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1. INTRODUCTION, GOAL AND PURPOSE OF THIS 

DOCUMENT 
 

The aim of RESERVOIR project is to provide new products and services for a sustainable groundwater 

management model to be developed and tested in four water-stressed Mediterranean pilot sites and then 

be applicable in other regions via an interdisciplinary approach. 

The specific Project Objectives (PO) are the following:  

PO1. Develop an innovative methodology for the hydrogeological characterization of large-scale aquifer 

systems using low-cost and non-intrusive data such as satellite-based Earth Observation (EO) techniques.  

PO2. Integrate advanced EO techniques into numerical groundwater flow and geomechanical models to 

improve the knowledge about the current capacity to store water and the future response of aquifer systems 

to natural and human-induced stresses.  

PO3. Enhance the knowledge about the impacts of agricultural and tourism activities on the water resources 

by quantifying the ground deformation during the monitored periods.  

PO4. Engage water management authorities and provide models for an optimal management of the aquifer 

systems. We will engage 4 water authorities in 4 different countries through a series of face-to-face 

workshops. The water authorities will be involved in the conceptualization and design of guidelines for 

Groundwater Resource Management (GRM). Best practices of water management for agricultural and 

tourism purposes will be developed taking advantage of the knowledge and methodologies from the outputs 

of PO1, PO2 and PO3.  

PO5. Dissemination and exchange of the generated knowledge among the experts and the managers in 

charge of land and groundwater management in the pilot sites to strengthen the aquifer resilience.  

In order to achieve the objective PO4 the starting point of the RESERVOIR activities is the review of the 

background of the groundwater governance to identify the groundwater policies and regulation for each pilot 

site (Task T2.1 - Review of the groundwater regulation in the pilot sites - Task Leader: UNIPV). 

The four pilot sites are: 

1. The coastal aquifer of Comacchio in Italy; 

2. The Alto Guadalentín aquifer in Spain;  

3. The alluvial aquifer of the Gediz River Basin in Turkey; 

4. The Azraq Wetland reserve in Jordan. 

As stated in Deliverable 2.1. each pilot site has specific problems (Table 1.1). 
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Table 1-1 Details of pilot sites. 

Pilot site name 
Area 
(km2) 

Aquifer geology 
and type 

classification 

Primary water 
usage 

Main issues 

COASTAL 
ACQUIFER OF 

EMILIA-
ROMAGNA 

REGION 
(Italy) 

1,055 
Sedimentary 
Multi-layered 

aquifer system 

Irrigation/drinking 
water 

• saltwater intrusion in the 
phreatic aquifer; 

• natural and anthropogenic 
land subsidence; 

• land reclamation drainage 
systems; 

• soil salinization; 

• high demand of water 
during the peak tourist 
season; 

• insufficient aquifer 
recharge and sea level rise. 

ALTO 
GUADALENTÍN 

BASIN 
(Spain) 

273 

Detrital, 
Sedimentary 
Multi-layered 

aquifer system 

Irrigation / 
Drinking water 

• over-exploitation; 

• high groundwater demand 
to sustain the most 
important economical 
wealth in the area; 

• groundwater pollution due 
to agriculture; 

• semiarid climate 
(insufficient recharge); 

• subsidence due to 
groundwater extraction. 

GEDIZ RIVER 
BASIN 

(Turkey) 
17,034 Alluvial aquifer 

Irrigation / 
Drinking water 

• over-exploitation of 
groundwater 

• unbalanced reliance on 
groundwater use 

• groundwater pollution and 
deterioration due to 
agriculture, interaction 
with polluted river water 
and geothermal water 
influence 

AZRAQ 
WETLAND 
RESERVE 
(Jordan) 

12,700 

Complex aquifer 
systems ranging 
from quaternary 
deposits to deep 

sandstone 
aquifer 

complexes 

Irrigation / 
Drinking water 

Over-abstraction of groundwater 
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This deliverable presents the work description and results of the task T2.2 - Development of a Stakeholder 

and end-user group and establishment user requirements for each pilot site. In this task, a large number of 

stakeholders was involved in order to create an internationally proficient group, which will help to address 

the RESERVOIR activities.  

The engagement of the stakeholders in each pilot site is aimed to:  

(i) discuss the research gaps with regard the sustainable groundwater management through 

interviews with the local authorities, farmers and technicians and to perform user requirements 

analysis through direct distribution of the questionnaires,  

(ii) present them the preliminary requirements identified through review undertaken in Task 2.1 and 

get their feedback, 

(iii) disseminate the project objectives by starting a framework for communication and collaboration 

during the lifetime of the project. 

 

1.1. Stakeholder engagement strategy  

The Stakeholder engagement strategy developed by the RESERVOIR Consortium has the objective to 

overcome the limitations due to the impossibility to organize face-to-face meetings during a global pandemic. 

In particular, the methods that have been used to engage and/or consult with each of the stakeholder groups 

identified in Section 2, are: 

• Interviews with stakeholder representatives and key informants implemented for each pilot site by 

e-mail and phone calls, 

• RESERVOIR questionnaire developed by the RESERVOIR Consortium and translated into the mother 

tongue of the countries of each pilot site (Italian, Spanish, Turkish and Arab), 

• Webinars organized in Italy and in Spain, 

• Workshop organized in Jordan, 

• Inception remote meeting via Google Meet for key stakeholders. 

 

The content of the RESERVOIR questionnaire is as follows: 

1) Which are the most relevant issues in your area: 
o saltwater intrusion in the phreatic aquifer;  
o natural and anthropogenic land subsidence; 
o land reclamation drainage systems;  
o soil salinization;  
o insufficient aquifer recharge; 
o sea level rise; 
o over-exploitation of groundwater; 
o high groundwater demand to sustain the most important economical wealth in the area; 
o groundwater pollution due to agriculture 
o other………… 
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2) Which are the most relevant issues in your area related to groundwater management tools with 

particular regard to  
a) Technical instruments (e.g. surveying, groundwater quantity and quality monitoring and 

modelling, other diagnostic analyses); 
b) Managerial and planning instruments (e.g. land use and spatial planning, environmental impact 

assessment, groundwater protection zoning, definition of responsibilities and roles of various 
groundwater resources management entities); 

c) Regulatory instruments (e.g. groundwater property and rights, well licensing and registering, 
drilling accreditation, water legislation); 

d) Economic instruments (e.g. groundwater pricing, environmental taxes, tradable rights and 
groundwater markets). 

 
 

3) Are there key data or information missing or highly uncertain in your area that interfere 
with the ability to manage groundwater effectively? 

o Groundwater levels (elevations)  
o Groundwater extraction data (pumping)  
o Surface water supply  
o Total water use 
o Change in groundwater storage  
o Water budget  
o Sustainable yield 
o Land subsidence data  
o Seawater intrusion  
o Water quality data  
o Recharge areas  
o Recharge potential  
o Climate forecasts 
o Groundwater-dependent ecosystems 
o Climate change effects  
o Other - please describe ___________________ 

 
 

4) How adequate do you consider the monitoring coverage in your area for groundwater decision-
making purposes? 
4.1. Groundwater elevations 
Monitoring frequency (how often you collect these data) ……………….. 
Geographic representation  (coverage of the data you collect) ………………… 
4.2. Water quality 
Monitoring frequency (how often you collect these data) ………………………………. 
Geographic representation  (coverage of the data you collect) ……………………….. 
 
* Very Inadequate, Mostly Inadequate, Somewhat  Inadequate, Neither Adequate nor
 Inadequate, Somewhat Adequate, Mostly Adequate, Very Adequate 
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5) Does the area  use one or more groundwater models? Which model (or model code) is (primarily) 
used? 
…………………………………………………………………………………………………………………………………………………………
………………………………………………………… 

 
6) For which applications is this model used?  

o Long-term water planning  
o Land-use planning  
o Water budget  
o Streamflow depletion  
o Contaminant tracing 
o Groundwater extraction planning  
o Recharge planning  
o Subsidence prediction and planning  
o Environmental impact studies  
o Other - Please specify  ____________________ 

 
 

7) Which RESERVOIR topic(s) is/are of interest to you? 
o Earth Observation (EO) products (ground deformation maps, mapping of subsiding areas 

and Subsidence Risk Index) 
o methodology for hydrogeological characterisation using EO,  
o advanced EO-based geomechanical model to quantify the aquifer storage,  
o estimation of the water management index,  
o scenarios to detect the optimal timing and quantity of groundwater abstraction for 

irrigation purposes and wetland protection,  
o Guidelines for Groundwater Resource Management (GRM). 

 
 

 
8)  What would your motivation be to get engaged in RESERVOIR project?  

o to stay informed about current activities of RESERVOIR 
o to obtain up-to-date information for concrete decision-making 
o to participate in studies in RESERVOIR 
o to define relevant questions and research gaps 
o to make research results available to a broader audience 
o other, please specify: . 
…………….. 

 
9)  At what stage of a research project would you be most interested to get involved? 

(multiple answers possible) 
o development of the project plan 
o data collection 
o data analysis 
o interpretation of results 
o dissemination of results 
o other, please specify: . 
……  
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10)  How would you best be involved in a research project? (multiple answers possible) 
o regular updates about the project (e.g. through a newsletter) 
o annual meetings 
o regular workshops 
o digital tools: video conferences, shared documents and folders, etc. 
o personal dialogues with project individuals 
o participating in field work 
o other, please……… 
 
 

11) Any other comments? 
…………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………
……………………………………………………………….. 
 

 

Personal details 
First name and last name: . 
Affiliation: . 
City and Country: . 
E-mail address: . 
Phone number: . 
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2. LIST OF STAKEHOLDERS FOR EACH PILOT AREA 

Who are the stakeholders? To answer these questions, the consortium drew up a list of the parties involved. 

The list of stakeholders may be updated during the course of the project when new interested individuals or 

organizations emerge. 

 

The type of institutions has been classified as: 

o Governmental organizations at the municipal, regional and country levels 

o National and local authorities responsible for water and land use management  

o Environmental Agency  

o Water supply companies 

o Non-profit relief organizations, including NGOs, United Nations, World Bank and also the European           

Commission 

o Private civil engineering organizations 

o Organizations involved in the development of GIS maps 

o Insurance companies 

o Research organizations including our Expert/Advisory Group members 

o Regulatory institutions 

o Other 

2.1. THE COASTAL AQUIFER OF COMACCHIO, ITALY 

The stakeholder engagement for the pilot site of the coastal aquifer of Comacchio, in Italy has been 

performed by one to one interviews, a first webinar via Google Meet with Regione Emilia Romagna and by a 

webinar via Google Meet on July 16th for all stakeholders. More than 15 entities have been invited at the 

webinar of July 16th. In this webinar, the aims and the expected impact of the RESERVOIR have been 

presented. Additional details about the organization of the webinars are provided in the section 2.1. Table 

2.1. shows the list of the stakeholder invited at the webinar of July 16th. Among the stakeholder, the entities 

that have compiled the RESERVOIR questionnaire are highlighted in grey colour. 

 
Table 2-1 List of Stakeholders. 

