assessment), prevention (minimise until reaching
acceptable levels), planning (draw up and implement emergency plans that will
be applied as soon as the risk occurs), intervention (action taken by emergency
response teams when a risk appears), training and information, and
rehabilitation once the emergency has ended.

Description

Civil protection plans are planning tools that establish the duties and
organisation of human and material resources to improve response in the
event of emergencies or serious risks. Catalonia has a wide range of plans for
civil protection matters, at both a territorial level (PROCICAT), special plans for
specific risks (INUNCAT, INFOCAT, NEUCAT, etc.) and self-protection plans for
businesses, centres and certain facilities. However, the impacts of climate
change have only just become noticeable and work needs to be done to
structure the risk analysis and the probabilities of it occurring. In this regard, as
set forth in the Climate Change Act, current emergency and civil protection
plans should include as many modifications as necessary as a result of the
increased intensity and frequency of extreme meteorological phenomena.

Challenges to be tackled

Give priority to an economic basis that promotes quality rather than quantity
in all productive sectors.

Location

Municipalities in the Ebro Delta

Benefits

Minimises the effects of the higher number of extreme meteorological
phenomena; provides socioeconomic sectors and citizens with greater
resilience and reaction capacity when faced by these situations.

Difficult and potential
conflicts/negative impacts

Impacts of climate change are produced at mid and long-term horizons, which
could make it difficult to include them in emergency plans.

Implementation horizon

Medium (<5 years).

Stakeholders involved

All public authorities , in both Catalonia and Spain.

Entities in charge

Catalan ministry of Home Affairs.
-

-

Specific examples

-

Special emergency plan drawn up in Catalonia: PLASEQCAT, INFOCAT,
INUNCAT, TRANSCAT, NEUCAT, ALLAUCAT, VENTCAT, AEROCAT, CAMCAT,
SISMICAT, RADCAT.
Assistance and Support Plan for Civil Protection Matters in Baix Ebre and
Montsià (PAS-PC).
Special Plan of Action in Situations of Alert and Eventual Drought (PES).
Flood Risk Management Plan for the Catalan River Basin (PGRI).
Action plans to prevent the effects of heatwaves on people's health (POCS)
of the Health Department.
Basic municipal emergency plans (PBEM).
Municipal action plans (PAM).
Specific municipal plans (PEM).
Self-Protection Plans (PAU).
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ACTION 4. Ensure the population in risk of exclusion has access to basic water and energy
services
Although following the economic crisis it is more than necessary to protect the
right to receive basic supplies, the impacts of climate change could lead to an
increase in the number of vulnerable groups that could suffer energy poverty.
The government of Catalonia has reiterated that, despite the suspension of the
energy poverty decree, it will continue to guarantee electricity, gas and water
supplies to people in a vulnerable economic situation, under the protection of
Act 24/2015, of 29 July, on urgent measures to address emergencies related to
housing and energy poverty.

Description

This commitment is also included in the ESCACC and is explained in detail in
the action Elaborar programes per prevenir les situacions de pobresa
energètica en els grups socials més desfavorables (Drawing up programmes to
prevent situations of energy poverty in the most disadvantaged social groups).
As established in the ESCACC’s Monitoring and Assessment document, specific
preferential mechanisms need to be introduced for people affected by energy
poverty within the present domestic aid and subsidy systems that provide this
group with basic energy services and improve the energy efficiency conditions
and utilities of their home. The implementation of genuine social rates must
also be defended.
Act 24/2015 is not the only measure that protects these groups, the seventh
final provision of the Climate Change Act also sets forth that, within the scope
of its competence, both the government and local entities must promote the
necessary mechanisms to guarantee that all citizens have universal access to a
minimum vital consumption of certain basic resources (electricity, heating fuel
and water supplies), as well as design the mechanisms for providing this vital
minimum.

Challenges to be tackled

Give priority to an economic basis that promotes quality rather than quantity
in all productive sectors.

Location

Citizens and groups that are susceptible to suffering energy poverty.

Benefits

Development of social inclusion policies; actions against poverty, social
inequality and exclusion.

Difficulties and potential
conflicts

---

Implementation horizon

Medium (<5 years).

Stakeholders involved

Administration of the government of Catalonia, local entities, suppliers.

