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AWD: alternate wetting and drying
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XP: Xavier Pujol
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Pathways
CFT: Empirical model Cool Farm Tool
IGME: Instituto Geológico y Minero de España
IDECE: Institute for the Development of the Ebro region
DMA: Water Framework Directive
EUSACC: Strategy of Adaptation to Climate Change in the European Union
ESCACC: Estratègia catalana d'adaptació al canvi Climàtic
NAP: National Plan for Adaptation to Climate Change of Spain
GENCAT: Generalitat de Catalunya
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2. Executive Summary
2.1. Project objectives
The LIFE+ EBRO-ADMICLIM project aimed the implementation of pilot actions for
adaptation and mitigation of the climate change in the Ebro Delta (Catalonia, Spain); through
an integrated approach for managing water, sediment and habitats (rice fields and wetlands),
with the multiple aim of optimizing ground elevation (through inputs of inorganic sediment
and organic matter), reducing coastal erosion, increasing carbon accumulation (sequestration)
in the soil, reducing greenhouse gas (GHG) emissions, and improving water quality.
The main pilot adaptation actions (Actions B1, B2, B6 & C1) of the LIFE+ EBROADMICLIM project focus on restoring sediment inputs from the Ebro River into its delta, as
well as the assessment and identification of the areas of the delta plain vulnerable to
subsidence and sea level rise (Action B6). The goal is to demonstrate the feasibility of
permanently restoring the sediment flow, both from a water purification plant in the Ebro
River (Tarragona Water Consortium; CAT) and from the reservoirs along the lower Ebro
River. Essential for this is a good assessment of the sediment transport capacity of the river
and irrigation canals. Results of these actions have been: 1) The feasibility of reincorporating
ca 1,000 MT/yr of Ebro River sediments currently retained in a water purification plant has
been demonstrated. 2) the real capacity of the Ebro River for sediment transport, which is
expected to change from 10 mg/L at present to about 100 mg/L if the flow of sediment through
reservoirs is restored, has been determined. 3) The Ebro delta subsidence has been estimated
ca 2-3 mm/yr, and areas most vulnerable to relative sea level rise have been identified. These
areas are mainly located at the apex of the delta front (i.e. Illa de Buda).
Pilot mitigation actions (actions B3, B4, B5, C2 and C3) were aimed to optimize the carbon
and nutrient budgets by reducing GHG emissions and nutrients, and increasing carbon
sequestration and ground elevation of rice fields and wetlands. The main results of these
actions have been: 1) in the constructed wetlands (Action B3 and C3) mean carbon
sequestration rates have been of the order of 402 g/m2/year in the South wetland and 103
g/m2/year in the North wetland; mean soil accretion rates of 1,7 cm/yr in the South wetland
and 0,7 cm/yr in the North wetland; mean dissolved nitrogen removal rate was 87% in the
north wetland and 84% in the south wetland; nitrate reduction rates were 89% in the North
wetland and 94% in the South wetland; ammonium reduction rates were 70% and 82% (north
and south constructed wetlands, respectively); nitrites were reduced in 95% in the north
wetland and 85% in the south wetland; dissolved phosphorous (phosphate) reduction rates
were to 45% in the South wetland and 68% in the North wetland; the particulate matter
decreased 83% in the north wetland and 63% in the south wetland; most of the analysed metals
for which there is enough data (some metals’ concentration were below the detection limit in
some sampling occasions (sampling site and moment) and, therefore, there weren’t enough
samples to perform data analyses) showed reduction rates high above the target objective
(30% reduction) with only a few exceptions in the south wetland (below sea level in its final
stretch) for those meals that are more abundant in sea water in comparison to freshwater
(boron, strontium and barium); and contaminant (pesticides) reduction rates of 98% and 97%
in the north and south wetlands, respectively. 2) Total GHG emissions in Delta rice fields
(action B4, B5 and C2) were estimated in the order of 200,000 MT/yr of CO2 equivalent. GHG
reductions up to 90% (for methane) could be achieved following particular changes in
agricultural practices such as the AWD water management scheme (see section 6.1.1.4. for
further information). The incorporation of sediments from the water purification plant did not
affect rice productivity. The organic fertilization slightly declined the rice yield.
Results obtained throughout the project jointly with a participative process with the local
stakeholders served to establish the guidelines for a program of adaptation and mitigation
measures with high consensus (Action B7).
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A number of successful dissemination actions were carried out: logo, website, educational
materials, information boards, media briefings, conferences and technical publications, talks
to stakeholders and schools and universities, networking activities, etc. The project partners
did a great effort in terms of outreach, achieving a strong impact on the society, as can be seen
according to some outcomes such as the visits to the website (more than 205.000 visits). The
project obtained a great impact on mass media and the society: large number of news in top
newspapers, radio and TV, such as the TV program Volando Voy (Cuatro), news in the public
TV of Catalonia (TV3), etc. During the project a total of 25 networking collaborations were
carried out. The networking activities included private companies, international agencies,
universities and research groups, expert groups and other LIFE projects.
All pilot actions (B1 to B7), monitoring (C1 to C4), dissemination (D1 to D7) and project
management (E1 to E4) actions set up in the LIFE+ EBRO-ADMICLIM project have been
carried out successfully. Specific objectives established in the original proposal have been
reached without major problems through the fruitful collaboration of projects partners and
other institutions.
2.2. Key deliverables and milestones:
In the following tables (Table 1 & 2) the deliverables and outputs are presented. The
corresponding Action of each item and its date of accomplishment are also indicated.
Table 1: Deliverables of the LIFE+ EBRO-ADMICLIM project.
Name of the Deliverable
Project logo
Project Website
Desk calendar (500 units)
Bookmarks (2000 units)
Report of the “Results obtained from the
simulation and calibration of the sediment
transport models”
Report of the “Results obtained from the
simulation and calibration of the sediment
transport models”
Report of the “Monitoring of GHG emisions,
avifauna, water physical-chemical parameters
and sedimentation in the Ebro rice fields” and
“Report of the rice production in the paddy
plots”
Report on the “Effects of different water
management practices during the agrienvironmental period over the avifauna, GHG
emissions and stock of carbon”
Report of the “Total GHG emissions in the
Ebro Delta rice fields and the effects of
agricultural practices over the GHG
emissions and carbon stock”
Geological and geophysical database
Report of the “Transport capacity and
diffusion of the sediment injected into the
river and irrigation canals and the
sedimentation rates in the rice fields”
Technical report "Results of the interpretation
of geophysical data". Columns, profiles and
5

Action
D1
D1
D1
D1

Deadline
01/10/2014
12/11/2014
17/11/2014
17/11/2014

Accomplished
01/10/2014
12/11/2014
05/12/2014
05/12/2014

B1

31/03/2016

31/03/2016

B2

31/03/2016

31/03/2016

C2

01/06/2017

30/11/2017

B4

30/06/2017

30/11/2017

B4

30/06/2017

30/11/2017

B6

30/09/2017

30/09/2017

C1

30/09/2017

30/09/2017

B6

30/09/2017

30/09/2017

maps of geophysical properties. Geophysical
models corresponding to the different applied
techniques”
Report on “Effect of the application of the
sediments coming from the CAT with
different sources of fertilizers on rice
cultivation and GHG emissions”
Document “Zoning of subsidence
susceptibility in the Ebro delta: Zoning maps
of susceptibility to subsidence”
Report “Monitoring of carbon accumulation,
vertical accretion and elimination of nutrients
and water contaminants in the constructed
wetlands”
Document of “Adaptation and mitigation
measures to climate change in the Ebro Delta
rice fields
Online map services (WMS) derived from the
geological and geophysical information
database of the Ebro Delta
Document “Recommendations for the
restoration of sediment flow in the Ebro
River”
Report on “Recommendations for the
operation of sediment injections”
Document of the “Climate Action Plan of the
Ebro Delta”
Management and operation plan for the Ebro
delta constructed wetlands with adaptation
and mitigation objectives to climate change
Layman report (in paper and digital format)
Scientific and technical publications

B5

01/11/2017

30/11/2017

B6

30/01/2018

26/04/2018

C3

01/03/2018

31/05/2018

B4

01/04/2018

31/05/2018

B6

01/04/2018

25/05/2018

B2

25/04/2018

31/05/2018

B1

25/04/2018

31/05/2018

B7

01/05/2018

01/05/2018

B3

01/05/2018

31/05/2018

D7
D4

02/06/2018
02/06/2018

31/05/2018
01/05/2018

Table 2: Milestones of the LIFE+ EBRO-ADMICLIM project.
Name of the Milestone
Selection of pilot paddy fields
and agreement with the owners
Signature of the management agreement with
the owner or concessionaire
Construction of plots in the Experimental
Station of the Ebro (IRTA, Amposta)
Commissioning of constructed wetlands
Start the monitoring of the GHG emissions in
the pilot rice fields
Start the monitoring of the effects of CAT
sediment in the experimental plots
Installation of informative panels
Analysis and evaluation of the historical
subsidence (1992- 2010). Historical
subsidence map drawn
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Action

Deadline

Accomplished

B4

31/12/2014

09/01/2015

B3

31/01/2015

22/05/2015

B5

31/03/2015

02/02/2015

B3

31/03/2015

27/04/2015

C2

27/04/2015

20/05/2015

C2

27/04/2015

19/05/2015

D2

18/05/2015

08/07/2015

B6

30/06/2015

30/06/2015

First year evaluations in the experimental
plots
First year of GHG emissions monitoring
Completion of the first year of the monitoring
of the constructed wetlands
First approximation of the sediment transport
capacity in the pilot sections
First sampling of sediment injections in the
irrigation canals
First pilot test of sediment injection in the
irrigation network
Modeling of the sediment transport (in 1D)
with hydrodynamic base
Sediment injections in the river. First
sampling
Realization of the first pilot test of sediment
injection
Realization of the last pilot test of sediment
injection in the irrigation network
Completion of pilot tests of water renewal
rates and levels
Completion of nutrient, contaminant and
pesticide analyzes
Preparation of a draft plan for discussion with
the local socio-economic stakeholders
Validation of the model and estimation of the
maximum transport capacity of the irrigation
network
Preparation of the document “Viability of the
CAT’ sediment injection”
Completion of the document “Adaptation and
mitigation measures in the rice sector”
Geological model 3D generated
Public presentation of the final plan

B5

31/12/2015

25/09/2015

B4

31/12/2015

16/12/2015

B3

31/03/2016

23/11/2015

B2

28/10/2016

25/03/2016

C1

31/10/2016

21/06/2016

B1

31/10/2016

21/06/2016

B2

25/11/2016

25/03/2016

C1

29/05/2017

03/05/2017

B2

29/05/2017

03/05/2017

B1

03/11/2017

21/06/2016

B3

28/02/2018

28/02/2018

C3

28/02/2018

29/05/2018

B7

31/03/2018

03/11/2017

B1

31/03/2018

16/02/2018

B5

30/04/2018

30/04/2018

B4

30/04/2018

31/05/2018

B6
B7

30/04/2018
01/06/2018

30/04/2018
25/05/2018

2.3. Summary of deviations, problems and difficulties met during the project implementation.
Overall, during the project progress, there were no significant problems in achieving the overall
results, but obviously some difficulties in implementing the different actions described in the
project proposal were encountered. For example, sedimentation rates in rice fields (Action B1)
were not directly evaluated in the field; temporal closures of the south constructed wetland
halted the monitoring during some periods (B3); low organic matter content in soils of some
experimental plots did not allow (in a few cases) to obtain good estimates of GHG emissions
(Action B5); corners reflectors to survey subsidence through satellite (Action B6) were torn
out by strong prevalent winds, thus losing data records during some periods. Nevertheless,
these setbacks have been overcome without great difficulties. Also, some changes were made
in relation to the original proposal but in no case have they represented a modification of the
objectives established at the beginning of the project. These changes refer, for instance, to the
modification of experimental designs of some actions, such as the location and number of
sampling points (Action B1); and the experimental sequence of both water renewal rate and
water column in the constructed wetlands (Action B3). Other changes refer to the sediment
injection system in the experimental plots of IRTA in Amposta (Action B5) that was modified,
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or the total number of piezometers evaluated (passing from 17 to 4) (Action B6). In contrast,
new tasks have also been introduced during the project implementation such as, for example,
friendly model interface of the irrigation canals sediment transport model, for greater ease in
the use by the future operators (Acton B1); a new pilot test for the implementation of water
management-based mitigation measures to reduce GHG emissions (Action B4); performance
of two 24 hours cycle surveys for assessing the pattern of daily emissions (Action B4), or a
geotechnical survey (Action B6). These tasks, not established at the beginning of the project,
led to improving and deepening some basic aspects that have allowed us to successful achieve
the different objectives.
There were some significant deviations of expenses in relation to the budget such as personnel
costs, in most of cases because the budget was calculated time before the project was approved,
and the costs had increased when the project started. Furthermore, personnel costs in the budget
were based on salary scales without including some eligible salary complements. That’s why
some salaries were not updated. In addition, the project had an increment of permanent staff
costs due to the increase of the amount of time devoted to performing some tasks such as
project management, monitoring, data analysis and dissemination activities. The project
generated a great amount of data that implied an extra effort for analysis and reporting. The
sampling scheme in the constructed wetlands and the rice fields (actions B3, B4, B5 and C2)
was very intensive and extended in some cases, involving a high number of technicians and
researchers, both for the field and for the data analysis. The efforts in terms of project
dissemination were also very intensive and required extra dedication of personnel in the case
of the beneficiary (IRTA). The project generated a good impact on the society and there were
many opportunities and demands to explain the technical aspects in newspapers, radios, TV,
technical and scientific meetings, etc.
Further information on Budget deviations is described in Section 6.1.
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3. Introduction
3.1. Description of background, problems and objectives
The Ebro Delta is considered to be one of the coastal ecosystems most vulnerable to the effects
of climate change in the Mediterranean and in the European Union. At present the Delta is
experiencing a loss of wetlands and rice fields due to coastal regression, caused by the lack of
input of fluvial sediments that are retained by the river dams along the Ebro basin. This
problem is augmented by the reduction in the average elevation of the Delta, due to the rise in
sea level and subsidence affecting the Delta. As result, around 50% of the Ebro Delta’s surface
area could be affected by this phenomenon during the 21st century. Coastal regression and
elevation loss can only be compensated for in the long term by green engineering measures
aimed at recovering the input of inorganic river sediments and the generation of organic matter
in the wetlands and rice fields. These natural processes can be optimized through innovative
techniques of environmental engineering.
The LIFE+ EBRO-ADMICLIM project allowed for the development and application of new
adaptation strategies to cope with this elevation loss caused by sea level rise and coastal
regression in the Delta. Furthermore, the adaptation measures are combined with mitigation
measures designed to reduce the emissions of greenhouse gases and increase the amount of
carbon stored in rice fields and wetland areas by means of an integrated management of water,
sediments and habitats (rice fields and wetlands) with the multiple objective of: 1) optimizing
increases in land elevation; 2) reducing coastal erosion; 3) increasing the accumulation
(sequestering) of carbon in the soil; 4) reducing GHG emissions, and 5) improving water
quality. This approach has never previously been carried out in the European Union and is
innovative on a worldwide scale.
3.2. Expected longer term results
The expected results of the LIFE+ EBRO-ADMICLIM project are: 1) demonstrate the
viability of re-injecting 1000 T/yr of sediment generated at the Tarragona Water Consortium
water purification plant (Action B1), as well as 2) estimate the real capacity of the Ebro River
for sediment transport that will be used for laying down the bases for a (bypass) system for
transferring 2*106 T of sediment from the reservoirs to the Delta (Action B2). The results
offer us a good assessment of the river and irrigation canals’ capacities for transporting
sediments, as well as the effects on rice fields and wetlands. By the implementation of the
action B1 through the construction of a new permanent reinjection system from the CAT to
the irrigation network canals, a significant saving on the economic resources (less energy and
material consumption at the CAT water purification plant) will be obtained. Returning the
sediments from the water purification plant to the irrigation network will allow the
simplification of the process at the CAT plant, as actions relating to the collection, drying out,
transportation and storage of sediments can be removed from the overall process. Results
obtained from the management actions in the rice fields and wetlands regarding land elevation,
reducing GHG emissions, increasing carbon sequestration, nitrate reduction (70%) and
contaminant reduction (30%) (Actions B3–B5), have allowed to set future guidelines through
the climate action plan. These guidelines may facilitate the design of a scheme for voluntary
reductions in GHG on the rice production sector. Reducing GHG emissions and increasing
carbon sequestration via a change in management practices (for example, a different water
management) will represent a significant improvement in sustainability which could be
applied to other wetland and rice cultivation areas in the European Union. Finally, the results
obtained in the project allowed to elaborate a Climate Action Plan for the Ebro Delta (action
B7) with specific and effective measures of adaptation and mitigation for climate change,
establishing the directives and actions to be carried out following the finalization of the
project.
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4. Administrative part
4.1. Description of the management system
The coordinating beneficiary of the LIFE+ EBRO-ADMICLIM is the Institute of Research
and Technology Food and Agriculture (IRTA), a public company run by the DAAM of the
Catalan Government. The main responsibilities of the IRTA team in the project management
are: develop a financial and scientific dynamic and successful management of the consortium;
get the technical results expected from the project without deviation in time or resources
planned; report to the Commission the progress of the EU project and, the accurate compliance
with the Grant Agreement with the EC (Fig. 1). The associated beneficiaries of the project
are: the Catalan Water Agency (ACA); the Tarragona Water Consortium (CAT); the Irrigation
Farmers’ Association and Ebro Farmers’ Union (CRSAE); the Cartographical and Geological
Institute of Catalonia (ICGC); the Catalan Office for Climate Change (OCCC), and the
University of Córdoba (UCO). The associated beneficiaries are participating in the Steering
Committee meetings and in the working groups.
The daily management organ is the Management Team of IRTA, chaired by the director of
the project (CI) and also composed by the scientific supervisors (RT & NC), the technical
coordinator (AR) and the administrative/financial manager (RO). From here the project was
coordinated at technical, economical and scientific level within the framework established by
the Steering Committee. The Management Team prepared the progress reports and maintained
contact with the Working Groups, as well as with the IRTA Corporative Services and the
LIFE + Programme. The Management Team also prepared the Steering Committee meetings.
The Management Team met monthly or as needed in case of urgent issues.
LIFE +
IRTA
Corporative
services

Steering Committee
(Midyear meeting)
Director of the project (CI- IRTA)
Technical coordinator (AR-IRTA)
Administrative/financial manager (RO+ AU-IRTA)
1 member of each associated beneficiary
(MB-ACA, XP-CAT, MJ-CRSAE, JM- ICGC, GBOCCC, MJP-UCO)

IRTA
Management team
(Meetings when appropriate)
Project director (CI- IRTA)
Scientific supervisors (RT & NC- IRTA)
Technical coordinator (AR- IRTA)
Administrative/financial manager (ROIRTA)

Working groups
- Monitoring and technical planning
- Approving changes
- Financial monitoring
- Analysis of the results
- Reports revision

- Economic and administrative
management
- Financial control
- Administrative control
- Reviewer of the reports
- Legal services
- Final responsible of the project

- Scientific-technical management
- Preparation of the progress reports
- Contact with LIFE+

- Implementation of the actions (B, C & D)
- Identification of problems

Sediment (actions B1, B2, C1)
Coordinator responsible: AR-IRTA

Wetlands (actions B3, C3)
Coordinator responsible: NC-IRTA

Gases (actions B4, B5, C2)
Coordinator responsible: MM-IRTA

Vulnerability (action B6)
Coordinator responsible: JM-ICGC

Climate action Plan (action B7)
Coordinator responsible: GB-OCCC

Economic impact (action C4)
Coordinator responsible: CI-IRTA

Logo, web page (actions D1, D2)
Coordinator responsible: RT-IRTA

Dissemination (actions D3, D4, D5, D6, E2)
Coordinator responsible: AR/NC-IRTA

AR: Alberto Rovira; CI: Carles Ibáñez; GB: Gabriel Borràs; JM: Jordi Marturià; MB: Mònica Bardina; MJ: Meritxell Jardi; MJP:
María José Polo; MM: Maite Martínez; NC: Nuno Caiola; RO: Rodrigo de Oliveira; AU: Àlex Ubach; RT: Rosa Trobajo; XP:
Xavier Pujol.

Figure 1.- Organigram of the LIFE+ EBRO-ADMICLIM project.
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Based on the existence of common themes, the Steering Committee established the
composition and structure of 8 different working groups: Sediment Working Group (SWG)
(where B1, B2 and C1 actions were included); Constructed Wetlands Group (CWG) (actions
B3 and C2 included); Rice Fields Group (RFG) (actions B4, B5 and C2); Subsidence Group
(SG) (action B6); Climate Action Plan Group (GCAP) (Action B7); Socio-economic Impact
Group (SEIG) (Action C4); Dissemination Group (DG) (Action D1 and D2); and Publicize
Group (actions D3, D4, D5, D6 and E2). These Working Groups were responsible for the
implementation of actions (pilot actions, monitoring actions, etc.); and the coordination,
besides the technical coordinator, of technicians from the IRTA, CRSAE, CAT, ICGC, ACA,
OCCC and OCU. The working groups have a very practical nature and they meet as needed
for each action. In addition, in order to properly manage the implementation of actions that
take place simultaneously, a coordinator for each action was named, as shown in Figure 1.
This table also shows in more detail the role of each of the team members.
During the project, the Steering Committee met 7 times. In the first meeting (11/07/2014) both
the management protocol and the final schedule of the Steering Committee meetings
(biannual) were defined. The working groups and the partners responsible for each action
were designated and two interim scientific supervisors (RT & NC) were named. In addition,
the most relevant technical and administrative aspects of the project were clarified and
discussed. In the subsequent meetings (celebrated 20/01/2015, 22/09/2015, 08/02/2016,
25/10/2016, 15/02/2017, 29/09/2017 and 21/03/2018) all partners were informed of the tasks
done in each action as well as the next tasks to be run. Major questions and problems of
administrative/financial nature were also solved.
Each Working Group met several times in order to discuss and clarify the most important and
relevant aspects of each action (i.e. experimental design; methodologies; field sampling
works, etc.).
Since the project began, there was an ongoing exchange of information between the
Management Team (the administrative/financial manager and the technical coordinator, the
project manager and the scientific supervisors), without setting a specific schedule of
meetings. The information exchange has been done primarily through email, phone and Skype
and their frequency varied according to the needs. In addition, specific meetings were held at
the IRTA facilities or in other partners’ headquarters when necessary. In addition, there have
been meetings (02/10/2014) with all the management team members to discuss in detail some
issues of particular relevance. Furthermore, the project manager (CI) and the technical
coordinator (AR) conducted individual meetings with all partners (14/10/2014 with the
CRSAE; 15/10/2014 with the UCO; 20/10/2014 with the ICGC; 27/10/2014 with the CAT;
13/11/2014 with the ACA and 09/04/2015 with the OCCC) in order to define, clarify and
resolve questions concerning to the day-to-day management. The Director of the project (CI)
and both the technical coordinator (AR) and the financial/administrative manager (RO) were
in permanent contact with the Monitoring team (RA) in order to explain the main progress of
the project, to solve technical and administrative questions and to indicate the
changes/problems encountered during the project execution. Communication has been done
primarily through email and phone.
The signature of the Grant Agreement by all the project partners (IRTA, ACA, CAT, CRSAE,
ICGC, OCCC and UCO) was held on July 24th, 2014. In this document both the
administrative procedures within the consortium and the obligations of the coordinating
beneficiary and associated beneficiaries (i.e. technical and economical justification of the
project) were detailed (See Annex 7.1.1, Agreement between partners). No changes on the
Grant Agreement were done.
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Overall, all planned management and monitoring actions of the LIFE+ EBRO-ADMICLIM
project started and finished successfully without major deviations occurring in relation to the
chronogram proposed in the original revised proposal.
The mean features of the project partners are: the Catalan Water Agency (ACA) is a public
company responsible for planning and managing the complete water cycle in Catalonia. ACA
facilitate the procurement of documents and permissions of the Ebro River, as well as, advice
for the implementation of EU and National environmental guidelines. Tarragona Water
Consortium (CAT) is a leading company in the water sector of Spain in terms of service
quality, purification and industrial supplies. The CAT is the owner of the water purification
plant where is generated the sediment that will be re-injected into the irrigation canals. The
Irrigation Farmers’ Association and Ebro Farmers’ Union (CRSAE), a public corporation
attached to the Ebro Hydrological Confederation (CHE), is managing the irrigation network
canals of the left side of the Ebro delta. The Cartographical and Geological Institute of
Catalonia (ICGC), a public institution, has a large experience on geodesy and cartography as
well on the infrastructure of spatial data. The Catalan Office for Climate Change (OCCC) is
a public company responsible of the promotion and coordination of plans and strategies for
the mitigation and adaptation to the climate change in Catalonia. The University of Córdoba
(UCO) have a large experience on hydrodynamics and sediment transport modelling.
Actions

2014
3T

Project Chronogram
(X=reports)

Proposed

4T

2015
1T

2T

3T

X

Actual

Proposed

B.2. Sediment injections in the
Ebro River

Proposed

B.3. Optimization of the
constructed wetlands

Proposed

B.4. Optomization of GHG
emissions in rice fields

Proposed

B.5. Evaluation of sediment
addition on rice fields

Proposed

B.6. Assessment of areas
vulnerable to subsidence

Proposed

B.7. Actions for the Climate in
the Ebro Delta

Proposed

Actual

Actual

Actual

Actual

Actual

Actual

Actual

C. Monitoring actions:
C.1. Monitoring of water and
sediments in canals and river

Proposed

C.2. Monitoring of GHG
emissions in rice fields

Proposed

C.3. Monitoring of constructed
wetlands

Proposed

C4. Monitoring socioeconomic
impacts

Proposed

Actual

Actual

Actual

Actual

D. Public awareness and dissemination actions
D.1. Logo, web page and
dissemination materials

Proposed

D2 – Information boards

Proposed

1T
X

B. Pilot actions:
B.1. Sediment injections in the
irrigation network

2016
4T

Actual

Actual
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2T

3T

2017
4T

1T 2T
X

3T

2018
4T

1T

2T

3T 4T
X

D.3. Mass media dissemination

Proposed
Actual

D.4. Technical and scientific
dissemination

Proposed

D.5. Environmental education

Proposed

Actual

Actual
D.6. Knowledge transfer
activities

Proposed

D7 –Layman report

Proposed

Actual

Actual
E Project management and monitoring of the project progress
E.1. Project management

Proposed
Actual

E.2. Networking activities

Proposed

E.3. External Audit

Actual
Proposed

E.4. After LIFE+
Communication Plan

Actual
Proposed
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4.2. Evaluation of the management system
Since the project began, there has been an ongoing exchange of information between the
Management Team (the administrative/financial manager and the technical coordinator, the
project manager and the scientific supervisors). The information exchange has been done
primarily through email, phone and Skype and their frequency varied according to the needs.
In addition, specific meetings were held at IRTA facilities or in other partners’ headquarters
when necessary. There were also meetings with all the of the management team members to
discuss in detail some issues of particular relevance. As well, the project manager (CI) and
the technical coordinator (AR) conducted individual meetings with all partners in order to
define, clarify and solve questions concerning to the day-to-day management. The Director of
the project (CI) and both the technical coordinator (AR) and the financial/administrative
manager (RO and AU) were in permanent contact with the Monitoring team (RA) in order to
explain the main progress of the project, to solve technical and administrative questions and
to indicate the changes/problems encountered during the project execution. Communication
was done primarily through email and phone. Each Working Group met several times in order
to discuss and clarify the most important and relevant aspects of each action (i.e. experimental
design; methodologies; field sampling works, etc.).
The signature of the Grant Agreement by all the project partners (IRTA, ACA, CAT, CRSAE,
ICGC, OCCC and UCO) was held on July 24th, 2014. In this document both the
administrative procedures within the consortium and the obligations of the coordinating
beneficiary and associated beneficiaries (i.e. technical and economical justification of the
project) were detailed. During the project no changes on the Grant Agreement have been
made. Overall, all planned management and monitoring actions of the LIFE+ EBROADMICLIM have been performed successfully without major deviations in relation to the
chronogram proposed in the original revised proposal.
Despite the complexity of the project in terms of number of partners and number of actions,
no relevant problems were encountered in the management process, and the arrangements of
the partnership agreement were respected. We consider that this is a consequence of a correct
planning of project actions, proper selection of project partners and good coordination and
execution of the different project teams.
The communications with the Comission and the Monitoring team were frequent and easy, and
we consider that the support of the Monitoring team was excellent. In conclusion, we consider
that the management of the project was of high quality, and all project partners contributed to
this outcome.
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5. Technical part
5.1.Technical progress, per actions
5.1.1. Action B1 – Pilot test of injection of sediment from a water purification plant into
the Ebro Delta irrigation network
Start date (foreseen): July 2014
Start date (actual): July 2014

End date (foreseen): June 2018
End date (actual): June 2018

This action started in July, 2014 according to the calendar established in the initial report of
the project. The objectives of this action have been successfully achieved with no relevant
problems encountered.
Main tasks carried out in this action have been:
From July-December 2014 (6 months), tasks performed during that period corresponded to
Phase 1 of this action. In detail, tasks carried out were: 1) Compilation of information (i.e.
scientific and technical reports, digital cartography of the irrigation canal network of the North
hemi-delta). 2) Preliminary selection of the sediment injection point and control points. Three
sediment control points were initially proposed. These were located in: i) Main canal
(downstream of the sediment injection point where it was expected to establish the permanent
system for re-inject the CAT sediments (Fig. 2a)). ii) Secondary irrigation canal, close to a
diversion point with the main canal (Fig.2b), allowing the observation of sediment transport
(i.e. distribution and diffusion) under these conditions and; iii) in a tertiary canal near of the
sea, for observing the sediment behavior before entering to rice fields. In May 2014, CRSAE
provided the digital cartography of the irrigation network of the north half of the Ebro delta
that was used to both, preliminary selection of the sediment control points and modeling water
and sediment flows in the irrigation canal network.

a)

b)

Figure 2.- View of principal and secondary canals of the Ebro Delta irrigation network

3) Water velocity measurements (Action C1). On November 24th, 2014, UCO, ACA and
IRTA teams carried out a field campaign to obtain water velocity profiles in the selected
injection control points in order to: i) estimate the effective roughness of the canal, ii) calibrate
current-meters used (2 different models), iii) obtain field data for post hydrodynamic
simulations and calibration (Fig. 3). Flow conditions (i.e. discharges, rang velocities, etc.) and
features of irrigation canals (canal shape, materials of construction, etc) were optimum to
estimate the maximum theoretical transport capacity (Phase 2) of the irrigation network, since
the canals were almost at their full capacity, wind was negligible, and no deposits were
observed from previous operations.
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Figure 3.- Water velocity measurement in a secondary canal of the Ebro Delta irrigation network in
November, 2014.