Stakeholder /end user Institutional e-mail (when available) 

ID Name Type (*) 

1 

Regione Emilia Romagna 
Direzione Generale Cura del 

territorio e dell'ambiente 
 

Servizio Geologico, Sismico e dei 
Suoli 

 
  

Local Authorities 
(regional) 
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2 

RER 
Servizio tutela e risanamento 
acqua aria e agenti fisici della 

Regione Emilia-Romagna 
 

Local Authorities 
(regional) 

 
Ambpiani@Regione.Emilia-Romagna.it 

 

3 

ARPAE FERRARA 
Servizio Autorizzazioni e 

concessioni a Ferrara  
 

Environmental 
Agency 

 

4 
COMUNE DI FERRARA - Settore 

Pianificazione Territoriale 
 

Governmental 
organizations at the 
municipal level  

segr.sindaco@comune.fe.it 

5 

COMUNE DI COMACCHIO -  
Settore Territorio, Sviluppo 
Economico / Lavori Pubblici, 

Patrimonio, Demanio ed 
Ambiente 

 

Governmental 
organizations at the 
municipal level 

sindaco@comune.comacchio.fe.it 

6 
COMUNE DI CODIGORO  

Settore Ambiente, verde e rifiuti 
 

Governmental 
organizations at the 
municipal level 

segreteriasindaco@comune.codigoro.fe.it 

7 
COMUNE DI GORO Settore Area 

Tecnica 
 

Governmental 
organizations at the 
municipal level 

 

8 

COMUNE DI LAGOSANTO  
Settore LAVORI PUBBLICI, 

PATRIMONIO e MANUTENZIONE 
– AMBIENTE E TERRITORIO 

 

Governmental 
organizations at the 
municipal level 

 
 

9 
COMUNE DI MESOLA –Settore 
Edilizia, urbanistica e ambiente 

 

Governmental 
organizations at the 
municipal level 

Sindaco@comune.mesola.fe.it 

10 
CONSORZIO DI BONIFICA  

PIANURA DI FERRARA 
 

Local Authorities info@bonificaferrara.it 

11 
ENTE PARCO DELTA DEL PO  Local Authorities parcodeltapo@cert.parcodeltapo.it 

 

12 

Regione Emilia Romagna - 
Direzione Generale Cura del 
territorio e dell'ambiente - 

Servizio Geologico, Sismico e dei 
Suoli  

Local Authorities 
(regional) 

 

13 
Consorzio di Bonifica Pianura di 

Ferrara 
Local Authorities 
(regional) 

 

14 
ARPA ER Local Authorities 

(regional) 
 

about:blank
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15 
Consorzio di Bonifica di Secondo 

Grado per il Canale Emiliano 
Romagnolo 

Local Authorities 
(regional) 

 

16 
Dipartimento di Ingegneria 

Civile, Chimica, Ambientale e dei 
Materiali - Università di Bologna 

Particular interest  

17 
Società Agricola Produzioni 

Orticole Benazzi 
Farmer  

18 
Azienda Agricola Visentini, 

Codigoro, Ferrara 
Farmer  

19 
Consorzi di Bonifica Delta del Po 

ed Adige Po 
Local Authorities 
(regional) 

 

20 
Consorzio di Bonifica Adige 

Euganeo di Este 
Local Authorities 
(regional) 

 

 

2.2. THE ALTO GUADALENTÍN AQUIFER, SPAIN  

The stakeholders have been engaged by inviting more than 200 entities and particulars who potentially could 

be interested in the RESERVOIR project to participate in a webinar performed on July 13th via Google Meet. 

In this webinar the main activities, characteristics, and objectives of the RESERVOIR project in the Alto 

Guadalentín were presented. This webinar, and the degree of participation, are described in detail in section 

2. The list of stakeholders in the Alto Guadalentín pilot site is given in Table 2.2. Stakeholders included in the 

list does not included all assistants to the webinar, but only those who answered the questionnaires released 

at the end of the webinar. Among all stakeholders, the most related to the groundwater management of the 

Alto Guadalentín aquifer, due to its affection, relation, or knowledge, are highlighted with grey colour in 

Table 2.2. In any case, this list is not considered finished neither closed, as in the future additional entities or 

particulars may show their interest in the project and be included in the list. 

Table 2-2 List of Stakeholders in the Alto Guadalentín aquifer. 

Stakeholder /end user Institutional e-mail (when 
available) ID Name Type (*) 

1 

Confederación Hidrográfica 
del Segura (Hydrografic 

Confederation of the Segura 
River) 

Authority responsible for 
water management 
(national/regional) 

oficina.planificacion@chsegura.es 

2 
Comunidad de regantes de 

Totana (Community of 
irrigators of Totana) 

Irrigators association (local) crtotana@trasvasetajosegura.org 

3 
Comunidad de regantes de 

Lorca (Community of irrigators 
of Lorca) 

Irrigators association (local) info@cr-lorca.es 

4 
EMUASA (Municipal Water 
and Sanitation Company of 

Murcia) 
Water suppy company (local) aguas@emuasa.es 

mailto:info@cr-lorca.es
mailto:aguas@emuasa.es


 

This project is part of the PRIMA 
Programme supported by the 
European Union 

RESERVOIR 
Deliverable 2.2. 

Proceedings of the first stakeholder/end-user workshop: including the 
workshop presentations and Stakeholder requirements list 

v. 4.0 

 

18 
RESERVOIR Project – GA n°1924 
 

5 
AQUATEC, projects for the 

water sector (SUEZ) 
Environmental engineering 

consulting company 
 

6 SUEZ 
Environmental engineering 

consulting company 
 

7 INTECSA 
Environmental engineering 

consulting company 
general@intecsa-inarsa.es 

8 Eduardo Lupiani Moreno 
Environmental engineering 

consulting company 
 

9 WWF España 
Non profit environmetal 

organization 
aguascont@wwf.es 

10 Diputación de Alicante 
Authority responsible for 

water management 
(regional) 

ciclohidrico@gmail.com 

11 University of Alicante Particular interest  

12 Miguel Hernández University Particular interest  

13 
Politecnic University of 

Valencia 
Particular interest  

14 
Complutense University of 

Madrid 
Particular interest  

15 
Instituto Geológico y Minero 

de España 
Particular interest  

16 
Asociación para la protección 
del acuífero Alto Guadalentín 

Particular interest  

17 UDLAP Particular interest  

18 
Detektia Earth Surface 

Monitoring S.L. 
Particular interest  

 

2.3. THE GEDIZ RIVER BASIN, TURKEY   

Table 2-3 List of Stakeholders. 

Stakeholder /end user Institutional e-mail 
(when available) ID Name Type (*) 

1 
General Directorate of Water 

Management (SYGM) 
Governmental at the country level  

2 
General Directorate of State 

Hydraulic Works (DSI) 
Governmental at the country level  

3 
2nd Regional Directorate of State 

Hydraulic Works (DSI) 
Governmental at the regional level  

4 
Izmir Regional Directorate of 

ILBANK, Inc. 
Governmental at the regional level  

5 
Izmir Provincial Directorate of 
Environment and Urbanisation 

Governmental at the regional level  

6 
Manisa Provincial Directorate of 
Environment and Urbanisation 

Governmental at the regional level  

mailto:aguascont@wwf.es
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7 
Izmir Water and Sewerage 

Administration (IZSU) 
Local authority responsible for 
water management and supply 

 

8 
Manisa Water and Sewerage 

Administration (MASKI) 
Local authority responsible for 
water management and supply 

 

9 
Manisa Organized Industrial District 

(MOSB) 
Industrial consumer  

10 
Atatürk Organized Industrial District 

(AOSB) 
Industrial consumer  

11 Salihli Organized Industrial District Industrial consumer  

12 
Kemalpaşa Organized Industrial 

District 
Industrial consumer  

13 
International Agricultural Research 

and Training Center (UTAEM) 
Research organization  

14 Tübitak Marmara Research Center Research organization  

15 
Chamber of Environmental 

Engineers 
NGO  

16 Chamber of Civil Engineers NGO  

17 Chamber of Geological Engineers NGO  

18 
Dokuz Eylul University, Department 

of Geological Engineering 
Research organization  

19 
Dokuz Eylul University, Department 

of Civil Engineering 
Research organization  

20 
Dokuz Eylul University, Department 

of Geophysical Engineering 
Research organization  

21 
Izmir Institute of Technology, 

Department of Civil Engineering 
Research organization  

22 
Ege University, Department of Civil 

Engineering 
Research organization  

23 
Izmir Katip Çelebi University, 

Department of Civil Engineering 
Research organization  

24 
Celal Bayar University, Department 

of Civil Engineering 
Research organization  

25 
Ata İnşaat Mimarlık Mühendislik-

Salihli Ltd.Şti. 
Private company  

26 
JEFSON Jeofizik Mühendislik ve 

Sondaj Hizmetleri Ltd.Şti. 
Private company  
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2.4. THE AZRAQ WETLAND RESERVE, JORDAN   

Table 2-4 List of Stakeholders. 

Stakeholder /end user Institutional e-mail (when 
available) ID Name Type (*) 

1 

Ministry of Water and Irrigation 
(MWI) 

National authority (policy 
makers) 

 

2  

3  

4  

5 
Ministry of Environment 

National authority (policy 
makers) 

 

6  

7 
Ministry of Agriculture 

National authority (policy 
makers) 

 

8 
Ministry of Tourism and Antiquities 

National authority (policy 
makers) 

 

9 Miyahuna Company/ Amman Water supply company  

10 Myahuna Company/ Zarqa Water supply company  

11 Aqaba Water Company Water supply company  

12 Jordanian Engineers Association Civil society organization  

13 Jordanian Geologists Association Civil society organization  

14 Royal Society for the Conservation 
of Nature 

Civil society organization 
 

15  

16 
The University of Jordan 

Research and academic 
organizations 
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3. MEETING WITH STAKEHOLDERS 

Once the stakeholders have been identified the consortium has to answer the following questions:  

1. What is their role in the project?  

2. What do they need? What are their expectations? 

3. How important is the project to them? 

4. What is their power and impact on the project? 

5. What are their priorities? 

 

In order to answer these questions, in task T2.2. workshops for each pilot site were planned to be organized 

during month 4 of the project. The main goal was also to discuss the research gaps with regard the sustainable 

groundwater management through interviews with the local authorities, farmers and technicians and to 

perform user requirements analysis.  

The specific aims of the workshops should have been the following: 

(i) to present the project, its objectives, activities and outputs; 

(ii) to perform user requirements analysis through direct distribution of the questionnaires to 

answer the questions described above; 

(iii) to present them the preliminary requirements identified through review undertaken in Task 2.1 

and get their feedback. 

The COVID-19 pandemic measures (lockdown, travel restrictions, social distancing and other measures 

adopted to limit the spread of the virus) have impeded most of the physical meetings. The project had to 

adapt to new ways of working. Therefore, information has been collected through:  

• one-to-one interviews; 

• online meeting with stakeholders. 

Example of invitation letter for the online meetings are reported in the Annex 1. 

 

A workshop took place at the University of Jordan on September 9, 2020, where stakeholders from different 

ministries, organizations, and companies in Jordan attended and participated effectively.  

 

3.1. THE COASTAL AQUIFER OF COMACCHIO, ITALY 

A first inception remote meeting has been organized to involve Regione Emilia Romagna (RER) in the 

RESERVOIR activities. The inception meeting was organized via Google Meet on 9th April, 2020 by UNIPV and 

UNIPD. The invited participants were 12 by including RER and CER. During this meeting RER communicated 

the recent installation of a piezometer to monitor the groundwater level at Goro-Gorino in proximity of an 

assestimeter, that is a tool to monitor in depth the ground deformation. The in-situ monitoring system data 

will be provided by RER. 

The on-line meeting with the stakeholder for the pilot site of the coastal aquifer of Comacchio (Italy), was 

performed on 16th July. The webinar was organized by UNIPV, UNIPD and CER. First of all, more than 15 
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entities have been contacted by phone, then an email was sent to invite the stakeholders (see the Annex 1) 

by sharing the link of the webinar (link meet.google.com/fti-wzyf-imr ). The record for the meeting is saved 

in Google Drive RESERVOIR and has been shared with the stakeholders. The aims of the webinar were: 

I. Introduce the RESERVOIR goal; 

II. Understand the interest for the project  

III. To explore future further collaborations. 

Furthermore, a document about the RESERVOIR presentation was shared with the stakeholders. 

The meeting started on time at 10 am. The convener for the meeting was Prof. Claudia Meisina (University 

of Pavia), who firstly talked introducing the RESERVOIR project. The meeting was designed for a total length 

of 1 h, including the time for the roundtable. 

The list of contents for the meeting was as follows: 

• 10:00 h. RESERVOIR project presentation. Claudia Meisina, University of Pavia. 

• 10:05 h. Description of the Italian pilot site. Claudia Meisina, University of Pavia. 

• 10:17 h. Stakeholder engagement of the municipalities through the RESERVOIR questionnaire. 

Roberto Genovesi, CER. 

• 10:20 h. Description of the RESERVOIR questionnaire. Roberta Bonì, University of Pavia. 

• 10:29 h. Presentation of the ARPA ER activities and interest for the RESERVOIR products. Marco 

Marcaccio, ARPA ER. 

• 10:35 h. Data collection for the GPS station. Claudia Meisina, University of Pavia. 