Entities in charge

Administration of the government of Catalonia and local entities.
-

Specific examples
-

The Catalan Consumer Agency offers a guide with the available resources
to avoid cutting off supplies. It collaborates with municipal entities to
create action protocols for helping people at risk of suffering energy
poverty and requests suppliers to make contributions. In 2015, €1.14
million were used to set up a solidarity fund to cover basic energy supplies.
The Barcelona Metropolitan Area, in collaboration with suppliers, provided
metropolitan councils with a budgetary item of €5 million to enable

118

Climate Actions for the Ebro Delta (ACDE)

vulnerable groups to pay their costs of water, gas and electricity to prevent
their supplies from being cut off.
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ACTION 5. Define plans for a more efficient urban water use
ACTION 6. Establish drinking water surveillance and monitoring systems

Description

Adaptation to droughts requires efficient policies, with sufficient and safe
infrastructures to guarantee enough water is available to meet urban and rural
demands and conserve the environment. Current legislation places priority on
human use rather than on other uses and, during periods of drought, this
priority has a huge impact on quotidian activities. One of these policies is to
promote and support saving, with the purpose of rationalising our water
consumption habits and adapting them to climate variability, in such a way
they turn into independent habits that do not change during episodes of
drought.
This is the purpose of one of the measures established in the ESCACC’s
Monitoring and Assessment document, on improving the efficiency of water
use (including reducing the amount of water wasted in networks) and studying
the combination of solutions to obtain resources, as considered in the
Management Plan for the Catalan River Basin.

Challenges to be tackled

Give priority to an economic basis that promotes quality rather than quantity
in all productive sectors.

Location

Municipalities in the Ebro Delta

Benefits

Improves sustainable and rational water use; incorporates use, reuse and
recovery policies; improves control and prevention of possible leaks and/or
breakdowns in the supply networks; protects people’s health.

Difficulties and potential
conflicts/negative impacts

Efficient water use is not possible without proper management from public
authorities and the final user’s commitment; in some cases, improving
efficiency or the search for new, more sustainable sources of water from a
hydrological perspective can lead to increased energy costs and greater
impacts in other fields and sectors.

Implementation horizon

Medium (<5 years).

Stakeholders involved

Catalan Water Agency (ACA), Directorate-General for Public Health,
Consortium for Environmental Policies in Terres de l’Ebre (COPATE), local
entities (local and regional councils).

Entities in charge

Local entities that own the supply service and the Catalan ministry of Health.
-

Specific examples
-

Installation of water meters in the upstream network; sectionalised remote
control to be able to manage installations with greater safety and improve
the efficiency of the drinking water network; leak detection and water loss
monitoring; preparation of Master Supply Plans.
The Catalan ministry of Health has several programmes to guarantee that
drinking water is safe to drink.
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ACTION 7. Promote proximity-based marketing and traditional commerce
Marketing and consumption are at the end of the chain of production;
therefore they are mainly responsible for determining the effects of these
activities. Goods are produced or manufactured, processed, stored, packaged
and transported, and each one of these stages produces greenhouse gases.

Description

The consumption of locally-grown products does not only reduce CO2
emissions related mainly to transport and conservation, it also boosts the links
between production and consumption, as well as contributing to the
development of local economy. In the food sector particularly, it can promote
production and food models that seek sustainable local development of quality
that, from an environmental, economic and social perspective, is integrated
into the territory, with a highly efficient resource use and maintaining
biological, cultural and food diversity.
Another proximity exists between home and the shop, known as proximitybased marketing, which refers to local shops as opposed to large surfaces.
Proximity-based marketing provides all kinds of goods next to home. It is sold
in different formats and qualities, it creates areas where people from the
neighbourhood can meet and contributes to the activity and social cohesion of
towns and villages.

Challenges to be tackled

Give priority to an economic basis that promotes quality rather than quantity
in all productive sectors.

Location

Municipalities in the Ebro Delta

Benefits

Purchasing locally-grown products on short marketing circuits strengthens
local economy.

Difficult and potential
conflicts/negative impacts

---

Implementation horizon

Medium (<5 years).

Stakeholders involved

Catalan ministry of Business and Knowledge, Catalan ministry of Agriculture,
Livestock, Fisheries and Food, retailers and shop owners’ associations, agrofood cooperatives, local entities (local and regional councils).