4) Physic-chemical characterization of sediment trapped in the water purification plant of the
CAT (Action C1). Samples were sent and analyzed in Eurofins S.A. (as external assistance).
5) Definition of sediment injections procedures. The main technical aspects of the procedures
were discussed in three meetings of the Working Group held on October, 2014 and November,
2015. The preliminary experimental design agreed was: i) Sediments transported by trucks (or
vehicles suitable for these tasks) and discharged in containers by mechanical shovels or
similar. ii) Sediment injected to the canals by means of a pressure pump and hose. iii) Flow
rate measurements in the primary canal carried out by ADP flow meters (Acoustic Doppler
Profiler), which produce water velocity profiles at different heights of the water column.
Propellor type current meters were used at the secondary and tertiary canals. v) Sediment
concentration monitored by means of water samples collected in-situ during the sediment
injection and direct turbidity lectures (using multiparameter probes). Water samples processed
in the IRTA and UCO laboratories. vi) Continuous in-situ measurements of conductivity, pH,
temperature, and dissolved oxygen (using multiparameter probes). vi) Need of four
monitoring groups to record hydro-sedimentological parameters (i.e. flow velocity, physicchemical water parameters, etc.) before, during and after the sediment injection. vii)
Monitoring groups distributed along the irrigation canals as follows: Group 1, placed in the
main canal; 1 km downstream of the sediment injection point; Group 2, upstream of the
bifurcation of the primary canal; Group 3, in the secondary canal downstream of the
bifurcation; and Group 4 in the tertiary canal.
5) A first set of assays (Action C1) to determine the particle size distribution, sedimentation
and resuspension of the CAT sediment was carried out in April 2015 (Fig. 4). Preliminary
results showed that particle sedimentation was nearly complete few minutes after stopping the
stirring device. In March 2016, a second set of assays of sedimentation sludge time and
velocity needed to re-suspend the mixture was carried out with the new equipment acquired
by UCO allowing a better estimation of these parameters. This analysis, initially not planned
in the original report of the project, had not extra cost for the project budget.

Figure 4.- Sedimentation in a beaker after magnetic stirring
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From January 2015-March 2016 (15 months), works developed corresponded to those
described in Phase 2 of the original report of the LIFE + EBRO-ADMICLIM project. Main
tasks carried out were: 1) Estimation of the transport capacity of the irrigation network canals.
Transport capacity of principal and secondary canals was estimated for two scenarios: field
campaign conditions and range of discharges during irrigation period. First results, based on
particle size interval found in CAT sediment together with velocity in irrigation canals,
suggested guarantee to transport in suspension the CAT sediment along the network while
minimizing sediment deposition. Indeed, some silting throughout the canals was expected on
both, canal connections and places with changes on irrigation canal shape. Sedimentation rates
were finally estimated from the pilot injections test (carried out in Phase 3 of this action). 2)
Selection of sediment injection doses and application time. From laboratory and field work
data analysis, a dilution factor between 10 and 20 was a priory desirable to trace the evolution
of the sediment plume. 3) A pilot sediment injection test (not scheduled in the original report
of the project) was carried out in June, 2016 in order to validate the mixing length at the
application point; guarantee well mixed conditions and, test the operations for measuring and
trace the sediment pulse along the network. Therefore, the final dilution rate was fixed after
this preliminary test. 3) Build 1D hydrodynamic model to be run in the principal and
secondary irrigation canals. The 1D modelling was carried by using the Guadalfortran
software, developed by the UCO for water and particle flow in irrigation canals, and the
analytical solution of the advection-dispersion equation for permanent conditions. Before
running the model, all required information (i.e. irrigation network topography, construction
of cross-sections, determination of roughness’ canal, hydraulic parameters, etc.) was
processed and prepared. The 1D model calibration was performed by using water velocity
profiles obtained in the field campaign (Fig. 5).

Figure 5.- Velocity profile of the secondary channel obtained from field measurements.

Parallel to 1D modelling, a second 2D model was initially planned, built and run for the
irrigation canals. The 2D model selected provided additional information to design pilot
injections. Finally, the 2D model considered was discarded because the quasi-permanent flow
conditions predicted by the model led to adopt a simplified approach under the assumption of
permanent regime in the sections affected by the discharge and conditions of complete mixing
of the sediments fed upstream of the first derivation from the secondary channel. This
approach allowed work with both the analytical solution and numerical resolution schemes of
the transport equation of very fine material in suspension for constant discharges with finite
duration (case of the tests). Overall, planned tasks in Phase 1 and Phase 2 of Action B1 were
developed according to the initial calendar.
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From April 2016 to February 2018 (23 months) works carried out corresponded to Phase 3
of this Action. In detail, tasks performed were:
On June 21th-22th 2016, a preliminary injection of sediment in a secondary irrigation canal
was carried out. As above indicated, this pilot test was not scheduled in the original proposal
of the project but it was considered necessary for better planning and understanding the
conditions in which the final sediment injections were performed. This preliminary injection
allowed the definition of the final location of the injection point as well as the position of the
control points. As well, this experiment allowed the validation of the mixing length, to
estimate the sediment doses to be injected, its duration (time injection), and both the human
resources and their distribution needed for the correct monitoring. Hence, on July 19th -20th
2016, the sediment injection tests in the irrigation canals were performed. At this point, it
must be said that both the proposed design of the sediment injections and the location of the
sediment control points were changed. Hence, sediment was finally injected into the irrigation
canals from two tanker trunks. In the two first injections of each day, trucks pumped the
mixture of water and sediment at the same in order to achieve a sediment concentration high
enough to be accurately monitored with multiparameter probes. In the two second injections
of each day, tanker trunks pumped the water and sediment mixture one after the other in order
to increase the sediment plume passing-time. Once the mixture of water and sediment was
pumped to the canals, the pass-timing and sediment concentrations of the generated sediment
plume were monitored at 4 control points (see section 6.1.2.1. Action C1 for details), located
at: i) first control point, placed in the secondary canal (540 meters downstream of the primary
canal bifurcation); ii) second point located in the secondary network and 1740 m from the
injection point; iii) the third point also in the secondary canal, at 2800 m from the initial point,
to observe the behavior of the sediment before entering the rice plots; and iv) the fourth point
located at the end of the secondary canal (5400 m from the starting point). Overall, 6 sediment
injections were performed. In the first day, the two first sediment injections were carried out
with a water discharge of 4.6 m3/s while for the two second injections water discharge was
6.3 m3/s. The last two sediment injections performed during the second day were carried out
with a discharge of 5.6 m3/s. Prior to this works, a second set of analysis of the particle size
distribution of sediment trapped in the water purification plant of the CAT was carried out for
further model calibration. Finally, water samples collected during the sediment injections
were later analyzed in the UCO laboratories.
Once the 2D model was discarded, the 1D model was carried in the previous phase (Phase 1)
by using two approaches, a numerical model developed by the UCO team for water and
particle flow in irrigation channels, and the analytical solution of the advection-dispersion
equation for permanent conditions. This approach allowed working with both the analytical
solution and numerical resolution schemes of the transport equation of very fine material in
suspension for constant discharges with finite duration (case of the tests). As a previous step
for the simulations of different operational alternatives on sediment injections to the irrigation
network canals, the 1D model was calibrated (using the data obtained during the sediment
injection tests) and the hypothesis validated. In particular, the skill of the analytical solution
adopted was proven for the flow values domain in the channels, and the invariance of the
transport parameter in the analytical 1D model, the longitudinal dispersion coefficient, was
proven for the flow interval. These results make it possible to adopt the calibrated analytical
solution of the 1D model to perform the simulations needed to analyze, and optimize, the
operational design of the future injection system to the irrigation network. This works were
planned to be ended in September 2017 but, the large quantity of information (i.e. number of
water samples; turbidity data, physic-chemical parameters, etc.) collected during the sediment
injections plus the complexity of this works (calibration and validation of the model) produced
a delay of 5 months in this tasks. Nevertheless, this delay did not affect to the correct
development of this action and the achievement of the objectives planned at the beginning of
the LIFE + EBRO-ADMICLIM project.
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From March 2018 to May 2018, tasks developed were those concerning Phase 4 (proposal of
design of the operational conditions of the future injection system). Results obtained from
both, model simulations and the performance of the sediment pilot test, confirmed the real
capacity of the irrigation network canals to transport in suspension the sediment poured from
the CAT re-injection system. Therefore, at the present, a permanent injection system is being
proposed by the water purification plant, under operational conditions described by: daily
input to the network from a fixed point located on the main canal in both hemi-deltas,
distributed at a constant rate during some interval each day. This sediment load would be
delivered from the plant on a daily basis; except during period of no-flow in the network or
when maintenance operations in the canals take place. These operational conditions are
translated into the model by means of i) the coordinates of the injection point in the canal, ii)
the sediment concentration of the injected inflow, iii) the flow rate during each daily injection,
and iv) the duration of the daily injection interval. These are, thus, the design variables in the
future reinjection system on which the operational simulations were performed.
In addition, the 1D model was implemented on a simulation tool (a friendly model interface)
that provides the performance of the injection system for different combinations of the design
variables previously identified. That simulation tool was not planned in the original proposal
of the LIFE + EBRO-ADMICLIM project. The performance is described by the following
results from each simulation: i) the evolution of the sediment concentration and load at a given
point or selected points along the irrigation network; ii) the spatial distribution of the sediment
concentration along the irrigation network at a given time; iii) the total amount of sediment
that is delivered to a given point during each day. This tool has been embedded in a friendlyuser interface, runnable from a standard personal computer. The tool allows both a quick
visualization of results and their export to different formats to be used in additional analysis.
The exploitation of the model under different operational designs has resulted in a wide set of
results, each one associated to a given potential combination of the design variables that were
previously identified. Final recommendations were derived from the analysis of such data sets
and the selection of the best practices that optimize both the delivery requirements of the water
treatment plant and the sediment input to the rice fields in the Ebro Delta.
The objectives of this action have been successfully achieved with no relevant problems
encountered. This Action will continue after ending the LIFE+ EBRO ADMICLIM project
through the implementation of a permanent system of reinjection of the sediment generated in
the water purification plant of the Tarragona Water Consortium. The estimated cost of this
new infrastructure is circa 5 million €, with foreseen savings in energy of 26914 KWk/yr and
GHG emissions of 10,6 Tons CO2-eq/yr.
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5.1.2. Action B2 – Pilot test of injecting sediments into the lower Ebro River.
Start date (foreseen): July 2014
Start date (actual): July 2014

End date (foreseen): June 2018
End date (actual): June 2018

This action started successfully and according to the timetable established in the initial report
of the LIFE + EBRO – ADMCLIM project. The objectives of this action have been
successfully achieved with no relevant problems encountered.
The main tasks carried out in this pilot action have been:
From July-December 2014 (6 months) tasks were corresponding to Phase 1 as scheduled for
this period. In detail, main task performed were: 1) Compilation of scientific and technical
information (i.e. sediment transport dynamics; modelling, etc.), and acquisition of hydromorphological data of the study area (i.e. field campaigns, data sets (i.e., Confederación
Hidrográfica del Ebro), literature review, etc.). 2) Bathymetric surveys and digital elevation
model (DEM) of the river channel and floodplain (Action C1). Field data were processed by
cleaning (i.e. outliers) and correcting anomalous data (i.e. artifacts, etc.) prior to perform
numerical simulations. Once bathymetric data were processed, these were integrated to the
Digital Elevation Model (DEM) of the ICGC (free available in www.icgc.cat), with a 5 x 5 m
resolution and 0.90 m averaged squared mean error (Fig. 6).

Figure 6.- Integration of bathymetric and topographic data points in a single layer.

The integration of bathymetric and topographic data allowed obtaining the global DEM of the
river bed channel and floodplain topography and then, the basic information for the simulation
of drastic increases in the river flow. These works were carried out by the UCO team. For
assistance in these tasks and those associated to the modelling part of the action, UCO hired
a new technician, who joined the UCO team on February 1st, 2015. 3) Grain size distribution
of the river bed (Fig. 7) and estimation of channel roughness (Action C1). Samples collected
were later processed in the IRTA laboratories to obtain the grain size distribution and, then,
estimate the initial values of the riverbed roughness coefficients.
a)

b)

Figure 7.- a) Scuba diver collecting river bed particles. b) Classification of the particles collected.
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4) Water velocity measurements (see Action C1) in 14 cross sections in Móra d’Ebre and 15
sections in Benifallet. Data were later processed and used to calibrate the hydrodynamic model
of the river. 5) Definition of sediment injections procedures. The main technical aspects of the
procedures were discussed in the Working Group meetings held on October 2014 and
November, 2015. Moreover, operational details of the sediment injections were discussed with
technicians of the Grup Sorigué Company (specialists on river management) to evaluate its
technical viability. The experimental design proposed was: i) Sediment transported by trucks
(or vehicles suitable for these tasks) to the working area and downloaded in containers by
mechanical shovels or similar. ii) Sediment injected in the central part of the river channel by
means of a pressure pump and hose. iii) Water samples and hydro-morphological parameters
monitored in different sections placed along the study reaches, downstream of the injection
point. Sediment injections were projected in Móra d’Ebre and Benifallet. 6) Processing and
acquisition of sediment injection permits. Annex 7.1.2 includes this documentation. These
tasks were performed by the ACA team in collaboration with the IRTA team.
From January, 2015 to March, 2016 (15 months) tasks carried out were corresponding to
Phase 2. Main task performed were:
1) First approach to sediment transport capacity associated to flow regime and particle size
distribution. Sediment transport capacity was calculated by using classic equations of
sediment transport (i.e., Engelund-Hansen for the total load). These equations were previously
adapted to the Ebro River conditions. In addition, bed load and suspended load transport was
later distinguished from the injection tests data. Sediment transport capacity was computed
for the selected reaches (Móra d’Ebre and Benifallet) under different scenarios (i.e. injection
point in Móra d’Ebre or Benifallet; constant river flow of 100 m3/s; constant concentration
during the injection of 50 g/L, with an injection flow following a triangular diagram with a
peak flow of 10 L/s) . The simulated evolution of the sediment plume was proven to perform
adequately. 2) Implementation of a sediment transport model 1D with hydrodynamic basis
and analysis of the results and implementation of a 2D model in specific areas of the river. In
the original proposal of the LIFE+ EBRO-ADMICLIM project it was indicated the
implementation of a 1D sediment transport model as a first step in the final 2D modelling.
However, the Ebro River is a mighty river and secondary flows needed to be considered. In
consequence, it was decided to work directly from the beginning with tools that allow 2D
calculations. Thus, task 2 and task 3 planned in phase 2 of the original report of the project
were merged in a single task. The TELEMAC–MASCARET software
(http://www.opentelemac.org/) was chosen for the 2D modelling. This software, which solves
the Saint Venant equations for free surface two-dimensional flow including tracer transport
and solution, allowed including and controlling all variables that influence the quality of the
results when compared to real data. In addition, TELEMAC-2D led incorporates both physical
processes of sediment transport while simulating sediment injection in different parts of the
river. TELEMAC-2D was also coupled with SYSPHE-2D package, which solves the sediment
transport equations. Before running the 2D model, the sediment properties for which the
numerical model was forced were defined. As well, river bed bathymetry, topography, and
Manning coefficients were previously obtained and arranged for running to TELEMACMASCARET 2D model. The output data was displayed with post- process tools, specifically
Blue-Kenue, an open source code that allowed the post-processing (visualization and result
analysis) as well as the pre-processing (definition of the boundary conditions and grid
computing).
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Figure 9.- Temporal evolution of the sediment plume for a 100 m3/s discharge in Móra d’Ebre.

Preliminary results of the temporal evolution of the sediment plume from model simulation
in Móra d’Ebre and Benifallet areas under a hypothetical 100 m3/s water discharge are shown
in Figure 8 and 9. Although these were not the final sediment concentrations and discharge
values projected during the sediment injections, results from the simulation allowed an
approximation of expected sediment concentrations, flow velocity, sediment plume evolution
and diffusion time, etc. This information was used to establish the final design of the sediment
injections (i.e. selection of sampling points, monitoring needs, required operations,
equipment, etc.). The computation time was high, i.e. to simulate 100 m3/s water discharge
for a period of 15 days, computation time needed is 2 days. Simulations were carried out by
using a Linux server that allowed multiple simulations in parallel.
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From April 2016 to April 2018 (12 months) the main tasks carried out were related to Phase
3: preparation and execution of the sediment injections and further validation and calibration
of the model. In detail, preparatory works of the sediment injections consisted on: 1) running
the 2D model under several water discharge scenarios (i.e. 200m3/s; 400 m3/s and 600 m3/s)
for the subsequent definition of the monitoring of sediment injections (i.e. final localization
and distribution of the monitoring boat; plume travelling and spatial diffusion; sampling time;
etc.). 2) Organization of several meetings of the sediment working group for planning the pilot
sediment injections in the lower Ebro River. Based on the model simulation the distribution
of the personal for monitoring control, the list of material needed the sediment injection
procedures, etc. and the final sampling scheme was established. 3) Meetings with the Grup
Sorigué Company, subcontracted for the implementation of the sediment injections into the
river. During these meetings the final technical details and procedures of the sediment
injections were discussed (i.e. grain size of sediment to be injected; total sediment needed;
rate discharge of the water and sediment mixture to be injected; localization of the main boat;
water pumps power; etc.). 4) Definition of the final scheme of the sediment injections. The
final experimental setup consisted on a barge with a 30 m3 container loaded with 15 -20 m3 of
washed fine sand from the Segre River. Discharge of the water-sediment mixture into the river
by means of pump and hose. The dynamics of the sediments in the river followed by both
multiparameter probes and water sample collection from five boats located at 500, 1000 and
1500 m from the injection point. After each injection, water velocity measurements were
carried out. The injections were planned to take place during the first or second week of May
2017 in two locations of the lower Ebro River; namely Móra d'Ebre and Benifallet. 5)
Notification of the approximate dates of the event to the Benifallet, Móra d’Ebre and Móra la
Nova municipalities and the ACA and CHE authorities. 6) Contacts with CHE to request the
release of a maximum flow of 400 m3/s for the days in which the experiment were carried out.
In April 2017, the planning of the pilot sediment injections in the lower Ebro River was ready.
The injections were performed during the first week of May 2017 in Móra d'Ebre and
Benifallet. Adequate flow conditions were met by a controlled water discharge from the
reservoirs upstream under the operation of CHE (Ebro Water Authority). Two sequential
injections were performed at each section, on May 3st, 2017 in Móra d’Ebre, and on May 5th
2017 in Benifallet, separated by approximately 2.5-hour interval. Washed fine sandy material
was discharged from containers in the central part of the river channel, in which a watersediment mixture was obtained to facilitate the discharge process and the posterior dispersion
in the flow. The spatiotemporal evolution of the sediment plume generated in the river was
monitored by means of both multiparameter probes and water sample collection from five
boats located at 200, 300 and 400 m from the injection point. After each injection, water
velocity measurements were carried out. Collected samples were stored after each injection,
and prepared for further treatment and analysis. Between injection days, transport of the
sediment, material and facilities, and implementation of the designed logistics in the new
section was carried out.
Samples were analyzed at the UCO laboratory in order to know the sediment concentration
in a given point and in a known time during the sampling process, and later processed and
used to calibrate the 2D hydrodynamic and sediment transport models of the river. As well,
these data were used to translate the turbidity values of the flow during the tests at the control
points into sediment concentration values. Additionally, the sediment size distribution of the
injected materials was characterized for both sets of injection tests showing that the average
value of the central value of the size distribution, D50, was not significantly different in both
cases, which allowed using both sets of injections in the same calibration scheme.
The calibration process was not straight-forward since the river channel had suffered extreme
flow conditions during the fall that modified the bathymetry. Moreover, the presence of
macrophytes constituted both an additional source of turbulence and a potential temporary
sink of sediment particles, being these conditions not directly included in the 2D model
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configuration due to the complexity of this vegetation layer. However, results allowed both,
the assessment of the feasibility of injections to produce testable turbidity downstream of the
injection points from a sediment plume that was able to overcome the Xerta weir and, a
calibration that gave adequate estimations of the final sediment load provided by the injection
to the river mouth. Some analysis of the sediment trapping efficiency of the macrophyte layer
and the intermittent behavior as sink/source of sediment was also performed showing an
overall effect of a first stage of transient retention of sediments when water discharge
corresponded to medium-low flow conditions, followed by a quick release of the trapped
sediment when flood conditions occurs. This pulse-effect just changes the sediment transport
regime on the daily and sub-daily scales, but at the beginning of the low flow season in late
spring or early summer periods most of the injected materials under the transport capacity of
the river are very likely expected to have reached the end of the river. Model calibration was
finished in January 2018, from the initially planned date in September 2017, due to the
complexity of integration of the different conditions in the calibration scheme.
From January 2018 to June 2018 (6 months), Phase 4 was developed (model simulations and
recommendation for a future construction of a by-pass of sediments from the reservoirs).
During that Phase, simulations with the 2D model were carried out using different options of
injection design from the targeted points in the pilot test, under medium-high flow conditions
to guarantee the transport capacity of the sediment input. This assessment included a
sensitivity analysis of the main transport parameter in the 2D model. Results from field tests
and model simulations highlighted the feasibility to increase the sediment load to the mouth
of the Ebro River, from the point of view of the transport capacity for medium to high flow
conditions. During 2018, recommendations and key factors in design framework towards a
sediment transfer system in the lower Ebro River were elaborated for future post-project
initiatives. This includes both guidelines to operate the 2D model implemented during Action
B2 and, limitations due to the variations in time of the river environment (mainly due to the
development of macrophyte population, morphological changes of the river channel and bed
roughness after floods or recurrent high flow events).
For this action, no relevant problems were found. Thus, the objectives planned in the original
report of the project have been successfully achieved. This Action will not continue after the
LIFE+ EBRO ADMICLIM project unless the owners of the reservoirs, administrations and
stakeholders agree to implement a sediment by-pass system. In any case, the partners will
keep lobbying and searching further funding to try to carry out a pilot project of reservoir
sediment by-pass in the future.
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5.1.3. Action B3 – Operational optimization of two constructed wetlands to maximize
carbon sequestration, soil elevation and, assimilation of nutrients and pollutants.
Optimization of these variables by testing different water management schemes.
Start date (foreseen): January 2015
Start date (actual): October 2014

End date (foreseen): June 2018
End date (actual): June 2018

This action was planned to start in January 2015. In October 2014 IRTA, AcuaMed (owner of
the two constructed wetlands) and the Foundation Aquae (co-manager) initiated the
negotiations to establish the collaboration agreement for managing the constructed wetlands
of the Ebro delta.
The main tasks carried out in this action have been:
From October, 2014 to March, 2015 tasks developed during that period were of preparatory
nature as described in the original proposal of the project. In detail, preparatory works
consisted on: i) hold an initial meeting with the participation of IRTA, AcuaMed and
Foundation Aquae. In this meeting, all parties showed the interest to jointly manage the two
constructed wetlands. As well, AcuaMed and IRTA approved to formalize a collaboration
agreement and establish the management of the constructed wetlands for the duration of the
project. In addition, both institutions (AcuaMed and IRTA) agreed to draft a letter authorizing
IRTA to access to the constructed wetlands and develop the planned tasks (in case of a
significant delay in formalizing the collaboration agreement). ii) In November 2014, IRTA,
Foundation Aquae and AcuaMed visited the constructed wetland "L'Embut" (south hemidelta) to discuss on-site the management possibilities and the experimental design (Fig. 10).
In the following meeting, all parts agreed that, from one hand, IRTA send to AcuaMed the
collaboration agreement draft and the letter for accessing to the constructed wetlands and, on
the other hand, AcuaMed send to IRTA the maps of the two constructed wetlands (in digital
format), the password to access to the automatic monitoring network (RIADE) and the report
(in digital format) of the leveling works carried out for the construction of the wetlands. On
June 2015 the formalization of both documents (letter and collaboration agreement) by both
parties was carried out (See document in Annex 7.1.3 and 7.1.4). iv) Purchase of material such
as two multiparameter probes was carried out to record both main physicochemical parameters
and water turbidity (Actions B1, B2, B3, B4 and B5) and 1 SET station for estimating
subsidence in wetlands (Action B3) and Delta (Action B6).

Figure 10.- Visit of IRTA, Foundation Aquae and AcuaMed to the constructed wetland "L'Embut"
(south hemi-delta) in November 2014.

v) Definition of the experimental design, identification of sampling points and sampling
frequency. The experimental design was similar as proposed in the original report of the LIFE
25

+ project (see section 6.1.2.3. Action C3). However, some changes related to the number of
sampling points and thus, in the final number of samples were introduced (Table 3). These
changes primarily responded to three main reasons: 1) Representativity of the processes
monitored throughout the constructed wetland. Despite reducing the number of sampling
points, it was possible to have a sufficiently detailed representation of the purification capacity
of the constructed wetlands. 2) Sampling viability; especially with regards to water samples.
With the new design there was no need to get into the water. Instead, samples were collected
from the passageways that separate the cells of the constructed wetlands. 3) Increased cost of
the analysis; especially soil samples. Consequently, it was necessary reduce the final number
of samples. However, the reduction of the samples was not affecting the achievement of the
objectives initially settled.
Table 3.- Modification of the number of sampling points and final number of samples.
Water
samples

Foreseen

Achieved

Parameters

Points

Replicates

Nº Samples

Points

Replicates

Nº Samples

Chlorophylls

7

3

21

4

3

12

Heavy metals

7

3

21

4

3

12

Pesticides

7

3

21

4

3

12

DBO/DQO

7

3

21

2

3

6

Physicchemical

7

3

21

4

3

12

Nutrients

7

3

21

4

3

12

Suspended
matter

7

3

21

4

3

12

Table 3.- Modification of the number of sampling points and final number of samples.
Soil samples

Foreseen

Achieved

Parameters

Points

Replicates

Nº Samples

Points

Replicates

Nº Samples

Heavy metals

5

3

15

3

3

9

Pesticides

5

3

15

3

3

9

TC & TN

5

3

15

3

3

9

Soil Texture

5

3

15

3

3

9

Accretion

5

3

15

3

3

9

N.D.

1

_

4

1

4

Subsidence

From June 2015 to November 2015 (5 months). Implementation of the first experimental year.
Once the experimental design was established and approved by all parts (IRTA, AcuaMed
and Foundation Aquae), sampling was initiated. Originally, field campaigns were scheduled
for April, 2015. However, surveys were delayed until June for two reasons: i) opening of the
irrigation canals at the end of April; therefore the commissioning of the constructed wetlands
was not undertaken until the beginning of May. ii) Filling constructed wetlands with new
water and evacuation of stagnant water. Hence, it was necessary to wait several weeks to have
real operating conditions in the constructed wetlands. In consequence, first water sampling
was held on June 9 and 15th, 2015 in the south and north constructed wetlands, respectively
(Fig. 11). The following field surveys were carried out on: 14/07/2015; 11/08/2015 and
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14/09/2015 in the south constructed wetland, and on 27/07/2015; 24/08/2015; 21/09/2015;
26/10/2015 and 23/11/2015 in the north constructed wetland. As explained in Section 4.2, the
south constructed wetland was closed in August 2015. Consequently, sampling was stopped
in September 2015. As well, it is noteworthy that, in the northern constructed wetland
sampling ended early (scheduled until December) because the closing of the irrigation canals
for maintenance purposes. Overall, 8 field campaigns were carried out by IRTA and CAT
teams. In addition, on June 2015, a first set of soil samples were collected in open areas close
to emerge vegetation, in order to establish the reference status of monitored soil parameters
(see Action C3) in the constructed wetlands.
From June 2016 to October 2016 (5 months). Implementation of the second experimental year.
Before starting this second experimental year, the second field campaign for collecting soils
samples and accretion rates was carried out (in the original proposal of the project planned in
February/March 2016 but finally was conducted in April 2016). Samples were collected at the
same places than the previous campaign (done in June 2015) in order to determinate changes
in the monitored soil parameters. In addition, a meeting with Aquae Foundation was held on
May 17th, 2016 with the aim of discuss the possibilities of manipulation of water levels and
renewal rates in the constructed wetlands. In this meeting it was agreed that, for the 2016
season, water levels would be lowered (i.e. approximately -10 cm as a mean value) while the
hydraulic retention rate would be maintained as in the 2015 season. This resulted from the
impossibility of increasing the pumping period because the associated high energy costs.
Sampling period started in and finished in when water circulation through the irrigation canals
were stopped. Therefore, 5 water sampling campaigns were held in both constructed wetlands:
on June 7 and 8th; July 12th; August 9th; September 20th and 21st and October 19th 2016. Water
samples were collected and analyzed in the CAT and IRTA laboratories.