• 10:38 h. Problematic issue related to the groundwater extraction data for the pilot site because are 

pumping rate for irrigation purposes. Marco Marcaccio, ARPA ER. 

• 10:39 h. Description of the available estimated irrigation data. Roberto Genovesi, Canale Emiliano 

Romagnolo. 

• 10:43 h. Available data of ARPA ER network and question about the hydrogeological modelling. 

Andrea Chahoud, ARPA ER. 

• 10:47 h. Issue related to the modelling of the Italian pilot site. Pietro Teatini, University of Padova. 

• 10:53 h. Availability of the displacement rates at the assestimiter of Goro, Gorino. Necessity to 

disentangle and quantify the different components of the land subsidence. Luisa Perini, Direzione 

Generale Cura del territorio e dell'ambiente, Servizio Geologico, Sismico e dei Suoli. 

• 10:56 h. Necessity to verify the archive of the wells licensed for agricultural purposes. Paolo Severi, 

Regione Emilia Romagna, Direzione Generale Cura del territorio e dell'ambiente, Servizio Geologico, 

Sismico e dei Suoli. 

• 11.02 h. Interest of the CER to evaluate the contribution of the shallow groundwater management 

to mitigate the effect of the salinization and to the land subsidence rate. Tommaso Letterio, CER. 

• 11.08 h. Necessity to use the satellite-based maps to identify local study areas for the Italian pilot 

site. Pietro Teatini, University of Padova. 

• 11.15 h. Suggestion to evaluate the different components of the surface movements using the land 

cover information. Luisa Perini, Regione Emilia Romagna, Direzione Generale Cura del territorio e 

dell'ambiente, Servizio Geologico, Sismico e dei Suoli. 
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• 11.22 h. Final conclusions. Claudia Meisina, University of Pavia. 

 

During the RESERVOIR project presentation, led by Prof. Claudia Meisina, the stakeholders were able to 

understand the project aims, the proposed methodology and the expected outcomes. 

Then, RESERVOIR online questionnaire (Figure 3.1.) was presented to describe the compilation of the 

interviews in order to engage the stakeholders. 

  

 
Figure 3-1 Print screen of question 1 of the questionnaire developed for the Comacchio pilot site stakeholders. 

After 38 minutes of presentation, a roundtable was opened to understand the interests and suggestions from 

the audience. The stakeholders discussed the lack of groundwater extraction data for the pilot site, in which 

the data are estimated and not directly measured.  
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Then, the stakeholders gave insight about the complexity to quantify the different contribution of the surface 

movements in order to disentangle the component of land subsidence due to different processes. Therefore, 

the topic of the discussion moved to address solutions to take into account of this suggestion. 

The roundtable finished after 30 min of fruitful discussion.  

 

 

3.2. THE ALTO GUADALENTÍN AQUIFER, SPAIN 

On July 13th 2020 took place the meeting with the stakeholders for the study area of the Alto Guadalentin 

aquifer (Spain). The list of stakeholders for this study area is included in section 1.2 of the present document. 

Due to restrictions for personal meetings related with the COVID-19 pandemic the meeting was developed 

online in the Google Meet platform (link meet.google.com/tnm-yoyw-tzp). The record for the meeting is 

saved in the servers of the University of Alicante, from where it can be downloaded through the following 

link: https://vertice.cpd.ua.es/225186 and will be available through the webpage of the project. Some 

screenshots showing some of the presentations during the webinar for the Alto Guadalentín pilot are 

reported in the Annex 2. 

 

The meeting started on time at 11 am. The convener for the meeting was Dr. Valdes-Abellan (University of 

Alicante), who firstly talked introducing the meeting, the legal considerations and the list of contents. The 

meeting was organized as a sequence of short presentations focused on different parts of the RESERVOIR 

project and the research topics. The meeting was designed for a total length of 2 hours, but it took some 

extra time due to the roundtable extended more than the expected, showing the interest of the assistants 

and stakeholders in the project and its results. 

 

The list of contents for the meeting was as follows: 

 

• 11:00 h. Presentation 1. RESERVOIR project presentation. Roberto Tomás Jover, University of 

Alicante. 

• 11:10 h. Presentation 2. The Alto Guadalentin aquifer. Concepción Pla Bru, University of Alicante. 

• 11:20 h. Presentation 3. Groundwater resources management in the Alto Guadalentin aquifer. José 

Manzano Cerón, Head of the Hydraulic Public Domain Management Area. Guadalquivir Hydrographic 

Confederation. 

• 11:30 h. Presentation 4. Subsidence in the Alto Guadalentin valley. Roberto Tomás Jover, University 

of Alicante. 

• 12:40 h. Presentation 5. Monitoring strategy in the Alto Guadalentin. Pablo Ezquerro Martín, Spanish 

Geological Survey. 

• 12:50 h. Presentation 6. MODFLOW groundwater model of the Alto Guadalentin aquifer. Pablo 

Ezquerro Martín, Spanish Geological Survey. 

• 13:00 h. Presentation 7. Modelling application for the water management improvement. Carolina 

Guardiola-Albert, Spanish Geological Survey. 

https://vertice.cpd.ua.es/225186
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• 13:10 h. Presentation 8. Participation in the RESERVOIR project. Carolina Guardiola Albert, Spanish 

Geological Survey. 

• 13:20 h. Open roundtable. Javier Valdés Abellán (convener), University of Alicante. 

 

In the first presentation, led by Dr. Tomás, the assistants were able to know about the project and its features. 

The different partners along Europe and Asia, all the pilot areas and the main objectives of the project were 

exposed and explained. 

 

The presentations number 2, 3 and 4 aimed to explain the pilot area of the Alto Guadalentin for a general 

public. First, the aquifer itself was described by Dr. Pla, highlighting the geology context and the main figures 

for its water balance. Following, J. Manzano explained the groundwater resources management of the 

aquifer, describing the most important users and final use of the water resources. It is worthy to highlight 

that the speaker J. Manzano does not belong to the RESERVOIR project team, but it belongs to the Segura 

River Authority which is the administration in charge of the water management in the area, and because of 

that, one of the most important stakeholders in the region. Finally, presentation 4, led by Dr. Tomás, exposed 

the problem of land subsidence in the region, providing some very basic numbers to seize the magnitude of 

the subsidence in the Alto Guadalentín. The information was completed with temporal data series of the 

most important indicators such as the groundwater level and the subsidence rate. 

 

Presentations 5 and 6, led by Dr. Ezquerro, focused on more sophisticated features such as the monitoring 

strategy in the pilot area regarding subsidence with both on-site and satellite sources of information. In 

presentation 6, Dr. Ezquerro showed the existing groundwater model for the pilot area, highlighting the most 

important results that could be obtained to support groundwater management decisions. 

 

The applications and usefulness of a calibrated groundwater model was explained to the audience by Dr. 

Guardiola-Albert in presentation 7. She showed the advantages and the importance of using such tools for 

groundwater management, especially in arid regions where water demands are high and even higher than 

sustainable limits. 

 

Finally, in presentation 8, Dr. Guardiola-Albert, introduced all the possibilities to participate in the project. 

She introduced and explained the content of the questionnaire that would be passed to all participants and 

stakeholders after the webinar to be completed by the RESERVOIR meeting assistants. Afterwards, she also 

introduced the possibility of stakeholders to get involved in the project under different perspectives. For 

instance, from being updated with the last news and results to proposing topics of interest and potential use 

for the expected results from the RESERVOIR project. 

 

After 1 hour and 50 minutes of presentations, a roundtable was opened to listen to and received comments 

and ideas from the audience. The stakeholders were interested in the subsidence ratio and its temporal 

evolution which shows a reduction in the rate during the last years. Following the chronological order, the 

discussion moved to the effects of the subsidence and the hypothetical recuperation of the surface level if 

the water management modifies and the groundwater level arises. Dr. Tomás explained that there are two 

ranges of subsidence: one that can be recovered and other that cannot, according to the elastic or inelastic 
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domains of the subsidence. Finally, the most important topics considered in the roundtable also evaluated 

the inclusion of the subsidence phenomenon as an additional factor in the groundwater management and 

the inclusion of limitations in some uses in the legal structure of the water demand in the region. The 

roundtable finished after 40 min of fruitful discussion. 

 

The questionnaire was developed in Google Forms as it is a free tool which allowed to easily get summary 

statistics of the answers (Figure 3.2.). Participants were asked to accept the data protection and privacy 

policies included in the form. In addition, participants who answered the questionnaire were contacted by 

email or telephone to better delineate the main working lines of RESERVOIR project. 

 

 

 
Figure 3-2 Print screen of question 1 of developed for the Alto Guadalentín stakeholders the questionnaire  
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3.3. THE GEDIZ RIVER BASIN, TURKEY   

The questionnaire used by all partners of the consortium was translated into Turkish (Figure 3-33.3.) and one 

question was added to the original line of questions. The added question is question number 9 asking 

whether the participant has previous knowledge about groundwater flow modeling. Furthermore, some 

answer options in the questionnaire were slightly modified to adapt to local conditions in the Gediz River 

Basin (GRB).  

The questionnaire was transformed into an online form using Google Forms (Errore. L'origine riferimento 

non è stata trovata.3.4.). The link to the online questionnaire was sent with an e-mail introducing the project 

and the objectives of the questionnaire study to 101 individuals who represent institutions, organizations, 

universities, and companies, which are in some way involved in water management issues of the GRB. A 

visual presentation of the project details was prepared (DOI: 10.13140/RG.2.2.26214.65604) and attached to 

the e-mail introducing the project and the questionnaire. The presentation contents were objectives and 

scope of the project, motivation of the study, key information about project partners, explanations of project 

work packages, and expected outcomes of the project. After distributing the questionnaire e-mails along with 

the project presentation, some key stakeholder members were contacted by telephone to emphasize the 

importance of their contribution to the project and encourage their participation in the questionnaire. The 

distribution took place from October 11th to October 14th, 2020. Answers to the questionnaire were accepted 

until October 16th, 2020.  

31 individuals out of 101 potential stakeholder members responded to the online questionnaire. The 

respondents were mostly affiliated with governmental institutions, research organizations, and universities 

comprising of 17 entities. The list of represented stakeholders is provided in Section 2.3 of this deliverable 

and results of the questionnaires reported in Sections 4.1.3, 4.2.3, 4.3.3, and 4.4.3.   
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Figure 3-3 Turkish version of stakeholder questionnaire. 
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Figure 3-4 Screenshot of the initial section of the online GRB stakeholder questionnaire. 

 

3.4. THE AZRAQ WETLAND RESERVE, JORDAN 

A workshop took place at the University of Jordan on September 9, 2020, where stakeholders from different 

ministries, organizations, and companies in Jordan attended and participated effectively. This workshop 

aimed primarily identify the research gaps and feedback from the perspective of the stakeholders. A brief 

introduction on RESERVOIR project was presented to the attendees along with the project’s methodology, 

and the expected outcomes. The workshop was interactive in nature where participants engaged in 

discussions with each other and the presenters. Towards the end of the workshop, a questionnaire was 

distributed to the attendees and the responses were analyzed afterwards. A summary of the key findings of 

the stakeholder engagement workshop and questionnaire are shown under the sections 4.1.4., 4.2.4., 4.3.4., 

and 4.4.4. The agenda and pictures of the workshops in Jordan, and screenshot of the on-line webinar for 

the Italian and Spanish pilot sites are reported in the Annex 2. 
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4. STAKEHOLDERS REQUIREMENTS 

4.1. Main problems in the area in the groundwater management 

4.1.1. THE COASTAL AQUIFER OF COMACCHIO, ITALY 

In the coastal aquifer of the Comacchio pilot site (Italy), the analysis of the compiled RESERVOIR 

questionnaire gives insight about two major issues affecting the site that are the natural and anthropogenic 

land subsidence and the saltwater intrusion in the phreatic aquifer (Figure 4.1.). An important issue is also 

the soil salinization that is a relevant problem mainly pointed out by the farmers of the study area. 11% of 

the stakeholder reports the problem of the sea level rise, being localized in proximity of the Adriatic coastline. 

The entities involved in the monitoring of the groundwater resources of the study area signaled the problem 

of groundwater quality related to deep percolation of pollutants from agricultural areas (7%).  