Entities in charge

Catalan ministry of Business and Knowledge
-

-

Specific examples
-

-

Shop owners’ associations, farm shops of agricultural cooperatives,
butcher’s shops that buy and sell locally, consumer cooperatives, markets,
etc.
Brands of geographical proximity: ‘Terra pagesa’ (Unió de Pagesos), ‘km 0
fets al costat de casa’ (Associació Agrària de Joves Agricultors - Young
Farmers’ Agricultural Association), ‘Xarxa de productes de la terra’
(provincial council of Barcelona), etc.
Terms used in proximity-based marketing: Direct sales, Short distribution
channels, Proximity-based marketing (government of Catalonia).
The Protected Designation of Origin and Protected Geographical indication
labels identify the area where a foodstuff has been produced and
acknowledge the added value given by this origin.
Iniciativa Arrosvolució is rice grown using traditional methods, without
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machinery, fuel or chemical products, on the Riet Vell farm (Amposta).
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ACTION 8. Promote programmes to monitor the marine, deltaic and river environments: climate
indicators, productive and invasive species and impacts of climate change on the ecosystem
The ESCACC’s Monitoring and Assessment document considers a series of
measures for generating and transferring knowledge about the adaptation of
fishing and marine ecosystems to climate change. These measures are based
on:
-

Description

Maintaining, drawing up and promoting monitoring programmes to ensure
the available temporary sequences and incorporate the monitoring of
marine climate indicators, to know the variable physical, chemical and
biological variables, as well as their evolution.
- Promoting monitoring programmes based on the participation of citizens
and sectors that are directly linked to the marine environment.
- Promoting applied research lines to know which climate change impacts
affect marine populations, and fish and shellfish farms.
- Studying and monitoring the declines in populations and species, as well as
the resistance and recovery processes.
- Using tools, such as vulnerability assessments and risk analysis, to help
develop adaptation measures.
- Improving the mapping of habitats and species, especially as regards those
that are vulnerable, in danger or threatened.
- Promoting coordination between researchers and research institutions
that conduct studies and monitoring procedures in relation to climate
change.
- Improving knowledge transfer, particularly between science and
management.
In the scope of the Ebro Delta, the IRTA of Sant Carles de la Ràpita integrates
two major areas of work (Aquatic Farming, and Sea and Freshwater) dedicated
to monitoring, studying and researching the environment, water species and
the causes and consequences of global change on ecosystems. The tasks
performed by these working groups include monitoring mollusc production
areas, assessment of the dynamics of harmful microphyte populations,
participation in assessments of invasive populations in the bays, research with
new aquatic species and processes for improving the quality and productivity
of commercial species, as well as the analysis and effects of climate change
and global change on the deltas and trophic networks.

Challenges to be tackled

Give priority to an economic basis that promotes quality rather than quantity
in all productive sectors.

Location

Fishing area in the Ebro Delta.

Benefits

The knowledge and monitoring of the changes in the marine environment have
to enable and facilitate decision-taking in resource management.

Difficult and potential
conflicts/negative impacts

Historical shortcomings in the relationships between the scientific world and
the related economic sectors; decreased citizen awareness of the status of the
sea and the impacts it suffers.
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Implementation horizon

Short (<2 years).

Stakeholders involved

Spanish Ministry of Agriculture and Fisheries, Food and Environment; Catalan
ministry of Agriculture, Livestock, Fisheries and Food, research groups (IRTA,
Seawatchers and the Institute of Marine Sciences of Barcelona), fishermen’s
guilds, shellfishers’ associations, Federation of the Ebro Delta Shellfish
Producers (FEPROMODEL).

Entities in charge

Research groups (IRTA, Institute of Marine Sciences).
-

-

Specific examples

-

-

Monitoring of marine biodiversity in the Cap de Creus Natural Park and
Montgrí Natural Park, the Medes Islands and Baix Ter (Marine Biodiversity
Conservation Group). http://www.medrecover.org
Seawatchers, coordinated by the Institute of Marine Sciences of Barcelona,
which collects observations and experiences from citizens about
phenomena that take place in the sea. http://observadorsdelmar.es
MedMis, to monitor non-native invasive species in protected marine areas
(IUCN). http://www.iucn-medmis.org
Projects drawn up by the MAPAMA (Impactos del cambio climático sobre la
acuicultura en España, 2014 - Impacts of climate change on aquaculture in
Spain, 2014), the Institute of Marine Sciences (Litofut, Manifest, CSI-Coral),
MedSea and the leading aquaculture R&D+I network of the government of
Catalonia.
Mapping of Coastal Habitats in Catalonia and the Manual of Coastal
Habitats in Catalonia.
Delimitation of the prairies of marine phanerogams on the Catalan coast.
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ACTION 9. Change the paradigm of fishing activity management, with resource management
that takes an ecosystemic approach, and based on sustainability criteria
ACTION 10. Encourage low impact fishing methodologies
Both the TICCC and the ESCACC establish that the main measure in the fishing
sector involves a change of paradigm in fishing management, which implies
stopping the management of isolated stocks to manage ecosystems.
The ecosystemic approach of fishing resource management is based on
knowing the interactions between species, abiotic factors (including those
related to climate change) and use of resources, so that research plays a
predominant role in the development of this new model of sustainable
management. This approach is geared towards guaranteeing the long-term
economic feasibility of activities, while helping to stop the loss of biodiversity,
restore the productivity of the marine environment and increase its resilience.
The ecosystemic approach is a commitment of the new Common Fisheries
Policy (in force since 2014) and, consequently, it must have priority in the
Catalan fisheries policy.
Description