Figure 11.- Collection of water samples in the North constructed wetland on June 2015

From October, 2016 to August, 2017, the plant biomass sampling was carried out (see details
on section 6.1.2.3., Action C3). Overall, four field campaigns were made: October 2016,
February 2017, May 2017 and August 2017.
From January 2017 to December 2017 (12 months) the third experimental year was carried
out. Following the same monitoring scheme, in April 2017 soil samples were collected at the
same points as in 2015 and 2016 campaigns. Sampling points were located at the same places
than in previous years. Overall, 18 soil samples per constructed wetland (9 per field campaign)
were collected. After collection, samples were sent to Eurofins laboratories (as external
assistance) for analysis of sediment texture, humidity degree, organic matter content, heavy
metals, total organic carbon and total nitrogen. A different set of pesticides was analyzed for
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samples collected in April 2016 (see details in section 6.2). Accretion rates were also
measured.
In November 2016, the IRTA team met Aquambiente in order to analyze the possibilities of
monitoring several physical and biological parameters of the constructed wetlands for a whole
year. In this meeting, it was established the execution of monthly samplings in four control
points located at the wetland entrance, pass-way between cells and wetland output of the each
individual constructed wetland. That experimental design was applied from January to May
and from October to December. Main parameters analyzed are described in Section 5.1.10
(Action C3) and in deliverable C3. In addition, it was agreed that, for the 2017 field campaign,
water levels would be modified to low (i.e. approximately -10 cm as a mean value) while the
hydraulic retention rate would be maintained. In 22th-24th January 2017 the first sampling was
carried out and the following field surveys were carried out according to the established
schedule.
From March 2017 to February 2018, laboratory analyses were performed. On January 2016,
the transfer of the RIADE laboratories (owned by AcuaMed) to the ACA was carried out; and
in turn ACA transferred the laboratories to IRTA. IRTA evaluated the viability to carry out
(in a reasonable time; i.e. 3 month) the nutrient analysis in the new laboratories as it should
obtain certificates of quality instrumentation. Finally, the elemental analyzer for the analysis
of nutrients was put under way in March 2017. To do this, an external company
(GOMENSORO) was subcontracted (not foreseen in the budget). In July 2016, a technician
from GOMENSORO made a first technical visit to, on the one hand, start up the analyzer and
then perform a first calibration and, on the other hand, train the IRTA technicians in the
handling and maintenance of the device. In February 2017, the same technician made a second
technical visit to solve all technical problems encountered, as well as to finish the recalibration
of the instrument for the detection of low nutrient concentrations. This involved a significant
delay in obtaining the data. Consequently, part of these analysis (in detail, PT and NT) were
send to an external laboratory as “external assistance”.
From January 2018 to May 2018, tasks were primarily focused on processing and analyses
the collected data, the elaboration and interpretation of results and the writing of reports.
Before data were analysed, data sets were checked and prepared for its further manipulation.
In addition, water discharges were calculated from both, hydraulic model developed by
Aquambiente (for the whole 2017 year and part of 2016 year), and theoretically by applying
standard formulas (for the whole 2015 and part of 2016). Once data sets were ready, statistical
analyses were carried out to analyse the main relationships between hydraulic parameters (i.e.
water discharge, depth and hydraulic residence time), physico-chemical paramenters (pH, Tº,
oxygen, salinity, etc.) and nutrient removal rates.
Mean carbon sequestration rates have been of the order of 402 g/m2/yr in the South wetland
and 103 g/m2/yr in the North wetland. The mean soil accretion rates were 1.7 cm/yr in the
South wetland and 0.7 cm/yr in the North wetland. These results show that the objectives were
far exceeded: objective of carbon sequestration of 80 g/m2/year, and objective of vertical
accretion of 0.5 cm/year.
The target objectives to be achieved were a 70% decrease of nitrates, dissolved nitrogen and
particulate matter. The dissolved nitrogen reduction rates were 87% in the North wetland and
84% in the South wetland. Similar results were achieved when analyzing the different
fractions of dissolved nitrogen: ammonium, reduction rates of 70% and 82% (north and south
constructed wetlands, respectively); nitrites, reduction rates of 95% and 85% (north and south
constructed wetlands, respectively); nitrates, reduction rates of 94% and 89% (north and south
constructed wetlands, respectively). The particulate matter decreased 83% in the north
wetland and 63% in the south wetland.
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The constructed wetlands were also very efficient in the reduction of metals, metalloids and
pesticides. The expected results for these elements were a reduction of approximately 30%.
Although metals removal efficiency was very irregular (nearly 0% barium and strontium
removal in the south wetland and 87% aluminum removal in the north wetland), the reduction
rate of almost all analyzed metals was much higher than the expected results (30%).
Interestingly, the south wetland acted as net source of boron (-60%). This element is very
abundant in sea water and the lowest stretch of this wetland, closest to the sea, is below sea
level. For this reason, the load of boron is higher in the output water regarding the rice fields’
drainage water entering the wetland. Finally, the analyzed pesticide, Oxadiazon (the only
pesticide regularly found in the constructed wetlands), was very efficiently removed in both
constructed wetlands: 98% and 97% removal rates in the north and south constructed
wetlands, respectively.
In short, both constructed wetlands were very efficient in all those ecosystem services they
were constructed for, i.e., rice fields’ drainage water improvement before it reaches the costal
systems, a decrease in suspended mater and, therefore a decrease in turbidity, increase of
accretion rates and high efficiency in carbon sequestration.
Regarding the water quality improvement, the constructed wetlands worked very well as green
filters. The removal of dissolved nitrogen, suspended matter, metals and pesticides was very
high. Potentially, this green infrastructure is of great importance for the environmental
improvement of the Ebro delta bays. The Ebro delta bays are large, semi-enclosed coastal
water bodies that receive almost all the rice field’s drainage water. Both the southern shore of
the southern bay (the Trabucador Sandspit of the Banya bay) and northern shore of the
northern bay (the Fangar bay sandspit) were included in the Ebro Delta Natural Park in 1986
and are also part of the Natura 2000 network of the European Union. These systems hold very
important populations of vulnerable species such as Cymodocea nodosa and Pinna nobilis.
The Ebro delta bays are also very important for the economy of the region due to its fish and
shellfish aquaculture, particularly of oysters and mussels. Therefore, improving the water
quality can be also useful for the sustainable development of these activities and also for food
health reasons (e.g. bioaccumulation of heavy metals).
The high efficiency of the constructed wetlands in soil accretion and carbon sequestration
show that these systems play an important role in both climate change adaptation and
mitigation measures. Gaining elevation is crucial for the Ebro delta adaptation to relative sea
level rise (subsidence plus sea level rise) and the carbon sequestration capacity to mitigate
climate change effects. The role played by the constructed wetlands regarding climate change
mitigation and adaptation is not only important for itself but also as a demonstration of
alternative coastal wetlands management. For example, in some IPCC RCP scenarios,
promoting preservation of natural habitats by transforming unproductive rice fields into
wetlands could be the most sustainable option. Taking the Ebro delta constructed wetlands’
management scheme as an example to optimize these two ecosystem services (mitigation and
adaptation) can be very helpful in establishing criteria to be used by managers.
Although the dissolved phosphorous and total nutrients (dissolved and particulate fractions of
both nitrogen and phosphorous) removal efficiency was not a target objective to be analyzed,
we monitored these parameters because they are also important to determine the Ebro delta
coastal waters quality and, therefore, it could give us some important clues regarding
management and operational aspects of the constructed wetlands. The dissolved phosphorus
reduction rates were 68% in the North wetland and 45% in the South wetland. The total
nitrogen reduction rates varied between 62% and 87% in the north and south wetlands,
respectively. The total phosphorous elimination rate was 31% in the north wetland and 29%
in the south wetland. The removal efficiency rates of these water quality parameters are lower
than the ones described above. A possible explanation to the observed efficiency decrease is
the relatively low water renewal inside the wetlands. Higher water permanence can promote
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hypoxic condition under certain high temperature conditions (especially in summer). Under
these conditions (low oxygen and high water permanence time) can favour resuspension
and/or redissolution of nutrients, especially phosphorous. These results suggest that the Ebro
delta constructed wetlands are infraused regarding their role of green filters, i.e., they could
potentially improve higher amounts of water. This could be easily achieved by increasing the
water column and decreasing the water residence time which is presently around one month
(see deliverable B3 for further details on the Ebro delta constructed wetlands management).
With an increase of the rice field’ drainage water discharge passing through the constructed
wetlands, the removal of phosphorous could potentially increase and the removal of the other
water quality parameters would not probably be affected. The schemes to achieve a higher
water discharge in the wetlands are discussed in deliverable B3.
This Action will continue after ending the LIFE+ EBRO-ADMICLIM, at least, during 2019
throughout an agreement between IRTA and Aquambiente.
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5.1.4. Action B4 – Optimization of GHG emissions and carbon sequestration in the rice
fields of the Ebro Delta.
Start date (foreseen): October 2014
Start date (actual): July 2014

End date (foreseen): December 2017
End date (actual): June 2018

This action was initiated in October 2014 following the schedule set out in the initial report
of the project. Tasks carried out in this action have been:
From October, 2014 to March, 2015 (6 months), main works were of preparatory nature.
These consisted on: 1) Definition and distribution of the tasks (i.e. monitoring parameters,
sampling frequency, number of plots to monitor, etc.), and purchase of equipment (Action
C2). These issues were discussed in an initial meeting on 23/07/2014 with the participation of
the CAT, CRSAE and IRTA teams. 2) Discussion and definition of the experimental design
of the pilot tests. Details of the experimental design were established in two meetings of the
working group held on 18/09/14 and 16/12/2014 with the assistance of the IRTA team. In
addition, two complementary tasks were agreed: i) selection of one rice field (P1) to carry out
a biweekly sampling (in order to improve precision in the assessment of seasonal pattern of
GHG emissions) and, ii) 24 hours sampling survey in one experimental plot (in order to
evaluate daily variation of emissions and to test the appropriateness of the time window for
sampling). 3) Selection of pilot rice fields. Rice fields selected for GHG monitoring belonged
to the Kellogg's Origins program which involved the Kellogg’s company, together with a
group of selected rice farmers and IRTA/Extensive Crop Department. In this Program, farmers
are committed to grow more sustainable rice by following IRTA staff assessment who
systematically records agricultural practices (i.e. fertilization, application of phyto-sanitary
products, water management, land work, etc.) and monitors agronomic parameters in each
field (such as plant and panicle density, phenology and yield). The collaboration with this
program allowed gathering a large agronomic data set to be further related to GHG emissions.
It was needed to formalize a letter of agreement between the LIFE+ EBRO-ADMICLIM
project and Kellogg's authorizing IRTA for sampling in farms of the Kellogg's Origins
program. The collaboration agreement also established, from one hand, the exchange of
results on GHG emissions from LIFE+ EBRO-ADMICLIM, and from the other hand, the
delivering of agronomic data obtained from Origins program to the LIFE+ project. The list of
farmers within the Origins program was received in February 2015 allowing the final selection
of 15 pilot fields covering the Ebro Delta area (Fig. 12). The distribution of the pilot fields
ensured capture both the agronomic (crop management) and the environmental variability (i.e.
soil texture, salinity, altitude relative to sea level, etc.) necessary to analyze and identify the
most explanatory factors of GHG emissions. The short delay of two months in the final
selection of the farms did not affect at all the proper development of the action since sampling
of paddy fields started in May. 4) Campaign for the intercalibration of gas chambers (closed
manual operated passive flux chamber and Lindval box forced-air system). In October 2014
a first intercalibration was conducted from which 100 samples of GHG were collected and
analyzed. However, the lack of emissions at that stage of the rice crop prevented the validity
of the comparison, so that a second intercalibration was repeated in July, 2015. Second
intercalibration was carried out under controlled conditions with higher emissions (on a raft
with pig slurry and compost piles). A total of 124 samples were collected and analyzed in the
IRTA laboratories. Results showed that, although similar CH4 emission rates were observed
in closed chambers over a day cycle, a dramatic dispersion in CH4 emission rates were
detected by using the two different Lindval box forced-air systems tested (Table 4). Similar
CH4 emission rates were detected among the three sampling systems in the period 15-19h,
being the CH4 emission values in the same range in the sampling time at 15h, and two-three
fold higher in Lindval system than closed chambers at 19h.
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Figure 12.- Location of the selected experimental plots in the Ebro Delta.
Table 4.- Comparison of CH4 emission rates over a day in a rice field by using different GHG
sampling methods.
Mg C-CH4/m2/h (July, 2015)
9:00h

13:00h

15:00h

19:00h

23:00h

23:00h (B)

Lindval 1 (0,92 m2)

-0.26

77.83

2.57

5.24

-3.35

9.35

Lindval 2 (0,55 m2)

-3.72

-10.90

3.80

11.45

-9.59

14.03

Closed Chamber

3.06

3.24

3.37

3.66

4.03

4.03

Results suggested that the closed chamber method was more feasible than the Lindval system
when the rice plant is present. Therefore, an additional intercalibration was performed in 2016
(August or September) during the highest CH4 emission season in the Ebro Delta to improve
the intercalibration exercise, resulting in a total of 18 GHG samples to be analyzed. The
intercalibration exercises indicated that the Lindval system is less precise than gas chambers
for low concentration of gas. 5) Characterization of the soil rice fields (Action C2). Prior to
field flooding (in April 2015) soil samples were collected in all selected fields. In each pilot
plot, several subsamples were randomly obtained and, later integrated in a composite one.
Composite samples were sent to Eurofins (external assistance) for their analysis. These works
were carried out by IRTA team. Results are attached in Annex 7.2.1. Construction of closed
chambers (Action C2). In April 2015, 13 closed chambers were constructed for GHG emission
sampling (Fig. 13). Design of the closed chambers was based on scientific bibliography and
adapted to the Ebro conditions. In addition, all complementary material (i.e. septum caps,
digital thermometers, needles and syringes, vials (4,000 units), chronometers, wooden boards
and billet for access to the sampling points, etc.) to correctly perform samplings was acquired.
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Figure 13.- Constructed closed chambers.

From April 2015 to May 2017 (26 months), sampling of GHG emissions and carbon
sequestration were carried out. In May 2015, a training day was organized in order to ensure
homogeneity of procedure by all staff involved in GHG sampling and thus to minimize
operator-induced variability.
From May to December 2015 the first experimental year was implemented. During that
period, 8 field campaigns (Fig. 14) were carried out in the 15 pilot fields selected. Samples
obtained were: GHG; water samples; soil parameters and agronomic traits. Staff involved
belonged to IRTA and CRSAE. Altogether, 1440 GHG samples were collected, and 155 water
samples obtained and further processed into the IRTA laboratories. Results showed a common
seasonal pattern over growing and post-harvest seasons, following a bimodal distribution
shape with two peaks: the first one in July-August, coinciding with the reproductive stages of
the crop, and the second one in October, when the crop stubble is incorporated into the soil
after harvest. Despite this homogenous temporal pattern, the variability in emissions among
fields was high, suggesting that GHG emissions might depend on site-specific conditions of
the farm (both agronomic and environmental).
In July 16th, 2015, a 24 hours cycle for assessing the pattern of daily emissions was carried
out (not planned in the original report). GHG samples were taken following the same
methodology as in the 15 selected paddy fields. Altogether, 144 samples were collected.
Results showed low variation in CH4 fluxes over the day cycle, in particular from 9 am to 4
pm, with no significant differences. Then, it was confirmed that the time window used for
sampling the 15 fields was representative of the daily cycle. Daily CO2 emissions followed
the expected pattern with only net CO2 emissions at night. Low N2O emissions were observed
as anticipated because flooded conditions prevent N2O production in paddy fields.

Figure 14.- Sampling GHG emissions in the Ebro Delta experimental plots
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Figure 15.- Bird census in the paddy fields of the Ebro delta.

From October to December 2015, the first bird census campaign was carried out. Bird census
were carried out every two weeks in all selected experimental plots by two specialists
subcontracted as external assistance by IRTA (Fig. 15). Results showed, as expected, that bird
diversity sharply declined when fields were dried. This conclusion becomes relevant in the
context of the ending of winter flooding as a subsidized agro-environmental measure because
of the apple snail pest (Pomacea maculata) in the Ebro Delta. Results also indicated that the
percentage of inundated area within a field also influenced bird diversity, so that the highest
values were observed when the flooded area was either 5% or from 75% to 100%. Bird census
report is attached in Annex 7.2.2. In parallel to these works, information related to the
agricultural practices and agronomy in the selected pilot plots was collected. The information
was obtained by means of interviews with the owners of the rice fields. The following
agronomic data were recorded: rice cultivar, phytosanitary treatments, fertilization
management, harvest time, height of plant, disease infestation, plant density and yield. In
addition, the results obtained from the 2015 field campaign were discussed and the
experimental design and protocol for the pilot tests for 2016 were defined.
In April 2016 soil sampling collection in the monitored rice fields was carried out the (standard
pilot test + water-management pilot test) in order to characterize soil texture and chemical
parameters. Samples were sent to EUROFINS for its analysis.
From May 2016 to May 2017, the second experimental year was implemented. This second
experimental year was extended from December 2016 to May of 2017 in order to obtain GHG
data for the winter season and estimate its contribution to the total GHG emissions, as well as
to observe the GHG emissions in paddy fields with different management during that season.
In this second year, a total of 8 commercial rice fields scattered throughout the delta were
selected. The number of paddy fields monitored was lower to compensate, in terms of costs
of gas chromatography analyses, the extended period of sampling (December 2016 to May
2017) and the experiment of water management mitigation measures to reduce GHG emission
(described below), not included in the original experimental plan.
As mentioned, a new pilot test for the implementation of water management-based mitigation
measures to reduce GHG emissions was set up. This experiment (not planned in the original
proposal) was conducted over the growing and post-harvest seasons in 2016 (from June to
December), to assess the GHG mitigation capacity of alternative water management in relation
to the standard irrigation in the rice fields. With that purpose, two irrigation systems, midseason drainage (MSD) consisting in a single drainage period of 4 days and; alternate wetting
and drying (AWD) consisting in alternating drainage and flooding periods during the
vegetative phases of the rice crop, were tested and compared to the standard one in Ebro Delta,
permanent flooding (PFL). The two mitigation schemes (MSD and AWD) were studied in
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rice systems with differing mitigation capacities and rice yield impacts, as the dry periods can
induce salinity and water stress to the crop and subsequently yield reduction; especially the
AWD system. The two new irrigation systems (MSD and AWD) and the standard one (PFL)
were also periodically monitored (the same dates as the previous cited) and, additionally more
frequent samplings during the implementation of the AWD system (on average, twice a week
during June and July). In each field, 9 chambers were installed in each sampling day (instead
of three) in order to capture the inherent variability of GHG emissions within a rice field.
Results obtained from the new pilot test showed that CH4 emission rates in AWD were 10fold lower (0.16 ± 0.03 mg m-2 h-1) than those under PF (standard water management) during
the growing season. Instead, AWD increased N2O emission rates fivefold, from 0.0006 ±
0.0004 mg N-N2O m-2 h-1 in PF to 0.003 ± 0.002 mg N-N2O m-2 h-1 in AWD. Altogether, the
global warming potential (which includes the warming effect of both CH4 and N2O given in
CO2-equivalent units) was reduced by 90% during the growing season. In addition, no declines
in rice grain yield were induced by the implementation of AWD. As for the MSD, agronomic
performance of rice growth was poor because of factors unrelated to water management, so
that no conclusions on the effect of MSD on GHG emissions could be obtained. In addition,
the validation of the empirical model Cool Farm Tool (CFT) was carried out. This is a model
developed by the University of Aberdeen for the estimation of GHG emissions under different
crop management schemes. Data obtained from the 2015 pilot test was used to evaluate the
adequacy of the model which resulted in low accuracy to simulate GHG emissions from rice
fields under different crop management.
In July 27th and 28th 2016 the second 24 hours sampling period was carried out, in order to
assess the pattern of daily emissions (not planned in the original report). Overall, 144 samples
were collected and later on analysed at IRTA laboratories.
In October 2016 the computation of the straw biomass after harvest in selected paddy fields
was carried out. This task (not planned in the original report) was done given the high
relevance of post-harvest season on annual GHG emission found in the results of 2015; so that
a relationship between the amount of straw incorporated in the field at post-harvest and GHG
emissions was intended to be assessed. Then, given the relevance of post-harvest CH4
emissions and the relationship with rice straw management, it was decided to conduct a
laboratory experiment to improve the understanding of the underlying mechanisms of such
emissions from which possible mitigation strategies could be proposed. Laboratory scale invitro experiments were performed under controlled conditions with soil and rice straw
collected during post-harvest season and incubated under anoxic conditions. The experiment
revealed a significant concentration-dependent microbial fermentation and methane
production from 15 to 50th day of incubation, fitting the time range of post-harvest season.
Methane emissions in the in vitro assays were in the same range of emission depicted in postharvest season field studies. Interestingly, soil collected during postharvest season did not
produce methane without rice straw amendment under optimized anoxic in-vitro conditions.
Therefore, rice amendment under anoxic conditions was the main factor linked to methane
production during postharvest season.
In October also started the second bird census survey following the same methodology than
in 2015. Censuses were carried out weekly until December 2016. Results showed a similar
behaviour that those obtained in the previous year: bird diversity declined in drained fields
whereas it increased in fields partially inundated, with 5% to 50% of their area flooded.
In May 2017 and in February 2018 soil core sampling was carried out in order to determine
the soil carbon stock and the carbon sequestration in the rice fields of the Ebro Delta.
Radiodatation with 210Pb and 137Cs allowed the identification of soil layers of approximately
150 and 60 years old, respectively. Therefore, knowing the depth of a specific dated layer and
assuming a constant accretion rate over the time, rates of inorganic sediment, organic matter
and carbon could be estimated. C content is used to estimate the sequestration rate, i.e. rate of
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C accumulation along the soil profile in a given period. Results showed a high variability
across space and along time in terms of soil accretion and carbon sequestration in rice fields.
Soil accretion in the oldest soil layers created before dam construction in the Ebro River show
accretion rates in the order of 3-4 mm/yr and carbon sequestration rates of 50-100 gC/m2/yr,
whereas in more recent years accretion rates are insignificant (in the order of 0,05 mm/yr), as
it is carbon sequestration.
From June 2017 to May 2018 tasks were primarily focused on the processing and analyses of
the collected data, the elaboration and interpretation of results and the writing of reports and
technical publications. During that period, the whole data set obtained from the two years of
data collection was revised and analysed since most of data analyses performed during the
previous period were focused on data obtained from year 2015. Statistical analyses were
conducted to determine associative patterns between GHG emissions, physic-chemical and
agronomic variables. Main results obtained can be summarized as follows:








GHG emissions for the paddy fields of the Ebro delta are computed at 200,000 tons of
CO2 eq. per year.
Around 70% of annual CH4 was emitted during the post-harvest season (results are
consistent for the two years of field experiments). This highlights the importance of postharvest season and, in particular, the rice straw management, in mitigating GHG
emissions from rice fields. From this result, it is concluded that the incorporation of rice
straw into the soils after the harvest is the main contributor of the annual GHG budget.
CH4 emissions slightly increase at night. In terms of methodology validation, this result
confirms that diel variation of GHG emissions during surveys in pilot tests (time window
from 9.30 am to 3.30 pm) was low and known.
Results obtained from the new pilot test (implementation of water management-based
mitigation measures to reduce GHG emissions) clearly indicate that AWD considerably
reduces CH4 emissions of rice fields in the Ebro Delta without compromising rice
production. However, despite the remarkable mitigation obtained with AWD, it is
important to take into account the following aspects: 1) these results in GHG emissions
can vary across rice fields depending on specific agronomic and soil chemical-physic
conditions and 2) impacts on grain yield could be expected in less favourable conditions
such as those of coastal rice fields with higher soil salinity. Therefore, before advising a
general implementation of this water management, we strongly suggest continuing with
field experiments in which variable agronomic and soil are considered to eventually being
able to provide site-specific guidelines for the implementation of safe AWD.
From the Post-harvest experiment conducted under laboratory conditions, it is concluded
that the seasonal peak of CH4 emissions is produced right after the incorporation of the
straw into the soil. These results emphasize the role of agronomic practices as mitigation
options and the relevance of water management during the growing season.

Perspectives for continuing the action after the end of the project refer to the possibility to
provide a tool to the rice farm sector capable to predict GHG emissions. The data set generated
from this action are used to validate and improve the handy model Cool Farm Tool (CFT) for
GHG emission simulation to be delivered to the rice sector so that each farmer can make gross
estimates of the emissions from their own paddy field. Presently, some discussions and
conversations with researchers from Universities and Technical Institutes of Europe
(University of Aberdeen, Ente Nationali di Riso in Italy, University of Manchester and the
technical manager of Ebro Food) are being in course to improve the accuracy of the model.
As well, new projects studying the influence of different straw management practices on GHG
emissions, funded by public institutions and private companies (i.e. Ebro Foods and
Kellogg’s) are planned.
For this action the objectives set up at the beginning of the project have been completely
achieved.
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5.1.5. Action B5 – Evaluation of the effects of sediment from a water purification plant
on rice production and the emission of greenhouse gases.
Start date (foreseen): January 2015
Start date (actual): September 2014

End date (foreseen): June 2018
End date (actual): June 2018

This action started according to the timetable established in the original project report. Overall,
there was no relevant problems so that the objectives planned at the beginning of the LIFE +
EBRO-ADMICLIM project were successfully achieved.
Main task performed in this action were:
From September 2014 to May 2015 work carried out was of preparatory nature. In detail, tasks
carried out were: 1) Discussion and definition of the experimental design. On 18/09/14 and
16/12/2014 the working group met to discuss and define the details of the experimental design.
The final experimental design agreed (Fig. 16) was: i) Use of 16 experimental plots of 48m2
(8m x 6m) each. ii) Plots arranged following a randomized block design with 4 replicates. iii)
Main factors were fertilization type (mineral vs. organic), and application of sediment from
the CAT water purification plant (sediment vs. no- CAT sediment). The applied organic
fertilizer was chicken manure, which is the most abundant livestock manure in the area.
Therefore, 4 different treatments were tested, resulting from the factorial combination of the
two factors, which were: mineral fertilizer x CAT sediment (M-S), mineral fertilizer x noCAT sediment (M-NS), organic fertilizer x CAT sediment (M-S) and organic fertilizer x noCAT sediment (M-NS). iv) Sediment from CAT was incorporated in the experimental plots
all at once and then mixed with the soil. Originally, it was planned that CAT-sediments were
to be injected continuously through the water inflow. However, during the design of the
experimental plan it was realized that the dose of sediment to be injected was too low to
determine any potential impact on grain yield. Therefore, in order to overcome this situation,
it was decided to apply it only one time the total amount of sediment that would be
accumulated over a 100-year period. That would allow confidently confirming or rejecting
the hypothesis that CAT sediments did not affect rice production. The estimated dose of the
CAT sediment was 0.5 kg m-2. v) Each plot was individually sown with pre-soaked Gleva
cultivar, the most grown rice variety in the Ebro Delta, at a sowing rate of 195 kg of seeds/ha.
v) Sampling was carried out at monthly bases.
Plot
101
102
103
104
201
202
203
204
301
302
303
304
401
402
403
404

Treatment
M - NS
O-NS
M-S
O-S
O-S
M-S
O-NS
M-NS
O-NS
M-NS
M-S
O-S
M-S
O-NS
O-S
M-NS

Figure 16.- Experimental design of Action B5: randomized block design with 4 replications.
Abbreviations: M, mineral fertilization; O, organic fertilization, S, sediments injected; NS, nosediments injected
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2) Preparation and management of the experimental paddy fields. Experimental fields were
located in the Experimental Station of IRTA (Extensive crop program) in Amposta. These
were arranged from February to April 2015 following the calendar proposed in the original
report of the project (Fig. 17). To facilitate a convenient water management, the irrigation
network of pipes and drainage canals was designed and arranged so that water management
in each experimental plot was done independently from the rest. Therefore, each plot had its
own water inflow and outflow pipes. Land works, including soil levelling and tillage, the
construction of bands to isolate plots, as well as the net of irrigation pipes and drainage canals,
were done by Agrogalgo services and Agroserveis (as external assistance).

Figure 17.- Preparation of the experimental plots in IRTA/Extensive crop program

The final dose of sediment to be incorporated in the experimental plots was calculated
according to the soil analyses results and the total iron content determined. Compost was
acquired from a rice farmer. The final doses applied in the experimental paddy fields are
shown in the Table 5:
Table 5.- Fertilization and sediments treatments in the experimental plots of IRTA
Treatment

Dose Nitrogen

Fertilization/Sediments

Application mode

Organic fertilization x
no-sediment injection

170 KgN/ha

7784 Kg/ha chicken manure

Basal

Organic fertilization x
no-sediment injection

170 KgN/ha

Basal

Mineral fertilization x
no-sediment injection

170 KgN/ha

Mineral fertilization x
sediment injection

170 KgN/ha

7784 Kg/ha chicken manure
+
5000 Kg/ha sediments
245,6 Kg/ha Urea
+
271 Kg/ha Amonium sulfate (AS)
245,6 Kg/ha Urea
+
271 Kg/ha AS
+
5000 Kg/ha sediments

2/3 basal (Urea)
1/3 split (AS)
2/3 basal (Urea)
1/3 split (AS)

Once experimental plots were prepared, the principal management tasks carried out were:


April 14th 2015: application of organic and mineral fertilizers and sediment from CAT



April 29th 2015: flooding experimental plots



April 30th 2015: Hand-sowing (with Gleva cv)



June 9th 2015: Split fertilization as top-dressing
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June 23th 2015: Herbicide treatment against broadleaves. Basagran SG at 1.15 kg/ha +
MCPA at 0.5 L/ha



July 24th 2015: Fungicide treatment against blast and brown spot with Triciclazol at
300g/ha + Tebuconazol at 1L/ha.



August13th 2015: Fungicide treatment against blast and brown spot with triciclazol at
300g/ha + Procloraz 400g/L + Propiconazol 90 g/L



October 9th 2015: Harvest of individual plots

These works were carried out by IRTA team.
From June to October 2015, the first monitoring year was carried out. In the original proposal
of the LIFE + EBRO – ADMICLIM project, monitoring was planned to finish in December
2015. However, the closing of the irrigation canals forced the earlier completion of the
monitoring; but this change in the sampling period did not represent any problem in the
achievement of the initial planned objectives. During that period, 4 monthly field surveys were
carried out (see details on section 6.1.2.1.; Action C2). Each field campaign consisted in
sampling GHG and recording both the physic-chemical of water and soil variables in
experimental plots. Altogether, 144 GHG samples and 72 water samples (stored at -4ºC) were
obtained and analyzed in IRTA laboratories. During this period, the analysis of the agronomic
parameters was also conducted in three different stages of the plant grow (see Action C2 for
further details). The harvest index, percent of impurities and yield components were also
evaluated. Apart from the agronomic assessment, leaf samples were taken in order to evaluate
the nutrients concentration on leaf. In regard to the overall agronomic performance of the crop,
seedling establishment (i.e., the ratio of established seedlings over sown seeds) was, in
average, 53%, which is higher than the mean rate in the Ebro Delta rice fields (estimated at
30%).