It’s worth noting that local authorities report also the problem related to the high groundwater demand to 

sustain the most important economical wealth in the area and the lack of preparation against the climate 

change effects. Minor issues are related to the land reclamation drainage systems (4%) and insufficient 

aquifer recharge (2%). 

The overview of the stakeholder considerations gives insight about how different actors engaged in the 

RESERVOIR project pointed out different problems all related to the sustainable groundwater management.   

 
Figure 4-1 Main problems detected by stakeholders in the coastal aquifer of the Comacchio pilot site. 
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Regarding the groundwater management tools, the stakeholder interviews give insight about the lack of 

managerial and planning instruments and the technical instruments (Figure 4.2.). 

 
Figure 4-2 Most relevant issues related to groundwater management tools in the coastal aquifer of the Comacchio pilot site. 

As far as the key data missed is concerned, the stakeholders reported that there is the lack of data for the 

water budget in the aquifer and about the groundwater extraction (Table 4.1). The local authorities of the 

study area highlight that the available data are values estimated and not measured. Indeed, the groundwater 

demand for irrigation is estimated considering the size of the cultivated area and the type of crops.  

Furthermore, the exact location of the extraction wells is missing. 17% of the stakeholders reported the lack 

of data about the climate changes effects and the seawater intrusion. Among the stakeholders, the 

technicians reported the lack of change in groundwater storage data. The stakeholder indicated also missed 

data for the surface water supply and irrigation rates, land subsidence data and recharge areas (Table 4.1). 

Table 4-1 Key data missed in the coastal aquifer of the Comacchio pilot site. 

 % 
Groundwater extraction data (pumping) 17% 
Surface water supply and irrigation rates 6% 

Water budget in the aquifer 22% 
Change in groundwater storage 11% 

Land subsidence data 6% 
Seawater intrusion 17% 

Recharge areas 6% 
Climate change effects 17% 

Further considerations 

 

Some key stakeholders were personally contacted (by phone) to develop an active and effective cooperation 

aimed to identify the major problems of the pilot site. With respect to the main problems in the area related 

with the groundwater management, the following conclusions have been drawn from these contacts: 
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• The main problems identified by the stakeholder are the natural and human-induced land subsidence 

and the seawater intrusion of the phreatic aquifer.  

• The problem of the seawater intrusion of the phreatic aquifer affects the agriculture activities. 

Seawater intrusion causes a deterioration of groundwater quality and the farms cannot use the 

groundwater resources for irrigation due to the high salinity.  Therefore, there is the necessity to 

deeply understand the interaction between the freshwater and saltwater. 

• The problem of the land subsidence is mainly identified by some municipalities localized along the 

coastline. In particular, the municipalities of Goro-Gorino reports damage along the quayside due to 

land subsidence phenomena. Therefore, further investigations are necessary to understand the 

predisposing and triggering factors of land subsidence of this area.   

 

4.1.2. THE ALTO GUADALENTÍN AQUIFER, SPAIN 

Stakeholders considered that the principal problem in the area of the Alto Guadalentín aquifer is the over-

exploitation of groundwater (Figure 4.3.). This consideration constitutes a real fact caused by the agricultural 

development occurred in the area, mainly concentrated in the last decades of the XX century (CHS 2007). In 

2015 overexploitation was estimated in 22.2 hm3/year (CHS 2015). Additionally, stakeholders considered 

that groundwater pollution due to agriculture returns is a major problem, which has been also recognized 

and officially declared by the Segura Hydrographic Demarcation (SHD), the organism responsible for the 

management of the water resources in the area. After these two most important problems, stakeholders also 

identified problems related to land subsidence, insufficient aquifer recharge, high groundwater demands to 

sustain the most important economic activity in the area, lack of preparation against climate change and 

problems related to public gardens watering (Figure 4.3.). 
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Figure 4-3 Main problems detected by stakeholders in the Alto Guadalentín aquifer. 

 

 Groundwater management tools are essential for decision makers to solve problems in the groundwater 

management. Regarding this topic, stakeholders highlighted that in the Alto Guadalentín aquifer the lack of 

managerial, planning, and technical instruments are the most relevant issues (Figure 4.4.). The lack of 

regulatory instruments which control groundwater property and rights, well licensing and registering and 

drilling accreditation needs also to be considered. 

 

Figure 4-4 Most relevant issues related to groundwater management tools in the Alto Guadalentín aquifer.  
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This lack of managerial, planning, technical and regulatory instruments could be the consequence of a lack 

of well-organised key data, which allow an effective groundwater management. For instance, the majority of 

stakeholders (45%) considered that the principal missed information relates to groundwater extraction data 

(Table 4.2.). The lack of data about water quality was also reported by stakeholders (10%). Stakeholders also 

missed information about groundwater levels, surface water and irrigation rates, water budget, sustainable 

yield, land subsidence, recharge areas, and climate change and forecasts (Table 4.2.). 

 
Table 4-2 Key data missed in the Alto Guadalentín aquifer. 

 % 

Groundwater levels (elevations) 5 

Groundwater extraction data (pumping) 45 

Surface water supply and irrigation rates 5 
Water budget in the aquifer 5 

Sustainable yield 5 

Land subsidence data 5 

Water quality data 10 
Recharge areas 5 

Climate forecasts 5 

Climate change effects 5 

Other 5 
 

Further considerations 

 

Some stakeholders were personally contacted (by phone or email) to further develop concrete lines of action 

within the project and to enhance their engagement with the RESERVOIR project-based on the 

questionnaires results. With respect to the main problems in the area related with the groundwater 

management, the following conclusions have been drawn from these contacts: 

 

- Currently the water supply to the population is guaranteed. 

 

- Although the main problem identified by the stakeholders is the overexploitation of the aquifer, it is 

considered that the quantitative problem of chemical contamination is equally important. In this pilot 

case, there is a rare phenomenon that is the intrusion of the waters of a deep aquifer with reducing 

waters, caused by the decrease in the piezometry. On the other hand, the nitrate problem, which is 

of the first magnitude in accordance with EU guidelines, cannot be minimized, and mitigation 

measures for this problem should be considered (e.g. reduction of water application for irrigation). 

 

- The measures taken in the past have not been sufficient to reverse the state of overexploitation of 

the aquifer. These measures have been: (i) substitution of groundwater urban supplies with other 

origins, (ii) reduction of leaks, (iii) no increase in irrigated areas, (iv) irrigation efficiency, (v) flow 

meter installation, (vi) use of wastewater, (vii) use of desalinated water, (viii) piezometric and 

chemical control. 
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- Some of these management measures could be strengthened in the next planning cycle: 

o Regeneration of waste urban waters for irrigation 

o Increase irrigation efficiency, although this measure has been recently questioned (Perry et 

al. 2017). 

o Reduction of leaks in water distribution networks. 

o Reduction of the volume groundwater extracted from the Alto Guadalentín aquifer in 

accordance with the available reservoir and limit crops that are incompatible with the 

sustainability of the aquifer. This requires a design of policies aimed at reducing the weight 

of the agricultural sector based on the consumption of non-renewable water resources. 

Effective implementation of these policies requires social consensus and short-term 

implementation of these policies. 

o One alternative way to manage the overexploitation and contamination could be to fix a 

minimum piezometric level. 

o Control of subsidence caused by groundwater extraction is a new restriction to be 

incorporated into groundwater planning. This is of interest in the whole Segura River 

catchment because urgent actions taken in the drought plans do not consider the 

geotechnical and subsidence problems that can be triggered by new pumps. 

 

- The technical tools that should be introduced or improved are: 

o Currently, the SHD controls 90% of extractions with satellite image interpretation 

methodologies by assigning different consumptions to controlled crops. There is not 

information on the amount of extractions controlled by flow meters, although it may not 

exceed 40% of the total volume. This control should reach 100% in order to perform optimal 

aquifer management. Furthermore, one proposal could be that these data were free and 

public.  

o Improving the piezometric and chemical monitoring network at real time (see section 3.2.2. 

for more information), and: (i) join this information with the management tool which 

stablishes the allowed extractions quantities, (ii) disseminate this information, and (iii) make 

it easily available for the public. 

o Improving information about the existence (or not) of illegal wells. 

o Conducting a complete hydrogeological characterization of the Alto Guadalentín aquifer and 

disseminate their results. 

o Modeling water quantity and quality and disseminate the results. 

o Studying of alternatives for the use of other resources. 

o Modeling plan and leak management in pressure water networks. 

o Developing a wastewater reuse project in sewage treatment plants. 

o Developing territory planning instruments and environmental and socio-economic impact 

estimates. 
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4.1.3. THE GEDIZ RIVER BASIN, TURKEY 

In the first question of the questionnaire, stakeholders of the Gediz River Basin were asked what the most 

relevant problem in their area or the basin. They were allowed to select multiple answers. The most prevalent 

problem was the over-exploitation of groundwater, which was selected by 87 % of the stakeholders who 

participated in responding to the questionnaire. 71 % of the stakeholders considered groundwater pollution 

due to agricultural activities a relevant problem for the basin. Insufficient aquifer recharge and groundwater 

pollution due to other reasons were viewed as problems by 42% of the respondents. One of the other reasons 

mentioned was the contamination of groundwater by industrial and/or domestic wastewater discharges and 

leakage from sewer lines. Furthermore, one-third of the stakeholders believe that land subsidence is of 

concern in the Gediz River Basin. At this point, it should be noted that some of the stakeholders might not be 

directly affected by any of the suggested problems, in particular by land subsidence. Therefore, land 

subsidence might have been considered as a local issue rather than a widespread issue that affects the entire 

basin. Similarly, seawater intrusion in the phreatic aquifer is viewed as a relevant problem by 29% of the 

stakeholders. Issues such as soil salinization and land reclamation drainage systems received marginal 

responses. The issue of high groundwater demand to sustain economic activities in the area was not 

considered an important issue by any of the participants. A few stakeholders added other problems as 

relevant for their areas. These are unmanaged urbanization, environmental impacts of industrial areas, and 

the absence of wastewater treatment plants or their intermittent operations. A summary of the results for 

this question is shown in Figure 4.5. 

 

 

 
Figure 4-5 Most relevant problems in the GRB or the area according to stakeholders. 

 

Concerning the most relevant issues related to various groundwater management tools, issues with respect 

to managerial and planning tools stood out with 52% of all stakeholders (Figure 4.6.). 19% of stakeholders 

consider technical instruments to have the most important problems. Similarly, problems related to 

regulatory instruments were viewed as important by 19% of the respondents. Economic instruments were 

considered as a problem by only 10% of the stakeholders. It is likely that economic instruments were thought 
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irrelevant for the Gediz River Basin since some instruments such as groundwater pricing and tradeable rights 

are not implemented in Turkey. 

 

 
Figure 4-6 Most significant problems in the GRB related groundwater management tools. 

The stakeholders were asked which concepts related to groundwater management lack information or have 

uncertainty in the data. Multiple selections of answers were possible. Most of the stakeholders (71 %) report 

groundwater extraction data, i.e. information about the amount of groundwater that is pumped out of the 

aquifer as lacking or uncertain in the Gediz River Basin. Also, about half of the stakeholders believe that 

uncertainty in information related to the total water consumption, changes in groundwater storage and 

water budget interfere with the ability to manage groundwater. The lack of information about groundwater 

recharge (areas and potential) is another issue identified as significant by 42 % of the stakeholders. The least 

uncertainty or lack of information was considered to be about land subsidence data (13 %) and climate 

forecasts (16 %). It is interesting to note that one stakeholder mentioned political influences as a challenge 

in groundwater management. Responses to this question by the participated stakeholders are illustrated in 

Figure 4.7. 

 

 
Figure 4-7 Missing or uncertain information interfering with the ability to manage groundwater in the GRB effectively. 
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4.1.4. THE AZRAQ WETLAND RESERVE, JORDAN 

The questionnaire encompassed three questions which tackled the main groundwater problems in the target 

regions; namely the most relevant groundwater and groundwater management tools issues and the data 

scarcity and insufficiency in each region. According to the stakeholders, the most concerning groundwater 

issues in the Azraq Basin are the over-exploitation of groundwater and the high groundwater demand to 

sustain the most important economical wealth in the area. These two issues were selected equally by 53% 

of the respondents as the most pressing groundwater issues. The other important issues which were selected 

by the respondents are the insufficient aquifer recharge and sea level rise, groundwater pollution due to 

agriculture, and saltwater intrusion in the phreatic aquifer. The soil salinization, decision making in 

groundwater management, and water policies issues were of little significance while the natural and 

anthropogenic land subsidence and the land reclamation drainage systems were not recognized as relevant 

issues in the Azraq Basin. A summary of the most relevant issues in the Azraq Basin area (question 1 of the 

questionnaire) is presented in the accompanying Table 4.3. and Figure 4.8. 

