AKIDDRQ

QEEEs ———p— Knowledge Inventory
‘---.-.- - - for hydrogeology research

KINDRA D3.3

Gaps and trends in groundwater research

Summary

This document Deliverable D3.3 presents the KINDRA project Gaps and Trends Analysis based on data uj
the EIGR and structured according to the FBR(G approaclkrrom main findings dhis analysis, recommendatior
will be delivered on gaps on groundwater research and knowledge to the European Commission (sedd8.4
results have been resumed in the executive summary chapter at the beginning of the document

Authors

GEUS GeologicaSurvey of Denmark and Greenland: Peter van der Keur, Klaus Hinsby, Astrid Bangsfelt, R
Frgsig & Mads Breum

SAPIENZAUniversity of RomeMarco Petitta & Andrea del Bon

UM ¢ University of MiskolcViktoria Mikita

Project acronym: KINDRA

Project title: Knowledge Inventory for hydrogeology research
Grant Agreement number: 642047

Call identifier: H2026WATERO0140ne-stage

Topic: WATERI&2014

Start date of the project: 01/01/2015

Duration: 36 months

Website: www.kindraproject.eu

¢KA&d NBLR2NI KIFa 0SSy LINPRAdzOSR 6AUGK FAYFYyOALFf adz
AYY2@FE A2y LINBPANI YYS dzy RSNJ IANX yaG FAINBSYSyd b2 ¢
The contents of this report are the sole responsibility & FINDRA Consortium and can under no circumstang

be regarded as reflecting the position of the European Union. The Executive Agency for Small and-dvesdiuni
Enterprises (EASME) is not responsible for any use that may be made of the informationiftsconta



about:blank

DOCUMENT PREPARATION SHEET
please do not include this sheet in the publishable version of the deliverable

Lead beneficiary|

Universita degli Studi di Roma La Sapienza

Other beneficiaries

GEUS, University of Miskolc

Due date:

2018-03-31

Nature:

Report

Diffusion| Public

Revision history

Delivery
date

Author

Summary of changes

Version a

2018/03/12

GEUS,
Sapienza

Miskol

Version b

2018/03/20

van der Keur,

P. Revision of text, rewriting

Versionc

2018/03/22

van der Keur,

P. Final revision and preparing for review B Gand U.
Miskolc

Version Fina

2018/03/27

van der Keur

Final revision based on comments from Heidi Barlg

Revised Versior

2018/07/17

Petitta M.

Revision after comments by EC reviewers

Approval status

Function

Name

Date Signature

Reviewer 1

P. Szucg 25/03/2018

Reviewer 2

H. Barlebo

26/03/2018

WP leader

M. Petitta

28/03/2018

Project leader

M. Petitta

28/03/2018

Project Leadel

M. Petitta

28/03/2018

Project Leade]

M. Petitta

XXX [X [ X |X

17/07/2018

Diffusion List

Name, partnemame

e-mail

All participants + project repositor

Panel of Experts




Table of Content

1 Executive summary

2 Introduction 8
3  Methods 10
3.1 Background 10
3.2  Gaps and trends analysis 12
3.21 HRGESYS analysis 12
3.2.2  Cooccurrence analysis 12
3.2.3  Scopug; Scival 15
3.2.4 lllustration of methodology applied in gap analysis 16

4  Results 17
4.1 GAPS analyses 17
4.1.1 EIGRanalyses 17
4.1.1.1 EIGR record distributions 17
4.1.1.2 Groundwater research derived patents 23
4.1.1.3 HRGSYS analyses: 24
4.1.1.4 Cooccurrence analysis 30
4.1.1.5 Geographical distribution of EIGR categories 38
4.1.1.6 Cooccurrence network map represtations of geographical distribution of keywords 41

4.1.2  Scopus analyses 44
4.1.2.1 HRGSYS analyses: 45
4.1.2.2 Bibliometric mapsind ceoccurrence analysis 53

4.1.3  Scopus and SciVal analyses 63

4.2 TRENDS analyses 65
4.2.1 EIGR analyses 65
4.2.1.1 HRGCSYS analyses 65
4.2.1.2 Cooccurrence analysis 69

4.2.2  Scopus and SciVal analyses 73
4.2.2.1 Cooccurrence analysis 82

5 Discussion 85
6 Conclusions 91
7 References 94
8 Appendix 97
KINDRA Thesaurusykvords overview 97
Search strings for Scopus VOSviewer visualisations and analysis 103
EIGR trend analysis for Societal Challenges 105



Supplementary analysieelated to EIGR analysis
E1. Generdigures onEIGR conterdtatistics E1-®eneral figures on EIGR content statisti¢sIR T Q

E2. VOS viewer maps of the entitbGR (including trends) and of each OA, RT aniEE@IGR/OSviewemapsSC
OARTLIRF Q

E3. VOS viewer maps of EIGR records for classes (1&2 and 3&4): general maps andr@AEhGpy OSviewer
mapsOAClassl-2-3-40 LIR T Q

E4. VOS viewer maps of EIGR m@sdor classes (1&2 and 3&4): RT mapdBIGR/OSviewemapsRTFClassl-2-3-
4DLIRT Q

E5. VOS viewer maps of EIGR records for classes (1&2 and 3&4): SEFHRERYOSviewemapsSCClassl-2-3-
APLIRT Q

E6. VOS viewer maps of EIGR records for TRL anE®RIGR/OSviewemapsTREPRID LIR F Q
E7. VOS viewer maps of EIGR records for each natioty EAP)GRVOSviewenetwork-densitymapsLTRP LIR T Q

E8. VOS viewer maps of EIGR records for each nation: keyword occurrence for &de8BITR/OSviewer
overlaymapsLTRP LIR F Q

Supplementary analysieelated to Scopusanalysis

Sl:variousfigureés aGF GA&aGAOasT YI LA | YR 62 NRBpléietayRMaterdled®blS | OK
Scivab LIR T Q

S2: geographical distribution of scholarly output frn® 2 LRixdpemettary Materials SE5IWorld maps
Scivab LIRF Q

S3PI NA2dza { 02 LJdza +F y R { OSufpleimentayy Mdtesials’SE5Mord MBS Scivél LR T G 2 LY

S4: Scopus network and density maps for 2002 m $#¥dditbnal VOSviewer vializationsP LIR ¥ Q



1 Executive summary

Groundwater quantity and quality needs more attention in order to enable and develop efficient
protection policies for this important resource. To support this, KINDRA conducted analyses of Europes
research and knowledge in order to make groundwater @aadnmportance for most of the Horizon 2020
Grand Societal Challenges (in short: Societal Challenges) more visible.