Figure 18.- Panicle density (panicles/m2) in the different treatments established. M-S, Mineral
fertilizer x CAT-sediments; M-NS, Mineral fertilizer x no CAT-sediments; O-S, organic manure x CATsediments; O-NS, organic manure x no CAT-sediments

Concerning the agronomic effect of the tested treatments, it was observed that the mineral x
CAT sediment (M-S) treatment showed the largest number of panicles/m2 (448 ± 47
panicles/m2) while the lowest value was found in the manure x no- CAT sediment (M-NS)
(with 389±30 panicles/m2) although the difference was not statistically significant (Fig. 18).
Plants under M-S treatment were highly infested by blast, as opposed to the other treatments
which showed low infestation. Referring to Helmintosporium oryzae disease, no differences
were obtained between treatments. Overall, plants were little affected by Helmintosporium
oryzae fungus. Rice yield in all treatments was higher than the mean production in the Ebro
delta (mean value 6550 kg/ha). A highest yield of 8782±629 kg/ha was obtained for M-S,
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whereas the lowest was for O-S, with 7493±1061 kg/ha, though the differences did not reach
the 5% level of statistical significance. Despite the lack of statistically significant differences
among treatments, it was noticed that the yield average in plots with mineral fertilization was
higher (8533±711 kg/ha) than in plots fertilized with organic manure (7503±1099 kg/ha). In
summary, the results indicated that the sediment coming from the CAT facilities did not affect
grain yield whereas fertilization with organic manure may reduce it. However, it is worthwhile
to mention that a number of studies on organic manure on rice yield show slight declines in
rice production during the early years but tends to increase up to average yield thereafter.
In regard of GHG emissions, results from 2015 campaign showed that CH4 emissions recorded
in most of the sampled plots (Table 6) were extremely low or, in some cases, almost absent.
The observed GHG emissions were extremely low and with no detectable emissions in a
number of plots so that in those plots with detectable CH4 emissions, the mean rate was
remarkable lower (1.09±0.73 mg C-CH4/m2/h) than the average for the same period in B4
action (9.02±6.63 mg C-CH4/m2/h). The lack of emission was attributed to low organic matter
content of soil (0.94%). Such effect hampered the attainment of significant results regarding
GHG emissions. Accordingly, for the 2016 field campaign the location of the experimental
plots was moved to other plots with organic matter content of 2,73% which is within the
average range (2% − 4.5%) of the Ebro Delta paddy fields.
Table 6.- GHG emissions in the experimental plots of IRTA Experimental Extension
CH4 emissions (mg CCH4/m2/h1)

May

June

July

August

September

Mineral x No-sediment

0.26*

NL

NL

NL

NL

Organic x no-sediments

1.38±0.29

1.49*

NL

0.11*

NL

Mineral x sediments

NL

NL

NL

0.2*

NL

Organic x sediments

0.83±0.19

2.16±0.29

NL

0.57*

NL

* Standard deviation is not shown as emissions were only detected in one plot out of the three in each treatment.
NL means no linearity in the concentration of the CH 4 emissions over the sampling time what indicates lack of
CH4 emissions.

From June to end of September, 2016, the second experimental year was conducted. The
experimental design was similar to the previous year, with 16 plots (4 treatments x 4
replicates) although they were not separated by bunds but by canals. In April - May 2016, the
experimental design was the same as in the previous campaign. The works for the arrangement
of the field experiment were subcontracted to Agrogalgo services and Agroserveis (as external
assistance). Following the same procedure as in the previous year, the soil of the experimental
plots, the sediment from the CAT and the organic fertilizer were analysed prior to flooding
and sowing. Samples were sent to Eurofins S.A. for its analysis (as external assistance). GHG
sampling was conducted following the same methodology as in the first campaign. GHG
samples were taken, starting on May 19th until the 29th of September (19/5/2016, 15/6/2016,
21/7/2016, 4/8/2016, 1/9/2016, and 29/9/2016). In total, 193 GHG samples were collected and
analysed. The agronomic analysis (determination of plant density, assessment of disease
infestation during the growing season and determination of panicle density, grain number per
panicle and panicle fertility and yield at harvest time) was also carried out as in 2015. In
addition, at the harvest time, grain and stem samples from each experimental plot (in total, 32
samples) were taken and sent to Eurofins S.A. (external assistance) to determine the
Carbon/Nitrogen content (C/N).
From June 2017 to June 2018, data analyses regarding GHG emissions across the different
tested treatments, i.e. sediment x type of fertilization, were conducted. Main results can be
summarized as follows:
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No significant differences in cumulative CH4 emissions across the treatments although
plots fertilized with organic manure tended to show higher emission rates.



Agronomic data analysis indicated that the incorporation of sediments did not affect the
rice productivity whereas organic fertilization slightly declined the rice yield.



However, longer-term studies should be performed since it has been proven that fields
fertilized with organic manure may need longer period of stabilization to obtain similar
yield than those with mineral fertilization.

This action will not continue after ending the LIFE+ EBRO-ADMICLIM project.
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5.1.6. Action B6 – Assessment of areas vulnerable to subsidence and sea-level rise in the
Ebro Delta.
Start date (foreseen): January 2015
Start date (actual): October 2014

End date (foreseen): June 2018
End date (actual): June 2018

All objectives planned in this action have been successfully achieved without major problems.
This action was scheduled to start in January 2015, but progress was made in the last quarter
of 2014 in order to execute correctly all tasks specified in the original proposal of the LIFE+
EBRO –ADMICLIM project.
Tasks carried out in this action have been:
1) Collection, management and analysis of both existing geological (geological datasets
recognized the near-surface sediments) and geophysical data (geophysical datasets had as
main objective the deeper structure of the Ebro delta area). In addition, both, technical and
scientific documents (i.e. technical reports, scientific papers, etc.) of the Ebro Delta, and
information of near-surface (deltaic sediments) and deep targets (up to bedrock) were also
considered. These datasets consisted of exploration boreholes, oil reflection seismic profiles,
gravimetric measurements and geophysical well logs.
The geological information from boreholes was obtained mainly from the ICGC, CHE, IGME
and IRTA institutions, while the compiled geophysical data were acquired from the ICGC and
the IGME organisms. Other information was achieved from several non-governmental
institutions. The final usable geophysical data is summarized as follows: a) reflection seismic:
9 land and 6 marine seismic profiles; b) gravimetric stations: 44; geophysical well logs:
logging from 12 oil wells (3 onshore and 9 offshore) and 232 boreholes (but only 120 were
useful for the project). Acquisition of new geophysical and geological data was done during
the entire project’s progress.
2) Development of a geological and geophysical database to optimize the management of
collected information. This task was performed from January-2015 to June-2015 (six months),
following the chronogram of the LIFE+ EBRO-ADMICLIM project.
Geophysical data (jointly with the geological data) was initially integrated into a single
database that was used for constructing the 3D geological model of the Ebro delta. Before its
integration, the geophysical data were transformed to a compatible digital format suitable for
their integration in the 3D model. For instance, images of geophysical well logging data were
transformed to digital LAS format. Seismic reflection images (TIFF) were digitized including
the position information into a SEG-Y file. Also, a deep study of the INSPIRE data
specifications on Geology and Geophysics was carried out in order to adapt the compiled data
to the INSPIRE schemas, such as the matching tables. Hence, the implementation of the data
model (including geophysical, geological and interferometric data), its testing and fulfilling
was based on the INSPIRE directive.
Data compiled on the database are accessible to the public through online maps (WMS) and
shown in a Viewer display http://www.icgc.cat/en/Public-Administration-andEnterprises/Tools/Geoindex-viewers/Geoindex-Projecte-Life-EBRO-ADMICLIM
3) Compilation of historical satellite images (ERS, ENVISAT and ALOS sensors) and
development of ground deformation and velocity DInSAR to generate a historical subsidence
map of the Ebro delta. These tasks were carried out from October-2014 to June 2015 (9
months) as planned in the original report of the LIFE+ EBRO-ADMICLIM project. ERS &
ENVISAT satellite images were downloaded from the ESA SAR archive (which had freely
accessible datasets) covering an observation time window of approximately 20 years, from
1992 to 2010. Additionally, a small stack of 12 ALOS-PALSAR L-Band images spanning
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five years between 2007 and 2011 was collected. This last stack was processed with ICGC’s
interferometric software while C-band data, due to the great number of images and time
constraints within the project, utilized the Grid Processing on Demand (G-POD) service of
the European Space Agency (ESA), based on the Small-Baseline (SBAS) technique. Overall,
207 images were downloaded and processed.
Once a deformation profile of coherent pixels from each stack was retrieved, a data fusion
methodology was established to merge the whole information and generate a final deformation
rate map and an estimation of the deformation profile of the coherent points. In addition,
results from L- and C-band were compared and the two estimations analysed. L-band results
were considered less reliable due to their sensitivity and stack configuration and mean
deformation rates around 0.3 cm/yr were estimated.
4) Compilation and analysis of current satellite images. Following the end of the
commissioning phase of Sentinel-1, images were regularly published in the Sentinel-1 Science
Hub. All images covering the Delta del Ebro area were routinely downloaded and stored. This
procedure was posing a challenge due to the image size and the need of having large stacks
simultaneously on disk. This task was done from November 2014 to January 2018 (37 months)
following the original chronogram of the project.
The subsidence monitoring with SAR data was performed using two stacks of SENTINEL-1
images, corresponding to the ascending and descending orbits. Overall, 86 images
(downloaded from Dec-2014 to Sep-2017 to the ascending orbit and 97 images (from Nov2014 – Sep-2017) of the descending orbit were obtained. Before SAR images were processed,
a pre-processing step was implemented to remove the non-desired signal produced by the
existence of a strong atmospheric effect (highly correlated with topography) due to the special
characteristics of the Ebro Valley and the delta plain. This signal was affecting the results in
the mountainous area surrounding the Ebro Delta. In addition, ICGC’s processing chain was
adapted to process the S-1 data.
Once SAR images were corrected, two different PSI DInSAR’s processes were performed on
the SENTINEL-1 images. In the first process, interferogram (comparison between two SAR
images) was used without matter their temporal baseline (time span between both
acquisitions). In the second process, this temporal baseline was restricted to a maximum value
of 1 year in order to obtain a higher density of measurement points since the Ebro Delta area
is primarily composed by crops and vegetation-covered zones. Consequently, this area is
affected by high levels of temporal decorrelation and therefore low point density. In addition,
to improve the response of critical points, a set of artificial corner reflectors (CR) were
installed (and properly maintained) around the Ebro delta (see further information below). As
well, an automatic CR monitoring program rose by the system and based on alarms (by i.e.
theft, windstorms), was established.
From the PSI DInSAR’s processes mean velocity and deformation in the Line Of Sight (LOS)
direction (CRs were oriented to ascending orbit only) was obtained. In addition, the combining
of the ascending and descending images provided vertical and horizontal (East-West) vectors
but only for common points in both orbits, reducing the measurement point density.
Additionally, LOS ascending and descending vectors were projected to vertical direction
assuming a subsidence motion pattern. This processing provided motion measurements with
a higher point density. First tests were conducted on stack formation, burst processing and
interferogram generation with S-1 toolkit software.
5) Acquisition, localization, permits and installation of corner reflectors. The initial 7 Corner
Reflectors (CR) foreseen in the project description were not available. To overcome this
drawback 6 TerraSar-X CRs belonging to ICGC were reused and installed in November-2014.
Additionally, 12 new S-1 specific CRs were ordered to Altamira. Although these new CRs
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were more expensive than expected (bigger size in order to ensure good reflectivity), the
redesign of the CRs platforms allowed saving some money from the original budget. This in
turn allowed the testing of a new ICGC CR prototype. Finally, 6 units of this new prototype
were ordered to a local company in the Delta area. Therefore, 22 corner reflectors were
installed in the Ebro delta plain with the assistance of another local company.
Before CRs were installed, ICGC and IRTA had a meeting (on October 2014) in Barcelona
for defining the main aspects to carry out in this action, coordinate the tasks and identify the
main areas where CRs should be installed. As well, two field inspections were conducted
(November 2014 and July 2015) to determine the adequacy of the proposed points where the
CRs should be placed. Hence, in November 2014, 6 reflectors were installed and 6 more in
July 2015. Unfortunately, 2 of these CRs, located within easy access from public roads, were
stolen shortly after installation. In February-2016 (11 CRs) and April-2016 (last 3 CRs, after
the end of hunting season) the rest of corner reflectors were installed. Before its installation,
land owners were contacted and permissions obtained. These tasks were carried out by ICGC,
CRSAE and IRTA teams. In addition, a semi-automatic procedure was developed to monitor
the visibility of the Corner Reflectors along time and detect as soon as possible any change in
reflectivity that would imply a corrective action. Successive corrective actions were
performed in April-2017 and March-2018.
Data obtained from CRs were complemented by measurements of surface elevation tables
(SET) carried out by IRTA in March-April 2015 2016, 2017 and 2018.
6) Planning, location and performance of geophysical field surveys (electrical resistivity
tomography, seismic methods and, geophysical well logging). These tasks were executed from
Dec-2014 to June-2017 (31 months) as planned in the original report of the LIFE+ EBRO –
ADMICLIM project. For this works, the ICGC was hiring a technician that joined the ICGC
team on September 14th, 2015.
Before conducting the geophysical surveys, the ICGC team had a meeting to design and
planning the geophysical survey tasks. Later, on March 2015, the ICGC team met with the
IRTA to define the details of the field campaigns and the workflow dynamics (i.e. distribution
of tasks, sampling periods, material requirements, locations, identify and contact with owners,
etc.).
The objectives of the geophysical surveys were: first, characterization of the Holocene
sequence and delineation of the base of the fine sediments of the delta (up to 40-50 m depth),
second, location of the sediment-bedrock contacts (km depth) and third, soil salinization
assessment and monitoring. The information acquired from these geophysical surveys
improved the understanding of the Ebro delta plain subsurface and supported the geological
model building and the subsequent subsidence assessment. Obviously, prior to conducting the
geophysical surveys, permits were processed in the pertinent municipalities and landowners
affected were contacted. This task was carried out by the IRTA and ICGC teams.
Methods applied across to the whole Ebro delta included: electrical resistivity tomography
(ERT), active seismic methods (MASW) (surface wave analysis with Rayleigh wave, P-wave
refraction, P-wave reflection), passive methods (H/V and array techniques) and geophysical
well logging.
ERT field surveys were conducted in parallel and approximately at the same points than
MASW measurements. Overall, 10 ERT profiles with a length between 260 and 1400 m each
(Fig. 19), were carried out from March-2015 to November-2016. The investigation depth with
a Dipol-Dipol or Wenner-Schlumberger configuration was about 60 m. This depth was
appropriate for the aims of this project because allowed identifying the sediments located
above the competent layer formed by gravels and the effect of marine water in the subsoil
materials. As indicated, ERT profiles were coincident with some of the MASW profiles. This
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allowed combining different properties (electrical resistivity and shear-wave velocity) and
constraining the interpretation and properties of the deltaic sediments. This information was
linked with geotechnical parameters critical for the assessment of compaction rates.

Figure 19.- Field measurement with the ERT technique carried out in March, 2015.

MASW field campaigns. In March/April, 2015 the first MASW field survey was held.
Measurements were taken in the municipalities of Amposta, Deltebre and Sant Jaume. In
June/July, 2015 the second survey was carried out in the municipalities of Sant Jaume,
Camarles and Deltebre (Fig. 20) and, in November/December, 2015, the third MASW survey
took place in the municipalities of Amposta, Deltebre and Sant Jaume. Fourth and fifth
MASW field campaigns were carried out during June/July 2016. Altogether, 15 MASW
profiles with a length between 300 to 1200 m were performed. These profiles provided Swave velocity models, which were a good representation of the mechanical properties of the
sediments. The investigation depth was around 30-40 m. These works were carried out by the
ICGC team.
H/V and seismic array measurements. Overall, 146 passive seismic soundings measurements
(H/V) and 3 passive seismic arrays were carried out during the project. This technique was
added to the original planning since it is a fast methodology, provided a large coverage in a
cost-effective way and no extra cost was added to the project budget. The information obtained
by this technic allowed defining the basement geometry and the bedrock depth at the station
position from the first maximum (fundamental) at H/V spectrum and helped to constrain the
limits of the 3D geological model. Preliminary results suggested that the distribution of the
frequency values corresponding to the first maximum showed that bedrock was deeper at the
southeast of the Ebro Delta.

Figure 20.- MASW measurements in the Ebro delta on June 2015.
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Geophysical well logging. In December 2015, the ICGC team carried out a first geophysical
well logging field campaign in 4 piezometers located in the Ebro Delta. The logs acquired in
the four piezometers included natural gamma measurements, formation conductivity, water
conductivity and temperature. This field survey was repeated in April 2016 and
February/March 2017 to complete time-lapse measurements in the area. The correlation of the
results allowed obtaining a general view of saltwater intrusion, the identification of the most
important aquifers (surface and deep) and the aquitard materials in the Ebro Delta.

Figure 21.- Geological survey to obtain Holocene sediments in November 2015.

Geotechnical survey. In November and December of 2015, a geotechnical survey of the
Holocene sediments was performed in two of the main urban areas of the Ebro delta by BOSH
& VENTANOL (as external assistance) under the supervision of the ICGC team. That task
was not programmed in the original report of the project. However, the information obtained
from that geotechnical survey greatly improved the knowledge of the subsidence phenomenon
related to the compaction of the Holocene deposits in the Ebro delta (key element for
developing the 3D model). Surveys were carried out in one area located in the central part of
the emerged delta (outskirts of Deltebre town) and the other near the outlet zone (outskirts of
Riumar urbanization; Fig. 21). In each site one borehole and one CPTu tests were performed.
Representative samples of the different sedimentary units crossed by both boreholes were
collected for geotechnical analysis. Sediment cores were sent for analysis to the facilities of
the ICGC in Tremp. Results suggested that coarse grained sediments located below the
Holocene succession (at 49 m depth) were over-pressurized and contained gas. The generation
of this gas may be triggered by decomposition of organic matter. This fact suggested that
probably, the excess of pore pressure plays an important role on controlling the delta surface
elevation and that any subsurface perturbation (e.g. related to groundwater exploitation) could
accelerate the natural compaction. Despite geotechnical assays, complementary samples from
boreholes, were characterized from a geochemical, geophysical and geochronological point
of view.
All the information generated from the geophysical surveys plus the geological information
was integrated and organized according to five different targets:
i) Base and characterization of near-surface Holocene deposits of the Ebro delta plain (lagoon,
marsh and overbank deposits). The lithological changes in this shallowest part of the delta
were delineated using electrical resistivity contrasts and surface wave shear-wave velocity. In
contrast to P-wave velocity, shear-wave velocity was minimally affected by the presence of
organics (common in some areas of the delta). For instance, a higher percentage of sand in the
near-surface sediments showed a different pattern on the Vs profiles. Other important factor
was the peat presence (detected by both techniques: S-wave velocity and electrical resistivity
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tomography). Peat is the most compressible of natural soils and its presence in the alluvial
sequence, increases the rates of subsidence due to its compaction.
Areas without organics and having coincident P- and S-wave velocity profiles, allowed the
definition of soil parameters that helped the subsidence analysis.
ii) Base of Holocene delta front deposits. This second target was met using electrical resistivity
tomography and surface wave technics. The analysis of the surface wave results allowed to
define the change from the front deltaic (mainly composted by sands) to Prodelta sediments
(mostly clays) because an inversion of the velocity. In the case of ERT technique, the delta
front materials were determined (most of the times) as a very conductive zone due to the
presence of saline water intrusion from the Ebro River (or directly from the sea). In highly
saline environments, clayey sediments were sometimes detected as slightly less conductive
than the sandy materials.
iii) Bottom of the Upper Pleistocene fine sediments of Delta. This contact was delineated with
a combination of different geophysical techniques. Electrical resistivity tomography allowed
to delineate the top Pleistocene sediments due to the high electrical contrast between clays/silts
and sands/gravels. H/V technique provided information of this contact based on a secondary
peak of the H/V spectral ratio. Finally, vintage seismic reflection sections provided an image
of this boundary as well.
iv) Delineation of Bedrock. This task was performed by the H/V technique using the
fundamental resonance frequency of the soil. This information was complemented with audiomagnetotelluric soundings carried out in some places of the Ebro delta. In addition, vintage
seismic reflection profiles helped to constrain this information based on significant changes
on velocity and reflection images.
v) Soil salinization assessment and monitoring were done by combining electrical resistivity
tomography and well logging data in order to complement and validate their interpretations.
The use of the all different geophysical datasets allowed a better description of the thickness
of the geological units in the Ebro delta plain and the geometry of the fresh-sea water interface.
Additionally, the salinization of different zones was characterized. A study of the Delta
environment in relation with degree of salinity was carried out. The result was a zonation of
Delta area taking into account the influence of the salinity parameter in the electrical
conductivity values and distribution. In this way, three zones were distinguished: fresh-water
zone, a high salinity area and a transitional area.
All these results were included on the technical report "Results of the interpretation of the
geophysical data” and were integrated in the construction of the geological model (used to
identify the most vulnerable zones to subsidence).
7) Construction of the 3D model. The geological dataset was analysed in order to obtain the
3D geological model of the Ebro Delta in which vintage and new data were combined. This
analysis included the definition of characteristic units, which aims to address the origin and
the distribution of the subsidence processes in the Ebro delta. Each unit description included
thickness, lithology and its main geological and geotechnical characteristics for the
subsistence analysis. Ancient and new data from a selection of boreholes was adapted to these
units in order to construct the geological model. The deeper structure was targeted using
mainly vintage data. In addition, preliminary digitalization, integration and interpretation of
vintage data with present Digital Elevation Model (DEM) was done. The new geotechnical
data plus the overall geological-geophysical data sets that integrated the B6 action, were
analysed together to address the origin and the distribution of the subsidence processes in the
Ebro delta and their social impact. As well, near-structure (characterization of deltaic and
prodelta sediments) was managed with geological, geotechnical and geophysical field
surveys. During this period the delineation of geological contacts using the integration of
geophysical datasets and results was made. Also, the interpretation of the electrical resistivity
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models (using borehole information as constrain), the identification of patterns of dispersion
curves (related to changes in sediment grain or using the soil resonance frequency to identify
the main acoustic impedance contrasts in the delta subsoil) was carried out. The aim was to
help to define the geometry of the top of Prodelta sediments, Pleistocene gravels/sands top
and bedrock. Hence, the Ebro delta geological model was determined through the compilation,
homogenization and georeferencing of the pre-existing geological, geotechnical and
geophysical information, complemented with geophysical testing of existing surveys and
seismic and electrical exploration campaigns. This model considered the five sedimentary
units determined for the subsidence susceptibility of the Delta. Results show the spatial
distribution and thicknesses of the sedimentary units, which are presented as a contour maps,
thickness maps, planar sections and cross-sections. Together, these four types of
representations define the display system of the 3D geological model.
Results are shown in the report: “3D geological model: Reconstruction of the architecture of
the Holocene deposits of the Ebro Delta plain and trough the project database”.
8) Construction of the Ebro Delta susceptibility subsidence map. The Subsidence over the
Ebro Delta plain was estimated based on its sedimentary geological and geotechnical
characteristics. The Ebro Delta plain subsidence is a result of a complex set of interactions
between natural and human induced phenomena (or factors) that constrain the present
accretion-subsidence dynamic. Main factors considered were natural compaction, flexure and
tilting of the shelf. From these, natural compaction was considered as the main subsidence
factor. That factor (showed as range of statistical values of the maximum and minimum
compaction of the sediment column), was determined by applying a probabilistic approach.
In fact, as the exact geometry of the geological units is not known accurately, compaction
results are interval of values based on the variation of the units’ thickness distribution. Related
to the flexure and tilting of the shelf, these are slow processes with low contribution to the
delta plain (a magnitude order below natural compaction) since the load of water and sediment
over the delta shelf during the last 120,000 years define the flexure effect while tectonic
processes during the last 2.5 million years define the tilting effect. In addition, other delta
geologic and geotechnical characteristics, such as the possible presence of organic matter and
the presence of thick layers of highly compressible sedimentary units, were qualitatively
considered and defined as areas of provable higher subsidence rates. The resulting subsidence
considering all these factors was validated through its comparison with the DInSAR data. The
approach to subsidence was included on the “Subsidence susceptibility of the Ebro delta plain”
report and map.
This action will continue after LIFE+ project, essentially through the maintenance of the
monitoring of subsidence by ICGC with the corner reflectors and the acquisition of new
satellite data.
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5.1.7. Action B7 – Developing a Climate Action Plan of the Ebro Delta:
Start date (foreseen): January 2016
Start date (actual): January 2016

End date (foreseen): June 2018
End date (actual): June 2018

This action started in January 2016, following the schedule established in the initial report of
the project. Task realized in this action has been:
i) From January 2016 to September 2016 (9 months), works carried out were of preparatory
nature. These were initially established from January 2016 to July 2016. Nevertheless, three
extra months were needed for gathering and analysing all the information. This delay did not
affect at all to the correct development of the action.
Main task performed in this initial phase were: 1) compilation of information from the existing
bibliography on the Ebro delta; especially from Series of basic studies for the subsequent
definition of a strategy of prevention and adaptation to climate change in Catalonia. Baseline
study Nº1: Ebro delta (December 2008); construction of a digital database and definition of
the general structure of the Action Plan. 2) Identification of the socio-economic stakeholders
(at both local and general level) and definition of the partner responsible for each task. 3)
Discussion and definition of detailed work chronogram. This was established in a working
meeting carried out in January 11th 2016 by the members of the OCCC team (responsible of
this action). 4) Definition of the Climate Action Plan of the Ebro Delta (PACDE) index (see
Annex 7.2.3).
ii) From September 2016 to June 2017 (9 months): Preparation of the first draft of the PACDE.
In September 2016 the PACDE index content was drew and send to the project partners for
its revision. In November 2016, five meetings with the sectorial groups of the territory -Rice
farmers, Fishermen and Shellfish catcher associations (7 participants), Non-Governmental
Organizations (5 participants), Local authorities (5 participants), Research groups (5
participants), and Institutional group (5 participants) were held at the IRTA headquarters in
Sant Carles de la Ràpita. Although Tourism sector was convened, it was not finally
participating. In addition, in December 2016, two more meetings were performed, one with
each of the existing irrigation communities in the Delta (with 15 participants in total).
Meetings were done in their respective headquarters. Objectives pursued in all these meetings
were: i) to make a brief presentation of the Plan; ii) to present the index of content that should
contain the PACDE; iii) to collect the ideas, proposals and concerns of the participants and,
iv) to involve the stakeholders of the territory in the draft. In total 42 participants took part in
the sessions (see Annex 7.3.1). As a result of the meetings, two common conclusions were
obtained from all groups: firstly, in the Ebro delta, the impacts of climate change clearly
overlap with the impacts of global change (that is, the lack of sediments due to reservoirs of
the basin, exotic species, water transparency, decreased fishing, etc.). This was reflected
during the meetings, since the stakeholders referred to issues related to climate and global
change in indistinct way and without differentiating them. Secondly, an although the focus of
the meetings was about climate change, as outlined in the call and by presenting the index of
content of the PACDE, much of the input provided by stakeholders was based on the general
problems affecting Ebro delta (i.e. sediment deficit, subsidence, water quality, decreasing
fisheries, etc.).
In February 2017, main conclusions drawn from each of the sectorial meetings were presented
to the project partners and discussed during the coordination meeting. In April 2017, the
diagnosis of the impacts of climate change in the study area and the main challenges identified
in the Ebro delta were completed. Next step was to convene a face-to-face meeting with the
local stakeholders to explain the results of the diagnosis. However, it was cancelled due to the
coincidence of two other sessions (on 24th May in Tortosa and on 27th June in Amposta) of
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the LIFE Clinomics where the same stakeholders participated. Therefore, it was considered
unnecessary (and excessive) convene again the same social actors.
In July 2017 the first part of the PACDE was finished (diagnosis of the Ebro delta in relation
to climate change). This document was elaborated from the analysis of the compiled
information (i.e. scientific and technical reports) on impacts and vulnerability to climate
change in the Ebro delta, and information obtained from the meetings with the sectorial
groups. Hence, on 7th July 2017 this document was send (by email) to the stakeholders giving
15 days to make their corrections, comments and proposals on the draft. Unfortunately, we
only received feed-back from 3 stakeholders: the Campaign for the sediments, the Picampall
Ornithological Association of the Terres de l'Ebre and the General Community of Irrigators
of Canal de la Dreta de l'Ebre.
iii) From July 2017 to December 2017 (6 months): Discussion and review of the preliminary
Action Plan.
From July to November 2017, work carried out was focused on the formulation of the
measures and actions that the PACDE should contain (i.e. evaluation, actors involved, cobenefits, barriers, etc.). It is worth mentioning that, at this point of work and as it is explained
later, there was a need to change the initial title of “Climate Action Plan of the Ebro Delta”
(PACDE) to the final title of “Actions for Climate in the Ebro Delta” (ACDE). On November
3rd 2017, the draft was sent (by email) to the social actors for its lecture, review and further
discussion. Thus, on November 20th 2017, the draft of the completed ACDE was presented to
the local stakeholders through a meeting held in the Community of Irrigators - Agricultural
Union of l'Ebre headquarters located in Deltebre. The draft contained: a) the diagnosis
(partially amended according to the contributions of some of the stakeholders); b) the
challenges that the Ebro delta must face and, c) the measures and actions that could be
implemented into the Ebro delta for becoming less vulnerable to the impacts of climate
change. The meeting was rated as successful as 31 people participated. The assistants had one
month to provide their comments on this draft, which was already quite advanced.
Unfortunately, only 4 institutions (General Community of Irrigators of Canal de la Dreta de
l'Ebre, ACA, ICGC and IRTA) sent their comments. This result is evaluated as failure since
3 of the 4 institutions were the project partners. The poor implication in the elaboration of the
document can be, in part, explained by a certain degree of historical fatigue in the territory;
because many promises made by the politicians and the administrations finally ended up in
nothing. In fact, many of the previous plans developed for the territory have finished without
concretion and implementation. In consequence, new initiatives are received with scepticism.
In addition, the social context of the Ebro delta is highly complex. This involves great
difficulty when it comes to reaching a general agreement on the most appropriate measures
and actions to be implemented in the Ebro delta. For this reason, the first action proposed in
the ACDE is the creation of a Board of Actors of the Ebro delta, which could be assumed by
the Terres de l'Ebre Commission for Sustainability (CSTE). The creation of this Board is
considered essential.
iv) From January to June 2018 (6 months): Finalization and presentation of the ACDE.
The proposals received from the ACA, ICGC IRTA and the General Community of Irrigators
of Canal de la Dreta de l'Ebre were, first of all, evaluated and later on accepted; except the
contribution suggested for the General Community of Irrigators of Canal de la Dreta de l'Ebre.
That Institution proposed use the classical engineering (breakwaters, perimeter walls, dykes,
etc.), as the main approach to achieve the sustainability of the Ebro delta. This line of action
is totally contrary to the approach taken in the LIFE+ EBRO-ADMICLIM project (restore the
sediment continuum of the lower Ebro river by means of the construction of a by-pass of
sediments from the reservoirs), and unanimously accepted by the scientific and technical
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community; as well as for the majority of the local stakeholders of the territory and public
institutions (at local and regional level).
Finally, on May 25th 2018, the ACDE document was presented to the project partners,
stakeholders, politics, ONG’s, and general public in the Final Project Conference held in the
ICGC, in Barcelona. In total 106 people attended to the meeting, most of them coming from
the Ebro delta area.
At the closure of the LIFE+ EBRO-ADMICLIM project, the objectives and measures included
in the Actions for Climate in the Ebro Delta (ACDE) remain unchanged compared to those
described in the original revised proposal of the project. However, it has to be clarified that
the initial name of "Plan" could be opened to interpretations that go far beyond what was
expected, as the etymology of a plan is the formulation of a diagnosis to achieve specific
objectives through the application of a series of measures or actions. The document prepared
did not meet the requirements of a Plan since it was not a planning instrument with schedule,
actions and budget. In consequence, it would not be approved by any administration. In fact,
any Plan that holds this concept requires its processing and its approval by the competent
authorities (in both territorial (town, county councils, Government, State) and sectorial action
(e.g. biodiversity, water management, agriculture, fishing, tourism, etc.)). Both factors
(processing and approval) are beyond the context of LIFE+ EBRO-ADMICLIM. Hence, as
described in action B7, the PACDE not obey the conception of a flat rate, but drafting a
document detailing, orderly and coherent set of measures and actions to be developed in
relation to the adaptation and mitigation to climate change in the Ebro delta. Therefore, the
final title of the document has been changed from “Climate Action Plan of the Ebro Delta”
(PACDE) to “Actions for the Climate in the Ebro Delta” (ACDE). In the final text, measures
and actions are in accordance with those established in the Catalan Strategy for adapting to
Climate change (ESCACC), as well as from the results of the project LIFE+ EBROADMICLIM.
After the LIFE+ project, these measures and actions should be aimed at reducing the
vulnerability of the impacts of climate change both in natural systems (i.e. river, wetlands,
coastal habitats) and socio-economic sectors most representative related to the project
objectives: agriculture, fishing, aquaculture and tourism. The actions of the document are
considered part of the actions to be taken by the Office on Climate Change of the Government
of Catalonia, within the mentioned Catalan Strategy (ESCACC). The document is available
both in English and Catalan languages.
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5.1.8. Action C1 – Monitoring the flows of water and sediments, water quality, and
sediment deposition
Start date (foreseen): April 2015
Start date (actual): November 2014

End date (foreseen): September 2017
End date (actual): June 2018

For this action the objectives established at the beginning of the project have been successfully
achieved with no relevant problems.
Monitoring of water and sediment flows, water quality, and sediment deposition in the Ebro
River and irrigation network canals was scheduled to start in the second quarter of 2015.
However, these tasks began earlier than planned (on November, 2014) as this action is linked
to B1 and B2 actions. Therefore, the monitoring was carried out simultaneously with the
aforementioned actions.
Main monitoring tasks were:
1) Water velocity measurements in both irrigation canals (Action B1) and river (Action B2).
On November 24th, 2014, UCO, ACA and IRTA teams carried out a field campaign to obtain
water velocity profiles in the selected injection control points of the irrigation canals. At each
control point, three cross sections were established along 1 km stretch. Water velocity
measurements (Fig. 22) were obtained in continuous, throughout the whole cross-section, as
well as in three different points placed across each cross-section. Results on flow velocity
measurements in the irrigation canals are shown in Tables 7, 8 and 9.
Table 7.- Flow rate in depth (m/s) measured in the primary channel (9 m).
Distance from left bank (m)
Point
2
4.5
7.5
1
0.919
1.006
0.947
2
0.981
1.045
0.996
3
0.786
0.899
0.821
Table 8.- Flow rate in depth (m/s) measured in the secondary channel (6 m).
Distance from left bank (m)
Point
1
3
5
1
0.716
0.753
0.704
2
0.775
0.803
0.766
3
0.714
0.857
0.736
Table 9.- Flow rate in depth (m/s) measured in the tertiary channel (3.3m).
Point
1
2
3

Distance from left bank (m)
1
2
3
0.649
0.750
0.696
0.670
0.705
0.564
0.659
0.727
0.630

As well, on November, 2014, UCO and IRTA teams carried out a field campaign for
measuring water velocity in the selected study reaches of the Ebro River (Action B2).
Measurements were performed in 14 cross sections in Móra d’Ebre and 15 sections
in Benifallet. Cross sections were separated at equal intervals. At each cross section, the water
velocity profile was obtained through the water column. Profiles were complemented by
discrete (at-a-point) flow velocity measurements at several depths of the water column.
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Figure 22.- Measurement of water velocity in Móra d’Ebre, November 2014.