 
Table 4-3 The most relevant issues in the Azraq Groundwater Basin. 

Question Frequency (votes) Percentage* 

saltwater intrusion in the phreatic aquifer 3 20% 

natural and anthropogenic land subsidence 0 0% 

land reclamation drainage systems 0 0% 

soil salinization 1 7% 

insufficient aquifer recharge and sea level rise 5 33% 

over-exploitation of groundwater 8 53% 
high groundwater demand to sustain the most 
important economical wealth in the area 8 53% 

groundwater pollution due to agriculture 4 27% 
Other: surface water (rainfall issues), water policies, 
management plants, decision making 2 13% 

* The percentage was calculated based on sample size = 15.   
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Figure 4-8 Most relevant problems in the Azraq Groundwater Basin according to stakeholders. 

 

The questionnaire also addressed the most relevant issues pertaining to groundwater management tools in 

the study areas. The majority of participants believed that the technical instruments (e.g. surveying, 

groundwater quantity and quality monitoring and modelling, other diagnostic analyses) is the key issue in 

groundwater management tools in the Azraq Basin. Managerial and planning instruments (e.g. land use and 

spatial planning, environmental impact assessment, groundwater protection zoning, definition of 

responsibilities and roles of various groundwater resources management entities) and regulatory 

instruments (e.g. groundwater property and rights, well licensing and registering, drilling accreditation, water 

legislation) have also been acknowledged as core issues. Nevertheless, the economic instruments (e.g. 

groundwater pricing, environmental taxes, tradable rights and groundwater markets) and operation and 

maintenance of groundwater resources were of little significance from the stakeholders’ perspectives. A 

summary of the most relevant issues in groundwater management tools in the Azraq Basin area (question 2 

of the questionnaire) is presented in the accompanying Table 4.4 and Figure 4.9. 
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Table 4-4 The most relevant issues in groundwater management tools. 

Question Frequency (votes) Percentage* 

Technical instruments (e.g. surveying, groundwater 
quantity and quality monitoring and modelling, other 
diagnostic analyses) 

7 47% 

Managerial and planning instruments (e.g. land use and 
spatial planning, environmental impact assessment, 
groundwater protection zoning, definition of 
responsibilities and roles of various groundwater resources 
management entities) 

6 40% 

Regulatory instruments (e.g. groundwater property and 
rights, well licensing and registering, drilling accreditation, 
water legislation) 

6 40% 

Economic instruments (e.g. groundwater pricing, 
environmental taxes, tradable rights and groundwater 
markets) 

2 13% 

Other (operation and maintenance for groundwater 
resources) 

2 13% 

* The percentage was calculated based on sample size = 15. 

 

 
Figure 4-9 Most significant problems in the Azraq Groundwater Basin related groundwater management tools. 

Finally, the stakeholders were asked for their opinion on the missing and uncertain groundwater 

management data by selecting one or more data categories with key gaps and major uncertainties. It was 

inferred that there is a major deficiency and uncertainty in the groundwater-dependent ecosystems, water 

quality data, and climate forecasts data categories. On the other hand, there is a moderate deficiency in 

groundwater extraction, change in groundwater storage, water budget, sustainable yield, recharge areas, 

and recharge potential yield data categories. The stakeholders also believed that data deficiency and 

uncertainty is minor in groundwater levels, surface water supply, seawater intrusion, and the rechargeable 

surface water data categories and insignificant in the total water use and land subsidence data categories. A 
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summary of the uncertain and missing groundwater management data in the Azraq Basin area (question 3 

of the questionnaire) is presented in the accompanying Table 4.5 and Figure 4.10. 
Table 4-5 Uncertain and missing groundwater management data in Azraq Basin. 

Question Frequency (votes) Percentage* 

Groundwater levels (elevations) 2 13% 

Groundwater extraction data (pumping) 3 20% 

Surface water supply 1 7% 

Total water use 0 0% 

Change in groundwater storage 3 20% 

Water budget 3 20% 

Sustainable yield 3 20% 

Land subsidence data 0 0% 

Seawater intrusion 1 7% 

Water quality data 5 33% 

Recharge areas 3 20% 

Recharge potential 3 20% 

Climate forecasts 5 33% 

Groundwater-dependent ecosystems 6 40% 

Other (rechargeable surface water amounts) 1 7% 

* The percentage was calculated based on sample size = 15. 

 

 

Figure 4-10 Uncertain and missing groundwater management data in Azraq Basin. 
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4.2. Adequacy of existing monitoring 

4.2.1. THE COASTAL AQUIFER OF COMACCHIO, ITALY 

Stakeholders’ opinion about the groundwater elevations and water quality monitoring shows that the 

acquired data are neither adequate and inadequate both considering the frequency of the acquisitions and 

the points spatial distribution. The water quality monitoring points spatial distribution shows the higher 

percentage of stakeholders reporting inadequate data (Figure 4.11.). None of the respondents assesses that 

the monitoring of the groundwater level variation and water quality is very adequate, except one stakeholder 

that defined the frequency of the water quality monitoring as very adequate. 

 
Figure 4-11 Adequacy of the monitoring coverage in the Comacchio coastal aquifer. 

Further considerations 

 

The entities which are involved in the groundwater monitoring (CER, ARPA ER, RER) have been involved as 

key stakeholders for the Comacchio coastal aquifer pilot site and were personally contacted (by phone or 

email). During the interviews, the adequacy of existing monitoring was discussed and difficulties have 

emerged from the definition of the adequacy or inadequacy of the monitoring. In fact, there are no 

benchmarks to evaluate the adequacy of the groundwater monitoring network both considering the 

frequency and the point spatial distribution, such as the piezometers density considering the extension of 

the monitored area. Therefore, efforts will be made to address this issue and this topic will be included in the 

guidelines for Groundwater Resource Management (GRM) that will be developed within WP7. 
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4.2.2. THE ALTO GUADALENTÍN AQUIFER, SPAIN 

Stakeholders’ opinion about the adequacy of the monitoring coverage for decision-making purpose in the 

study area points to an inadequate spatial distribution of both groundwater elevations (50%) and water 

quality (55%) monitoring points. However, stakeholders mostly consider adequate the monitoring frequency 

of piezometry (45%) and have doubts about the water quality measurement frequency (40% consider that 

the frequency is neither adequate or inadequate, 40% consider that the frequency is inadequate and 20% 

consider that the frequency is adequate) (Figure 4.12.).  

 

 

Figure 4-12 Adequacy of the monitoring coverage in the Alto Guadalentín aquifer. 

Further considerations 

 

As it was mentioned before, those stakeholders which were the most related to the pilot site, were personally 

contacted (by phone or email). The adequacy of existing monitoring was also discussed in these 

conversations. It can be concluded that the vision on the frequency and spatial distribution of piezometry 

and water quality measurements in the aquifer is disparate among the interested bodies. As a result, it could 

be helpful to obtain objective criteria for information on whether the monitoring network is adequate. These 

criteria could be based on the results of the mathematical model of the aquifer and a statistical study of the 

spatio-temporal variability of piezometry and the different chemical parameters of interest. 
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4.2.3. THE GEDIZ RIVER BASIN, TURKEY 

The question about the adequacy of existing monitoring efforts in the Gediz River Basin received a mixed 

response from the stakeholders. In terms of groundwater elevation monitoring, the opinion was clearer. 75% 

of all stakeholders consider level monitoring as insufficient in terms of measurement frequency (Figure 4.13). 

An overwhelming majority (52%) see monitoring as mostly inadequate. On the contrary, none of the 

stakeholders consider level monitoring as very adequate, and only 16% consider it as mostly adequate. The 

opinions received for the spatial coverage of groundwater level monitoring are similar (Figure 4.14.). For 

example, 64% of the stakeholder consider it insufficient. Only 7% consider it as mostly adequate and 16% as 

somewhat adequate. None of the respondents assesses it as very adequate. 

 

 
Figure 4-13 Sufficiency of groundwater elevation monitoring in terms of monitoring frequency. 

The opinions about the adequacy of groundwater monitoring efforts in terms of groundwater quality vary 

significantly among the GRB stakeholders. Yet again, none of the stakeholders views the efforts as very 

adequate in monitoring frequency and spatial coverage. The frequency of groundwater sampling is 

considered as adequate by 32% of the respondents with most of them considering it as “somewhat 

adequate” (Figure 4.15.). On the other hand, the frequency of sampling is found to be mostly inadequate by 

36% and somewhat inadequate by 16% of all stakeholders (total of 52%). There seems to be an indecisive 

group of stakeholders (16%) who consider sampling frequency as neither adequate nor inadequate. This 

response can also be interpreted as a satisfactory effort of groundwater sampling frequency.  

The adequacy of groundwater quality sampling in terms of geographic representations is generally 

considered insufficient. It is shown in Errore. L'origine riferimento non è stata trovata.. that 29% find the 

spatial coverage as mostly inadequate, and 22% consider it as somewhat inadequate. It should be noted that 

10% of stakeholders view the spatial coverage of sampling as mostly adequate. 

In summary, the efforts in the monitoring of groundwater quality are regarded in general as more sufficient 

than groundwater elevation measurements (34% vs. 23%). The frequency of monitoring is considered slightly 

less adequate than spatial coverage (27% vs. 29%). It is also evident from the questionnaire results that the 

stakeholder perspective about groundwater quality monitoring is divided and there is no dominant opinion. 
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Figure 4-14 Sufficiency of groundwater elevation monitoring in terms of spatial coverage. 

 

 

Figure 4-15 Sufficiency of groundwater quality monitoring in terms of monitoring frequency. 

 

 

Figure 4-16 Sufficiency of groundwater quality monitoring in terms of spatial coverage. 
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4.2.4. THE AZRAQ WETLAND RESERVE, JORDAN 

The adequacy of groundwater modeling for an ideal groundwater management decision-making was 

addressed in question 4 where the participants rated the adequacy of monitoring of different data categories. 

The responses were inconclusive regarding the groundwater elevations and the water quality data. On the 

other hand, the participants clearly demonstrated that there is a key deficiency in monitoring the geographic 

representation data.  

 

4.3. Modelling use for groundwater management 

4.3.1. THE COASTAL AQUIFER OF COMACCHIO, ITALY 

The stakeholders responded that the modelling in the Coastal aquifer of Comacchio is mainly focused for the 

water budget, to predict and plan the land subsidence and for long-term planning (Figure 4.17.). The models 

were developed using MODFLOW, GROUNDWATER VISTAS. Furthermore, IRRINET is the model used to plan 

the water budget for irrigation purposes.  

 
Figure 4-17 Applications of groundwater modelling for management in the Comacchio coastal aquifer. 

Further considerations 

 

Regarding the modelling, the analysis of the stakeholder interviews shows that different models were 

exploited in the past, taking into account the aims of the studies. In particular, MODFLOW models were 
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mainly applied to simulate the groundwater flow of the deep aquifers and IRRINET for the shallow aquifer 

used for irrigation purposes. Therefore, taking into account of the major issues of the study area (see 

paragraph 4.1.1.), detailed models will be developed for subareas defined within the Comacchio coastal 

aquifer pilot site.  

4.3.2. THE ALTO GUADALENTÍN AQUIFER, SPAIN 

90% of the stakeholders that participated in the RESERVOIR survey confirmed that they have previous 

knowledge about numerical groundwater modelling, but within them only 45% have information about the 

application for which the model is employed in the Alto Guadalentín aquifer (Figure 4.18.). Thus, most of 

them (46%) confirmed that modelling is employed for long-term water planning. Alternative uses of 

groundwater modelling in the area are the calculation of water budgets (18%), groundwater extraction 

planning (9%), subsidence prediction and planning (9%), environmental impact studies (9%) and research 

(9%). 

 

 

Figure 4-18 Applications of groundwater modelling for management in the Alto Guadalentín aquifer. 