As set forth in the Climate Change Act, the measures for fisheries and
aquaculture need to be aimed towards the reestablishment, conservation and
sustainable management of marine and coastal ecosystems. They must also
prevent the destruction, overuse and pollution of habitats and other
anthropogenic pressures.
The Common Fisheries Policy establishes a set of rules for the conservation of
fish stocks. They cover environmental, social and economic matters, including
the impact of fishing on the environment or its contribution to local economy.
In this regard, the Member States must favour selective fishing methods or
fishing modalities with a low environmental impact, which use a low amount of
fuel or harm the habitat as least as possible. Therefore, traditional fishing on
the coast is a sustainable alternative to the overexploitation of marine
resources.

Challenges to be tackled

Give priority to an economic basis that promotes quality rather than quantity
in all productive sectors.

Location

Fishing and aquacultural sector.

Benefits

The implementation of adaptation strategies must be able to reduce the
fishery and aquacultural sector’s vulnerability to the impacts linked to climate
change and increase its resilience.

Difficulties and potential
conflicts

The adoption of certain policies is a lengthy process.

Implementation horizon

Medium (<5 years).

Stakeholders involved

Spanish Ministry of Agriculture and Fisheries, Food and Environment; Catalan
ministry of Agriculture, Livestock, Fisheries and Food; research groups;
fishermen’s guilds and shellfishers’ associations.

Entities in charge

Catalan ministry of Agriculture, Livestock, Fisheries and Food.

Specific examples

-

The Sèpia Project, which aims to ensure the reproduction of cephalopoda
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in the bays of Roses and Pals, conserve traditional fishing methods,
promote sustainable practices, raise society’s awareness of the sea and
foster sustainable tourism.
http://www.projectesepia.com/projecte.php
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ACTION 11. Include climate impacts in fishing and aquacultural sectoral management plans
The Climate Change Act establishes the need to include the observed and
projected climate change impacts into fishery and aquacultural plans, paying
special attention to the risk of intensification of extreme meteorological
phenomena, sea temperature increase and acidification of marine ecosystems.

Description

In this regard, there is a Draft Decree on the governance model for
professional fishing in Catalonia , which is currently at the public information
stage. The Decree is focused on regulating and monitoring fishing activity by
means of management plans with a comprehensive approach towards
environmental, social and economic sustainability. Furthermore, it must
establish the need to include the impacts of climate change when the
respective management plans are defined.
It is a co-management model that implies the participation and involvement of
public authorities, the sector, the scientific world and civil associations. As set
forth in the Common Fisheries Policy, decision-taking must be based on the
best scientific opinions, made available by the active participation of the
stakeholders involved . As a result, the plans will give preference to the
adoption of scientific, technical and economic opinions; they will also contain
conservation measures directed towards reestablishing and progressively
maintaining fish populations above biomass levels that are capable of
producing the maximum sustainable yield.

Challenges to be tackled

Give priority to an economic basis that promotes quality rather than quantity
in all productive sectors.

Location

Fishing and aquacultural sector.

Benefits

The implementation of adaptation strategies must be able to reduce the
fishery and aquacultural sector’s vulnerability to the impacts linked to climate
change and increase its resilience.

Difficult and potential
conflicts/negative impacts

The adoption of certain policies is a lengthy process.

Implementation horizon

Medium (<5 years).

Stakeholders involved

Spanish Ministry of Agriculture and Fisheries, Food and Environment; Catalan
ministry of Agriculture, Livestock, Fisheries and Food; research groups;
fishermen’s guilds and shellfishers’ associations.