2) Physic-chemical characterization of the sediment trapped in the water purification plant of
CAT (Action B1). Although the quarterly analysis from previous years showed that the
chemical composition and physical properties of the sediments do not vary significantly, extra
samples were collected during the project to ensure that the sediment trapped in the CAT
purification plant was not contaminated.
3) Sedimentation and resuspension assays (Action B1). In April 2015, two 5-L containers of
recirculation sludge from the water purification plant of CAT were sent to UCO to analyse
the sludge sedimentation time, the velocity needed to resuspend the mixture and obtain the
grain size distribution of the sediment. For that purpose, the mixture was homogenized and
four aliquots were characterized after centrifugation, drying and weight determination with a
resulting 0.49 g/L concentration. The resuspension assays were performed with an orbital
shaker, studying the sludge concentration of the upper part of the mixture with two containers:
rectangular and circular shape. In March 2016, a second assay was carried in the UCO
laboratories following the same procedures but using new instruments acquired by the UCO.
Results are shown in Table 10.
Table 10.- Recirculation sludge suspended concentration at different oscillation speeds.
Oscillation speed
rectangular container
(rpm)
35
40
42
44
45

Sludge concentration
(g/L)
ND
0.031
0.318
0.551
0.580

Oscillation speed
circular container
(rpm)
60
65
70
75
80

Sludge concentration
(g/L)
0.004
0.022
0.627
0.804
0.870

4) Bathymetric surveys (Action B2). In November 2014, COPYSA S.A. (enterprise contracted
as external assistance) carried out the bathymetric surveys of the bed river channel in the
selected areas (Móra d'Ebre and Benifallet), covering a total channel length of 3 and 8 km,
respectively. Figure 23 shows the obtained output of the bathymetric survey.
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Figure 23.- Bathymetry of the river channel area where sediment injections will be carried out.

5) Grain size distribution of the river bed and estimation of channel roughness (Action B2).
On November 2014, a field campaign was developed for characterizing the grain size
distribution of the river bed in both river stretches (Móra d'Ebre and Benifallet). Sampling
was carried out in 10 points (4 in Móra d’Ebre and 6 in Benifallet), by collecting at least 200
stones per point. Particles were taken by scuba divers of the IRTA team.
6) Sediment injection permits (see Action B2).
7) Monitoring the sediment injections of the irrigation network canals. Monitoring activities
were carried out with the participation of IRTA, UCO, CRSAE and CAT teams. They
consisted on: the control of several physical-chemical parameters of water (conductivity, pH,
temperature, and dissolved oxygen), before, during and after sediment injection; the
measuring of water turbidity (by means of multiparametric probes); the collection of water
and sediment samples for the estimation of the sediment concentration injected, as well as
observed at the different control points and, the measurement of water velocity. At each
sampling point 1 team formed by a minimum of 2 people was located. Water samples were
taken at regular intervals of 1 minute as soon as the sediment plume was detected. The
physicochemical parameters and turbidity were monitored continuously. The number of
samples taken at each sampling point per sediment injection was five; the first of which was
when a turbidity rise was observed in the probe. The other four were taken approximately one
per minute, trying to take the last of them when the turbidity returned to its initial state. In
addition, a larger sample (1000 ml) matched approximately with the maximum turbidity peak
was taken. Therefore, in each control point for each injection 4 small samples (100 ml) and 1
large were taken. Samples collected were further analyzed at UCO laboratories to obtain
suspended sediment concentrations. However, sedimentation rates in rice fields were not
possible to control (see Section 6.2 for further details).
8) Monitoring the sediment injections of the Ebro River was carried out with the participation
of IRTA, UCO, ACA and OCCC teams. Monitoring was done before, during and after
sediment injection, and consisted on: measuring water turbidity (by means of multiparametric
probes); the collection of water and sediment samples for the estimation of the sediment
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concentration injected, as well as observed at the different control points and; the control of
several physical-chemical parameters of water (conductivity, pH, temperature, and dissolved
oxygen). After the sediment injection tests, water velocity profiles were obtained across the
study sections. During the injection period, 5 boats were placed downstream of the injection
point at a distance of located at 200, 300 and 400 m from the injection point. In each boat, a
minimum of 4 people carried out the monitoring. Water samples were taken continuously as
soon as the sediment plume was detected. The physicochemical parameters and turbidity also
were monitored continuously before, during and after the pass of the plume. The number of
samples taken was 167. Samples collected were further analyzed at UCO laboratories to obtain
suspended sediment concentrations.
The deliverable concerning action C1 has been merged with the corresponding deliverables
B1 and B2 to show results in a more meaningful way, since monitoring actions are a
fundamental part of these type of pilot actions (sediment injections in the irrigation canals and
the river).
This Action will continue in part after ending the LIFE+ EBRO ADMICLIM project
throughout the automatic monitoring network (RIADE) recording water turbidity. In addition,
some punctual measurements of water velocity on the irrigation canals network will be carried
out by the CRSAE.
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5.1.9. Action C2 – Monitoring emissions of greenhouse gases and carbon sequestration
in rice fields. Physical and chemical parameters in rice field soil and water
Start date (foreseen): April 2015
Start date (actual): January 2015

End date (foreseen): March 2017
End date (actual): June 2018

The implementation of this action was planned to start in the second quarter of 2015; however,
tasks described for this action started before in parallel to B4 and B5 actions.
Tasks carried out in this monitoring action were:
1) Intercalibration of closed chamber and Lindval hood system (See details in Action B4). 2)
Construction of closed chambers and acquisition of complementary material (i.e. septum caps,
digital thermometers, needles and syringes, vials (4,000), etc.) to correctly perform samplings
(see details in Action 4). 3) Purchase of equipment (i.e. two field probes to record pH and soil
conductivity (not initially specified in the original report of the project and acquisition of a
Lindval box with battery (see section 6.2 for details)). 4) Monitoring GHG, water and soil
parameters, bird census and agronomic parameters.
Parameters monitored in action B4 and B5 were:
Media
GHG

Soil

Water

Parameter

Monitoring site

Methane, Carbon
dioxide & Nitrogen
oxide

3 Closed chambers

B4 & B5

Temperature (at 10 cm
underground)

Next to each GHG closed
chamber (3 replicates)

B4 & B5

pH, REDOX,
conductivity

Next to one GHG closed
chamber (1 measurement)

B4 & B5

soil texture

Pilot rice fields/
Experimental plots

B4 & B5

organic matter content

Pilot rice
fields/Experimental plots

B4 & B5

bulk density and
moisture content

Pilot rice
field/Experimental plots

B4 & B5

Water depth

Next to each GHG closed
chamber (3 replicates)

B4 & B5

pH, REDOX potential,
dissolved oxygen,
temperature, total
dissolved solids,
conductivity

Inlet and outlet of
experimental plot

B4 & B5

Total organic carbon

Inlet and outlet of
experimental plot

B4 & B5

Nutrients (NO3-, NO2-,
NH4+, PO4+)

Inlet and outlet of 3
experimental plots

B5

Suspended matter
Media
Agronomy

Action

B4 & B5

Parameter
Crop management,
yield, yield
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Monitoring site

Action

Pilot rice
field/Experimental plot

B4 & B5

components and
harvest index

Bird census

C/N analyses in steam
and grain at harvest

Rice plants

B5

Micronutrients in leaf
and grain

Rice plants

B5

Nº of individuals and
bird species

Rice fields

B4

Monitoring Action B4:
Paddy fields in the Ebro delta were monitored from May 2015 to May 2017 to obtain data on
GHG emissions, as well as physic-chemical soil and water parameters.
Two monitoring years were carried out:
From May to December 2015, the first monitoring year was conducted. During that period, 8
field campaigns were carried out as scheduled in the experimental design. Staff involved in
the sampling came from IRTA and CRSAE. Each field campaign corresponded to monthly
sampling of 15 pilot selected fields. Closed chambers were installed and removed from rice
in each field and sampling day and, GHG samples were taken simultaneously in three closed
chambers. GHG was extracted from closed chambers by using syringes and then transferred
to vials. Samples were sent to laboratory for chromatography analysis, in the IRTA facilities.
Altogether, 1440 GHG samples were collected during this campaign. After GHG sampling, 2
water samples (one at the inlet and other one at the outlet) at each experimental plot were also
collected. Overall, 155 water samples were obtained and further processed into the IRTA
laboratories. As well, soil parameters were recorded simultaneously to GHG collection. In
addition, agronomic traits (plant density, phytosanitary applications, yield and yield
components) were also monitored in each field.
From May 2016 to May 2017 the second monitoring year was carried out. In this second year,
a total of 8 commercial rice fields scattered throughout the delta were selected (versus 15
fields monitored during 2015) because the sampling period was extended until May (not
stopped in December) for assessing GHG emissions during the winter season. Altogether, 13
field campaigns were carried out. First sampling was done in June 16th and following
samplings were carried out in: 18/07/2016, 4/08/2016, 1/09/2016, 29/09/2016, 26/10/16,
14/12/16, 2/3/17, 4/4/2017, and 29/5/2017. The experimental procedure was the same as in
the preceding year. In addition, a non-planned pilot test for the implementation of water
management-based mitigation measures to reduce GHG emissions was set up. This
experiment was conducted from June to December 2016, to assess the GHG mitigation
capacity of alternative water management in relation to the standard irrigation in the rice fields
(see details on section 6.1.1.4, Action B4). Overall, a total of 1541 samples were collected and
analysed over this period, 144 of which corresponded to the water management pilot test and
1397 to the standard pilot test.
On July 16th, 2015, and July 27th, 2016 two 24 hours cycle surveys was carried out. The aim
of this monitoring not planned initially was, from one hand, to assess the pattern of the daily
emissions and, from another hand, to confirm that the time window used for sampling the 15
fields was representative of daily values. GHG samples were taken every two hours in three
sampling points within the same field (P1) following the identical methodology as in the 15
selected paddy fields. Altogether, 144 samples were collected at each 24 hours cycle. Soil and
water physic-chemical measurements were also done every two hours.
Bird census (subcontracted to the experts Albert Bertolero and Sofia Rivaes) were carried out
biweekly from October (after harvest) to December in 2016 and 2017 in the paddy fields
where GHG were monitored.
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In April 2016 soil sampling collection in the monitored rice fields was carried out (standard
pilot test + water-management pilot test) in order to characterize soil texture and chemical
parameters. Samples were sent to EUROFINS for its analysis. In addition, on May 2017 and
in February 2018 a soil core sampling in 10 rice fields was carried out, in order to determine
the soil carbon stock and the carbon sequestration rates in the rice fields of the Ebro Delta.
Soil cores had approximately 60 to 100 cm depth and were split into layers of 2 cm deep for
datation (by radiodatation techniques (210Pb and 137Cs)), and C content analyses.
Radiodatation with 210Pb and 137Cs allowed the identification of soil layers of approximately
150 and 60 years old, respectively. Therefore, knowing the depth of a specific dated layer and
assuming a constant accretion rate over the time, rates of accretion could be estimated. And C
content is used to estimate the sequestration rate, i.e. rate of C accumulation along the soil
profile per unit of time (i.e., year). The difficulty in the adequacy of this methodology is
because the first uppermost soil layer in rice fields (first 20 to 25 cm), is yearly mixed during
soil labour operations, preventing the stratification of soil layers and thus, soil datation. The
radio-datation methodology could still be useful in those cases in which the datation signal
(210Pb) is found below this mixed layer, identifying a soil layer of around 150 years old from
which mean soil accretion can be estimated. Soil datation analyses were conducted in Edith
Cowan University (Australia). C content analyses were carried out in the University of
Valencia.
Monitoring Action B5:
Monitoring was conducted in 12 experimental plots of 48m2 (8m x 6m) each during 2015 and
2016. In each plot, the following parameters were measured: GHG emissions, physicchemical parameters of soil and water, nutrient concentrations, suspended matter at the inlet
and outlet of each plot and agronomic parameters (plant density, phenology, disease
infestation, yield components (panicle density, grain number per panicle, panicle fertility,
1000-grain weight), yield and harvest index)). Each field campaign consisted in sampling
GHG and recording of both the physic-chemical parameters of water and soil in 16
experimental plots (three replicates at each treatment). A minimum of 4 staff from IRTA and
CRSAE participated in every sampling day. GHG samples were simultaneously taken from
three closed chambers installed in three different experimental plots, which were removed
after the last sampling. In each chamber and plot 4 samples collected over a 30-min period (1
sample/10 min) were taken. GHG was extracted with syringes, transferred to properly
identified vials and sent to IRTA/GIRO laboratories for gas chromatography analyses.
Simultaneously, soil and water physic-chemical parameters were also recorded. In addition,
15 water samples were collected during each field campaign for analyses of nutrient
concentration: 3 samples at the inlet and 12 samples at the outlet of the plots, which
corresponded to 3 replicates of the 4 treatments. Soil parameters were also recorded
simultaneously to GHG collection.
Prior to flooding and sowing, the soil of the experimental plots, the sediment from the CAT
and the organic fertilizer were analysed. In March, 2015 one composed sample (it is, several
subsamples were collected and integrated in a single one) of sediment from the CAT was
collected for assessing, among others, the iron content in the sediment. As well, on April 2015
soil subsamples were randomly obtained in the experimental plots and later integrated in a
single one for its characterization. Both samples were sent to Eurofins laboratories (as external
assistance). Also, the main organic fertilizer components (e.g. sodium and potassium) were
analyzed for determining the final doses to be applied in the experimental plots.
The assessment of the agronomic parameters was also conducted in three different stages of
the plant grow: tillering stage, panicle stage and over-mature stage. Thus, in May, 22th 2015
the first field campaign for surveying the agronomic parameters and assess plant density was
carried out, which was done in each experimental plot by means of counting the number of
plants in 5 sampling subplots of 0.25 m2 randomly selected. This measurement coincided with
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the stage of start of tillering (Consolidation BBCH 21), when rice seedlings are set and final
plant number established. In August 17th 2015 the number of panicles was counted following
the same procedure as in plant density. In addition, both plant height (measured from its base
to the panicle apex) and its healthy state, according to levels of fungal diseases, blast
(Pyricularia oryzae) or brown spot (Helminthosporium oryzae) were also assessed in the same
plots. Finally, in October 2015, at the over-maturity stage, each experimental plot was
individually harvested and yield estimated (Consolidation BBCH 92). Grain yield was
determined in kg/ha at 14% moisture. The harvest index, percent of impurities and yield
components were also evaluated. Apart from the agronomic assessment, in July 1st, 2015,
coinciding with panicle initiation stage, leaf samples were taken in three replications of each
treatment in order to evaluate N, P, K, Mg, S, Ca, B, Fe, Mn, Zn, Si and Cu concentration in
leafs.
The deliverable concerning action C2 has been merged with the corresponding deliverables
of action B4 to show results in a more meaningful way, since monitoring actions are a
fundamental part of these type of pilot actions (determination and optimisation of GHG
emissions in rice fields).
This action will not continue after ending the LIFE+ EBRO-ADMICLIM project.
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5.1.10. Action C3 – Monitoring carbon sequestration, emissions of greenhouse gases and
the assimilation of nutrients and contaminants in constructed wetlands
Start date (foreseen): January 2015
Start date (actual): January 2015

End date (foreseen): December 2017
End date (actual): June 2018

This action was planned to start during the first quarter of 2015. However, some preliminary
tasks were set off before schedule. In detail, 8 SET points (4 points per constructed wetland)
were installed while the first measures of subsidence (Action B3 and B6) were taken. As well,
8 marker horizons were placed in the same points and the purchase of material (i.e.
multiparametric probes; SET station, laboratory material such as reagents and consumables)
was carried out.
The experimental design for water and soil monitoring of the two constructed wetlands (Fig.
24 & 25) was slightly modified in relation to the proposed in the original report of the project
being set up as follows: i) Water samples collected at the inlet and outlet of the constructed
wetland as well as in the passageways that separate the cells. ii) At each sampling site, 3
sampling points were defined: one at the first passing siphon between cells, another at the
central passing siphon and the last one, at the last passing siphon. At each sampling point one
water sample was collected. Hence, 12 samples per field campaign and constructed wetland
were collected. iii) Sampling carried out at monthly bases and approximately at the same
period (at the end of each month (Table 11). iv) Water parameters monitored: DBO and DQO;
suspended particle matter; chlorophylls; nutrients (TN, TP, NO3, NO4, NH4, PO4 and SiO2);
water physic-chemical parameters (DO, Potential redox; pH, salinity, temperature, water
depth, etc.); heavy metals and pesticides dissolved in water. v) All water parameters were
monitored at the 12 sampling points; except DBO and DQO collected at the wetland inlet and
outlet. vi) DBO and DQO, chlorophylls and, heavy metals and pesticides dissolved in water
were collected quarterly. vii) Soil sampling carried out at the starting and ending of each
monitoring year. The first soil sampling was used as a blank so that, the following sampling
carried out was used to observe the changes produced in the soil (e.g. heavy metal and
pesticides accumulation) at the end of the monitoring year; and as a reference state for the
beginning of the next monitoring year. Accordingly, 4 field campaigns were performed during
all the project progress. viii) In each survey, 3 samples per cell taken approximately at the
center of each cell in areas without aquatic vegetation. Thus, 9 samples per filter were
collected; 18 samples in total per field campaign. ix) Samples collected with a sediment corer.
For each sample, superficial sediment (which corresponds to the material deposited during the
whole monitoring year) was wound up. x) Sediment parameters monitored: sediment texture;
humidity; organic matter content; Total Nitrogen; Total organic carbon; heavy metals and
pesticides (see section 6.1.1.3. for further details).
Table 11.- Main water parameters, frequency and number of samples monitored in the constructed
wetlands.

Parameter
Chlorophylls
DBO / DQO
Heavy metals
Nutrients
Pesticides
Physic-chemical
Suspended matter

Frequency
Quarterly
Monthly
Quarterly
Monthly
Quarterly
Monthly
Monthly
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Nº of samples
12
6/6
12
12
12
12
12

WATER SAMPLES
Wetland
output

Chlorophylls
DBO & DQO
Heavy metals
Nutrients
Pesticides
Physic-Chemical
Suspended matter

12

11
10

Constructed wetland “Illa de
Mar”

7
8
9

4

5 6

Water flow
direction

3

2

1

Wetland input

Wetland
input

Chlorophylls
DBO & DQO
Heavy metals
Nutrients
Pesticides
Physic-chemical
Suspended matter

3
2

1

Water flow
direction

Constructed wetland
“L’Embut”
4

9

5

8

6

7
11 12
10

Wetland
output

Figure 24.- Experimental design for water monitoring of the two constructed wetlands
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SOIL
SAMPLES

9

Accretion/marker horizons
Total Carbon & nitrogen
Pesticides

8 7

Constructed wetland “Illa de
Mar”
Wetland
output

6 5

4

Water flow
direction

1
2
3

Wetland input

Wetland
input

Accretion/marker horizons
Total Carbon & nitrogen
Pesticides

1 2 3

Water flow
direction

6 5
4

Constructed wetland
“L’Embut”

7 8 9
Wetland
output

Figure 25.- Experimental design for soil monitoring of the two constructed wetlands

As mentioned, in the first soil sampling campaign (conducted in June 2015) marker horizons
to monitor the accretion rates were installed in the same places where soil samples were taken
(Fig. 26). Nevertheless, in April 2016, marker horizons were not found and this technique was
abandoned. Thus, accretion rates (Fig 27) were obtained by extracting core samples and
detecting the limit between the original soil layer (rice field) and the new layer of the
constructed wetlands, so the new sediment deposited during the operation of the wetland could
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be estimated. Thus, successive accretion rates for the following years were obtained by
extracting the differences of the total sediment accumulated between years.

Figure 26.- Installation of the marker horizons in the “L’Illa de Mar” constructed wetland on June
2015.

Figure. 27.- Soil sampling in the South constructed wetland in June 2015

Overall, 424 water samples were taken throughout the project progress, distributed as follows:
120 samples in 2015 (72 samples in the north wetland and 48 in the south); 120 samples in
2016 (60 samples in the north wetland and 60 in the south) and 184 samples in 2017 (96
samples in the north wetland and 88 in the south). Analysis of DBO and DQO (Biological
Oxygen Demand/Chemical Oxygen Demand); suspended particle matter and nutrients (NO3,
NO4, NH4, PO4 and SiO2) were carried out at IRTA laboratories. TN, TP analysis were
externalized. Analysis of chlorophylls, heavy metals and pesticides dissolved in water were
carried out at CAT laboratories.
In relation to soil, 72 samples were taken during the four field campaigns (36 per constructed
wetlands). Samples were sent to the EUROFINS for its analysis (as external assistance).
Monitoring of vegetation: The sampling design for monitoring the aerial and subsurface
biomass generation was defined as follows: elaboration of linear transects across the wetlands
collecting 2 samples at each point. Sampling points located approximately at equal distances
(100m in the South constructed wetland and 150m in the North constructed wetland). Biomass
sampling was carried out at seasonal basis instead of the biomass maximum and minimum
peaks described in the original project proposal. This change in design responded to the
possibility of monitoring the full cycle of vegetation biomass (growth and death) allowing a
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better interpretation of the general processes observed in this type of environment. Samples
were taken by means of the collection of the total aerial biomass in an area of 0.25 m2.
Subsurface biomass was collected by means of a sampler core of 10 cm diameter buried at a
soil depth of 30 cm. After collection, samples were processed at IRTA laboratories.
Altogether, 30 aerial and subsurface samples per field campaign were obtained in the South
wetland and 36 aerial and subsurface samples in the North wetland. Samples were dried and
weighted at IRTA laboratories; then data was analyzed to compute the total biomass (per
season) and the total organic carbon sequestered.
This Action will continue after ending the LIFE+ EBRO-ADMICLIM, unless the managers
(i.e. Administration and/or Non-Governmental Organizations) of the constructed wetlands
consider it not necessary for the correct operation of this green infrastructure.
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5.1.11. Action C4 – Monitoring socio-economic impact of the LIFE+ project
The monitoring of the impact of the project consisted on gathering information related to both
economic and social variables. For that purpose, an Excel template was established and sent
to the project partners in October 2014.
The main socioeconomic impacts of the project can be summarized as follows:
-

Strong interaction of project partners with the rice sector and irrigation communities, as
well as NGO’s aiming at the preservation of the Ebro Delta (i.e., Campanya pels Sedimets).

-

Relevant outcomes in terms of innovation: new system of sediment recycling (CAT), new
agronomic practices to reduce GHG emissions in the rice sector (i.e., Altenate Wetting and
Drying), new sediment transport guidelines for users and administrations, new sediment
transport model for researchers and users.

-

Interest of private companies such as consulting and engineering companies interested in
exploring or incorporating the methods and techniques of sediment management in their
business plans.

-

Great potential for future R+D projects with the private sector and leading research groups
(H2020, Life, etc.).

-

Great impact on mass media and the society: large number of news in top newspapers, TV
and radio: TV program Volando Voy (Cuatro), TV3, etc. More than 203.000 visits to the
web site www.lifeebroadmiclim.eu

The economic impact of the project is those aspects that could be quantified is evaluated as
follows:









7 direct jobs created and maintained throughout the project.
28 local companies benefited from the project.
120,599 € reverting directly to the local population from project expenditures.
Economic value of reducing GHG emissions from the rice fields: a reduction of 30%
in the emissions via the implementation of new water management schemes (AWD)
would save circa 50,000 Tones of CO2-eq. per year. Considering a current price of
circa 20€/Ton of Carbon in the Carbon Trade Market, the direct economic benefit for
farmers could be over 1,000,000 € per year.
Economic benefit of restoring the sediment flux through the lower Ebro reservoirs.
This not a direct outcome of the project but indeed the project has greatly contributed
to show the feasibility of implementing a future system of by-pass and management
of sediments. The environmental, social and economic benefits of implementing this
system would be enormous but difficult to quantify at present. Important benefits to
be quantified would be: amount of land saved in the Ebro Delta due to the reduction
of coastal erosion; amount of land kept above sea level rise due to sediment deposition
in the rice fields; benefits in the lower Ebro river such as the control of macrophytes
leading to improved navigation and fishing, less problems for the cooling system of
the nuclear power plant, etc.
Economic benefit of the new system of sediment reinjection at the CAT water
purification plant. The economic benefit, energy savings, reduction of CO2 emissions
and other environmental benefits are being calculated by CAT through the elaboration
of the engineering project, but the figures are not available yet.