 

Further considerations 

 

The most personal contacts performed with some stakeholders also allowed to tackle issues related with 

modelling use for groundwater management: 
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- It is already mentioned in former sections the importance of having real measurements of pumps, 

but here it must be highlighted that to develop a robust model with the less uncertainties as possible, 

it is important to include all existing extractions and flow meter data.  

- These meetings reinforced the importance of having a groundwater model as a support management 

tool, which must be continuously updated. 

- The design of alternatives and scenarios based on the periodic state of the aquifer to support 

decision-making for exploitation is also essential. 

- All stakeholders agree with the idea of the RESERVOIR project about developing a tool to spread 

model results to make them accessible, free of charge and easy to understand. Raise awareness and 

dissemination campaigns should be planned to reach this aim. 

- Likewise, and to the extent permitted by the coronavirus pandemic, meetings between aquifer water 

managers and modelers responsible for model development and maintenance should be about twice 

a year during the 2, 3 and 4 years of the project. These meetings would adapt the model to be useful 

as a tool to support groundwater management. 

 

There have been several versions of the Alto Guadalentín groundwater numerical modelling (UPV, 2005; and 

Ezquerro et al., 2017). The big challenge is to join a subsidence module to the flow model, and this could 

require rebuilding the flow model. 

 

 

4.3.3. THE GEDIZ RIVER BASIN, TURKEY 

In the next section of the questionnaire about the use and purpose of groundwater flow modeling in the 

GRB, stakeholders were first asked whether they know what groundwater flow modeling is. Most of the 

stakeholders (84%) responded positively (Figure 4.19.). Furthermore, they were asked about the presence of 

any kind of groundwater flow model (analytical or numerical) that was developed for the GRB, and the name 

of the model, if it is known (Figure 4.20.). The majority of stakeholder stated that they have no knowledge 

about it, 23% confirmed the presence of a model, and the remaining 16% gave a definite negative response. 

Most of the respondents who confirmed the presence of a groundwater flow model stated MODFLOW as the 

name of the model. Hydrus, WEAP, and the recently released national modeling software Hidrotürk were 

mentioned in other answers even though these are not groundwater flow models, except for Hidrotürk, 

which has a separate module designed for groundwater flow simulations. It is important to note that actually, 

only one 2-D steady-state numerical groundwater flow model exists for the GRB that is based on MODFLOW 

(Elçi et al., 2015; DSI, 2014). Whether it is actively used by the State Hydraulic Works could not be confirmed. 
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Figure 4-19 Distribution of GRB stakeholders who have previous knowledge about groundwater flow modelling. 

 

 

(a)

 

(b)

 
  

Figure 4-20 Stakeholder knowledge about a) presence of a groundwater flow model for the GRB, and b) the name of the model. 

 

The last question in this section was the purpose of the application of the groundwater flow model that was 

developed for the GRB. It is interesting to note that a few of the stakeholders who could not confirm the 

presence of a model responded to this question by selecting a use. As can be seen from Figure 4.21., the 

results indicate that 48% of the respondents have no idea about the model’s purpose. Long-term water 

planning (32%), water budget (26%), recharge planning (23%), and contaminant tracing (19%) were other 

uses that were selected by the respondents. The model uses that were not considered by the participated 

stakeholders were land subsidence prediction and planning, streamflow depletion, and environmental 

impact studies.  
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Figure 4-21 Applications of the groundwater flow model used for the GRB. 

 

4.3.4. THE AZRAQ WETLAND RESERVE, JORDAN 

Groundwater modeling was also covered in the questionnaire, and each participant was asked to select one 

application or more for groundwater models from their respective fields. Only a limited number of responses 

were received on the use and application of groundwater models. Nonetheless, most respondents indicated 

that MODFLOW is often deployed and that groundwater models are primarily used for groundwater 

extraction planning, long-term water planning, and environmental impact studies. To a lesser extent, 

groundwater models are used for contaminant tracing and streamflow depletion. A summary of the 

groundwater models applications in the Azraq Basin area (question 6 of the questionnaire) is presented in 

the accompanying Table 4.6. and Figure 4.22. 

Table 4-6 Groundwater models application in the Azraq Groundwater Basin. 

Question Frequency (votes) Percentage* 

Long-term water planning 4 27 

Land-use planning 1 7 

Water budget 1 7 

Streamflow depletion 2 13 

Contaminant tracing 2 13 

Groundwater extraction planning  4 27 

Recharge planning  1 7 

Subsidence prediction and planning  0 0 

Environmental impact studies  3 20 

* The percentage was calculated based on sample size = 15. 
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Figure 4-22 Groundwater models application in the Azraq Groundwater Basin. 

 

4.4. Stakeholder engagement 

Newsletters will be disseminated among all the stakeholders and future webinars will be also organized with 

their engagement. A smaller end-user group was formed for each pilot site. 

4.4.1. THE COASTAL AQUIFER OF COMACCHIO, ITALY 

The expectations and interest of the stakeholders engaged for the coastal Aquifer of Comacchio, are 

summarized in Table 4.7. 

Table 4-7 Stakeholder classification and their role in the project. Level priority and Influence: L  = low; M  = medium; H  = high. 

ID NAME 
 

LOCATION EXPECTATIONS LEVEL 
PRIORITY 

INFLUENCE 
 

....  
WHEN 
IN THE 
PROJET 

INTERNAL/ 
EXTERNAL 

POSITION / 
INTEREST 

INFORMATION 
ACTIVITIES 

1 

Regione Emilia 

Romagna 

Direzione 

Generale Cura 

del territorio e 

dell'ambiente 

Servizio 

Geologico, 

Bologna To stay 
informed 
about current 
activities of 
RESERVOIR 
and to 
disseminate 
the project 
results 

H H WP2, 
WP3, 
WP4, 
WP5, 
WP6, 
WP7 
AND 
WP8 

External Development 
of the project 

plan and 
interpretation 
of the results 

Annual 
meetings 

 
Regular 

workshops 
 

Participating 
in field work 

0 0,5 1 1,5 2 2,5 3 3,5 4 4,5

Subsidence prediction and planning

Land-use planning

Water budget

Recharge planning

Streamflow depletion

Contaminant tracing

Environmental impact studies

Long-term water planning

Groundwater extraction planning

Frequency

Groundwater models application in the Azraq 
Groundwater Basin
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Sismico e dei 

Suoli 

2 

Regione Emilia 

Romagna 

Direzione 

Generale Cura 

del territorio e 

dell'ambiente 

Servizio 

Geologico, 

Sismico e dei 

Suoli agenti fisici 

della Regione 

Emilia-Romagna 

Bologna To stay 
informed 
about current 
activities of 
RESERVOIR 

H H WP2, 
WP5, 
WP6, 
WP7  

External Interpretation 
of the results 

Annual 
meetings 

 

3 

ARPAE FERRARA 

Servizio 

Autorizzazioni e 

concessioni a 

Ferrara  

Ferrara To obtain up-
to-date 
information 
for concrete 
decision-
making 

H H WP2, 
WP5, 
WP7 
AND 
WP8  

External Dissemination 
of the results 

Regular 
updates about 

the project 
(e.g. through a 

newsletter) 

4 

COMUNE DI 

GORO Settore 

Area Tecnica 

Goro To stay 
informed 
about current 
activities of 
RESERVOIR 
and to make 
research 
results 
available to a 
broader 
audience 

H H WP2  External Data 
collection  

Regular 
updates about 

the project 
(e.g. through a 

newsletter) 

5 

COMUNE DI 

LAGOSANTO  

Settore LAVORI 

PUBBLICI, 

PATRIMONIO e 

MANUTENZIONE 

– AMBIENTE E 

TERRITORIO 

Lagosanto To obtain up-
to-date 
information 
for concrete 
decision-
making 

M M WP2 
and 
WP8 

External Data 
collection and 
dissemination 
of the results 

Regular 
workshops 

 
Digital tools: 

video 
conferences, 

shared 
documents 
and folders, 

etc. 

6 

Consorzio di 

Bonifica Pianura 

di Ferrara 

Ferrara To participate 
in studies in 
RESERVOIR, to 
define 
relevant 

H H WP2, 
WP3, 
WP4, 
WP5, 
WP6, 
WP7 

External Development 
of the project 

plan, data 
collection, 

data analysis, 
interpretation 

Regular 
workshops 

 
Digital tools: 

video 
conferences, 
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questions and 
research gaps 
and to make 
research 
results 
available to a 
broader 
audience 

AND 
WP8 

of results and 
dissemination 

of results 

shared 
documents 
and folders, 

etc. 
 

Personal 
dialogues with 

project 
individuals 

 
Participating 
in field work 

7 

ARPA ER Bologna To stay 
informed 
about current 
activities of 
RESERVOIR 
and to 
participate in 
studies in 
RESERVOIR 

H H WP2 External Data 
collection, 

data analysis 
and 

interpretation 
of results 

Annual 
meetings 

 
Regular 

workshops 
 

8 

Consorzio di 

Bonifica di 

Secondo Grado 

per il Canale 

Emiliano 

Romagnolo 

Bologna  H H  Internal   

9 

Dipartimento di 

Ingegneria 

Civile, Chimica, 

Ambientale e 

dei Materiali - 

Università di 

Bologna 

Bologna To stay 
informed 
about current 
activities of 
RESERVOIR 

L L WP2 External Development 
of the project 

plan 

Regular 
workshops 

 
Digital tools: 

video 
conferences, 

shared 
documents 
and folders, 

etc. 

10 

Società Agricola 

Produzioni 

Orticole Benazzi 

Ferrara To stay 
informed 
about current 
activities of 
RESERVOIR 

M M WP8 External Dissemination 
of results 

Personal 
dialogues with 

project 
individuals 

11 

Azienda Agricola 

Visentini, 

Codigoro, 

Ferrara 

Ferrara To stay 
informed 
about current 
activities of 
RESERVOIR 

M M  External Dissemination 
of results 

Personal 
dialogues with 

project 
individuals 

12 

Consorzi di 

Bonifica Delta 

del Po ed Adige 

Po 

Taglio di 
Po  

To stay 
informed 
about current 
activities of 
RESERVOIR, to 
obtain up-to-

H H WP2 
and 
WP8 

External Data 
collection and 
dissemination 

of results 

Regular 
updates about 

the project 
(e.g. through a 

newsletter) 
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date 
information 
for concrete 
decision-
making and to 
make research 
results 
available to a 
broader 
audience 

Regular 
workshops 

13 

Consorzio di 

Bonifica Adige 

Euganeo di Este 

Este To make 
research 
results 
available to a 
broader 
audience 

H H WP8 External Dissemination 
of results 

Regular 
updates about 

the project 
(e.g. through a 

newsletter) 
 

Regular 
workshops 

 
Digital tools: 

video 
conferences, 

shared 
documents 
and folders, 

etc. 

 

 

4.4.2. THE ALTO GUADALENTÍN AQUIFER, SPAIN 

The expectations and interest of the stakeholders engaged for the Alto Guadalentín aquifer, are summarized 

in Table 4.8. 

Table 4-8 Stakeholder classification and their role in the project. Level priority and Influence: L  = low; M  = medium; H  = high. 

ID NAME 
 

LOCATION EXPECTATIONS LEVEL 
PRIORITY 

INFLUENCE 
 

WHEN 
IN THE 
PROJET 

INTERNAL/ 
EXTERNAL 

POSITION / 
INTEREST 

INFORMATION 
ACTIVITIES 

1
  

Confederación 
hidrográfica 
del Segura 
(Hydrografic 
Confederation 
of the Segura 
River) 

Murcia To obtain up-to-
date information 
for concrete 
decision-making 

H H WP2, 
WP3, 
WP4, 
WP5, 
WP6, 
WP7 

External Development 
of the project 
plan 
 

Regular 
updates about 
the project 
(e.g. through a 
newsletter) 
 
Regular 
workshops 
 

2 Comunidad de 
regantes de 
Totana 
(Community 

Totana To participate in 
studies in 
RESERVOIR 

M M WP2, 
WP5, 
WP7 

External Development 
of the project 
plan 

Regular 
workshops 
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of irrigators of 
Totana) 

3 Comunidad de 
regantes de 
Lorca 
(Community 
of irrigators of 
Lorca) 

Lorca To obtain up-to-
date information 
for concrete 
decision-making 

M M WP2, 
WP5, 
WP7 

External Development 
of the project 
plan 
 
Data analysis 
Interpretation 
of results 

Regular 
updates about 
the project 
(e.g. through a 
newsletter) 
 
Annual 
meetings 
 
Digital tools: 
video 
conferences, 
shared 
documents 
and folders, 
etc. 