Entities in charge

Catalan ministry of Agriculture, Livestock, Fisheries and Food.
-

Specific examples

-

Several management plans have been drawn up (elvers, bivalve mollusc
fishing by way of mechanised dredging, red prawns from Palamós, trolling
with a close-mesh net, wedge clam fishing with a handheld clam rake, etc.)
that although they do not include the expected climate change, they have
applied sustainability criteria.
The Hake Management Plan for the Gulf of Roses does not only provide an
example of fishing exclusion zones, it is also an example of selfmanagement, as it was created by fishermen and scientists, without the
participation of public authorities. The Plan, which was drawn up in order
to reduce the catches of small hake, enabled the Roses fishermen’s guild in
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2013 to auction 67% more hake than the previous year.

128

Climate Actions for the Ebro Delta (ACDE)

ACTION 12. Encourage new fishing and aquacultural techniques
It is necessary to consider the incorporation of different techniques and
practices that will make adaptation easier for the fishery and aquaculture
sector. Some of them are mentioned in both the TICC and the Climate Change
Act:
Description

-

-

-

Assessment of native and non-native species and varieties that have
adapted to the new environmental conditions.
Establishment and effective management of a network of protected
marine areas, to stop the loss of biodiversity and improve the resilience of
marine ecosystems.
Creation and management of fishing exclusion zones, complemented by
habitat management that helps mitigate the decrease of some fish stocks
(for example, the protection of prairies of marine phanerogams or the
installation of artificial reefs).
Offshore or open sea aquacultural practices.

Challenges to be tackled

Give priority to an economic basis that promotes quality rather than quantity
in all productive sectors.

Location

Fishing and aquacultural sector.

Benefits

The implementation of adaptation strategies must be able to reduce the
fishery and aquacultural sector’s vulnerability to the impacts linked to climate
change and increase its resilience.

Difficult and potential
conflicts/negative impacts

The adoption of certain policies is a lengthy process.

Implementation horizon

Medium (<5 years).

Stakeholders involved

MAPAMA, Catalan ministry of Agriculture, Livestock, Fisheries and Food,
research groups, fishermen’s guilds and shellfishers’ associations.

Entities in charge

Catalan ministry of Agriculture, Livestock, Fisheries and Food.
-

Specific examples

Offshore fish farming is carried out in Spain, Italy, Australia, Canada and
Norway, among other countries. Even though the offshore fish, molluscs
and seaweed farming is environmentally and economically feasible, fish
farming is the most widely spread activity.
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ACTION 13. Adapt tourist resources and changes in the promotion and target audience strategy
ACTION 14. Promote the diversification of tourist activities with the aim of offering fewer
climate-dependant proposals: cultural, family, business, sports, gastronomic offers, etc.
ACTION 15. Boost the deseasonalisation of tourist activities, promoting two seasons: spring and
autumn
The Strategic Tourism Plan for Catalonia (2013-2016) and national tourism
Directives (2020) state that Catalonia is rich in tourist resources, although it is
still poor in structural, innovative, competitive and marketable tourist
products. The focuses on growth in terms of tourist quality, of both the
destination (capacity to attract and satisfy tourists) and that of the tourist
(capacity to add value to the destination) and stresses the need to find a
balance between competitiveness and sustainability.

Description

When considering the need to tackle the climate change-tourism combination,
it is essential to understand the interactions between both factors, assess new
situations (threats and opportunities), assume responsibilities at all levels,
recognise the need to reformulate the current model for including
sustainability criteria and realise that most of the actions aimed towards
achieving adaptation and mitigation targets must be based on local
requirements.
The basic strategies for adapting to climate change are activity and product
diversification and deseasonalisation of the offer. The diversification of tourist
products, accompanied by the corresponding diversification of the demand,
encourages the deseasonalisation and territorial expansion of the activity. The
Delta territory is in an advantageous location, since it is a unique place in
Catalonia. Its tourist attractions are not restricted to sun and the beach; it also
offers other features of interest such as a protected natural area, nature-based
tourism, ornithology, family tourism, culture, adventure and gastronomy.

Challenges to be tackled

Give priority to an economic basis that promotes quality rather than quantity
in all productive sectors.

Location

The entire Ebro Delta territory.

Benefits

Difficult and potential
conflicts/negative impacts

The increase of tourist products that do not rely on climate conditions so much
will make the sector less vulnerable.
The development of environmentally sustainable tourism becomes a tool for
creating competitiveness and quality.
Although tourism is a strategic sector in both the Delta and the whole of
Catalonia, it is hardly aware of the impacts of climate change.
The transformation towards a tourist model with higher added value in terms
of economy, culture and the environment requires the commitment of the
whole sector, plus the cooperation between the public and private sectors.