DNRdzy Rgl GSNI RSt AGSNE RNAY(1Ay3I gl GSNI G2 Foz2dzi v
it sustains and supports agriculturgndustry and important terrestrial and aquatic ecosystems all over
Europe. The quantity and quality of groundwater resources is under increasing and severe pressure global
Climate change will generally aggravate the groundwater related problems anld iresvater scarcity in
some regions, flooding in others or both.

This report analyses metadata on groundwater research and knowlediigcted andavailable in the
European Inventory of Groundwater Research (EIGR) developed in the KINDRA projecty @anégining
more than 220 records. The fact that nearly 30 % of the records uploaded to EIGR are provided by just or
country clearly indicates a huge potential for further development of the database and additional upload of
data from other EU countrgeto serve a broad range of users.

In addition to the data available in EIGR, information on groundwater research publications was adde
and analysed from (1) the Elseviers Scopus databas&€ S ¢ 2 NX RQa f I NBSadG | oadl
peer-reviewed scientific literature including journals, proceedings and books, and (2) Web of Science (WOo!
the first and possibly most widely known and used database globally on citations of papers in scientifi
journals. On average more than 6.000 groundwater agske papers are published annually, and the number
is growing significantly each year.

From the analyses conducted on data available in EIGR, Scopus and Web of Scidottewihg key
findingsare highlighted on European groundwater researitha regonal and global context:

(1) The primary aded value of the EIGR databasanaking metadata on reports and research projects
and data, which are classified along the main Societal Challenges defined in Horizon 2020, Findab
Accessible, Interoperable Bn wSdzal 6t S | OO2NRAyYy 3 (G2 AaC! Lwé LINAY
reviewed, but usually quality assured, dataurce, providing extensive information is otherwise not available
throughsingle point access elsewhere;

(2) The Applicability ohe developed and adopted classification of groundwater research and knowledge
available from national databases has been demonstrated by classifying and accordingly structuring tf
content of the metadata uploaded by national experts into the EIB&:elopment of future national
sections of EIGR feasible, at least where national association of geologists will support the inventory.
Furthermore, comparison of EIGR anad@es databases clearly indicatdsat the adopted classification
HRGESYS and relatethesaurus of keywords are adequate and representative for classifying groundwater
research and knowledge at European level;

(3) The distinction in the adopted classification between research and knowledge highlights the relevanc
and value of non peereviewed (grey) documents for linking the hydrogeological data and knowledge
available at primarily regional and national but also international kEvel

6nd ¢KS GaKE@RNRIAS2f{23FIA0IT¢ O02YLRYSYyd 2F (GKS INP
supplemented by adding information about groundwater research developed in other related research

disciplines or be expanded to become a general datalmssubsurface studies and include information
from studies on e.g. geoenergy and raw materials;



(5) The EIGR database contains information relevant for the implementation of (ground)water policie:
and sustainable management of water resources at nati@mal European scale i.e. mainly the Water
Framework Directive, the Groundwater Directive and the Nitrate Directives;

(6) The EIGR and Scoplagabasedased analyses confirm that most groundwater research is ottedu
within Societal Challeng?/ f A YOARBEY B$Fy i | yR NB a2 dzZNIespacially Bociatdl a
ChallengeW! SI ft i KQ yR {20AS{rf /KIFIftSy3aS wWCc22R | yR !
(arsenic) or pollutants (pharmaceuticals, emerging comitents, nitrate andpesticides) harmful to both
human health and grundwater dependent ecosystems;

(7) The EIGR supported content constitutes a significant additional contribution to the existing knowledg
pertaining to groundwater research, especially concerning the nibam 50% of the included records
0St2y3aAy3a (2 GKS GaINBe fAGSNI Gdz2NBEX y2G O2yaiRS

(8) In a global perspectiveur findings show that European (EU28) groundwater research performs well
in comparison with the other major regiond$A, China etc.). A Scopus based analysis showed that Europe
had the largest scholarly output and number of scientific (peer reviewed) publications within groundwater
research since 200When the Groundwater Directivend subsequent related requirementgere adopted

(9) In 2007 Europe and USA both produced nearly 2000 research publications on groundwater, whi
China around 500. In comparison, in 2016 Europe produced slightly more than 3000 research papers, wh
USA and China produced slightly more aiightly less than 2000, respectively. Hence, groundwater
research is significantly increasing in Europe and China reflegptovgngattention to and importance of
groundwater issues in Europe as a consequence of the adoptiore dstbundwater Directiven 2006

It is apparent that a significant amount of groundwater research is conducted within all the considered
Societal Challenges of Horizon 2020. However, there are large differences between the Societal Challen
ranging from 2600 research papers published WiA y F2NJ G KS {20ASGIt /[ KIff ¢
nn®nnn NB&SFNOK LI LISNBE F2NJ GKS {20ASGlLf [/ KFftfSy
¢ 2016. We draw the following makey findingson gapsn groundwater researclgpecifcally for the three
Societal Challenges where groundwater research and knowleagéeen found to be particularly relevant:

{20AS0GFt / KFEffSy3aS m WI dzYl y -8S R {aaR hcreasshy it of JK
new emerging contaminants inrgundwater and the rest of the hydrological cycle including e.g.
pharmaceuticals and new pesticide degradation produstsebservedand a rapid increase in papers and
citations for papers studying thesg observedbut limitedly in most EU countries; (Bjudies orthe natural
backgrounds of arsenic and nitrate and derivation of groundwater threshold values is highly wayiahted
Further, groundwater studies are needed on (i) pharmacewgidarmones, (ii) degradation products of
micro-organics and retad cocktail effects, (iii) nanoparticles and microplastics in groundwater(and
chemical status of groundwater in relation to human health and the ecological status of ecosystems

{20ASGFE [/ KFfEtSy3aS w WC22R &S OWzandidedadd mardiraeiand y |
AYEtlFYR 61 G§SNI NBA&SIH NRKdatively l&v niinkbér of. pibRc&tion ghzbivlégy) geology
and mapping indicates a research gap on the topic of finding efficient tools for reducing nitrate (nitrogen
loadings to eosystems; (b) knowledge gaps exists on (i) linking ecosgs$tepoor groundwater chemical
status; (i) groundwater threshold values e.g. for protection of ecosystems based on good status objective
of the WFD and GWDequiringtransdisciplinary researdbetween hydrogeology and ecology.

{20ASGFE [/ KIfESy3aS p W EAYIGS FTOUA2Yy S S5 PHsNR y
Societal Challenge constitutes the highest scholarly output of all considersetal challenge$ut climate
change(mitigation, impact and adaptationurban hydrology and the significancebafth deep andshallow
groundwater, e.g. in connection to nature based and subsurface water solutions and green infrastructur
areunderrepresented and constitute gap in researcto be quickly filled.