4 EMUASA 
(Municipal 
Water and 
Sanitation 
Company of 
Murcia) 

Murcia To stay informed 
about current 
activities of 
RESERVOIR 
 
 
To participate in 
studies in 
RESERVOIR 
 
 
 

H H WP2, 
WP5, 
WP7 

External Interpretation 
of results 
 
Data analysis 

Digital tools: 
video 
conferences, 
shared 
documents 
and folders, 
etc. 

5 AQUATEC, 
projects for 
the water 
sector (SUEZ) 

Murcia To participate in 
studies in 
RESERVOIR 

H H WP2, 
WP3, 
WP4, 
WP5, 
WP7 

External Development 
of the project 
plan 
 
Data analysis 
Interpretation 
of results 

Regular 
updates about 
the project 
(e.g. through a 
newsletter) 
 
Regular 
workshops 
 
Digital tools: 
video 
conferences, 
shared 
documents 
and folders, 
etc. 
 
Personal 
dialogues with 
project 
individuals 
 

6 SUEZ Madrid To stay informed 
about current 
activities of 
RESERVOIR 

H H WPX External Development 
of the project 
plan 
 

Regular 
updates about 
the project 
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Data collection 
 
Data analysis 
Interpretation 
of results 
 
Dissemination 
of results 

(e.g. through a 
newsletter) 
 
Digital tools: 
video 
conferences, 
shared 
documents 
and folders, 
etc. 
 

7 INTECSA Murcia To participate in 
studies in 

RESERVOIR 

H H WPX External  Digital tools: 
video 
conferences, 
shared 
documents 
and folders, 
etc. 
 
Personal 
dialogues with 
project 
individuals 

8 Eduardo 
Lupiani 
Moreno 

Murcia To stay informed 
about current 
activities of 
RESERVOIR 

M M WP2, 
WP3, 
WP4, 
WP5, 
WP7 

External Development 
of the project 
plan 
 
Data analysis 
Interpretation 
of results 

Regular 
updates about 
the project 
(e.g. through a 
newsletter) 
 
Annual 
meetings 
 
Regular 
workshops 
 
Digital tools: 
video 
conferences, 
shared 
documents 
and folders, 
etc. 
 
Personal 
dialogues with 
project 
individuals 

9 WWF España Madrid To obtain up-to-
date information 
for concrete 
decision-making 

M M WP2, 
WP3, 
WP5, 
WP7 

External Dissemination 
of results 

Personal 
dialogues with 
project 
individuals 

10 Diputación de 
Alicante 

Alicante To participate in 
studies in 
RESERVOIR 

M M WP2, 
WP3, 
WP4, 
WP5, 
WP7 

External Data collection 
Interpretation 
of results 
 

Regular 
updates about 
the project 
(e.g. through a 
newsletter) 
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Dissemination 
of results 

 
Digital tools: 
video 
conferences, 
shared 
documents 
and folders, 
etc. 

11 
University of 
Alicante 

Alicante To participate in 
studies in 
RESERVOIR 

M M WP2, 
WP5, 
WP7 

External Data analysis 
 

Regular 
updates about 
the project 
(e.g. through 
a newsletter) 
 

12 
Miguel 
Hernández 
University 

Orihuela To make 
research results 
available to a 
broader 
audience 

M M WP2, 
WP3, 
WP4, 
WP5, 
WP7 

External Dissemination 
of results 

Regular 
updates about 
the project 
(e.g. through 
a newsletter) 

13 
Politecnic 
University of 
Valencia 

Valencia To stay informed 
about current 
activities of 
RESERVOIR 
 

M M WP2, 
WP3, 
WP4, 
WP5, 
WP7 

External Data analysis 
Interpretation 
of results 

Regular 
updates about 
the project 
(e.g. through a 
newsletter) 
 
Annual 
meetings 
 
Regular 
workshops 
 
Digital tools: 
video 
conferences, 
shared 
documents 
and folders, 
etc. 
 

14 
Complutense 
University of 
Madrid 

Madrid To obtain up-to-
date information 
for concrete 
decision-making 

L L WP2, 
WP3, 
WP4, 
WP5, 
WP7 

External Data analysis 
 

Annual 
meetings 
Regular 
workshops 
 
Participating 
in field work 

15 

Instituto 
Geológico y 
Minero de 
España 

Madrid To obtain up-to-
date information 
for concrete 
decision-making 

H H WP2, 
WP3, 
WP4, 
WP5, 
WP6, 
WP7 

External Data collection 
 
Data analysis 
 
Interpretation 
of results 
 
Dissemination 
of results 

Annual 
meetings 
 
Digital tools: 
video 
conferences, 
shared 
documents 
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and folders, 
etc. 
 
Participating 
in field work 

16 

Asociación 
para la 
protección del 
acuífero Alto 
Guadalentín 

Lorca To participate in 
studies in 
RESERVOIR 

M M WP7 External Development 
of the project 
plan 
 

Participating 
in field work 
 

17 UDLAP 

San 
Andrés 
Cholula 

To stay informed 
about current 
activities of 
RESERVOIR 
 

L L WP7 External Dissemination 
of results 
 

Regular 
updates about 
the project 
(e.g. through a 
newsletter) 
 

18 

Detektia Earth 
Surface 
Monitoring 
S.L. 

Madrid To participate in 
studies in 
RESERVOIR 

L L WP3, 
WP4, 
WP6 

External Data collection 
 
Data analysis 
Interpretation 
of results 

Regular 
updates about 
the project 
(e.g. through a 
newsletter) 
 
Annual 
meetings 
 
Regular 
workshops 
 
Digital tools: 
video 
conferences, 
shared 
documents 
and folders, 
etc. 
 
Personal 
dialogues with 
project 
individuals 
 
Participating 
in field work 

 

4.4.3. THE GEDIZ RIVER BASIN, TURKEY 

The objective of the questionnaire study was also to survey the willingness of stakeholders to engage in the 

project. The results suggest that most topics of the RESERVOIR project were of interest to a majority of the 

GRB stakeholders. The development of scenarios to detect the optimum timing and amount of groundwater 

abstraction for irrigation purposes was the most popular topic with 61% of respondents in favor of it (Figure 

4.23.). This topic was followed by advanced EO-based geomechanical modeling to quantify aquifer storage 

(52%) and the production of EO-based land deformation maps and land subsidence maps (48%). 
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Figure 4.24. shows results for the question where stakeholders were asked their motivation to be engaged 

in the project. The selection of multiple choices was allowed. The majority (58%) would like to stay informed 

about the current activities of the project. 39% of the respondents want to be engaged by obtaining up-to-

date information for concrete decision-making and by actually participating in project tasks.  

Most of the GRB stakeholders who responded to the questionnaire would be interested to get involved in a 

research project (Figure 4.25.Figure 4-25). 65% of the respondents are interested in interpreting results. 61% 

of the respondents would be interested in getting involved with data analysis. It is evident from the 

questionnaire results that data collection is the least favored (19%) project stage.  

 

Figure 4-23 RESERVOIR topics of interest to GRB stakeholders. 

 

 

Figure 4-24 GRB stakeholder motivation for engagement in the project. 
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Figure 4-25 Stage of project that GRB stakeholders would be interested to get involved. 

Summarized in Figure 4.26. is the stakeholders’ preference for involvement in a research project. Again, the 

selection of multiple choices was allowed. An overwhelming majority of 74% indicated the use of digital tools 

to stay updated. 58% of respondents would be interested in receiving regular updates about the project. 

Personal dialogue with project staff (52%) and participating in field work (48%) are other preferred ways to 

get involved. 

 

Figure 4-26 Involvement preference of GRB stakeholders. 
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4.4.4. THE AZRAQ WETLAND RESERVE, JORDAN 

The expectations and interest of the stakeholders engaged for the Azraq Basin, are summarized in Table 4.9. 

Table 4-9 Stakeholder classification and their role in the project 

I
D 

NAME 
 

ROLE/TIT
LE 

LOCATI
ON 

EXPECTATI
ONS 

LEVEL 
PRIORI

TY 

INFLUEN
CE 

 

....  WHEN IN THE 
PROJET 

INTERN
AL/ 

EXTERN
AL 

POSITION / 
INTEREST 

INFORMATI
ON 

ACTIVITIES 

1 

MOA- 
Water 
Havesting 
Directorate  

Engineer Jordan 

to stay 
informed 
about 
current 
activities of 
RESERVOIR
/ to obtain 
up-to-date 
informatio
n for 
concrete 
decision-
making/to 
make 
research 
results 
available to 
a broader 
audience 

H H 
development of 
the project plan 

External 
- 
 

- 

2 
JEA  
 

Member 
of the 
Central 
Committ
ee-
Engineer 

Jordan 

to obtain 
up-to-date 
informatio
n for 
concrete 
decision-
making 

H H 
development of 
the project plan 

External 

estimation of the 
water 
management 
index 

- 

3 JVA- MWI  Engineer Jordan 

to obtain 
up-to-date 
informatio
n for 
concrete 
decision-
making/to 
make 
research 
results 
available to 
a broader 
audience 

H H 

development of 
the project 
plan/data 
collection/data 
analysis 

External 

Earth 
Observation (EO) 
products (ground 
deformation 
maps, mapping 
of subsiding 
areas and 
Subsidence Risk 
Index)/ advanced 
EO-based 
geomechanical 
model to 
quantify the 
aquifer storage 

- 

4 

MOEnv 
(ministry of 
environme
nt)  
 

Engineer Jordan 

to stay 
informed 
about 
current 
activities of 

H H 

development of 
the project 
plan/data 
collection/data 
analysis/Interpret

External 

Earth 
Observation (EO) 
products (ground 
deformation 
maps, mapping 

- 
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RESERVOIR
/ to obtain 
up-to-date 
informatio
n for 
concrete 
decision-
making/to 
make 
research 
results 
available to 
a broader 
audience 

ation of 
results/Dissemina
tion of results 

of subsiding 
areas and 
Subsidence Risk 
Index)/ 
methodology for 
hydrogeological 
characterisation 
using EO/  
advanced EO-
based 
geomechanical 
model to 
quantify the 
aquifer storage/  
estimation of the 
water 
management 
index/ scenarios 
to detect the 
optimal timing 
and quantity of 
groundwater 
abstraction for 
irrigation 
purposes and 
wetland 
protection/ 
Guidelines for 
Groundwater 
Resource 
Management 
(GRM). 

5 

Ministry of 
environme
ntal  
 

Engineer Jordan 

to stay 
informed 
about 
current 
activities of 
RESERVOIR
/ to define 
relevant 
questions 
and 
research 
gaps/to 
make 
research 
results 
available to 
a broader 
audience 

M M 
Interpretation of 
results 

External 

estimation of the 
water 
management 
index/ scenarios 
to detect the 
optimal timing 
and quantity of 
groundwater 
abstraction for 
irrigation 
purposes and 
wetland 
protection 

- 

6 Miyahuna  Engineer Jordan 

to 
participate 
in studies in 
RESERVOIR 

L M 
Interpretation of 
results 

External 

Guidelines for 
Groundwater 
Resource 
Management 
(GRM) 

- 

7 
RSCN  
 

Chairma
n 

Jordan 
To stay 
informed 

H H 
development of 
the project 

Internal 
methodology for 
hydrogeological 

- 
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about 
current 
activities of 
RESERVOIR
/to obtain 
up-to-date 
informatio
n for 
concrete 
decision-
making/ to 
participate 
in studies in 
RESERVOIR
/ to define 
relevant 
questions 
and 
research 
gaps/to 
make 
research 
results 
available to 
a broader 
audience 

plan/data 
collection/ data 
analysis/ 
interpretation of 
results/dissemina
tion of results 

characterisation 
using 
EO/scenarios to 
detect the 
optimal timing 
and quantity of 
groundwater 
abstraction for 
irrigation 
purposes and 
wetland 
protection/Guide
lines for 
Groundwater 
Resource 
Management 
(GRM). 