Implementation horizon

Medium (<5 years).

Stakeholders involved

Catalan ministry of Business and Knowledge, Consortium for Environmental
Policies in Terres de l’Ebre (COPATE), local entities (local and regional councils),
Ebro Delta Natural Park, tourist sector.
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Entities in charge

Directorate-General for Tourism of the Catalan ministry of Business and
Knowledge
-

-

Specific examples
-

The European Charter for Sustainable Tourism (ECST), which accredits
different tourist businesses in the Ebro Delta, and the Strategy and Action
Plan for Sustainable Tourism in the Ebro Delta (2017-2021).
In 2015, Catalonia was awarded the Biosphere Destination certification as
an integral tourist destination. The certification acknowledges the quality,
environmental sustainability and social responsibility of tourist
destinations.
Plan to encourage nature tourism in Catalonia's protected natural areas.
Gastronomic tourism. Creation of the ‘gastronomic hotel’ speciality badge.
Promotion of hiking and walking (Alt Pirineu and Aran Trails Working
Group).
Catalonia tourism working group.
Enotourism Programme; Oil Tourism Programme.
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ACTION 16. Define and promote climate change mitigation measures in socioeconomic sectors
(fishing and aquaculture, industry, services, commerce, tourism, mobility and maritime
transport, farming machinery, urban planning and housing, natural spaces and waste
management)

Description

The need for a new energy model that ensures renewable, clean, efficient,
decentralised, democratic and sustainable energy becomes the basis for the
transition towards a neutral greenhouse gas emission model and implies the
joint responsibility of all sectors: citizens, business, and public authorities.
Consequently, all socioeconomic sectors susceptible to generating greenhouse
gas emissions can and must integrate measures and actions to reduce these
emissions, mainly based on saving, energy efficiency and the progressive
discontinuation of fossil fuel consumption.
The first Additional Provision of the Climate Change Act stipulates the
greenhouse gas emission reduction targets: 40% by 2030 in respect to the
baseline year (1990), 65% by 2040 and neutral emissions by 2050, to be
reviewed every five years. These targets are set using the basis of the
reduction agreed by the European Union and the effort sharing criteria
stipulated for Member States by the EU.

Challenges to be tackled

Give priority to an economic basis that promotes quality rather than quantity
in all productive sectors.

Location

Set of socioeconomic activities in the Ebro Delta.

Benefits

Energy sovereignty.

Difficult and potential
conflicts/negative impacts

The adoption of certain policies is a lengthy process; renewable energies
entails modifying territorial, urban planning and environmental regulations to
fully develop their potential; the existing legal framework does not encourage
self-consumption.

Implementation horizon

Long (>5 years).

Stakeholders involved

Catalan Energy Institute (ICAEN), Consortium for Environmental Policies in
Terres de l’Ebre (COPATE), all the socioeconomic stakeholders in the Delta.

Entities in charge

Catalan Energy Institute (ICAEN).

Specific examples

-

National Agreement for the energy transition of Catalonia.
Catalan strategy for energy renewal in buildings.
Catalan action plan for energy efficiency in industry.
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10.2

Acronyms

ACA - Catalan Water Agency
BAIC - Annual Climate Indicator Bulletin
CAMCAT - Special emergency plan for polluted marine water in Catalonia
CEDEX - Centre for Studies and Experimentation of Public Works
CHE - Ebro Hydrographic Confederation
GHG - Greenhouse Gases
ICGC - Geological and Cartographic Institute of Catalonia
IDESCAT - The Statistical Institute of Catalonia
INFOCAT - Special emergency plan for forest fires in Catalonia
INUNCAT - Special emergency plan for flooding in Catalonia
IPCC - Intergovernmental Panel on Climate Change
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IRTA - Institute of Agro-food Research and Technology
MAPAMA - Spanish Ministry of Agriculture and Fisheries, Food and Environment
NEUCAT - Special emergency plan for snowfall in Catalonia
OCCC - Catalan Office for Climate Change
PENTA - Off-site nuclear emergency plan in the nuclear power stations of Ascó and Vandellòs
PROCICAT - Territorial plan for civil protection in Catalonia
SISMICAT - Special emergency plan for seismic emergencies in Catalonia
SMC - Catalan Meteorological Service
TICCC - Third Report on Climate Change in Catalonia
TRANSCAT - Special emergency plan for accidents involving road and rail transport of dangerous
goods in Catalonia
UCO – University of Córdoba
UPC – Polytechnic University of Catalonia

140