Expenditures at local level mainly refer to:
i) Elaboration, acquisition and installation of corner reflectors (6,832 €)
ii) Web page construction, informative panels, bookmarks, desk calendars, etc. (18,690
65

€)
iii) Geological and geotechnical surveys (13,534 €)
iv) Soil analysis (3,479 €)
v) Cleaning of irrigation canals after sediment injections (7,634 €)
vi) Preparation and maintenance of experimental paddy fields (13,447 €)
vii) Sediment injections in the river and canals (17,780 €)
viii) Bird census (15,436 €)
ix) Catering (4,163 €)
x) Lodging and subsistence (7,699 €)
xi) Others (6,254 €)
Detailed information of the economic impact of the project is attached in Annex 7.2.4
The Social impact of the project in those aspects that could be quantified is assessed as
follows:
 17 activities addressed to local stakeholders.
 46 scientific and technical activities that contribute to disseminate project results.
 A total of 302 news were generated and published to mass media: 197 in newspapers,
journals and magazines; 70 in websites and blogs, 13 in radio and 12 in TV.
 Number of people informed from schools and Universities, transfer activities and
scientific and technical activities: 8,297.
 The website www.lifeebroadmiclim.eu, at the end of the project had a total of 169,418
visits. On 25/03/19 the number of visits was 204,829.
 During the project 25 networking collaborations were carried out. The networking
activities included private companies (4); international agencies (4); universities and
research groups (3), expert groups (5) and other LIFE projects (9).
Detailed information of the social impact of the project is attached in Annex 7.2.5.
This action will not continue after ending the LIFE+ EBRO-ADMICLIM project.
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5.1.12. Action E2 – Networking and information exchange
Start date (foreseen): July 2015
Start date (actual): October 2014

End date (foreseen): June 2018
End date (actual): June 2018

The beginning of this action was planned for the third quarter of 2015. However, some
contacts were initiated prior to the date proposed in the initial project proposal. During the
project, we established the following contacts and activities:
“ORIGENES de KELLOGG’s” project: Kellogg’s Company launched a program (Origins)
with the aim of promoting the sustainability of rice cultivation in the Ebro Delta through
monitoring the paddy fields and the application of good agricultural practices. The program
is conducted under the supervision and advice of IRTA and the surveyed rice fields were part
of this program. This enabled the collaboration between both projects (i.e. exchange of
information and access to the rice fields).
European Space Agency Project: The ICGC asked to the European Space Agency (ESA) a
project to acquire images of the historic catalog of ERS SAR, ENVISAT and ALOS PALSAR
SAR (reference 28768; http://goo.gl/ORniS7). The interest generated by the LIFE + EBROADMICLIM project to the ESA resulted into free transfer of satellite images for the study of
the subsidence in the Delta del Ebro which, in collaboration with ESA that has been
disseminating the project through the networking.
University of València: In January 1st 2015 IRTA had a meeting with Dr. Antonio Camacho,
a Full Professor at the University of Valencia who is carrying out studies on wetlands and rice
fields. Following this meeting, a direct collaboration between both entities was established by
means of coordinated field samplings in the Ebro Delta wetlands and paddy fields, and by
sharing data to build a common data set of GHG emissions from natural wetlands and rice
fields.
Eurosite: The mission of this network is to exchange, enhance and promote management
schemes for natural areas located across Europe. This network has been used to contact with
other institutions and professionals, which are working on similar issues.
Group of experts on climate change in Catalonia (GECCC): This group brings together experts
on issues relating to both the scientific analysis of climate change and the adaptation and
mitigation policies. This working group is a reference for advising both public institutions of the
Catalan government and non-governmental institutions. The GECCC has been used as a platform
for dissemination and exchange of knowledge with other specialists on these topics.
LIFE project Climagri: There has been aspects of common interest with Climagri project,
offering opportunities to generate synergies for both initiatives.
Life Albufera The objectives of that project are to increase, in a coordinated manner, the
efficiency of three constructed wetlands around l’Albufera of Valencia with a threefold
objective: 1) to improve water quality in l’Albufera, 2) to provide re-naturalised habitats and
3) to protect wetland’s birds. We established contacts between both projects throughout the
Foundation Global Nature, which is one of the partners of the Life Albufera Project. The main
action between projects was the organization and participation in a conference on projects
working in the field of wetlands surrounded by rice paddies as is the case of Doñana, Murcia,
Valencia and Ebro Delta.
Sediment campaign is an initiative created in 2015 and participated by NGO’s such as the
Platform in Defence of the Ebro (PDE), Ecologists in Action, SEO/BirdLife, Delta Polet,
River Movies, Ebrevisuals, scientists, and citizens, with the aim to disseminate to the Ebro
Delta citizens and lobby public administrations about the critical situation of the delta in terms
of sediment deficit, as well as the potential solutions to restore the sediment trapped in the
reservoirs and the environmental flows. The collaboration between the LIFE + project and
this initiative has been advising on sediment issues, exchange of information between projects,
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the organization of a short talk in the “V conference on sediments” and the participation in
several activities carried out by PDE.
Foundation Delta Alliance International in May 4th, 2016 the signature of an agreement
between IRTA and the Foundation Delta Alliance International was formalized in order to
exchange best practices on sustainable delta management and disseminate the results of
projects such as the Life EBRO-ADMICLIM.
Best practice exchange - Hungarian LIFE Capacity Building Project. That project aims to
develop awareness raising and project management activities for LIFE projects in Hungary
such as: increase knowledge about the LIFE Programme and its opportunities, encouraging
stakeholder co-operation and exchange of experience or establishing LIFE support teams to
provide information, training and project management support for all LIFE thematic areas;
among others. In May 2016 a short talk was carried out in the Hungarian embassy to share the
experience and best practices learned from the LIFE+ EBRO-ADMICLIM project.
Life project SEACAN aims to demonstrate the potential of two innovative biofilm-based
technologies (aerobic granular sludge and hybrid bioreactors) which will be implemented to
decrease the impact of industrial activities on marine ecosystems. The collaboration with this
project was mainly the exchange of information.
Life project IPNOA. The main goal of the IPNOA project was to decrease N2O emissions from
agricultural activities in Tuscany, by at least 20% by the end of the project (in 2016), in
comparison with the reference year of 1990. The LIFE + EBRO-ADMICLIM project was
presented in the final Workshop of the IPNOA project.
Oficina Española Cambio Climático. In December, 2016 IRTA and UCO teams were invited
as experts to participate in the technical seminar “Integración de la adaptación al cambio
climático en la planificación y la gestión de las áreas protegidas en España” (“Integration of
adaptation to climate change in the planning and management of protected areas in Spain”)
organized by the OECC- EUROPARC Spain in Segovia.
CONVIVE LIFE project. This project aims to improve the conservation status of habitats and
species of community interest by restoring the ecological and hydrodynamic functioning of
wetland areas. In April, 2017, the IRTA team was visiting the coordinator of the CONVIVE
LIFE project, the Institute of Environmental Hydraulics of Cantabria located in Santander, in
order to, on one hand, explain the LIFE + EBRO-ADMICLIM project and exchange
information with the CONVIVE project and, from other hand, explore the possibilities to
generate synergies between projects and institutions.
Aquambiente is the co-manager of the constructed wetlands of the Ebro delta. In December
2016, the IRTA team started the collaboration with Aquambiente for the exchange of
information and the coordination of the monitoring (water quality, sediments, etc.) between
both institutions. This collaboration has been extended so far up to 2019.
International Blue Carbon Initiative Scientific Working Group. In October 2017 the Life
Project Director was invited to participate in this workshop in Ibiza (Spain) to present the
LIFE + EBRO-ADMICLIM project.
Working group on the mobilization of sediments retained in the reservoirs of the Ebro basin.
The Life Project Director was invited to be member of this working group as expert on
sediment management and river flow restoration. Since November 2017, he has participated
in several meetings organized by this Working Group.
Life project VITISON. This project aims to develop an innovative technology to manage
vineyard organic fertilization; promote a more sustainable approach to vineyard soil
management and, contribute to the definition of a complete framework for vineyard soil and
organic matter management and to exchange of best practices in the wine farming sector. The
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LIFE + EBRO-ADMICLIM project was presented in a workshop organized in the framework
of the life VITISON project.
Life project SERESTO aimed to restore lagoon habitats by transplanting submerged sea
grasses, in order to contribute to the achievement of good ecological status for transitional
water bodies and demonstrate the effectiveness to contribute to the objectives of the Water
Framework Directive; as well, to quantify and highlight the value of ecosystem services
provided by coastal lagoons. The LIFE + EBRO-ADMICLIM project was presented in the
final Workshop of the SERESTO project.
Tour de Valat is a Research Institute for the Conservation of Mediterranean Wetlands. The
IRTA team was visiting this Institute in the Camargue (France) in order to present the LIFE
+ EBRO-ADMICLIM project and explore the possibilities to generate synergies between
institutions.
WaterSum project. The overall goal of the project is to reinforce integrated water resources
management and regional cooperation on water-related issues, taking into consideration the
impacts of climate change, and to support beneficiary countries to ensure a coherent response
to water-related challenges. In June 2017, the LIFE + EBRO-ADMICLIM project was
presented in the National Workshop on Coastal Flood Risk Management and Adaptation held
in Egypt and organized in the framework of the WaterSum project.
Central Nuclear d’Ascó. Managers from the Ascó nuclear power station asked for the advising
on the feasibility of returning to the river the sediment generated in the nuclear plant resulting
from the process of purification of the water used for the subsequent cooling, in the same way
as the CAT sediments will be reinjected into the irrigation canals network.
Dirección General de Productores y Mercados Agrários organized a Forum to discuss the
potential application of mitigation measures and strategies to reduce the GHG in the Spanish
rice fields. The IRTA team was invited to participate in the mentioned Forum.
Life AgriAdapt Project focuses on adaptation measures that maintain or improve farm
competitiveness and enhance farm resilience to climate change. Within the project, has been
created a platform meeting where representatives from LIFE projects, national governments,
EU institutions, local authorities, expert bodies, civil society and the private sector discuss
measures for strengthening climate change resilience in farms and forests. The IRTA team
was invited to participate in one of the meetings celebrated in March 2018 in Madrid, in order
to share our experience and knowledge related to climate change and the farming sector.
Consejo Superior de Investigaciones Científicas (CSIC). In May 2018, the IRTA team started
the collaboration with CSIC for monitoring the emerging chemical components (i.e. caffeine,
aspirin, etc.) in the constructed wetlands of the Ebro delta. The main aim is to establish
throughout 2018 the role of the constructed wetlands in the removal of these compounds. This
collaboration has been performed beyond the LIFE + EBRO-ADMICLIM project, as an After
Life activity.
This action will not continue after ending the LIFE+ EBRO-ADMICLIM project.
5.1.13. Action E3 – Audit
Start date (foreseen): March 2018
Start date (actual): September 2018

End date (foreseen): June 2018
End date (actual): March 2019

The Audit Report can be found in Annex 8.2.
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5.1.14. Action E4 – After Life Communication Plan
Start date (foreseen): January 2018
Start date (actual): April 2018

End date (foreseen): June 2018
End date (actual): September 2018

The After-LIFE plan of the EBRO-ADMICLIM project is structured into two main blocks.
The first block corresponds to the continuation of some tasks carried out within the pilot and
monitoring actions that have been implemented throughout the project. The second block
refers to the dissemination of the results obtained in the project after its completion.
Regarding the first block, the planned tasks are:
 Implementation of a permanent system of reinjection of sediment generated in the water
purification plant of the Tarragona Water Consortium (Action B1).
 Use of the river 2D model and the irrigation network 1D model and the tool INYECTAEBRO
for planning and implementation of the river sediment transport along the river and canals.
 Definition of a new solid and liquid flow regime for the lower Ebro River and Delta (Action
B2).
 Sediment injections and modelling in Catalan Rivers (Action B2).
 Monitoring the constructed wetlands of the Ebro delta (Action B3-C3).
 New projects studying the influence of different water and straw management schemes on
GHG emissions, funded by public institutions and private companies (Action B4).
 Monitoring of subsidence and acquisition of new satellite data (Action B6).
 Map of the zonation of subsidence in the Ebro Delta (Action B6).
 Implementation of the document Action for Climate in the Ebro Delta (Action B7)

Concerning to the second block the main tasks that have been established are:
 Maintenance and updating of the website.
 Dissemination of project results in scientific conferences and technical and scientific journals.
 Dissemination of the project results to the students of schools and universities.
 Transfer of deliverables to managers, administration and stakeholders.
 Dissemination to mass media.
The detailed After Life Plan can be found in Annexes 7.3.12.1 (English) and 7.3.12.2
(Spanish).
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5.2. Dissemination Actions
5.2.1. Objectives
The planned objectives of the dissemination actions are shown in the next Table 12:
Table 12.- Objectives of the dissemination actions of the LIFE+ EBRO-ADMICLIM
Action
D1
D1
D2
D3
D4
D4
D5
D6
D7

Objective
Design of both logo and website project (available in Catalan, Spanish and English)
Design of both desktop calendars and bookmarks that identify and explain the project
Design, creation and installation of informative panels of the project activities
Information for mass media (announcement of the starting of the project, its objectives, the
planned actions and achievements), and its permanent update
Participation of the partners in scientific or technical meetings where partial and final results
of the project are presented
Writing and publishing technical and scientific papers to disclose the results of the actions
carried out during the project
Dissemination of the project to students and undergraduates
Organizing seminars to transfer, discuss and exchange knowledge and interests with the main
local socio-economic actors most closely related to the subject
Layman’s report

All the communication and dissemination actions (D1 to D7) planned in the LIFE+ EBROADMICLIM have been successfully deployed without major deviations occurring in relation
to the chronogram proposed in the original report.
5.2.2. Dissemination: overview per activity
5.2.2.1. Action D1 – Logo Project, web page and dissemination material
Start date (foreseen): October 2014
Start date (actual): July 2014

End date (foreseen): June 2018
End date (actual): June 2018

The design and printing of the logo, desk calendars and bookmarks was carried out by
Plàncton Divulgació i Serveis Marins (external assistance contracted by IRTA). The logo of
the project (Fig. 28) was handed by the company on time (September 2014). The design and
printing of 500 calendars and 2000 bookmarks was delivered to the partners in December
2014, who proceeded to distribute and deliver to various institutions and agencies interested
in the project. In Annex 7.3.2 the logo of the project and both the template of the calendars
and the different versions of the bookmarks are included.

Figure 28.- Logo of the LIFE+ EBRO –ADMICLIM project.

The development of the website, as well carried out by Plàncton Divulgació i Serveis Marins,
started the last quarter of 2014 and lasted until March 2015. The website, with the domain
www.lifeebroadmiclim.eu, was opened to the general public on 05/12/2014 (cover website in
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Annex 7.3.3). However, the final opening (planned for 11/12/2014) was delayed 15 days for
reasons of design and presentation of the information on the website. The impact of this short
delay was considered insignificant. In addition, an intranet website was built in order to upload
the information generated throughout the project; being accessible for all the partners. Until
31st May 2018, a total of 169,418 visits to the website were recorded.
The objectives of this action have been fully achieved. This action will continue after ending
the LIFE+ EBRO-ADMICLIM project as per the web page that will be active until 5 years
after the project end.
5.2.2.2. Action D2 - Design, development and installation of informative panels of the
project activities
Start date (foreseen): October 2015
Start date (actual): February 2015

End date (foreseen): March 2016
End date (actual): January 2016

This action was planned to start during the last quarter of 2015. However, in February 2015,
IRTA (responsible of this action) started the discussion of both the design and content of the
panels and their location in the field with the external assistance (Plàncton Divulgació i
Serveis Marins) to ensure that the panels were placed on time. The final design (i.e.
dimensions and materials) of the informative panels was established in accordance with those
located in the Natural Park and surrounding areas. Accordingly, the text of the panels was
written in Catalan, Spanish and English and the support for fixing the panel was made of
wood. The template of the different panels is shown in Annex 7.3.4-5-6-7-8.

Fig. 29.- General view of the informative panel placed in the constructed wetland

The installation of the informative panels was carried out in May 2015 following the schedule
set out in the project proposal. The final location of the panels was as follows: 1 panel in each
of the constructed wetlands (Fig. 29) explaining the role of these environments as carbon
sequesters, biomass producers and nutrient and pollutant traps (i.e. heavy metals and
pesticides) (Actions B3 and C3); 1 panel in the experimental plots of IRTA (action B5 & C2)
showing the main mechanisms involved in the emissions of GHG in rice fields as well, how
to reduce GHG emissions based on changes in water management and fertilizer (but bearing
in mind that flooding the rice fields is necessary for the water birds and also to reduce the soil
salinity); 1 panel at CAT facilities explaining the sediment injections in both the Ebro river
and the irrigation network (Actions B1, B2 & C1); and finally, an informative panel placed in
the constructed wetland “L’Embut” explaining the main techniques used in the project for the
assessment of the areas of the Ebro delta vulnerable to subsidence and rising sea level (Action
B6).
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The final location of the panels was established based on the suitability of the site (i.e. strategic
areas with significant presence of public) such is the case of the constructed wetlands or CAT
facilities. It has to be mentioned that over the six panels initially contemplated in the initial
report of the project, five were installed. This change is explained because the need to design
and print small informative panels (not included in the initial proposal) that were placed in the
base of some corner reflectors (Action B6).
The objectives of this action have been fully accomplished. This action will not continue after
ending the LIFE+ EBRO-ADMICLIM project.
5.2.2.3. Action D3 - Dissemination of the project to the mass media
Start date (foreseen): October 2014
End date (foreseen): June 2018
Start date (actual): June 2014
End date (actual): June 2018
The beginning of the dissemination process of the project to the mass media was scheduled
for the last quarter of 2014, but its broadcasting began in June 2014. IRTA (responsible of this
action) considered a better strategy to start the dissemination before the proposed schedule.
From the beginning of the project, a total of 302 news were generated and published in
international (3 news), national (79), regional (92) and local (23) newspapers, journals and
magazines; as well as, in websites (57), blogs (13), radio (13) and TV (12). In addition, the
dissemination of the project has been carried out by means of the digital newsletter of ICGC,
the internal newsletter of IRTA, and by press releases from ACA and other official Institutions
(such as the Departament de Territori i Sostenibilitat of the Catalan Government, IDCE, etc.).
In Figure 30 the total number of news recorded during the project is shown sorted by
typologies (news registered are attached in Annex 7.3.9).
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13
Digital newsletters
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57

Blogs

Websites
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12

197

13

Radio
Newspaper/Journal/magazine

Figure 30.- Number and type of news recorded until the end of January, 2016.

Information on the LIFE+ EBRO-ADMICLIM project also has been sent to EUROPARCSpain in order to be included in its database for dissemination. In addition, the LIFE+ EBROADMICLIM project has been included in both “LIFE and Climate change mitigation” (page
73) and “LIFE and Climate change adaptation” (page 95) reports of the European
Commission, as well as in the TRUCO journal which is a Bulletin of Knowledge Transfer of
the University of Cordoba, that published a report devoted to the project in its volume 19, in
October, 2015.
This action will not continue after ending the LIFE+ EBRO-ADMICLIM project unless there
are specific demands to explain project outcomes.
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5.2.2.4. Action D4 - Dissemination of the obtained results in scientific and/or technical
meetings and through publications in specialized journals
Start date (foreseen): October 2015
End date (foreseen): June 2018
Start date (actual): June 2014
End date (actual): June 2018
This action was scheduled to start in the last quarter of 2015, but it was considered appropriate
to advance its inception given the opportunity to present the Life+ EBRO-ADMICLIM project
in two scientific-technical conferences: first one held at the Monastery of “les Avellanes” (Os
de Balaguer, Catalunya) on 26th and 27th, June, 2014, and the second one in the international
Workshop "Creating a climate for change" held in Montpellier (France) on 10th and 11th,
December 2014.
Overall, the Life+ EBRO-ADMICLIM project has been presented in 25 national and
international conferences and Workshops. In March 2015, CI presented the LIFE project in
the national “IV Workshop Remedia” held in Madrid (in poster format). In April 2015, the
Technical Coordinator of the project (AR) made an oral presentation in the “XIV meeting of
the Working Group on Impacts and Adaptation (GTIA)”, held in Barcelona. In October 2015
MM (IRTA) participated in the “Potsdam Greenhouse Gas Workshop. From Natural to Urban
Systems” (poster format)” explaining the methods developed in the LIFE project for sampling
the GHG in paddy fields. In March 2016, BB (ICGC) made an oral presentation “Geophysical
studies at the Ebro Delta (LIFE EBRO-ADMICLIM)” in the seminar CMIMA held in
Barcelona. In this Conference the first results obtained in Action B6 of the Life+ EBROADMICLIM project were shown. In April 2016, MJ presented (in poster format) the approach
implemented in actions B1 and B2 of the Life+ EBRO-ADMICLIM project in the “European
Geosciences Union General Assembly” held in Vienna (Austria). In May 2016, the ICGC team
made a poster presenting the preliminary results of the Life+ EBRO-ADMICLIM project Action B6 in the “Living Planet Symposium 2016” held in Prague (Czech Republic). As well,
MJ (UCO) presented (in poster format) the action B2 and B2 of the Life+ EBRO-ADMICLIM
project at the “International Conference on Integrated Water Resources Management” held
in Bochum (Germany) in September 2016. In July 2016, MM (IRTA) made an oral
presentation in the “XVIII Congreso Ibérico de Limnología 2016” held in Tortosa (Spain). In
the same Congress, AR (IRTA) presented a poster explaining the Life+ EBRO-ADMICLIM
project. In August 2016, CI (IRTA) gave an oral presentation in the Conference “Ecosummit
2016: Ecological Sustainability: Engineering Change” held in Montpelier, explaining the
main problems and potential solutions of the Ebro delta to adapt to climate change. In
September 2016, BB (ICGC) presented some preliminary results of Action B6 in the “Near
Surface Geoscience 2016” held in Barcelona. In addition, CI and MM (IRTA) participated in
the “INTECOL: 10th International Wetlands Conference” held in China explaining the first
results on GHG (Action B4 and B5 of the Life+ EBRO-ADMICLIM project) as well as the
innovative solutions for the sustainability of the Ebro delta related to sediment management
and adaptation to sea level rise. In October 2016, MV (IRTA) participated in the “Final
Workshop of LIFE+ IPNOA: Climate change mitigation strategies, a challenge for
agriculture” held in Pisa (Italy). In November 2016, CI (IRTA) attended to the “Greater
Mekong Forum on Water, Food, and Energy” held in Bangkok (Thailand) to present the LIFE +
EBRO-ADMICLIM project. In March 2017, MM (IRTA) made an oral presentation of
Actions B4 and B5 in the “V Workshop Remedia” held in Caldes de Montbui, Spain. In June
2017, AR (IRTA) was invited to give an oral presentation (plenary session) in the framework
of the “WaterSum Project” held in Cairo (Egypt). In September 2017, MV (IRTA) gave an
oral presentation in the “IV Conferencia sobre olores y COVS en el medio ambiente” about
the effect of post-harvest season on the methane emissions in rice paddy fields in the Ebro
delta (Actions B4 & B5 of the Life+ EBRO-ADMICLIM project). In addition, BB (ICGC)
made an oral presentation of Action B6 in the “Near Surface Geoscience 2017” held in
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Sweden. In October 2017, CI was invited to participate in the “International Blue Carbon
Initiative Scientific Working Group” held in Ibiza (Spain) to explain the main results of the
carbon sequestration and GHG emissions in Ebro delta wetlands and rice fields (Action B4 &
B5). In November, 2017 CI (IRTA) participated in the CERF Conference “Coastal Science at
the Inflection Point: Celebrating Successes & Learning from Challenges” held in Providence
(USA), explaining the main results obtained in Action B3. In November, 2017, MM (IRTA)
gave a short talk in the “Workshop Guido Berlucchi” held in Borgonato (Italy) explaining the
main results of Actions B4 and B5. In March 2018, CI participated in a Working Group of the
“LIFE platform meeting on climate change adaptation in agriculture and forestry in the
Mediterranean Region” dealing with policy recommendations on the impacts of climate
change on Mediterranean agriculture and forestry, related adaptation policies and good
practices. In April 2018, CI (IRTA) was invited to participate in the final conference of the
“LIFE SERESTO” project to explain the main results of the LIFE+ EBRO-ADMICLIM
project. As well, CI (IRTA) attended the “12th International Symposium on Biogeochemistry
of Wetlands” (Florida, USA) to give an oral presentation on the dynamics of metals, nutrients,
sediments and carbon in Mediterranean constructed wetlands receiving agricultural runoff
(Action B3 of the LIFE+ EBRO-ADMICLIM project).
Moreover, five technical and scientific papers have been published (plus three extended
abstracts from international meetings). Some initial results were published in the IAHS open
access journal, indexed by the Web of Science. The first technical article was published on
April 2015 in a local magazine called “Soldó”. This is a free edition of the Natural Park
addressed to the general public with dissemination purposes. The second and third technical
articles were published in the journal “Agricola Vergel”. This is a Spanish journal aiming to
disseminate the main advances in fruticulture, horticulture, floriculture, vine and rice. In both
cases, the published articles explained the goals and some results of the LIFE+ EBROADMICLIM project. Finally, an important scientific paper was published in the journal PLOS
One (2018) under the title “Neglecting the fallow season can significantly underestimate
annual methane emissions in Mediterranean rice fields”, which explains the main results of
the pilot action on GHG mitigation (B4).
This action will continue after ending the LIFE+ EBRO-ADMICLIM project through the
publication of additional scientific and technical papers.
5.2.2.5. Action D5 - Activities of environmental education
Start date (foreseen): October 2015
Start date (actual): September 2014

End date (foreseen): June 2018
End date (actual): June 2018

Environmental education activities for schools were mainly carried out through CAT, who
regularly receives a large number of schools that visit their facilities. From October 2015 to
May 2018, CAT received 61 schools with a total attendance of 4660 students mostly from
both primary and high schools. In Annex 7.3.10 the schools that visited the facilities of CAT
are shown, indicating the date of visit, number of students and the town of origin.
Environmental education to university students was carried out through IRTA, and mainly
consisted on talks and field trips. From the beginning of the LIFE+ project, IRTA received
nine visits with a total attendance of 236 students. In the first visit, carried out on September
27th 2014, IRTA hosted a small group of students coming from Universitat Rovira i Virgili
(Tarragona, Spain). AR made a presentation of the LIFE+ EBRO-ADMICLIM project to the
students in the IRTA facilities in Sant Carles de la Ràpita. On 18/03/2015, a group of Master
students coming from Oxford University visited IRTA and the Ebro delta. In that visit, AR
gave a talk to the students explaining the LIFE+ EBRO-ADMICLIM project and made a daily
tour with the students in order to visit some key points in the Ebro delta and in the project. In
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May 2015, a small group of Master students coming from the University of Córdoba (Fig. 31)
made a field trip to visit several sites of the lower Ebro River and its delta with the goal of
observing “in situ” the main impacts of the reservoirs on coastal erosion. In addition, AR, LLJ
and DM imparted filed practices to introduce the Master students to field methods for
sampling water, sediments, macrophytes and macroinvertebrates. IDECE, an autonomous
institution depending on the Catalan Ministry of Territory and Sustainability, collaborated in
both the field excursion and the training explaining the LIFE project MIGRATOEBRE while
helping in the field. In January 2016 a group of Master students coming from the University
of Limnologisches Institut der Universität Konstanz (Germany) was visiting IRTA and the
Ebro Delta. AR gave a talk to the students explaining the LIFE+ EBRO-ADMICLIM project
and made a daily tour with the students in order to visit some key points in the Ebro delta and
the project. As well, in March 2016, a new group from the Oxford University visited IRTA.
AR made a talk to these students explaining the LIFE+ EBRO-ADMICLIM project. In May
2016 a new small group of Master students coming from the University of Córdoba was
visiting several sites of the lower Ebro River and its delta. As well, this group made practices
on field methods for sampling water, sediments, macrophytes and macroinvertebrates.
Students were guided by AR, LLJ and DM. IDECE also collaborated in both the field
excursion and field practices. In March 2017 and March 2018, new groups of Master students
coming from Oxford University were visiting IRTA and the Ebro delta. AR gave a talk to the
students explaining the LIFE+ EBRO-ADMICLIM project. In June 2017, MM gave a
conference to the students coming from the Institute of Wastwater Management and Water
Protection at the Technical University Hamburg, explaining the main results and methods
used in Action B4 and B5. In addition, in April 2016 and in May 2018 AR explained the
LIFE+ EBRO-ADMICLIM project to students at the University of Barcelona (in the first case)
and the Aquaculture School (in the second case).
This action will not continue after ending the LIFE+ EBRO-ADMICLIM project unless
specific demands are received.

Figure 31.- Master students group from UCO visiting the facilities of Flix decontamination plant.

5.2.2.6. Action D6 – Knowledge transfer activities with local socio-economic actors
Start date (foreseen): July 2014
End date (foreseen): June 2018
Start date (actual): December 2014
End date (actual): June 2018
During the project period the LIFE+ EBRO-ADMICLIM project was presented in 23
knowledge transfer activities aimed to the general public but especially to the rice sector. It is
estimated that a total of 2276 people attended these activities. In detail, the project was
explained to the rice sector in different actions: the first one in the conference "ORIGENES
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KELLOGG'S” held in Deltebre (Catalonia) on December 10th 2014. In this event MM (IRTA)
gave a short talk. The second one corresponded to the “Jornades tècniques de l’arròs” (Rice
Technical Seminar) held in Deltebre (Catalonia) on February 10th 2015 with an assistance of
175 people (mainly rice farmers). MC, MM and CI (IRTA) explained the different actions
carried out in the LIFE+ EBRO-ADMICLIM project; especially those related to the rice
production. In the thirst activity “Jornades de camp de l’arròs” (Rice field transfer Seminar),
held in Deltebre (Catalonia) in August 27th 2015, MM (Fig. 32) and MC explained the
activities carried out in the project. Approximately 250 people attended this activity. The
fourth transfer activity, “Jornades Tècniques de l'arròs”, was carried out the 10th of February
2016 with a total attendance of circa 200 people. MM (IRTA) explained the results of the
emissions of greenhouse gases in the rice paddies of the Ebro Delta. In August 2016 the event
“Jornades de camp de l’arròs” in IRTA Amposta was held, where circa 250 people (mostly
rice farmers) attended, MM (IRTA) explained the LIFE+ EBRO-ADMICLIM project and the
main results regarding rice fields. The event “Jornades Tècniques de l'arròs” was also held on
13th February 2017 at IRTA Amposta. In this activity with a total attendance of 210 people,
MC (IRTA) made a short talk on dry sowing experiences in the Ebro delta and showed the
experimental plots of the project. In 31st August 2017, IRTA organized the event “Jornades
de camp de l'arròs”. During this event, with a participation of 230 people, MC (IRTA) showed
the experimental plots and the advances on dry sowing in paddy fields. Finally, on 13th
February 2018 the event “Jornades Tècniques de l'arròs” was held, where 230 people attended.

Figure 32.- MM explaining to the local farmers how greenhouses gas samples are collected in the
LIFE+ EBRO-ADMICLIM project. Picture taken in the event “Jornades de camp de l’arròs” held at
IRTA Amposta in August 2015.