The conclusions related to the considered societal challenges listed above are of value for (i) the furthe
development of EU water policy and research, specificallylémeloping new missiororiented research
programmes and targetand (ii) for supporting the valuable activities of Working Group Groundwater within
the Common Implementation Strategy (CIS) of the Water Framework Directirently dealing with e.g.
common strategies towards developing a groundwater watch list forerging contaminants, and
assessment of groundwater threshold values and trehashis framework, the data analysis demonstrates
that groundwater directive directly promoted the scientifioutput in the last decadewhere new research
topics and managemenof emerging challenges have beeespectivelypromoted and tackled by the
fundamental role of CIS Working Group Groundwater, acting as ¢a¢al of modern approachesThe
conducted analyses and the increasing amount of research on the evolution of gvaterdquantity and
quality clearly demonstratéhe need for expanding and making the importance of groundwater resources,
research and knowledge more visible to and apparent for the public and politicians.

The results of KINDRA clearly demonstrate anceypids the importance of the groundwater resources
for the European societies and that groundwater research has relevance for all the societal challenge
Consequently, the following recommendatioae delivered to the European Commission.

We promote tocontinue pursuing and further enhance the following main guiding principle and vision
for future missionoriented groundwater researctGroundwater management and protection is based on
sustainable and geoethical principlethat ensure a good quantitative and chemical status of all
groundwater bodiesin the EU to the benefit of all EU citizens and ecosystems.

To achieve this goal the EU needs to continuoustiyve towards sustainable and integrated
management of the subsurface resources as well groundevednd surface water through the continuous
support of innovative nature based and subsurface water solutidhat e.g. make use of managed aquifer
recharge and raise of water in a general circular economy. Such solutiees new efficient tools for
environmental monitoring and data management and visualization e.g. via efficiemtetnet of Things
(loT)solutions This is ammportant market today for European companies and consultanksit it needs
support to maintain a strong position in competitiontivespecially American and Chinese water technology
research and development. Generaltpols for improved integrated groundwater and surface water
management and climate change impact assessment and adaptation need strong suppartpean
policies towards improvingublicPrivatePartnershipsconditions for competitive water related industry
including groundwater and water patents in general need to be continuously adapted, optimised and
further developedto the benefit of European sieties.

While EU28 currently performs very well for the scholarly output of groundwater research in comparisor
with other main regions and countries, globally, Europe has, however, much fewer patents related tc
groundwater technology in comparison withpesially the USAzurope has for instance a very low number
2F LI GSyta 2y ySg Ayy20FG§A03S (SOKyAljdzSa NBf I 4G4SR
LYF2NXIGA2Y FYR O2YYdzyAOF A2y (SOKy2f 23 MWElathed L/
reasons for this include complex issues related to market mechanisms, legislation, language barriers, de
protection rules and economic development, it is recommendeplisue more research on conditions for

innovation and patent applications fogroundwater relevant or related technologies Europe.

Finally, we conclude that the European Inventory of Groundwater Research was launched sugcessfu
and that it with more than 2Q0 records already contains a significant amount of valuable data on
groundwater research and knowledge in Europe. Through discussions with the joint panel of expert an
colleagues from other disciplines we also uncovered a significant potential for further improvement anc
development of EIGR, which include crosferencewith different databases containing information and
data on the subsurface such as the knowledge platforms on subsurface water solutions developed in tr
SubSol project and EIP Water, where preliminary eresence is already established, and the GeoERA
Information Platform to be developed within the European Geological Data Infrastructure.



2 Introduction

This reportpresens the gap and trend analysis of groundwater research and knowledge, particularly
groundwater research relevant for implementationtbe Water Framework Directive and EU water policy

in general. To support this a dedicated groundwater research and knowledge classification system wi:
developed to enable population of the new European Inventory of Groundwater Research (EIGR) wit
Hndablke, Accessible Inter-operable andReusable metadata on groundwater research according to the
GC! Lwé LINAYOALX S&a 62At1Ayazy Sl FfdZ HanmcO®d ¢ K
i.e. peer reviewed literature as well as reports antdastresources with little, uncertain or no peer review
6a3aNBe fAGSNIGdzZNBeé0 FF O0O2NRAY3 (2 GKS RS@St 2LISR
a large number of data reports, maps and other relevant work published by e.g. authardgresultants and
geological surveys, which contribute substantially to the knowledge pool, but which is often difficult to find
(e.g. Lawrence et al, 2015). In order to develop a database system for population with heterogeneous da
resources and determe the degree of (peer) review and other types of quality assurance within the KINDRA
project,keywords and categories have been identified to allow for an effective and useful classification accordin
to the FAIR principles i.e. with easy access to ande of the resources.

In the recent decades research performance and evaluations have developed from using expert judgeme
to advanced database analyses using a wide range of metrics, preferably the snowball metrics, which at
GNBOdza il F NI YOSNGRR2YND NER2ANS IYNSOD KL LISNF 2NX Iy OSé o/t SYSy
decisive for individual researchers in pursuing academic careers (Leiden Manifesto, 2015). In 2002, the W
of Science was made available by Thomson Reuters and followed @yAEBNE Qa { O2 LJdzaA A Y
these databases, a search engine dedicated to scientific literature: Google Scholar (beta version also in 20
also emerged. These and other resources provide a fast increasing amount of accessible data on which
perform analyses like bibliometrics, scientometrics and recently altmetrics (&rdt, 2016; references to
science in social media see www.altmetric.con), giving many new possibilities for analyses and data
visualisations.

The US based National Science Foundation (NSF) uses bibliometric indicators in Science and Enginec
Indicators 2016 and 2018 (NSB, 2016; NSB, 2018) based on the Scopus datallaseandtiange from the
bibliometric data set used in earlier volumes of Science and Engineering Indicators, which used a subset
Thomson Reuters Science Citation Index (SCI) and Social Science Citation Index (SSCI). This change i
sources is accompéed by several methodological changes intended to simplify the interpretation of the
data and increase the cro$®ld and crossountry comparability of the data.