8 RSCN Member Jordan 

to stay 
informed 
about 
current 
activities of 
RESERVOIR
/ to obtain 
up-to-date 
informatio
n for 
concrete 
decision-
making/ to 
participate 
in studies in 
RESERVOIR
/ to define 
relevant 
questions 
and 
research 
gaps/ to 
make 
research 
results 
available to 
a broader 
audience 

H H 

development of 
the project 
plan/data 
collection/ data 
analysis/ 
interpretation of 
results/dissemina
tion of results 

Internal 

Earth 
Observation (EO) 
products (ground 
deformation 
maps, mapping 
of subsiding 
areas and 
Subsidence Risk 
Index)/ 
methodology for 
hydrogeological 
characterisation 
using EO/ 
advanced EO-
based 
geomechanical 
model to 
quantify the 
aquifer 
storage/estimati
on of the water 
management 
index/scenarios 
to detect the 
optimal timing 
and quantity of 
groundwater 
abstraction for 
irrigation 
purposes and 
wetland 
protection/ 

- 
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Guidelines for 
Groundwater 
Resource 
Management 
(GRM). 

9 MWI Engineer Jordan 

to 
participate 
in studies in 
RESERVOIR
/ to define 
relevant 
questions 
and 
research 
gaps/ make 
research 
results 
available to 
a broader 
audience 

H H 

data collection/ 
data analysis/ 
interpretation of 
results/dissemina
tion of results 

External 

Earth 
Observation (EO) 
products (ground 
deformation 
maps, mapping 
of subsiding 
areas and 
Subsidence Risk 
Index)/methodol
ogy for 
hydrogeological 
characterisation 
using 
EO/advanced EO-
based 
geomechanical 
model to 
quantify the 
aquifer storage/ 
estimation of the 
water 
management 
index/scenarios 
to detect the 
optimal timing 
and quantity of 
groundwater 
abstraction for 
irrigation 
purposes and 
wetland 
protection/ 
Guidelines for 
Groundwater 
Resource 
Management 
(GRM). 

- 

1
0 

MWI  

Director 
of the 
Watersh
eds 
Directora
te 

Jordan 

to 
participate 
in studies in 
RESERVOIR 

H H 
data collection/ 
data analysis 

External 

estimation of the 
water 
management 
index/Guidelines 
for Groundwater 
Resource 
Management 
(GRM) 

- 

1
1 

Miyahuna  Engineer Jordan 

to stay 
informed 
about 
current 
activities of 
RESERVOIR
/ to obtain 

M M data collection External 

Earth 
Observation (EO) 
products (ground 
deformation 
maps, mapping 
of subsiding 
areas and 

- 
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up-to-date 
informatio
n for 
concrete 
decision-
making 

Subsidence Risk 
Index)/ 
methodology for 
hydrogeological 
characterisation 
using EO/  
advanced EO-
based 
geomechanical 
model to 
quantify the 
aquifer storage/ 

1
2 

Aqaba 
water  

Engineer Jordan 

to stay 
informed 
about 
current 
activities of 
RESERVOIR
/ to obtain 
up-to-date 
informatio
n for 
concrete 
decision-
making/to 
participate 
in studies in 
RESERVOIR
/ to define 
relevant 
questions 
and 
research 
gaps/to 
make 
research 
results 
available to 
a broader 
audience 

M M 

data collection/ 
data analysis/ 
interpretation of 
results/dissemina
tion of results 

External 

"Earth 
Observation (EO) 
products (ground 
deformation 
maps, mapping 
of subsiding 
areas and 
Subsidence Risk 
Index)/ 
methodology for 
hydrogeological 
characterisation 
using 
EO/advanced EO-
based 
geomechanical 
model to 
quantify the 
aquifer 
storage/estimati
on of the water 
management 
index/scenarios 
to detect the 
optimal timing 
and quantity of 
groundwater 
abstraction for 
irrigation 
purposes and 
wetland 
protection/Guide
lines for 
Groundwater 
Resource 
Management 
(GRM). 

- 

1
3 

The 
University 
of Jordan 
 

Associate 
Research
er 

Jordan 

to stay 
informed 
about 
current 
activities of 
RESERVOIR
/ to obtain 
up-to-date 

H H 
interpretation of 
results/dissemina
tion of results 

Internal 

Earth 
Observation (EO) 
products (ground 
deformation 
maps, mapping 
of subsiding 
areas and 
Subsidence Risk 

- 
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NOTE: Level priority and Influence: L= low; M= medium; H= high. 

5. CONCLUSIONS 

The analysis of the stakeholder engagement activities performed by the RESERVOIR Consortium gives insight 

about the different issues due to the groundwater management for the four pilot sites. In particular, the main 

issue in all the pilot sites is the over-exploitation of the groundwater except for the Coastal aquifer of 

Comacchio, in Italy (Table 5.1). Furthermore, other issues are the groundwater pollution due to the 

agricultural activities and the high groundwater demand to sustain the most important economical wealth 

for the GRB and the Azraq basin, respectively. Instead, for the Comacchio coastal aquifer the main issues are 

the natural and anthropogenic land subsidence and the saltwater intrusion in the phreatic aquifer.  

The number of stakeholder engaged ranges from 13 up to 31 stakeholders for the pilot sites.  

Furthermore, for all the pilot sites a very adequate monitoring system of the groundwater level variations 

and of the groundwater quality is not evident. The analysis of the adequate monitoring system seems to be 

of difficult interpretation for the stakeholders. The results highlight the necessity to introduce and define 

parameters to evaluate the adequacy of the monitoring system both considering the spatio-temporal 

sampling of the measurements. Therefore, in the framework of the RESERVOIR project efforts will be made 

to address this issue. Overall, the main problem is the adequate spatial distribution of the groundwater level 

variations monitoring.  

The stakeholders’ knowledge about the modelling for groundwater management in all pilot sites shows that 

the models are mainly used for long-term planning and for water budget. It is worth noting that models were 

not previously developed for the land subsidence prediction and planning for the GRB in Turkey and for the 

Azraq basin. The RESERVOIR results will provide new products aimed to address this issue. The big challenge 

for the Alto Guadalentín aquifer is to join a subsidence module to the flow model. For the Comacchio pilot 

informatio
n for 
concrete 
decision-
making/to 
make 
research 
results 
available to 
a broader 
audience 

Index)//estimatio
n of the water 
management 
index/scenarios 
to detect the 
optimal timing 
and quantity of 
groundwater 
abstraction for 
irrigation 
purposes and 
wetland 
protection/Guide
lines for 
Groundwater 
Resource 
Management 
(GRM). 
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site, there is the necessity to deeply understand the interaction between the freshwater and saltwater and 

to distinguish the different components of the land subsidence.   

The stakeholders engaged belong to different entities.  In particular, the stakeholders of the Coastal aquifer 

of Comacchio pilot site are Local Authorities (regional), Environmental Agency and Farmers. For the Alto 

Guadalentín aquifer pilot site, the stakeholders are Authority responsible for water management 

(national/regional), Irrigators association (local), Water supply company (local), Environmental engineering 

consulting company and Non-profit environmental organization. For the Gediz River Basin pilot site, the 

stakeholders are governmental at the country level, governmental at the regional level, local authority 

responsible for water management and supply, industrial consumer, research organization, NGO, 

municipality and private company. For the Azraq wetland reserve pilot site, the stakeholders are national 

authority (policy makers), water supply company, civil society organization and research and academic 

organizations.  

 
Table 5-1 Summary of the stakeholder engagement activities for all pilot sites  

Pilot site 
name 

Number of 
stakeholders 

 Main problems in 
the area in the 
groundwater 
management 

Adequacy of 
existing 

monitoring 

Modelling use 
for 

groundwater 
management 

Interest of the 
stakeholder 

COASTAL 
ACQUIFER OF 

EMILIA-
ROMAGNA 

REGION 
(Italy) 

13 

• natural and 
anthropogenic 
land 
subsidence 

• the saltwater 
intrusion in 
the phreatic 
aquifer 

Neither 
adequate and 
inadequate 

Modelling for 
the water 
budget, to 
predict and 
plan the land 
subsidence 
and for long-
term planning. 

• Earth 
Observation 
(EO) products 
(ground 
deformation 
maps, 
mapping of 
subsiding 
areas and 
Subsidence 
Risk Index) 

• Scenarios to 
detect the 
optimal timing 
and quantity of 
groundwater 
abstraction for 
irrigation 
purposes and 
wetland 
protection, 

• Guidelines for 
Groundwater 
Resource 
Management 
(GRM). 
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ALTO 
GUADALENTÍN 

BASIN 
(Spain) 

18 
over-exploitation 
of groundwater 

Inadequate 
spatial 
distribution of 
both 
groundwater 
elevations and 
water quality 

Modelling is 
employed for 
long-term 
water 
planning. 

• Earth 
Observation 
(EO) products 
(ground 
deformation 
maps, 
mapping of 
subsiding 
areas) 

• EO-based 
geomechanical 
modeling to 
quantify 
aquifer 
storage  

• Guidelines for 
Groundwater 
Resource 
Management 
(GRM). 

GEDIZ RIVER 
BASIN 

(Turkey) 
31 

• over-
exploitation of 
groundwater 

• groundwater 
pollution due 
to agricultural 
activities 

Mostly 
inadequate 

Modelling for 
long-term 
water 
planning 
water budget, 
recharge 
planning, and 
contaminant 
tracing 

• Development 
of scenarios to 
detect the 
optimum 
timing and 
amount of 
groundwater 
abstraction for 
irrigation 
purposes. 

• EO-based 
geomechanical 
modeling to 
quantify 
aquifer 
storage 

• The 
production of 
EO-based land 
deformation 
maps and land 
subsidence 
maps 

AZRAQ 
WETLAND 
RESERVE 
(Jordan) 

13 
• over-

exploitation of 
groundwater 

key deficiency 
in monitoring 
the geographic 
representation 
data. 

Modelling for 
groundwater 
extraction 
planning, 
long-term 

• Guidelines for 
Groundwater 
Resource 
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• high 
groundwater 
demand to 
sustain the 
most 
important 
economical 
wealth in the 
area 

water 
planning, and 
environmental 
impact 
studies. 

Management 
(GRM). 

• Earth 
Observation 
(EO) products 
(ground 
deformation 
maps, 
mapping of 
subsiding 
areas) 

• Scenarios to 
detect the 
optimal timing 
and quantity of 
groundwater 
abstraction for 
irrigation 
purposes and 
wetland 
protection. 
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ANNEX 1 

Invitation letter for the webinar for the Comacchio pilot site (Italy) 02/07/2020 
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Email for the invitation at the webinar for the Comacchio pilot site (Italy) 02/07/2020 
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Example of email sent by the RESERVOIR team to notify at the stakeholder the webinar recording and to 

invite to fill the RESERVOIR questionnaire for the Comacchio pilot site 
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Email for the invitation at the webinar for the Alto Guadalentín pilot site 

 

Email confirming the correct inscription to the webinar for the Alto Guadalentín pilot site 

 

 

 

 

 

 

 



 

This project is part of the PRIMA 
Programme supported by the 
European Union 

RESERVOIR 
Deliverable 2.2. 

Proceedings of the first stakeholder/end-user workshop: including the 
workshop presentations and Stakeholder requirements list 

v. 4.0 

 

81 
RESERVOIR Project – GA n°1924 
 

Email with the link to the webinar for the Alto Guadalentín pilot site 
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Invitation to the webinar through Linkedin. 
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Invitation to the webinar through Twitter. 
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Statistic of the tweet of the webinar in Twitter. 
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Example of personalized e-mail sent to GRB stakeholders to introduce the project by attaching a 

presentation file and to invite them to fill out the stakeholder requirements questionnaire 
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ANNEX 2  

Photos of the Workshop organized by the University of Jordan and the Royal Society for the Conservation 

of Nature - Azraq Wetland Reserve in Jordan to involve the stakeholders. 
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Agenda of the Workshop organized in Jordan. 
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Screenshot showing the presentation during the webinar for the Italian pilot site. 

 

Different screenshots showing some of the presentations during the webinar for the Alto Guadalentín pilot 

site. 
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