The remaining knowledge transfer activities were the following: Workshop “La gestió dels
sediments al delta de l’Ebre davant el canvi climàtic” (Sediment management in the Ebro
Delta in the face of climate change), held in the Museum of “Terres de l’Ebre” in Amposta
(Catalonia, Spain) on January 30st 2015. CI gave a presentation of the LIFE+ EBROADMICLIM project. On May 26th 2015, AR (IRTA) gave a talk in the event “Taller avançat
de preparació i gestió de projectes europeus (Workshop on preparation and management of
European Projects) held in the facilities of the Tarragona Provincial Council. AR (IRTA)
explained how the project was prepared and its day-to-day management to technicians and
managers coming from several public institutions of Tarragona Province. CI, MM and AR
(IRTA) gave a talk in the event “Jornades sobre el Canvi climàtic al Delta de l’Ebre: Gestió
de l’aigua i dels sediments” (Seminar Climate change in the Ebro Delta: Water and Sediment
Management), held in Deltebre on December 4th 2015 and organized by CRSAE (partner of
the project). In January 31st 2016, AR (IRTA) participated in the event “Campanya pels
Sediments” (Save the Sediments Campaign) giving a talk to present the main actions
77

developed in the LIFE+ EBRO-ADMICLIM project in relation to sediment management. This
activity is organized by several NGO’s with the aim of inform to the public about the critical
situation of the Ebro delta and the solutions to restore the environmental flows of the river and
release the sediments trapped into the reservoirs. In March 2016, MM (IRTA) was invited to
give a talk on rice cultivation and climate change in the Ebro delta at CosmoCaixa
(Barcelona). In May 2016, AR (IRTA) was invited by the Hungarian embassy to share the
experience and best practices learned from the LIFE+ EBRO-ADMICLIM project (see Action
E2 for further information). Also in May 2016, CI (IRTA) participated in the Seminar “Water
and Land” organized by CRSAE. In this event, CI was talking about the management of
sediments in the Ebro delta to compensate subsidence and sea level rise. In May 2017 IRTA
organized a special event to celebrate the 25 years of the Life program. In this event, several
lectures were held where the results of various Life projects that were carried out in the Ebro
delta were presented, among them the LIFE+ EBRO-ADMICLIM project. As well, in May
2017, XP (CAT) and AR (IRTA) presented a short video where the LIFE+ EBROADMICLIM project was explained, in the XXXIV edition of the AEAS Technical
Conference, held in Tarragona (Spain). During this conference, the video was reproduced
continuously for a whole day, and around 150 people attended this Conference. In June 2017
MM (IRTA) participated in an internal seminar of Institut Valencià d’Investigació Agrària
(Valencian Institute of Agricultural Research) to talk about climate change mitigation in
paddy fields and coastal wetlands. In November 2017 MM (IRTA) was invited to participate
in the “Global warming and environmental sciences” colloquium held in UPC (Barcelona). In
this event, MM made a talk about the measurement of GHG gases in rice fields of the Ebro
delta. As well, MM (IRTA) was invited to participate in the INIA Forum (Madrid, Spain) to
explain its research line in GHG emissions in the Ebro Delta and to propose mitigation
measures and strategies against climate change in the Spanish rice fields. In February 2018
MM (IRTA) gave a seminar in “l’Aula de la gent Gran” (retired people). In this seminar, MM
explained the effects of climate change sediment deficit in the Delta del Ebro and potential
measures of adaptation and mitigation to be implemented. In 12th May 2018 CI (IRTA) was
invited to participate in a meeting of the “Consell de Protecció de la Natura” (Council for the
Protection of Nature) held in Amposta (Spain) to explain the LIFE+ EBRO-ADMICLIM
project. Finally in 25th of May 2018 the Closure Conference of the LIFE+ EBRO-ADMICLIM
project was organized at ICGC headquarters in Barcelona, with a total attendance of 140
people coming from different disciplines and professional profiles (journalists, scientists,
managers, etc.). In this event called “Dealing with climate change in the Ebro delta: adaptation
and mitigation measures”, the main results obtained in the LIFE+ project were explained to
the general public. The Conference was closed with a round table where several authorities
coming from different institutions (public and private, regional and local) discussed about
environmental policies to mitigate and adapt to climate change in deltas.
This action will not continue after ending the LIFE+ EBRO-ADMICLIM project unless
specific requests are received.
5.2.2.7. Action D7 - Layman report
Start date (foreseen): April 2018
Start date (actual): April 2018

End date (foreseen): June 2018
End date (actual): June 2018

The Layman Report is shown in Annex 7.3.11. This action will not continue after ending the
LIFE+ EBRO-ADMICLIM project besides the distribution of the report.
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5.3.

Evaluation of Project Implementation

In the following paragraphs, the main problems or difficulties encountered in the project
duration and corrective actions implemented are described for each of the main Actions.
Minor modifications and new tasks related to the execution of some works are also detailed.
Action B1: During the project progress there were no relevant problems in this action. Only
some minor modifications and new tasks have been introduced. In detail: i) In March 2016, a
second set of assays of sedimentation was carried out by UCO. This new test, not planned in
the original report of the project, allowed a better estimation of settling rates of the CAT
sediments. This analysis added no extra cost to the project budget. ii) In spring/summer 2016,
an initial pilot injection of sediments in the irrigation canals (Action B1) was carried out. This
pilot test was not scheduled in the original proposal of the project. However, the complexity
of these operations suggested performing a first test, which allowed a better definition of
monitoring actions and its technical feasibility. Performance costs were accounted to be 348
€. iii) The proposed location of the sediment injections was changed. In the original proposal,
sediment injections were planned to be conducted in the primary, secondary and tertiary canal
network; but finally (due to technical reasons; i.e. water discharge, flow velocity, etc.)
injections were carried out in the secondary and tertiary irrigation network. Consequently, the
affected area was smaller than the expected at the beginning of the project. This represented
an important reduction of the cost (two thirds) for cleaning the irrigation canals after the
injections. iv) A friendly interface for the sediment transport model was developed for greater
ease by future operators. The model interface works, not initially foreseen in the budget, were
subcontracted to an external company with a cost of 10000€. v) Since February 2017, the staff
of CAT has been working on the technical project to design and implement the permanent
system of reinjection of the sediments generated in the water purification plant that will be
send to competent authorities in order to get the permits for the construction of this
infrastructure. These tasks, not planned in the original proposal of the LIFE+ EBRO–
ADMICLIM project, did not represent an over-extra cost on the foreseen overall budget. vi)
Before the project started, partner CAT did not foresee the necessity to include administrative
personnel but it was needed in the end (Begoña Coll was the selected person). Thus, personnel
costs increased unexpectedly. vii) Finally, during sediment injections the sedimentation rates
in rice fields were not evaluated directly in the field, as foreseen initially (see explanation in
Action C1).
Action B2: in this action no significant problems have been encountered. Only, two new tasks
were considered (but lastly not made). In particular: i) a preliminary sediment pilot injection
(not established in the original report of the project) for defining the final details of hydrosedimentological sampling and monitoring was planned. However, this sediment injection,
that was expected to be carried out in spring/summer 2016, was not finally performed because
river flow conditions were not favourable. Even so, sediment injections were successful. ii)
New bathymetric survey. This information was essential for modeling water and sediment
dynamics in the river; so it was required that the data base was as recent as possible. In 2015,
a large flood was recorded in the Ebro River. Riverbed morphology changed considerably and
conditions differed from those recorded on November 2014, when bathymetric works were
carried out. Then, a new survey was planned to update the hydro-morphological information.
However, this extra bathymetry was not finally carried out because both flow conditions
(extremely low water depth) and macrophyte proliferation (which covered most part of the
river channel) prevented its performance.
Action B3: in this action the experimental design of both water renewal rate and water column
described in the original project report were changed. Accordingly, pilot operations of the
constructed wetlands were conducted maintaining at the same time similar water renewal rates
and water levels in both constructed wetlands. However, water turnover did not change
significantly due to limitations in the operation of the pumping system. These changes
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responded to the real management capabilities (in terms of water level and turnover) of the
constructed wetlands. This allowed to observe if both wetlands showed similar dynamics in
terms of pollution removal. This modification did not entail a substantial change of the initial
objectives planned in the project (see Section 6.1.1.3., Action B3). In addition, several
setbacks took place. These refer to: i) in the northern constructed wetland sampling ended
earlier than planned (scheduled until December) because the closing of the irrigation canals
feeding the wetlands was advanced to October. ii) Temporary closure (from August, 2015 to
April 2016) of the south constructed wetland. Presence of the apple snail pest in one of the
inlet canals led to the closure of the constructed wetland to avoid possible dissemination of
this species. As eradication measure, the constructed wetland was flooded in winter 2015 with
salt water. After the implementation of this measure the constructed wetland became
operational once again. iii) In August 2016, the passageways that separate the cells of the
North constructed wetland were blocked because the excess of litter vegetation. Consequently,
water circulation through the wetlands was slower than for the normal conditions. The
managers of the constructed wetland cleaned this areas and the functioning of the constructed
wetland was re-established. In both cases, the achievement of the objectives on this action was
not significantly affected because the limited time span and these situations may occur
repeatedly as part of the normal operation of the wetlands. iv) Frequent change of the
managers of the constructed wetlands: until August 1st 2016 the manager was the Foundation
Aquae; from August to November 2016 was the public company TRACSA, and from
December 2018 to the present the company Aquambiente. This implied the need to make new
agreements with the different managers. However, in all cases, a good understanding was
achieved and the planned work was carried out correctly. v) Underperformance of the multiparameter probes (they came defective from the factory) implied that the physicochemical
data of water in August and September 2015 were discarded; probes were replaced by the
manufacturer. vi) On January 2016, the transfer of the RIADE laboratories (owned by
AcuaMed) to the ACA was performed; and in its turn, ACA transferred the laboratories to
IRTA. This allowed to IRTA evaluating the viability to carry out (in a reasonable time; i.e. 3
months) the nutrient analysis in the new laboratories as it should obtain certificates of quality
instrumentation, as well as training the technicians and calibrate and running the device. This
involved a significant delay in the starting of sample analysis (elemental analyzer was ready
in 2017), which meant that part of these analyses were sent to another laboratory (MADRIF)
as “external assistance” (costs associated were 3808€). vii) A different set of pesticides was
analyzed for the samples collected in April 2016. This fact responded to that the first set of
pesticides analyzed gave non-detectable values in most of cases. Finally, for the last two field
campaigns (in 2017 and 2018), these analysis were not carried out because the presence of
pesticides was very low, being below the detection limit of the laboratory instrumental. viii)
The marker horizons placed in both constructed wetlands were not found during the first
sampling. Consequently, this method was discarded. This problem was overcome by obtaining
the total accumulation of the organic and inorganic sediments settled on the bed of the
constructed wetlands (obtained from sediment cores) from the beginning of the starting of the
functioning of the artificial wetlands.
Action B4: In this Action, some setbacks and new tasks arose. In detail, new tasks carried out
were: i) A new pilot test for the implementation of water management-based mitigation
measures to reduce GHG emissions was set up (see further details on Section 6.1.1.4.; Action
B4). This implied no extra costs because it was carried out in collaboration with Kellogg’s
and Ebro Foods companies. ii) Performance of two 24 hour surveys for assessing the pattern
of daily GHG emissions (see details in Section 5.1.4, Action B4). This lead to an increase in
the cost of 1728 €. iii) Laboratory experiment to improve the understanding of the underlying
mechanisms between the amounts of straw incorporated in the field at post-harvest and GHG
emissions (see Section 5.1.4, Action B4). This task has no associated cost since analyses and
fungible costs have been charged to external projects. Setbacks were: i) One of the aims of B4
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action was to assess the effect of winter flooding of rice fields on bird population (abundance
and biodiversity). For that purpose, it was foreseen that 50% of rice farms were going to be
flooded during winter and the other 50% dried. However, farmers were forced to keep the
fields drained during off-season as a measure to control apple snail pest so that no irrigation
water was available. Despite this setback, and because paddy fields differed in the time
necessary to dry up, valid data to assess the effect of flooding on bird communities were
obtained. This change did not affect the achievement of the objectives planned in this action.
ii) Development of new software to support the optimization of the GHG emissions in the rice
fields and simulate their response depending on the agricultural practices. This task, which
was not initially planned in the original report of the LIFE+ project, was thought to be a tool
for helping the definition of the basis for a management plan to reduce GHG emissions to be
applied in the future to the rice sector (in this area as well as in the European Union rice fields
and beyond). In that context, IRTA was in contact with the Professor Jorgensen (University
of Copenhagen), to develop this software. Unfortunately, Professor Jorgensen died and then,
it was decided to use the data set generated from this action to validate and improve the model
called “Cool Farm Tool (CFT)” for GHG emission simulation. A first evaluation of this
software was carried out with 2015 GHG data resulting in low accuracy to simulate GHG
emissions from rice fields under different crop management. iii) The large amount of data
generated in the project, especially actions B3, B4 and B5, entailed the need to hire a new
technician (not originally planned in the proposal) to help in both the construction and
management of the data base and perform statistical analysis and writing reports. This new
technician started in June 15th of 2017 until May, 31st 2018. The cost of her contract has been
7162.59 €. iv). In this action it was planned to estimate soil C dynamics over a long period to
improve our understanding on how agronomic practices could influence carbon sequestration
in rice fields. This objective was achieved by means of the determination of soil carbon stock
and carbon sequestration in Ebro Delta rice fields using Pb-210 technique (to estimate soil
accretion rates) and C content (by soil analyses). These analyses, planned in the original
proposal but without an associated budget, were finally subcontracted to the University of
Edith Cowan in Australia (specialist on this topic) with a cost of 9550.12 €. Firstly, it was
decided to sample two rice fields in order to validate the standard methodology for soil
datation in this type of crop. Once these techniques were validated, it was necessary to wait
until the end of post-harvest season (in March), when soil conditions were optimum for the
extraction of the remaining soil cores. Collected samples were then sent to the University of
Edith Cowan for its analysis.
Action B5. No relevant problems were found in this pilot action; only some small changes
related to: i) Modification of the sediment injection system in the experimental plots of IRTA
Amposta (See also Section 5.1.5; Action B5). The implementation of a permanent system of
continuous sediment injection from the water purification plant of the CAT, as originally
planned, represented a very small increment of sediment concentrations in the network of
irrigation canals. Therefore, doses of sediment arriving to the fields were expected to be very
low and thus, the impact on the crop, if any, difficult to detect. Hence, the continuously
injection was shifted to a unique injection of sediment at a rate of 0.5 kg/m2 (which represents
the estimated amount of sediment accumulated over a 100-year period). Thus, sediment was
applied and mixed with the soil of the experimental plots. This change did not represent any
modification of the objectives planned in this action. ii) Number of soil samples. Although in
the original report of the project it was planned to take soil samples at the end of the growing
season, it was considered that soil conditions remained the same as in pre-season of the
following cycle, so it was decided to cancel this soil analyses. iii) Nutrient concentrations
from inlet canal were taken only from three plots (as is the same source of water for all the
plots). This allowed reduce the number of samples and saving time. iv) Field campaigns
carried out from June to September, 2015. In the original proposal of the project monitoring
was planned until December. However, the closing of the irrigation canals forced earlier
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completion of sampling. This change did not represent any modification of the objectives of
the action. v) In 2015, the lack of GHG emission in the experimental plots was attributed to
low organic matter content of soil (0.94%). Such effect hampered the attainment of significant
results regarding GHG emissions. Therefore, for the 2016 field campaign the location of the
experimental plots was changed to another area with higher organic matter content (2.73%)
which is within the average range (2% − 4.5%) of the Ebro Delta paddy fields.
Action B6. Setbacks and new tasks encountered in this action refer to: i) In the original project
proposal it was shown the existence of 7 preinstalled corner reflectors to measure land
subsidence. However, these corners were not fully installed (it was only the base for anchoring
the reflectors) and only 6 corners were available, so we proceeded to install them. Regarding
the 17 remaining corner reflectors to be installed, the provider recommended to change the
design of the corner reflector itself and the platform that supports it. The new design involved
a substantial increase in size and therefore in cost. Consequently, a local provider was
searched for constructing a new corner (and its base) designed by the ICGC team. This fact,
together with the difficulty of identifying, contacting and obtaining permits from the farmers,
led to a delay of 4 months in the installation of the corners (completion scheduled in October
2015). This delay did not affect the achievement of the objectives planned in this action. ii)
Two corner reflectors were stolen. These thefts occurred shortly after reflectors were installed.
In Annex 7.1.15 a copy of the reports filed at the police station are shown. Despite this fact,
the feasibility of achieving the objectives of this action remained fully attainable since there
were enough corner reflectors to cover all the Ebro Delta area. iii) Six corners reflectors were
torn out by strong prevalent winds, thus losing their deformation history. This was overcome
by reinstalling and reinforcing (with tensors) the affected corner reflectors. Also, the new
corner design (see section 6.1.1.6., Action B6), was conceived as to present less exposure to
the wind, maintaining approximately the same RADAR cross section. In addition, an
automatic CR monitoring program rose by the system and based on alarms (by i.e. theft,
windstorms), was established. iv) Some corners had to be placed in grounds where duck
hunting was a remarkable source of income. The hunters complained about the brightness of
the corners in the moonlight and some of them were covered with mud and soil, thus losing
their reflectivity. Therefore, two of the corners were painted with a special paint that does not
significantly reduce their RADAR response. After collecting a set of images showing that the
signal was stable, the rest of the corners located on hunting grounds were also painted. This
small mishap did not affect the consecution of the original objectives described in the initial
proposal. v) A minor drawback related to the fact that the framing of the imaging capture was
changed. The AOI was no longer contained in a single frame and some extra processing was
necessary (see Section 6.1.1.6., B6). vi) In the original project proposal the monitoring of 17
piezometers was foreseen. However, 11 of them had a depth less than 10 m, thus they were
not suitable for the objective of the work. Of the remaining 6 piezometers, one of them was
outside of the deltaic environment and another one in a private area with difficult access.
Hence, only 4 piezometers remained available for the 2014 survey. For the next two field
surveys, three piezometers of the first survey were monitored, along with the one in the private
area and one of the new drilled boreholes for this project. In this way, we assured a sufficient
monitoring of the groundwater conditions of the Ebro Delta. vii) Geotechnical survey. That
task was not initially planned in the original report of the project. However, information
gathered from the geotechnical survey greatly improved the knowledge of the subsidence
phenomenon related to the compaction of the Holocene deposits in the Ebro delta (key element
for developing the 3D model). Hence, a geotechnical survey of the Holocene sediments was
carried out in two of the main urban areas of the Ebro delta. That survey was carried out as
"external assistance" by BOCH & VENTAYOL company, with a total extra cost of 13534 €.
viii) Performance of passive seismic soundings (H/V) and passive seismic arrays. This
technique was added to the original planning since it is a fast methodology, provided a large
coverage in a cost-effective way. No extra cost was added to the project budget.
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Action C1: During the sediment injections the sedimentation rates in rice fields were not
evaluated in the paddy fields due to the low deposition rates in a short experiment like this.
From a methodological point of view it was considered a better approach to compute the
thickness of the sediment layer that will accumulate if the sediment obtained in the water
treatment plant of the CAT (about 1000 tons per year) is injected into rice fields. Thus, the
sedimentation rates in the paddy fields were estimated in that way. This change did not
affected to the consecution of the objectives planned in this Action.
Action C2: Setbacks in this Action refer to: i) The large amount of GHG samples collected
during the last experimental year produced the collapse of the IRTA laboratory being not
feasible its analysis within the project period. Thus, an automatic robot, not foreseen in the
original budget, was purchased allowing automatic injection of multiple GHG samples and
expand the time (24 hours a day) to perform the analysis. ii) Purchase of two field probes
(with a total cost of 1119 €) for data collection of pH and conductivity of the soil. These probes
were not initially specified in the original project proposal; however costs of analysis of pH
and soil conductivity in external laboratories were estimated to be larger than the purchase of
these probes. In addition, sampling frequency and number of samples was enlarged while
reducing time for the analysis. iii) Purchase of one Lindval chamber with battery (with a total
cost of 5635 €) instead of two single Lindval chambers without battery (see Action C2).
Lindval chamber with battery ensured operation in remote areas without possibility to access
to electric power. Furthermore, this new model allowed greater control of forced flow given
the low concentrations of GHG initially detected in paddy fields.
Action C3: The acquisition of a pumping water filter system (with a total cost of 2880 €) was
necessary because the large volume of samples to analyse and the resulting collapse of the
IRTA laboratory (Action B1, B2, B3, B4 and B5). These changes did not involve any
substantial amendment of the budget (Action C3).
Dissemination actions: overall the efficiency and impact of the dissemination actions is
considered to be high and the project was successful in reaching the target audience. The large
number of visits to the website is a good indicator of the impact on the society, as well as the
number of news generated in mass media, many of them with high audience. This effective
dissemination attracted the interest of the main stakeholders, private companies and NGO’s.
The dissemination to schools and university students was also satisfactory, as well as the
impact on the technical and scientific audience, given the large number of talks and
presentations carried out, locally, nationally and internationally. The impact on the public
administrations was granted from the beginning given the composition of the consortium, and
it was satisfactory in regards to the local and regional administrations. The main limitation
has been the low impact obtained on the national administration, especially the low interest of
the river basin authority (CHE) in relation to the issue of the recovery of sediment transport
in the Ebro River.
In the next Table 13, the objectives and expected results foreseen in the proposal for each
Action are compared against the results obtained during the project. The degree of
achievement, the main results and the best practice lessons are also indicated.
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Table 13.- Objectives and expected results foreseen in the proposal and final results obtained during the project
Action
B1

Foreseen in the revised proposal

Achieved

Objectives:
 Assessing the feasibility of reinjecting sediments from
the water treatment plant into the Ebro Delta, so that
the sediments become a resource contributing to
climate change adaptation (sea level rise) through the
increase of soil elevation.

100%

Expected results:
 Assessment of the irrigation network capacity for
transporting and distributing sediment
 Build a sediment transport model calibrated with real
data
 Demonstration of the feasibility of reincorporating ca
1,000 tonnes/year of Ebro River sediments currently
retained in a water purification plant

Indicators of progress:
 % of sediment analyses of water purification plant
below legal limits of pollution
 Amount of injected sediments and % over the
foreseen amount
 % deviation of model predictions over field data in
suspended sediment concentration

100%
100%
100%

100%
100%
100%
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Evaluation
 Results, obtained from both, model simulations and the performance of the
pilot action, confirmed the real capacity of the irrigation network to transport
in suspension the sediment poured from the CAT re-injection system.
Currently, the CAT is elaborating the constructive project of the permanent
injection to return the retained sediments to the delta plain through the
irrigation canals.
 The permanent system of reinjection of sediment from a purification plant can
be easily exported and adapted to other locations inside and outside Europe
where similar conditions exist.
 Transport capacity of principal and secondary canals was estimated through
experimental injections in the range of discharges typical of the irrigation
period. Results indicated the capacity to transport in suspension the CAT
sediment along the network while minimizing sediment deposition.
 A 1D hydrodynamic model was built for the principal and secondary irrigation
canals. The 1D modelling was carried by using the Guadalfortran software,
developed by UCO for water and particle flow in irrigation canals, and the
analytical solution of the advection-dispersion equation for permanent
conditions. The model was successfully calibrated and validated.
 Results confirmed the real capacity of the irrigation network canals to transport
in suspension the sediment delivered from the CAT re-injection system.
 All the analysed sediments had quality parameters below the legal limits.
 A total of 6 sediment injections were carried out in the irrigation canals, with
an amount of 8 m3 per injection and a sediment concentration of 2 g/L. In this
action there was not a previous amount of sediment targeted to be injected.
 The deviation of model results in relation to field data was always below 10%.

B2

Objectives:
 Evaluation of the potential for sediment transport
under the current hydrologic conditions of the lower
Ebro River, to determine the feasibility of transferring
sediments from the reservoirs

100%

Expected results:
 Estimate the lower Ebro River sediment transport
capacity to design a new discharge regime from the
reservoirs to the Ebro delta and the Mediterranean sea
 Show the viability to transport sediments from the
Ebro River to the delta and the sea
 Determination of the real capacity of the lower Ebro
River for sediment transport, which is expected to
change from 10 mg / l at present to about 100 mg / l if
the flow of sediments through reservoirs is restored

Indicators of progress:
 % of river stretches with bathymetry, granulometry
and hydrology works carried out
 Amount of sediments injected and % over the
expected amount (100 m3 per pilot test)
 % deviation of model predictions over field data in
suspended sediment concentration

100%
100%
100%

100%
80%

100%
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 The potential for sediment transport in the current hydrologic conditions of the
lower Ebro River has been evaluated by means of a 2D model from which
different scenarios of water flow and sediment concentration have been
simulated.
 The obtained 2D model allows the design of a river flow regime to transport a
certain amount of sediment to the delta to stop coastal retreat and, the
elaboration of recommendations for a future sediment transfer system in the
lower Ebro River reservoirs.
 The 2D model of the lower Ebro River can be an exportable to other rivers with
similar characteristics to design and simulate water and sediment regimes to
better implement European Directives.
 The sediment transport capacity was estimated from a 2D model specifically
build for the lower Ebro River. The 2D model was calibrated and validated by
using real data acquired from sediment injections carried out in two different
river stretches (Móra d’Ebre and Benifallet).
 Results from sediment injections and model simulations showed the feasibility
to increase the sediment load to the mouth of the Ebro River, especially for
medium to high flow conditions.
 Sediment concentration values obtained from simulations of permanent
injections in the lower Ebro River are in the range of 1-5 g/l for river flows in
the range 1000 – 2000 m3/s.
 With a controlled flood of 1000 m3/s during 10 days and a concentration of
suspended sediment of 1 g/l an estimated amount of 1,080,000 Tonnes can be
transported from Riba-roja reservoir to the Ebro Delta.
 All the foreseen hydromorphological tasks were carried out.
 Sediment injections were carried out with circa 80 m3 per pilot test. Although
the container had capacity for 120 m3 is was not used at full capacity for safety
and operational reasons. The injected amount was sufficient for a successful
pilot action.
 The deviation of model results in relation to field data was always below 20%.

B3

Objectives:
 Optimization of carbon sequestration, soil elevation,
and assimilation of nutrients and pollutants by testing
different water management schemes in the
constructed wetlands

100%

Expected results:
 Decrease of > 70% nitrates and particulate matter and
reduction of ~ 30% of heavy metals and pesticides
 Generation of new soil (up to 0.5 cm/yr) in the
constructed wetlands
 Achievement of a carbon sequestration rate in the soil
of 80 g/m2/yr

Indicators of progress:
 Formal agreement with the institution responsible of
the management of constructed wetlands
 Time of operation of the constructed wetlands
(minimum of 18 months)

100%

100%
100%

100%
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 The pilot actions conducted in the constructed wetlands during three
consecutive years show that inflow concentration and water pH are the main
parameters controlling wetland removal efficiency of nutrients and pollutants.
As well, lower water depth was associated to higher efficiency of nitrogen
removal, and higher vegetation density to higher phosphorus removal.
 Carbon sequestration and soil elevation were higher in the first cells of the
constructed wetlands, since are those in which most of suspended sediments
and organic matter accumulate.
 Dissolved nitrogen removal was 87% in the North wetland (NW) and 84% in
the south wetland (SW). Nitrates (a specific fraction of dissolved nitrogen)
removal rates were 94% and 89% (NW and SW, respectively). The reduction
rates of the other two fractions of dissolved nitrogen were: ammonium, 70%
and 82% (NW and SW, respectively); nitrites, 95% and 85% (NW and SW,
respectively).
 Particulate matter decreased 83% in the NW and 63% in the SW.
 Heavy metal removal efficiency was very irregular across wetlands, ranging
from nearly 0% barium and strontium removal in the SW and 87% aluminium
removal in the NW. Nevertheless, the reduction rate of almost all analyzed
metals was much higher than the expected results (30%). The SW acted as net
source of boron (-60%), abundant in sea water, due to salt water intrusion.
 The only pesticide regularly found in the wetlands was Oxadiazon, with a mean
removal efficiencies of 98% and 97% in the NW and SW, respectively.
 New soil was generated at a mean rate of 1,7 cm/year in the SW and 0,7 cm/yr
in the NW.
 Mean carbon sequestration rates along the project period were estimated at 402
gC/m2/yr in the SW and 103 gC/m2/yr in the NW. This is due to higher soil
formation rates and organic carbon content in the SW.
 Agreement with AcuaMed and Aquae Foundation.
 The wetlands were operated along 21 months during the project period (7
months per year, coinciding with the rice production season).
The remaining indicators coincide with expected results (see above)

B4

Objectives:
 Evaluation of emissions and sequestration as a
function of agricultural practices and the
characterization of terrains
 Establishment of the basis for a plan for GHG
emissions management
Expected results:
 Evaluate the GHG emissions of the Ebro delta paddy
fields which are expected to be in the order of 80,000
tonnes / year of CO2 equivalent
 Achieve 10-15% of GHG reduction
 Precise evaluation of the carbon stock and accretion
rates in the pilot plots
 Evaluation of the impact over the avifauna
 Proposal of agriculture practices and specific
guidelines focused on adaptation and mitigation to
climate change

100%
100%

100%

100%
100%
100%
100%
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 The incorporation of rice straw into the soils after the harvest (October) is the
main contributor of the annual GHG budget.
 CH4 emissions during the growing season increase up to August; and slightly
increase at night in comparison to daily emissions.
 The pilot test for the implementation of water management-based (AWD)
mitigation measures to reduce GHG emissions allows significant reductions
but rice production can be lowered if soil salinity increases.
 An average of 63% of annual CH4 was emitted during the post-harvest season.
 Total GHG emissions (CH4 + N2O) for the paddy fields of the Ebro delta are
computed at 0.15 ± 0.01 Tg CO2-eq tons of CO2-eq which represents 0.4% of
the total GHG emissions in Catalonia.
 Results obtained from the implementation of alternate drainage and flooding
periods (AWD) during the vegetative phases of the rice crop clearly indicate
that CH4 emissions of rice fields can be reduced up to 90% in Ebro Delta during
the growing season without compromising rice production.
 The mean C stock in Ebro Delta rice fields is 4.10± 1.29 kg C m-2. The
estimated historical accretion rates range from 1.4 to 5 mm yr-1, but at present
the accretion is negligible due to retention of sediments in the river basin
reservoirs.
 Results showed that bird diversity declined in drained fields while increased in
plots partially inundated, with maximum densities in fields from 5% to 50% of
their area flooded.
 The peak of CH4 emissions is produced right after the incorporation of the
straw so that mitigation strategies based on straw management need to be
further examined.

Indicators of progress:
 Number of selected pilot farms (minimum of 10)
 10% reduction in GHG emissions in optimal
conditions
 Number of institutions participating in the design of
adaptation and mitigation measures
B5

100%
100%
100%

 A total of 24 pilot farms were monitored.
 90% reduction with the AWD scheme in one farm.
 A total of 7 institutions participated in the design of measures for the rice
sector.

Objectives:
 To assess the possible effects of sediment supply from
the water purification plant of CAT on rice production
practices and the characteristics of the terrains
 Establishment of the basis for a plan for GHG
emissions management
Expected results:

100%

 Evaluation of the carbon stock in the experimental
plots
 Evaluation of the effects of two different fertilizers
(organic and inorganic) on the GHG emissions rates
 Assessment of the effects of the sediment application
to compensate the subsidence and the sea level rise
 Evaluation of the effects of the sediment application
on the GHG emissions
 Quantification of the potential impacts of sediments
and organic fertilizers in the rice fields production
Indicators of progress:
 % variation in rice production in rice plots with
sediment addition versus no addition
 % of plots with toxicity symptoms in the rice plant
 Accretion rate of 0.5 cm/yr in plots with sediments

100%
100%

 Agronomic results indicated that the incorporation of CAT sediments did not
affect rice productivity.
 The incorporation of sediments did not significantly change GHG emissions.