The use of the Scopus database for Science and Engineering Indicators 2016 repredetstia increase

in the global coverage of bibliometric data compared to prior years. The SCI and SSCI data sets were origin
chosen to provide good coverage of a core set of internationally recognized;r@aewed scientific
journals. The includepburnals are notable for their high citation rank within their Science and Engineering
(S&E) fields and thus can be considered to represent the journals containing the kigpast articles. For
Science and Engineering Indicators 2014, the Nationah&ciEoundation (NSF) analyzed 5,087 journals
from the SCI and SSCI for 2012. The change to the use of the Scopus database allows NSF to present da
the most highly cited S&E publications as well as on a broader set of publications that provideimsight
trends in emerging and developing countries. For Science and Engineering Indicators 2016, approximat:
17,000 S&E journals were analyzed.


http://www.altmetric.com/

In addition to expanded global coverage, the Scopus database used for Science and Engineering Indicat
2016 am 2018 includes research output from books and expanded coverage of conference proceeding
Research output from books is particularly important in the social sciences (Hicks 2005; Mingers ar
Leydesdorff 2015), and conference proceedings are particuiambortant in computer sciences (Lisée,
Lariviere, and Archambault 2008; Moed and Visser 2007).

This expansion of global coverage of S&E publications has costs as well as benefits. In particular, the m
from SCI and SSCI to Scopus provides greater globalage at the cost of a somewhat shorter time series
2F OAOEA2YSGONRO RFGF 06SOFdzaS {02LJza RIFGF OdzNNEB
global coverage of journals may include some journals that are not highly cited or have |mtet@giional
visibility.

Another example is University Office, headquartered in Melbourne with offices in Perth and Sydney, a
international leader in research management and administration applications and solutions. They worl
extensively with the univesity and research community to deliver solutions tailored for all resedrolen
institutions. TheSopus database provides the University Office CRIS system IRMA (Integrated Resear
Management Application) access to data, enabling users to automatiaiest data to populate IRMA
(www.universityoffice.com).

The EIGR is an important new tool for mapping and analysis specifically of groundwater research at
knowledge that range somewhere between the peer reviewed research tools (Web of Science arg) Scopt
and other broader databases and tools such as Google Scholar, Mendeley and ResearchGate. The ad
value d EIGR is to provide direct access to important metadata about available groundwater research an
1y26f SRAS LIzt AOlI GA2¢YE BKOODBKRKYEA O63I8BFe Of KASGNFAG
classification system based on the grand societal challenges of the EU Horizon 2020 programme.

In addition to the analyses performed on the data available in the developed EIGR database itided dec
to evaluate the scholarly output for groundwater and hydrogeology research in Scopuscopus.com

to supplement the EIGR analyses with analyses conducted specifically on peer reviewed research. Sco
contains the largest database for natural science and engineering (Mongeon antii#a2016) including
groundwater research with buitth analytical tools, snowball bibliometrics and aaldl tools for additional
research benchmarking and trend analyses iV&8ciScopus data were also classified by the classification
aeadsSy yR G22fa RS@OSt2LISR FT2N) 9LDw:I FyR axh{ @A
for bibliometric and science mapping and visualization, and analysis of keywotooenceetc.. All these

tools proved to be useful in the assessment of gaps and trends in groundwater research and knowledge.



http://www.scopus.com/

3 Methods
3.1 Background

This chapter is intended for introducing the methodology employed to map gaps and trends in groundwate
reseach by visualizing and analyzing the most prominent groundwater research categorized after researc
topics, operational actions related to groundwater management for EC Societal Challenges and actiy
research communities in Europe. This has been done tiiroanalysis of groundwater research and
knowledge data available from two main sources: uploaded data to the in KINDRA developed Europe:
Inventory of Groundwater Research (EIGR) and from Scopus scientific database and search engine
combination with theSciVal tool (see KINDRA D1.1 and T@gstablish a common terminology and approach

to carry out the analysis presented here, various academic, industrial and research classification schemes he
been reviewed to create a hierarchical structure and Eeded list of keywords from relevant EU directive
documents. Notably, the Water Framework Directive (WFD, European Commission, 2000), its daughter directi
G§KS DNRdzyRglF GSNI 5ANBOGADS 0D253 9dzNRLISIY [ 2 VatérA 4 &
Resources (BWR, European Commission, 2012) as well as scientific literature (KINDRA D1.1 and D1.2).

The analyses performed on data in EIGR and Scopus/SciVal focus on two main analyses identifying the n
prominent groundwater research topics in relation to European societal challenges and the most activ
research communities, respectively. This inclufBsthe analysis of the most frequent keywords, popular
and emerging research topics and their trends in time and space (varying research interests depending
geographical, climatological and geological settings) ; and (2) the performance of regionsjeso
institutions and scientists within groundwater research in general and within the different selected researct
and knowledge topics and the interactions among them e.g. identification of the strongest researct
networks on selected specific topicEhis is expected to be helpful when selecting research partners on
specific topics from different parts of Europe e.g. for EU research programmes.

Emphasis is on (1) developing a better understanding of the contribution of groundwater research an
knowledge to meet the European Societal challenges defined in Horizon 2020 and making the importanc
of groundwater research within each of the challenges more visible. Also, the focus of this report is ultimatel
to be able to define groundwater research gaphisTis not possible solely by analysing the resources
available in the databases of e.g. the EIGR and Scopus and the recent research trends indicated by
analysis of these. These analyses have to be supported by expert judgement and active involmement
ongoing working groups within e.g. the Common Implementation Strategy of the Water Framework
Directive, and through discussions with the Joint Panel of Experts.

A list of keywords (listed in Appendix) from EU policy documents, WFD and GWD, andcstterdifure

has been identified and described in KINDRA deliverables D1.1 and D1.2. The keywords have been assic
to the three main categories in the Hydrological Research Classification Syster$YIBRE) Societal
challenges, i) Operational Actioneind €) Research Topics. The main categories have been defined as
follows: @) Societal Challenges: 1. Health, 2. Food, 3. Energy, 4. CEmatenmentResources, 5. Policy
InnovationSociety (in addition 6. Transport was explored, but not part of theell analyses (b)
Operational Actions: 1. Mapping, 2. Monitoring, 3. Modelling, 4. Water Supply, 5. Assessment ¢
Management; € Research Topics: 1. Biology, 2. Chemistry, 3. Geography, 4. Geology, 5. Physics
Mathematics. The-® structure of HRSYS is shown belowhigure3.1 (refer to D1.2 for the details).

For the sake of clarity, Societal Challenges were abbreviated in this report as follow.

Full name Abbreviation

Health, demographic change and wellbeing Health

Food security, sustainable agriculture and forestry, mar ine and | Food

maritime and inland water research, and the Bioeconomy

Secure, clean and efficient energy Energy

Climate action, environment, resource efficiency and raw materials Climate, Environment and Resourd
Europe in a changing world - inclusive, innovative and reflective Policy, Innovation and Society
societies

10



Policy & innavation

Climate & environ.

* =10.000

Societal Challenges Energy . 5000
=
(5€1-5) =1000
Food . =100
Health * =10
Mapping
Manitoring

Modelling Math and Physics

Operational Actions (OA1-5) Geology

Geography
Chemistry
Assessm & mngnt  Biology

Research Topics (RT1-5)

Figure 3.1 . The HRC-SYS classification system for groundwater research (D1.2). The legend indicates the
number of resources at each intersection point (as an example)

This classification system (HSES) constitute the basis for developing a database, European Inventory of
Groundwater Research (EIGR), for storing resources (groundwater related research and knowledg
scientific journad, proceedings, book chapters, reports etc). These resources were uploaded by experts |
hydrogeology from 20 countries from the member National Associations (EFG Linked Third Parties). EIl
contains metadata, not the resources themselves, and is buitroopen source platform (Geonetworks).

EIGR allows population of heterogeneous data, which compared to scientific databases, like Scopus and W
of Science, includes negreer reviewed resources. The EFG people who uploaded the data have &
background in (hgro-) geology on a more applied lev@lherefore the EIGR resources are biased towards
non-peer reviewed data. The resources uploaded to EIGR were categorized according to four ilgeses (
3.2). The total numbers of records uploaded and published on the EIGR during the project,isijdat@d

to 2200 during the final revision phase of the project.

Definition of research and knowledge classes 1 to 4.

Research Knowledge
Class-1 Class-2 Class-3 Class-4

Articles in peer Conference Reports from Reports, data
reviewed journals proceedings, research projects, reports, popular
occuring in WoS monographs, book National technical journals,
or Scopus chapters etc. Found journals etc. with newsletters etc.
databasesonly in WoS and Scopus internal or with no certain

extended databases external QA QA (identified by

(all entries) (identified by EFG EFG experts)

experts) .

Figure 3.2. Classification of EIGR resources (refer to D1.2)

11



3.2 Gaps and trends analysis

The gaps and trends analysis is conducted by means of three approaches: QY 8R@Galysis in which for
each of the societal challenge (SC) selected in tie BRESY Sepresentation(Figure3.1) coincidences
between operational actions and research topics are insped2dCeoccurrence analysis to explore links
between and clusters of keywords; and (3) Scop@siVal analysis by making use of tools included in Scopus
database and the associated SciVal tool suite. These are briefly described in the following.

3.2.1 HRGESYS analysis

The HREGYS three dimensional clagsifion system is explored for resources at intersections for research
topics (RT), operational aotis (OAR-5 aaf A0Saé¢ owe¢s> h! oo !'yrfteasSa O
i.e. (RT, OA) for each SC, (RT, SC) for each OA and (OA, SC) fomndaci ¢dmplement each othdFigure

3.3). As KINDRA most concerned to explore gaps within societal challenges, the approach of exploring
resources tithe intersection between research topics and operational actions for societal challenges is
adopted for both the EIGR and Scopus databases. As described in D1.1 dfiduie2.?), the EIGR both
contains scientific literature (Class 1+2) as well as information which to a lesser degree has been review
or otherwise quality assured (Class 3+4). Clearly, the in this project developed EIGR hast@poyhitzh

is much smaller compared to large scientific databases as Scopus (or Web of Science) and also cont:
mainly Class 3 and 4 informatioRigure3.2). However, inspecting and analysing EIGR data gives insight in
research topics and operational action, associated to groundwater management and operation, which is nc
available in the Scieific Scopus database, i.e. Class 3+4 resources.

Soc ietal Challenges (SC)
Pix,0,z)
Keyword identification Qo2 pe
5 * Research Topics (RT)
Rixy,0)
HRC'SYS CIaSSIﬁcatlon E)perat.ic:nal P&("t’i(}ﬂq (OP\)

Gaps:

Populate the EIGR with (RT,0A,SC) data and
Assess the magnitude of combinations of RT and OA
For each SC

Trends:
EIGR and population Assess the temporal trend of combinations for SC

Figure 3.3. The HRC-SYS analysis approach

3.2.2 Cooccurrence analysis

For identification of gaps in groundwater research aocourrence analysis and bibliometnapping

approach has been deployed to visualize and map between keywords. For this, the VOSviewer has be

deployed, a software tool for creating maps based on network data and for visualizing and exploring thes

maps (van Eck and Waltman, 2007, 2010,720Bibliometric maps can be graph or distance based, where

in the latter employs multidimensional scaling technique (Borg and Groenen, 2005) or VOS mappir
12



technique (van Eck and Waltman, 2007; van Eck et al., 2006). In KINDRA, VOSviewer has been use
construct networks of keywords (called items in VOSviewer) associated to the terminology of the KINDF
HRGESYS: societal challenges, operational actions and research topic, as earlier explained. For the anal
presented here VOSviewer has been appliebto visualizations of a map: network, density, cluster density
and the overlay visualization. Zooming and scrolling functionality allows a map to be explored in full detai
which is essential when working with large magpstentially containing thousand®f items. Although
VOSviewer is intended primarily for analyzing bibliometric networks, it can in fact be used to create, visualiz
and explore maps based on any type of network data (van Eck and Waltman, 2017). For a discussion on ot
mapping techniges and tools pls. refer to Bornmann et al. (2015) and van Eck & Waltman (2010). Th
dataflow from EIGR and Scopus to VOSviewer is depicted diadgem Figure3.4) below In the gaps and
trends analysis we are interested in identification of links between the groundwater research related
keywords, the frequency of occurrence in the literature and dsw keywords cluster as this provides
indications for how prominent keywords are and how research areas to which keywords belong are
distributed and linked. For example, the frequency of keywords may reveal the intensity of research in a
area to which ths keyword can be linked and links between keywords and research areas may be to a high
or lesser degree expected (by expert judgement on groundwater research) and give insight in research ga
How prominence, links and clusters vary over time is crémigxploring trends.

All keywords

Pix,0,2)

v
M (xy,2)

“ -~ A&VOSviewer

Visualizing scientific landscapes

Rixy,0)

Nees Jan van Eck and Ludo Waltman
Scopus

v KI N D RA E I G R Centre for Science and Technology Studies
Leiden University
All keywords

Scopus

abstract and citation database
of peer-reviewed literature

Figure 3.4. Co-occurrence analysis from EIGR and Scopus data by visualizing density maps of items and
clustering, exemplified for Societal Challenge Climate, Environment and Resources (SC4)
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Visualizing scientific landscapes
Rixy,0)

Nees Jan van Eck and Ludo Waltman

KI N D RA E I G R Centre for Science and Technology Studies SCOpUS
Leiden University

ClimResEnv (SC4)

Scopus

abstract and citation database
of peer-reviewed literature

Figure 3.5. Co-occurrence analysis from EIGR and Scopus data by visualizing networks maps of items and
clustering exemplified for Societal Challenge Climate, Environment and Resources (SC4)

Thus, tke idea is that links between keywords indicate research in which such keywords are related. Missin
links, where they are expected, may signify a gap in research. Each link has a strength, represented b
positive numerical value. The higher this valuee tstronger the link. The strength of a link may be
interpreted as an indication of how keywords are coupled and interact.