100%

100%
100%

 Carbon stocks did not significantly change in the experimental plots, likely
owing to the short period of the pilot trial.
 No significant differences were found in cumulative CH4 emissions across the
treatments, although plots fertilized with organic manure tended to show
slightly higher emission rates.
 CAT sediments did not affect the rice plant health and its productivity whereas
organic fertilization slightly declined rice yield.

100%

100%
100%
NA
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 No significant variation was found in plots with sediment addition.
 No plots with toxicity symptoms were found.
 The experimental design was changed and this indicator was not measures.

B6

Objectives:
 Determination of the most vulnerable areas with high
spatial resolution

100%

Expected results:
 Build a data base of geological, geophysics and
deformation according to the 2007/2/CE Directive of
the European Parliament and Council, 14th march
2007, for an infrastructure of spatial information in
the EU (INSPIRE)
 Geological and geophysical 3D model
 Accurate assessment of Ebro Delta subsidence, which
has been estimated a priori to be ca 2-3 mm / yr
 Identification of the areas most vulnerable to rising
relative sea level

B7

Indicators of progress:
 Number of satellite images analysed
 Number of installed corner reflectors (17)
 Number of subsidence records obtained
 % cover of the subsidence network over the delta
 % cover of the subsidence geological model
Objectives:
 Integration of adaptation and mitigation measures to
develop a coherent scheme of actions that will
combine those in the Catalan Strategy for Climate
Change Adaptation with those resulting from the pilot
actions

100%

100%
100%
100%

100%
100%
NA
100%
100%
100%
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 A subsidence map has been elaborated from which vulnerable areas are
defined. This map is a very helpful tool for the managers of the territory since
it allows to define the areas of high priority to implement adaptation and
mitigation actions.
 Data compiled were adapted to the INSPIRE schemas. The database are
accessible to the public through online maps (WMS) and shown in a Viewer
display (http://www.icgc.cat/en/Public-Administration-andEnterprises/Tools/Geoindex-viewers/Geoindex-Projecte-Life-EBRO-ADMICLIM)
 The 3D Ebro delta geological model was elaborated through the compilation,
homogenization and georeferencing of pre-existing geological, geotechnical
and geophysical information, and complemented with geophysical testing of
existing surveys and seismic and electrical exploration campaigns.
 The Subsidence over the Ebro Delta plain was estimated based on its
sedimentary geological and geotechnical characteristics and validated through
its comparison with the DInSAR satellite data. All this information has been
summarized in a subsidence map from which vulnerable areas are defined.
 Subsidence showed rates of 1-2 mm/yr which are maximum in the area of the
river mouth. Adding a present eustatic sea level rise rate of 3-4 mm/yr, a total
rate of relative sea level rise of 4-6 mm/yr is obtained at present.
 Overall, 207 images were downloaded and processed.
 A total of 22 corner reflectors were installed.
 This information is not available, the number is very large.
 The subsidence network covers the whole delta.
 The geological model covers the whole delta.
 A document named ACDE (Actions for Climate in the Ebro Delta) has been
elaborated. In this document a coherent set of measures and actions to be
developed in the Ebro delta are detailed. Measures and actions in the ACDE
that are related to the adaptation and mitigation to climate change in the Ebro
delta are in accordance with those established in the Catalan Strategy for
adapting to Climate change (ESCACC).

 The methodology implemented to elaborate the ACDE could be exported to
other European regions.
Expected results:
 Development of a Climate Action Plan of the Ebro
Delta including actions and guidelines for adaptation
and mitigation to the climate change
 Involvement of socio-economic sectors in developing
and implementing the Action plan

C1

Indicators of progress:
 Number of institutions participating in the elaboration
of the plan
 Number of adaptation measures agreed with the
stakeholders
 Number of adaptation measures proposed by the
stakeholders
 Number of adaptation measures included in official
plans and programs
Objectives:
 Monitoring the flows of water and sediments, water
quality, and sediment deposition

100%
100%

100%
100%
100%
100%

100%

Expected results:
 Assessment of transport capacity and diffusion of the
sediment injected into the river and irrigation canals

100%

90

 The ACDE document was elaborated from the analysis of the compiled
information on impacts and vulnerability to climate change in the Ebro delta,
and information obtained from meetings with stakeholders.
 Seven meetings with the sectorial economic and social groups were held.
 A first draft of the completed ACDE was presented to the local stakeholders
through a meeting.
 The final ACDE document was presented to the project partners, stakeholders,
politics, ONG’s, and general public in the Final Project Conference.
 A total of 26 institutions participated in the elaboration of the plan.
 All the adaptation measures were discussed and agreed with stakeholders. Only
one institution (Irrigation Community of the South Hemidelta) presented a
document with some concerns.
 The four challenges formulated in the plan were defined after discussing the
main goals with the stakeholders.
 The document is part of the Catalan Strategy on Climate Change Adaptation.
 Implementation of water velocity measurements in both irrigation canals and
river. Physic-chemical characterization of the sediment trapped in the water
purification plant of CAT. Sedimentation and resuspension assays.
Bathymetric surveys of the bed river channel in the selected areas. Grain size
distribution of the riverbed and estimation of channel roughness. Sediment
injections in the irrigation network canals and Ebro River delta. Control of
physical-chemical parameters of water (conductivity, pH, temperature, and
dissolved oxygen; turbidity) before, during and after sediment injections.
 Simulations in the Ebro river sediment transport with the 2D model (including
a sensitivity analysis of the main parameters) using different options of
injection design from the targeted points in the pilot action, under medium-

 Evaluation of sedimentation rates in paddy fields

C2

Indicators of progress:
 Number of monitored sediment injections in canals
and river
 Amount of sediments deposited in the rice fields
Objectives:
 Monitoring emissions of greenhouse gases and carbon
sequestration in rice fields

100%

100%
NA
100%

flow conditions, highlighted the feasibility to increase the sediment load to the
mouth of the Ebro River. See results in action B2 of the same table.
 Model simulations and the sediment injections in the irrigation network canals
confirmed the real capacity to transport in suspension the sediment poured
from the CAT re-injection system. Sedimentation rates in rice fields were not
evaluated directly on paddy fields since were too low; but computed from the
values of suspended sediment in the river and the irrigation canals. Mean river
(and canal) suspended sediment under present conditions is 10,9 mg/l, which
represents a sedimentation rate of 0,05 mm/yr in the rice fields. The developed
transport model for the canals (validated with sediment injections) gives a
transport capacity of suspended sediment around 225 mg/l, which would
represent a sedimentation rate of 1,03 mm/yr.
 All the performed injections were monitored, 3 in the canals and 4 in the river.
 The small amount of sediments injected in the canals did not allow to measure
sediment deposition in rice fields due to their large surface.
 GHG samples collected in 25 paddy fields scattered through the Ebro delta and
in the water management pilot tests. A total of 2837 GHG samples were
collected in paddy fields. Two (not planned) 24 hours cycle GHG emissions
were carried out. Bird census carried out from October to December. Ten soil
core samplings (for determining the soil carbon stock and the carbon
sequestration) were taken. Agronomic parameters and plat growth were
analyzed in three different stages of the rice crop.

Expected results:
 Monitoring GHG emissions in the rice fields
 Assessment of GHG emissions produced in rice fields
with CAT sediments and different fertilizers
 Influence of chemical and physical composition of
water and sediment in the emission of greenhouse
gases in the rice fields of the Ebro delta

100%
100%
100%
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 See results in Action B4 of the same table.

C3

 Evaluation of the agronomic crop response under
experimental conditions on GHG emissions
 Quantification of the potential effects of different
water management practices on the rice production
 Determination of the effects of the water levels over
the avifauna
Indicators of progress:
 Number of surveys carried out
 Number of GHG analyses performed
 Number of soil cores obtained
 Estimation of matter budgets in water and sediment
 Interpretation of results on GHG and carbon
sequestration
Objectives:

100%

 Monitoring carbon sequestration, emissions of
greenhouse gases and the assimilation of nutrients and
contaminants in constructed wetlands

100%

100%
100%

100%
100%
100%
100%
100%

 Two years of surveys with monthly sampling during the growing and postharvest season (May-December) in commercial and experimental rice plots.
 Over 3500 GHG analyses were performed.
 Over 50 soil cores were obtained.
 Water and sediment budgets in rice fields were estimated.
 Results of GHG emissions and carbon sequestration were interpreted and
published
 A total of 424 water samples were taken throughout three consecutive
experimental years for monitoring nutrients, contaminants and water physicchemical parameters, among others. In addition, 72 soil samples were taken to
monitor sediment texture; humidity; organic matter and carbon content; heavy
metals and pesticides. Finally, 66 aerial and subsurface plant samples were
collected during the full vegetative cycle for monitoring plant biomass. As
well, 30 GHG samples were collected.

Expected results:
 Retaining of 70% of dissolved nitrogen
 Reduction of 30% of heavy metals and pesticides
 0.5 cm/yr of vertical accretion rates 80 g/m2/yr of
carbon sequestration rates

100%
100%
100%

Indicators of progress:
 SET stations installed
 Surveys and water analyses carried out
 Vertical accretion surveys carried out

100%
100%
100%
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 See results in Action B3 of the same table.

 A total of 8 SET stations were installed (4 per wetland).
 A total of 36 surveys were carried out and 424 water samples were analysed.
 A total of 4 soil accretion surveys were carried out and 72 soil samples.

C4

Objectives:
 Monitoring of the socio-economic impact of the
project

100%

Expected results:
 Obtain an estimate as accurate and quantitative as
possible of the socio-economic impact of the project,
establishing indicators that are easy to calculate and
interpret

E2

100%

Indicators of progress:
 Description of methods and variables to be monitored
 Creation of a database with monitored variables
 Surveys of valuation for stakeholders
Objectives:

100%
100%
100%

 Development of networking activities
 Exchange of information

100%
100%
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 The economic and social impact of the project was monitored through the
application of several social and economical indicators (e.g. the number of jobs
created, local companies benefiting from the project, project activities aimed
at stakeholders, etc.) developed at the beginning of the project. These indicators
have been updated based on the compilation of information generated with the
LIFE + project progress.
 7 direct jobs created and maintained throughout the project.
 28 local companies benefited from the project.
 120,599 € reverting directly to the local population.
 Strong interaction of project partners with the rice sector and irrigation
communities, as well as NGO’s aiming at the preservation of the Ebro
Delta (i.e., Campanya pels Sedimets).
 New system of sediment recycling (CAT), new agronomic practices to
reduce GHG emissions in the rice sector (i.e., Altenate Wetting and
Drying), new sediment transport guidelines for users and administrations,
new sediment transport model for researchers and users.
 Interest of private companies such as consulting and engineering
companies interested in exploring or incorporating the methods and
techniques of sediment management in their business plans.
 Great impact on mass media and the society: large number of news in top
newspapers, TV and radio: TV program Volando Voy (Cuatro), TV3, etc.
More than 203.000 visits to the web site www.lifeebroadmiclim.eu
 Socioeconomic variables were defined and monitored.
 A database with the variables was created.
 Surveys of valuation with stakeholders were carried out in events of
knowledge transfer.
 During the project 25 networking collaborations were carried out. The
networking activities included private companies (4); international agencies
(4); universities and research groups (3), expert groups (5) and other LIFE
projects (9).

Expected results:
 Networking with the participation of up to 6 partners
and synergies between groups
 Improve the project visibility
 Achieve a larger dissemination of the project results

D1

D2

Indicators of progress:
 Contacted institutions or projects
 Networking meetings
Objectives:

100%
100%
100%

 From the networking activities several collaborations were consolidated such
as with University of València (monitoring and sharing data on wetlands and
rice fields); Sediment campaign initiative (advising NGO’s on sediment
management issues); Aquambiente company (monitoring program on
constructed wetlands), CSIC research institute (monitoring emerging chemical
components in constructed wetlands). As well, the LIFE project has been
presented in several meetings of other LIFE projects and information on results
and best practices has been exchanged.

100%
100%

 A total of 25 institutions and projects were contacted for networking activities.
 Over 30 meetings for networking activities were held.

 Design of both logo and website project
 Design of both desktop calendars and bookmarks that
identify and explain the project
Expected results:

100%
100%

 Logo, calendars, bookmarks and webpage were designed. In addition, an
intranet website linked to the project was built.

 Creation of the Project image
 Create a permanent source of updated information of
the project and disseminate among the widest possible
audience (general public, mass media) at local,
national and international level.
 To publicize the project and remain in the
consciousness of the general public, especially the
public of the territory
Indicators of progress:
 Number of visits to the website (100 per month)
 Edition of 2000 bookmarks
 Edition of 500 calendars
Objectives:

100%
100%

 500 calendars and 2000 bookmarks were printed, distributed and delivered to
various institutions and agencies interested with the project.

100%

100%
100%
100%

 The website, with the domain www.lifeebroadmiclim.eu, was opened to the
general public on 11/12/2014. At the end of the project, a total of 169,418 visits
were recorded. This implies over 4000 visits per month. On 25/03/19 the
number of visits was 204,829.
See information above, in the section of expected results.

 Informative panels were established in accordance with those located in the
Natural Park of the Ebro delta and surrounding areas: text was written in
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D3

 Design, creation and installation of informative panels
of the project activities
Expected results:

100%

Catalan, Spanish and English and the support for fixing the panel was in wood.
Final location of the panels was established based on the suitability of the site.

 Provide (6) fixed informative panels in strategic areas

100%

 Over the 6 panels initially contemplated in the initial project proposal, 5 were
installed. This change is explained because the need to design and print small
informative panels (not included in the initial report) that were placed in the
base of some corner reflectors to monitor land subsidence.

Indicators of progress:
 Installation of 6 information boards
Objectives:

100%

 Information for mass media (announcement of the
starting of the project, its objectives, the planned
actions and achievements), and its permanent update

100%

See information above
 Mass media dissemination has been made through newspapers, journals and
magazines (mainly at national and regional level); websites, blogs, radio and
TV. As well, project dissemination has been carried out by the digital
newsletter of the ICGC, the internal newsletter of the IRTA, and press release
from ACA and other official Institutions (such as the Departament del Territori
i Sostenibilitat or the IDECE, etc).

Expected results:

D4

 To disseminate the project to anyone interested in the
implementation of green measures to adaptation and
mitigation to climate change in coastal areas
 Achieve presence in different mass media, at both
local, national and international level
Indicators of progress:
 Number of press releases (minimum 6)
 Number of radio news (minimum 6)
 Number of TV news (minimum 4)
 Number of news in other communication media
Objectives:

100%

 Participation in scientific or technical meetings where
partial and final results of the project are presented
 Writing and publishing technical and scientific papers
on results of the actions carried out during the project

100%

 A total of 302 news were generated and published to mass media: 197 in
newspapers, journals and magazines; 70 in websites and blogs, 13 in radio and
12 in TV. A total of 6 press releases were issued.

100%

100%
100%
100%
100%

100%
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See information above

 The Life+ EBRO-ADMICLIM project has been presented in several national
and international conferences and Workshops.
 Initial results have been published in several technical and scientific journals
such as for instance the IAHS open access journal, indexed by the Web of
Science.

Expected results:

D5

D6

D7

 Overall, 8 papers have been published in local, national and international
journals, magazines and conference proceedings. Results have been presented
in 25 national and international conferences.

 To publicize the project and its results to specialized
public (at national and international level)
Indicators of progress:
 Number of national and international conferences (4)
 Number of technical and scientific papers (4)
Objectives:

100%

 Dissemination of the project to students and
undergraduates
Expected results:

100%

 Educate school and university students in climate
change issues in delta areas and mitigation and
adaptation measures that nowadays are carried out in
the Ebro delta thanks to the LIFE project
Indicators of progress:
 Number of talks for schools (8)
 Number of talks for university students (5)
Objectives:

100%

 Organizing seminars to transfer, discuss and exchange
knowledge and interests with the main local socioeconomic actors most closely related to the subject
Expected results:

100%

 A large number of transfer activities has been carried out during the project.

100%

 A total of 23 activities with 2276 persons attended to transfer activities
executed throughout the LIFE+ project.

 Awareness and involvement of the local socioeconomic actors
Indicators of progress:
Number of knowledge transfer activities (8)
Objectives:
 Layman’s report
Expected results:

100%
100%

100%
100%

See information above
 Dissemination to scholars has mainly been carried out through the CAT (to
primary and high schools) and the IRTA (university students).

 The CAT has received 61 schools (mostly primary and secondary schools) with
a total attendance of 4660 students. The IRTA received 9 visits of universities
with a total assistance of 236 students. Visits at IRTA consisted on talks and
field excursions.
See information above

See information above
 Digital and hardcopies have been delivered to public and private institutions.
100%
 The report has been uploaded to the project website

96

 Introduce in a clear, simple and concise way the
objectives and achievements of the LIFE project to a
very wide and diverse public
Indicators of progress:
 Edition of the Layman report

100%

 500 hardcopies have been printed and distributed.
 The digital report has been distributed by partners trough e-mail.
See information above
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(Projects funded under the Call 2014 onwards must use this format)

Results obtained from the LIFE+ project allow future application of this approach more
generally within the Ebro Delta itself, and potentially in other deltas and coastal wetlands
in the European Union and internationally. Indeed, from the point of view of environmental
governance and information, the implementation of the LIFE+ EBRO-ADMICLIM Project
represented a significant contribution to adaptation and greater resilience front the expected
climate change impacts on coastal areas, from the point of view of biodiversity and water
resources as well as for the economy and society. For instance, results of the validation and
subsequent construction of a new permanent re-injection system of sediments trapped in
the CAT water purification plant, will allow to reduce the energy cost (which represent a
reduction of GHG emissions) of the CAT plant while around 1000-2000 tons of sediment
per year will be distributed to the rice fields. This represents the possibility of slightly
increase soil elevation on paddy fields and wetlands enhancing the agro-environmental
function of rice cultivation. In addition, the construction and validation of hydraulic and
sedimentary models for the lower Ebro River allow the future definition of a new solid and
liquid fluvial regime from the reservoirs that give more resilience to the delta to adapt to
climate change impacts, especially sea level rise. Furthermore, these models will led the
possibility of redefine the current environmental flows of the lower Ebro River Basin
defined in the Ebro River water management plan. As well, results allow the establishment
of the bases for a significant reduction of GHG emissions from the paddy fields. In a similar
way, the new management guidelines for the constructed wetlands will led to the
improvement of the water quality debouched to the bays, benefiting aquaculture and
tourism. All these elements are materialized in the form of specific and real actions that are
formulated in the document on Actions for Climate in the Ebro Delta. These measures and
actions are aimed at reducing the vulnerability of the impacts of climate change both in
natural systems (river, wetlands, coastal habitats) and socio-economic sectors most
representative related to the project objectives: agriculture, fishing, aquaculture and
tourism.
Results from the LIFE + EBRO-ADMICLIM project also led to some significant policy
implications. For instance, the hydraulic and sedimentary models for the Ebro river offer a
good opportunity for the definition of a new water and sediment regime for the lower Ebro
River allowing the better implement of European directives such as the Water Framework
Directive (DMA) and the Floods Directive as well as establish the future bases of a bypass
system to transfer sediment from the reservoirs to the Delta. This has profound implication
on the future management of sediments in river basins and coastal areas. Furthermore,
results obtained from the LIFE project are used for the “Sediment Campaign”, a platform
that encompasses several institutions and ONG’s to push the administrations for restoring
the sediment balance of the Ebro River and Delta. The Platform has delivered to both, the
Spanish and Catalan Parliament two motions for a political commitment that contemplates
the elaboration of a series of studies aimed at the restoration of the sediment continuum
from the reservoirs to the sea, and they are endowed with a budgetary allocation. At this
point, it should be noted that the Committee on the Environment and Sustainability of the
Parliament of Catalonia approved at its session on 5th July 2017, the Resolution 744/XI
about the performance of scientific, legislative and legal actions to mobilize the sediments
retained in the reservoirs of the Ebro basin. In paragraph 2 of this resolution the Parliament
of Catalonia urged the Government of Catalonia to create a political and technical
commission on the sediments of the Ebro Basin, especially as regards the part of this basin
located in the territory of Catalonia, like the dams of Riba-roja and Flix. In order to comply
with paragraph 2 of the resolution, it was considered necessary the establishment of a
Technical Working Group prior to the constitution of the political and technical committee,

so that it could compile all the available information and establish (in detail) the
composition, operating regime and objectives of the commission. It was proposed that this
Working Group be composed of 11 representatives of the administration, research and civil
society, out of which three members were part of the EBRO ADMICLIM project.
The optimization of the constructed wetlands allows a better implementation of EU
directives such as the Nitrates Directive by improving the water quality entering to the Ebro
Delta Bays. The reduction of GHGs emissions in the rice fields is in line with the global
agreement to reduce emissions adopted in the Conference on Climate Change held in Paris
in 2015 year. As well, the document Actions for Climate in the Ebro Delta (ACDE) is
incorporating the principles and guidelines established in the European strategy presented
by the Commission in Brussels in April 2013, where it is requested to the State Members
to do parallel and coordinated efforts in mitigation and adaptation
(http://ec.europa.eu/clima/policies/adaptation/what/documentation_en.htm). Furthermore,
the ACDE is relevant for the Strategy of Adaptation to Climate Change in the European
Union (EUSACC) (European Commission 2013), for the National Plan for Adaptation to
Climate Change (NAPs) (Ministry of Environment 2006) and for the Catalan strategy for
Adaptation to Climate Change (ESCACC) (Catalan Government 2012). Overall, the
integration of adaptation and mitigation actions proposed in the ACDE may be considered
of general interest to the European Union, and the concept is applicable to many coastal
zones, in which integrated management of wetlands and croplands can be a powerful tool
to face climate change.
The LIFE+ Project also represented a unique opportunity to explain current and future
environmental problems of the Ebro Delta at different levels (local, regional, national and
international) and how these can be solved by means of the implementation of innovative
measures that could be extrapolated to deltas with similar problems. As explained in
sections 6.2.2.3 to 6.2.2.6, large efforts were made to arrive to the general and the
specialized public through the mass media, web page, conferences, knowledge transfer
activities, etc. Overall, more than 170,000 persons have been informed.

5.4.Analysis of long-term benefits
Environmental benefits: The LIFE+ EBRO ADMICLIM project incorporates the
principles and guidelines established in the European strategy presented by the Commission
in Brussels in April 2013 where is requested to the State Members efforts in mitigation and
adaptation
that
should
progress
in
parallel
and
in
coordination
(http://ec.europa.eu/clima/policies/adaptation/what/documentation_en.htm). Moreover, the
LIFE+ project is in line with the recent global agreement to reduce CO2 emissions adopted
in the Conference on Climate Change held in Paris during 2015. Furthermore, project results
are relevant for the Strategy of Adaptation to Climate Change in the European Union
(EUSACC) (European Commission, 2013) and the National Plan for Adaptation to Climate
Change of Spain (NAPs) (Ministry of Environment, 2006). At Catalan level, the project is
fully consistent with the Catalan strategy for Adaptation to Climate Change (ESCACC)
(Government of Catalonia, 2012) and with the Climate Change Law recently approved by
the Parliament (http:// canviclimatic.gencat.cat/en/politiques/politiques_catalanes/Llei-delcanvi-climatic/). Results of the project are also relevant for other EU directives such as the
Water Framework Directive, Water Drinking Directive, Flood Directive and Bird Directive.
Regarding actions B1 and B2 the main environmental benefits in terms of restoring the
sediment flux from the reservoirs to the river and the delta are: a) maintain or increase the
capacity of reservoirs to expand their operation period, avoiding future impacts associated
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to the construction of new dams, or having to manage sediments once the reservoir is largely
silted (also implying negative environmental impacts as we have seen in some reservoirs in
the Pyrenees, such as Barasona); b) restore the sedimentary equilibrium of the lower Ebro
River, which is being seriously degraded in hydromorphological and biological terms due
to the sediment deficit, due to the erosion and encroachment of the river bed, changes in
substrate (i.e., sand replaced by gravel) and changes in biological communities (i.e.,
proliferation of macrophytes and black flies); c) restore the sedimentary equilibrium in the
delta, which is undergoing a severe coastal erosion due to the lack of fluvial sediments
(especially in the mouth area); this implies the loss of outstanding protected wetlands such
as the Buda Island that could be mitigated with sediment inputs from the river; d) supply
fluvial sediments to the delta plain though the irrigation canals to the rice fields, as a
measure to adapt to sea level rise and avoid future submergence of the delta plain due to
climate change.
Long-term benefits and sustainability: The approach in the LIFE+ EBRO ADMICLIM
project has led the development and possible implementation of innovative measures for
Integrated Coastal Zone Management (ICZM) and Integrated River Basin Management
(IRBM) promoted by the European Union. Indeed, results obtained from the LIFE+ project
allow future application of this approach more generally within the Ebro Delta itself, and
potentially in other deltas and coastal wetlands in the European Union and internationally.
One of the main results that are relevant for long-term sustainability is the development of
the systems and technologies to by-pass sediments through the reservoirs and manage them
to produce controlled flood to deliver the sediments to the coastal system. Along the project
several private companies and administrations have contacted the project to collaborate and
further develop these ideas to put them in practice, such as methods to by-pass sediments.
The project contributed to approach this technology to the market and this scenario has a
great potential to generate new jobs of high added value. Another important outcome is the
establishment of a permanent system of reinjection of the sediment generated in the water
purification plant of the Tarragona Water Consortium will allow the reduction of the costs
for the water purifying (in terms of energy, space and time) at the same time that represents
the reincorporation of 1000-2000 tons per year of sediment to the Ebro delta rice fields. In
a similar way, the implementation of new water management measures in the rice fields
(such as the AWD) can considerably diminish GHG emissions of rice fields without
compromising rice production. Moreover, mitigation strategies based on straw management
(such as late incorporation) could be another source for reducing GHG emissions. As well,
the elaboration of the subsidence and vulnerability maps to sea level rise will allow
administrations and stakeholders a better planning of infrastructures and economic
activities. The document of Actions for the Climate in the Ebro Delta will also be a relevant
guideline for sustainable land use planning in the whole delta. The project implementation
and outcomes have contributed to increase the awareness of local stakeholders and citizens
about the need for consensus to adapt to climate change, especially to the consequences of
sea level rise, subsidence and coastal erosion. This will positively impact on future local
development strategies and reduce the conflicts between stakeholders and public
administrations.
Replicability, demonstration, transferability, cooperation: The development of a new
model to simulate the transport and distribution of the sediment in the lower Ebro River and
in the irrigation network canals can be an exportable tool to other rivers with similar
characteristics. The Ebro river model, which has been developed by free software package
(TELEMAC - MASCARET), allowed the manipulation of the hydraulic parameters
(without having to pay license fees) by expert staff and be easily adapted to other rivers.
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This may led to design and simulate water and sediment regimes to better implement
European Directives such as, for instance, the Water Framework Directive (WFD) or the
Flood Directive. Indeed, the Catalan Water Agency is working currently in the application
of sediment transport models and the performance of sediment injections (based on the pilot
actions and modelling of the Ebro ADMICLIM works) in several rivers of Catalonia. As
well, the methodology implemented by the ICGC to analyse the subsidence based on image
satellite and corner reflectors could be extrapolated to other similar areas. In this way, the
automatic CR monitoring program rose by the system and based on alarms (by i.e. theft,
windstorms and the new ICGC CR prototype could be also implemented in other areas. The
establishment of a permanent system of reinjection of the sediment generated in the water
purification plant of the Tarragona Water Consortium is also replicable and transferable to
other similar situations. Finally, the methodology implemented to elaborate the ACDE
could be exported to other regions.
Best Practice lessons: The implementation of a permanent system of reinjection of
sediment generated in the water purification plant of the Tarragona Water Consortium,
involves a simplification of the water purification plant processes with a significant saving
of financial resources and consumption of materials and energy. Furthermore, the
implementation of water management-based mitigation measures to reduce GHG emissions
will allow the future reduction of GHG in a significant way. The development of the
subsidence map of the Ebro Delta is a very useful tool for the territory's managers, since it
allows to determine the places most vulnerable to the impacts of the sea level rise, to define
the areas that need more urgent action and develop the best strategy to compensate the
effects derived from climate change (coastal erosion and flooding by sea level rise). The
elaboration of the document of Actions for the Climate in the Ebro Delta in a participative
process is another example of best practice.
Innovation and demonstration value: The LIFE+ EBRO-ADMICLIM project is the first
to implement a set of demonstrative actions that integrate both adaptation and mitigation
measures to face climate change in deltas. The integration of adaptation and mitigation
actions can be considered of general interest for the European Union, as it is a concept
applicable to many of Europe's coastal areas (where an integrated management of wetlands
and agricultural activities can be used as a powerful tool to cope with climate change). We
think the innovation and demonstration value of the project is relevant at national and EU
level either at the level of the overall project concept and at the level of the different pilot
actions. As far as we know it is the first time at EU level in which the concept of an
integrated management of the river basin and the coastal areas to combine adaptation and
mitigation measures to climate change have been developed. For the adaptation actions
related to the recovery and delivery of fluvial sediments, there are other examples of
sediment by-pass in reservoirs (i.e., Alps) but not related to the restoration of sediment
fluxes to coastal areas; the delivery of sediment through the rice irrigation network to the
delta is also new at EU level, although a similar practice was performed by Ebro delta
farmers long ago. For the mitigation actions related to the reduction of GHG emissions in
rice fields, it is the first time that a consistent budget of emissions has been carried out in a
EU coastal area, and also for first time the water management scheme AWD to reduce GHG
emissions in rice fields has been applied in commercial fields at EU level. Regarding the
satellite methodology to measure land subsidence, although it has been used in some similar
areas (i.e., Venice lagoon) the novelty is the elaboration of detailed vulnerability maps all
across the delta plain.
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Long term indicators of the project success: Results obtained in the mitigation actions
that are related to the optimization of GHGs in the rice fields allow the possibility of
establishing a management protocol of paddy fields to reduce GHG emissions and that
could be the base of a proposal for voluntary agreements with the rice sector to reduce GHG.
On the other hand, the implementation of a permanent system of reinjection of sediment
generated in the water purification plant of the Tarragona Water Consortium, involves a
simplification of the water purification plant processes, since it may cancel part of
concentration, drying, transport and storage of sediment process. This will involve a
significant saving of financial resources and consumption of materials and energy for the
CAT plant. This system can be easily exported and adapted to other locations inside and
outside Europe where similar conditions exist. The implementation of a sediment
management plan by the Water Agency of Catalonia, based on the pilot actions and
modelling of the Ebro ADMICLIM project in several rivers of Catalonia is another relevant
indicator of long-term success of the project.
Key Project-level Indicators
The final actual values of the KPIs for the project are shown in the online KPI database
https://webgate.ec.europa.eu/eproposalWeb/kpi.
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