In the network visualization, items are represented by their label and by default also by a circle. The size
the label and the cale of an item is determined by the weight of the item (i.e. how many documents the
keyword is present in). The higher the weight of an item, the larger the label and the circle of the item. Th
color of an item is determined by the cluster to which thenit belongs. Clusters are determined by an
optimization algorithm, that groups items based on association strength (Waltman et al, 2010). Line
between items represent links. The distance between two keywords in the visualization approximately
indicates therelatedness of keywords found by searches in EIGR or Scopus. In general, the closer tv
keywords are located to each other, the stronger their relatedness.

In the item density visualization, items (keywords) are represented by their label in a similaswayhe
network visualization and the overlay visualization. Each point in the item density visualization has a col
that indicates the density of items at that point. By default, cotorange from blue to green to red. The
larger the number of item# the neighbarhood of a point and the higher the weights of the neighking
items, the closer the colo of the point is to red. The other way around, the smaller the number of items in
the neighbarrhood of a point and the lower the weights of the neiglaring items, the closer the calb of

the point is to blue (van Eck and Waltman, 2017).

The cluster density view is similar to the ordinary density view except that the density of items is displaye
separately for each cluster of items. The cluster dgngew is particularly useful to get an overview of the
assignment of items to clusters and of the way in which clusters of items are related to each other
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3.2.3 Scopug; Scival

Scopus was launched in 2004 and contains the largest abstract and citation datdbaeserreviewed
literature, including tools to track, analyze and visualize resegighre3.6). With 22,800 titles from more

than 5,000 internag y I f LJdz0 f A A KSN&ES>X { O02LJza RSt AOSNAR GKS Y]
output in the fields of science, technology, medicine, social science and arts and humanitie:
(elsevier.com/scopus).

69 million

Itemns

" ~ @, Identify and analyze which

P 4 \ journals to read [ submit to

Help researchers manage career —

1.4 Billion cited references 'elp :
citation counts and h-index

dating back to 1970

22,8004
Serial titles Decide what, where and

with whom ta collaborate

‘-~
*——"

+150,000
Books Track impact of research;

+ 5,000' ___70’000 12 ITII"IOFI monitor global research trends

Publishers Main institutional Author profiles Find out what already exists in
profiles j the global world of research

- -
- - Determine how to differentiate

research topics, find ideas

Figure 3.6 Overview of Scopus database (source: elsevier.com/scopus)

In KINDRA both the included tools in Scopus and SciVal are made use of in the gaps and trends analysis, <
examples are shown below.

Keyphrase analysis ©

Top 50 keyphrases by relevance, based on 3,342 publications  Learn about keyphrase caloulations »
Scholarly Qutput Publication Yea
groundwater resource  health impact
" pydrochemistry drinking water . Water quality # ofyvatt_er science and technology Europe
G dwat " hydrogeochemistry 9| publications (incl. Groundwater)
roundwater resources  grsenic health risk ad . T Euz8
Potable water aquifer pollution sndf 7| \ o e tlorhamerica
. well water drinking H | \‘ L B
forgwater supply i L =
ruteen G roundwater pollution aer v g AR
nitrate - 3 L - -
Health risks feavy metals ER

# of Groundwater
publications
s

4_.—'/‘_._

groundwater fluoride
Hydrogeology™ Jealth Pl

World Health Organization

River pollution
Health hazards

AAA relevance of keyphrase | declining I growing (2012 2016) Publication Yasr

Figure 3.7 SciVal generated word cloud to indicate keyword prominence and trend (left) and publication
trends (right)

Scopus database searches were based on search strings with keywords from the KINDRA thesaurus so ¢
be able to extact groundwater research relevant results. HRYS classified keywords for the three main
categories (Societal Challenges, SC; Operational Actions, OA; and Research Topics, RT-cateybreed

refer to the 3D HRESYS representation Figure3.1, in all 15 areag 298 keywords (setable in appendix)

and systematized the keywords into three different groups. The search terms frofs, &IA1t5 and RT3

were combined into a search string and include the period for the search. This results in a search string lik
TITLEABSY9 , 6 O DNR dzy RgF G SNJ hw £ DNRdzyR 2 G4SNE hw K&é&RNZ
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OA3 OR OA4 OR OA5) AND (RT1 OR RRZIOBR RT4 OR RT5)) AND PUBYEAR > 1996 AND PUBYE,
2017

The KINDRA thesaurus terms of the three main categories (Societal Challenges (SC), Operational act
(OA), and Research Topics (RT)) are included in the search string to assure that every dodheeearch
result will be linked to at least one coordination point in the HR(S classification.

The commands (TITHABS(tractKEY (words)) were added as well as the Boolean Operators (AND, OR
NOT)and the defined periods of years (PUBYEAR >S10gls restricts export operations to a maximum of
2,000 documents per search . The files are saved as CSV files and different information is selected from
documents such as the information included in the following categories; Citation informatidiogBaphical
information, Abstract & Keywords, Funding details and other information.

The CS¥iles of each search set were then imported in VOSviewer to performa@arence analysis on
0KS (1Ség2NRa 2F GKS R2O0dzy Sy leininatédkas it GcSiis i2aNbst a3 |
R20dzySyida yR (Kdz RAaAG2NIAa (GKS @AadzZ tAaliarzys
also filtered out, and the number of keywords were then limited to the strongest 500. The relatedness o
items were normalized by association strengths (recommended b¥ck & Waltman, 2009 and the
resulting image were rotated and if needed flipped, to ease comparison with other search sets.

3.2.4 lllustration of methodology applied in gap analysis

Taking point ofdeparture in the graphical representations of how keyword search data is extracted from
either EIGR or Scopus database in Figure 3.4 and 3.5, this process is briefly exemplified to make the u
familiar how this is used in the gap analysis and clarifieqi@al and limitations.For this the Societal

Challenge 'Climate, Environment and Resources' (SC4) for any selected time period is taken as example.

For SC4 a gap analysis can be based on an intersection (bubble) plot in which the Operational Agtions («
and Research Topics (RT) intersections are visible as bubbles of varying sizes. Gaps are thus directly visue
as smaller bubbles as compared to larger, more populated, intersections. This is illustriaigoré4.38 for

EIGR and Scopus. The observations of varying intersection bubble sizes should ideally be subject of furt
examination by means of e.g. expert judgement to assess whether bsizelereflect actual gaps or a lesser
need or prioritization.The method by inspecting gaps by means of intersection plots for SC4 is directly
derived from the HRSYS design and can be further improved on basis of an extended EIGR database whi
is enablel by dynamically updating by current and future users.

Gaps can also appear from-oocurrence analysis. In this case, gaps within the example of SC4 can b
inferred from network and density maps (created in VOSviewer) based on EIGR or Scopus searfdnes anc
selected time periods. A network map visualizing links within SC4 for connected keywdtgsire#.52, is

then used to analyze gaps by inspaegtstrong and weak links between keywords in this Societal Challenge.
For example, weak links between keywords where strong links are expected represent gaps, in this case ¢
between 'groundwater resource’ and 'agriculture’. Likewise, density maps shaters of keywords and
other (clusters of) keywords the chosen example for S@4ay be at varying distance in which larger
distances where close proximity is expected represent gélps.powerful visual representation of clusters
2T WIANRdzy RBRE S NI NBzA F 82N FigueR.52Mskowsl expédtelfl dirorig Anterdcflonsd
¢KS Of dza G SNJ WaINRdzy Rg | (i SNJ LJ2dsterdbilitin@ padt of AtsiwhithRe@uld OeS Y
further explored. Clearly, as in the intersection plots, data visualizations should be subject to expert
judgement for reaching strong conclusions on actual gaps or prioritized needs.
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4 Results

4.1 GAPS analyses

Information included in the EIGR have been extracted by following search option tools available in th
platform: in detail, searches have been performed by the three main categories (OA, RT, SC) and their
overarching categories; additional searches refeclasses 1 to 4, to additional indicators TRL and PRL, and
by geographical criterigmainly for nations included akinked Third Parties. TP} but also for other
countries/area). In addition, searches for buildingSewer maps are based on keywoedtractions; only

the keyword set included in the KINDRA classification system (KINDRA thesaurus in the EIGR) has been
if not differently declared along the text.

4.1.1 EIGR analyses

4.1.1.1 EIGR record distributions

Record data inserted into the EIGR comprisgsits from Project Partners as well as European Federation
of Geologists Linked Third Parties (20 National Associations) participating in the project.

The total amount of records uploaded during the project on the EIGR, successively validated lmjettie pr
partners and published (available tine) is 2178 at the end of 2017. All analyses conducted on the EIGR,
illustrated in this report, are based on this number of records (2178). Successively, during the first thre
months of 2018, some additionaleerds have been inserted and validated, reaching the final number of
2200 published records. Remaining unpublished records inserted in the EIGR are about 130. These recc
cannot be published because they contaicomplete information and comgjuently ae not useful for the

gaps and trends analysis. Actually, it is mandatory when inserting records to specify the category and tt
overarching group of the classification system FBS; by this way, all records contain at least this
information. Distributionin different subcategories for the three main categories among published records
is shown irFigure4.1, Figure4.2 and Fgure4.3

The prevalent type of metadata uploaded to the EIGR are hydrogeology related reports (about 50 %
followed by scientific papers from international and national scientific journals, popuargls, newsletters

and quality assured or reviewed papers (about 25 %) and the remaining part contain other publications suc
as conference proceedings, databases and maps (D2.4). The distribution of uploaded resources f
Operational Actions (5 categed Research Topics (5 categories) & Societal Challenges (5 categories). F
Operational Actions the distribution is shownRigure4.1 below. Clearlythe Assessment and Management
category constitutes the main part with walbove 50 % of all resources|lbwed by Modeling (18%); similar
occurrences shows the other three groups, Monitoring, Water Supply and Mapping. This distributior
confirms that inbrmation inserted in EIGR are directly related to real application of groundwater knowledge
in societal contexts, offering assessment and management solutions for groundwater use and protection.

17



operational Actions M Assessment and Management
Water Supply B Mapping

215 Modeling
10%

® Monitoring

Monitoring
237
11%

W Water Supply

Assessment and

Management
1165

53%

Modeling
397
18%

Mapping
164
8%

Figure 4.1 EIGR distribution of resources within Operational Actions categories

For the same reason of resources uploaded by European Federation migiSeoL TP, the research topic
w3S2f238¥Y A& R2YAYIFGAY 3 gAGK 23S N ndvwatefqualitg Whierdag S R
the remaining research topics asenaller(Figure4.2).

The main reason for this unbalance is related to the origin anddgvaokd of experts (LTP) who inserted
data in the EIGR, who are geologists. This bias is a logical result of the project approach, which was origin
concerned withhydrogeological issues with respect to more general groundwater issues. Nevertheless
undoubtedly hydrogeology is a fundamental part of the groundwater sciences and its prevalence therefor
justified.

However, keywords associated to research topics (dad aperational actions) are developing over time
and should be added by users to keep the EIGR updated. For example, the biology related keywords wh
the project was initiated did notby extensioninclude the most recent topics and were added latette
analysis. The adding of keywords and quality assurance is a dynamic feature of the EIGR system and inclu
to keep it upto-date also beyond the lifetime of the projects.
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Figure 4.2 EIGR distribution of resources within Research Topics categories

Societal Challenges distributiofigure4.3) of EIGR records reveals the largest unbalance among overarching
categories: Climate, Environment and Resources covers 87% of the records, confirming the strong influen

and relationship of groundwater knowledge on this challerigesources as this is@hmain area of concern

for the Linked Third Parties (EFG) partners who mainly populated the EIGR database. For that reason,
gaps and trends analysis focus on this parsignificant percentage of metadata refers to Policy Innovation

and Society (7%)which demonstrates that the classification and the EIGR are capable to capture the
information related to the application of knowledge in policy actions having societal impacts. Minor

percentages are related to Health, Energy and Foodcsikgories.

Societal Challenges

Food

13
1%

Health

Policy Innovation and
Society
150
7%

®m Climate Environment and Resources
M Energy

Food
W Health

M Policy Innovation and Society

Climate Environment

and Resources
1903
87%

Figure 4.3 EIGR distribution of resources within Societal Challenges categories

19



The cross relationships of EIGR metadata can be visualized in a 3D diagram (alsdrigteesdl), where

the 125 intersections among the three axes can be visualized and verified by the occurrence of records. Frc
Figure44A a Of SI NJ 6KFG GKS NBO2NR&a NS RAAUGNAROdzI SR
{20ASGFE /KFEEESYy3aS n W EAYF(GS 9y DANRYYESgule (M 64 2 c
125) show significant content of records €100 metadata), but in several cases the occurrence is limited

(less than 10 records for 58 positions), reaching 0 records for 43 positions. Detailed analysis on these dat:
in chapter3.1.1.3 and3.2.1.1

KINDRA project

3 1
2
» B 0
J5 Jo
a1 0 g 0 1
o5 - &’ d b
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and Society ¢ 1 J 1 ¢ 0 4
n 2 y 1 20 03
%)D Climate, Environment L 8 Y ¢ o 9 b ¢! 0 ¥l
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Figure 4.4 Resource occurrence in 3-D HRC-SYS structured EIGR of the main categories and their
overarching groups

The EIGR contains four different classes related to research and knowledgejrasdesFigure3.2. Classes

1 & 2 represent official research products, classified in international academic databases, and represe
about 1/3 of the inserted records (24% for peeviewed papers of class hé about 9% for proceeding
papers), while the majority of the information are related to grey literature (classified in classes 3 and 4 a
Gly26ftSRISEVDY gAGK Fo2dzi wm> 2F NBO2NRa Kl gAay3
43% (class 4re report and information at national scale without quality assurance. The unbalance towards
the knowledge classes is in agreement with the aim of the project which wants to reveal also information a
various spatial scales published in proceedings, rtspwith limited quality assurance, e.g. peer review.
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Figure 4.5 Distribution of EIGR records for research and knowledge classes 1-4

The Technology Readiness Level (from TRL1 to TRL9, as classifidéunggean Community) was included

in EIGR as additional indicator for estimating technology maturity of a product/publication. The resource
inserted had to be assigned to one of the following levels: TRL 1: Basic principles observed; TRL 2: Techna
conceot formulated; TRL 3: Experimental proof of concept; TRL 4: Technology validated in lab; TRL
Technology validated in relevant environment (industrially relevant environment in the case of key enablin
technologies); TRL 6: Technology demonstrated eveglt environment (industrially relevant environment

in the case of key enabling technologies); TRL 7: System prototype demonstration in operation:
environments; TRL 8: System complete and qualified; and finally TRL 9: Actual system proven in operatio
environment (competitive manufacturing in the case of key enabling technologies; or in space).

In addition, the Policy Readiness Level (from PRL1 to PRL4) was included as indicator for estimating the pc
maturity of a product/publication. Theroduct/publication inserted had to be assigned to one of the
following levels: PRL 1: Not relevant for EU policy implementation; PRL 2: Potentially relevant for EU poli
but additional research needed; PRL 3: Relevant for implementation of EU policyrdsssarch conducted

but guidance need to be developed; and PRL 4: Guidance available: ready for implementation of EU.

The distribution of TRL and PRL and also aggregated forArBhd159, and PRL-2 and 34 is shown in the
Figure4.6 below. It is clear that TRL-4land PRL-2, requiring more research effort and demonstration
before reaching market and policy implementation maturity are dominafirigl. informationKigure4.6) is
available for only 73% of the records and clearly shows a prevalence of lower classes, corresponding to n
technologically advanced informatiof1% of classes 1 to 4), with a minority of records haviagune TRL
levels (16%). Looking at the keyword density maps for TRL 1 to 4 and TRIFgtoed.6), the former is
concentrated on basic knowledgand research information on groundwater issues (as groundwater
resources, aquifer, mapping, etc.), while the latter is clearly shifted towards possible solutions fol
management and assessment, with highest occurrence of keywords as drinking water, cati@amietc.).

This different distribution confirms that TRL evaluation by the experts inserting data in the EIGR has be¢
carefully attributed, classifying basic information with lower TRLs and advanced and technologice
information with higher TRLSs.

A smilar analysis has been conducted for PRgure4.6). Also for this case, the prevalence of the records is
for lower levels (2/3 having PRL 1 & 2hjler minor percentages correspond to higher PRL. Differently from
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the TRL case, the EIGR records seem to have a larger attitude with policy actions, and a significant num
of data shows the possibility to be implemented in policy actions with limitettstf

TRL PRL

mTRLL PRL4 PRL1
7%

mTRLZ
ETRL3

EPRL1
ETRL4

EPRL2
ETRLS

mPRL3
ETRLE
m PRL4
WTRLT

HTRLE

TRLindex PRLindex

Classes 3-4
16%

o Classes 1-4
M Classes 1-2
™ Classes 5-9 |
B Classes 3-4
H jgnored

Classes 5-9
12%

Figure 4.6 EIGR distributions for Technology Readiness Level (TRL), Policy Readiness Level (PRL) and
categorised after level 1-4

An analysis of occtence of records related to main EU reseapehjects having connection with KINDRA
has been performed in the EIGR. Results are resumed in the following table. The project focusing
groundwater are represented in the EIGR with a higher number of reco#ls & BRIDGE, GENESIS, SUBSOL
and AQUATHRA.

tfdd NBFSNI G2 W{dzLJJ SYSY (G NEB al §SNAIFf 9mMQ F2NJ VY

EU Project Number of EIGR record| EU Project Number of EIGR record

GABARDINE 2 BRIDGE 6
GENESIS 4 WATERDISS2.0| 1
RISKBASE 1 SUBSOL 4
WADE 2 DAIAD 1
CIRCE 1 FREEWAT 1
AQUATERRA 5 SmartH20 1
AQUAREHAB 1

Table 1 Occurrence of previous EU projects in EIGR related to KINDRA
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4.1.1.2 Groundwater research derived patents

WIPO is the global forum for intellectual property services, policy, information and cooperation. WIPO is a
seltfunding agencwyf the United Nations, with 19@tember states, with the mission lead the

development of a balanced and effective internatiomaéllectual property (IP) system that enables
innovation and creativity for the benefit of all. The mandate, governing bodies and procedures are set out
in the WIPO Convention, which established WIPO in 1967 (www.wipo.int; WIPO, 201il& WIPO is not
explicitlyincluded inthe EIGRKS G SNY WLI GSyidQ A& I 1S@62NR Ay Of
this sectionused to illustrate the extent of patents in groundwater research

A patent is an exclusive right granted for an invention, which is dymtoor a process that provides, in
general, a new way of doing something, or offers a new technical solution to a problem. To get a patent,
technical information about the invention must be disclosed to the public in a patent application

From figd.7 and4.8it is clear that in the field of groundwater research derived patents (intellectual
property) is overwhelmingly dominated by the UG#der USPTOQJollowed by the European Patent Office
and China. One of the reasons for this is that in this fieldaxedeat the European level is financed by

public funding and filing patents on derived products is restricted as compared to products funded in the
private marketOther reasons for US dominated patents could be related to (1) that there are no language
barriers for products developed in the US, English being the dominant language in groundwater research
and innovation, and (2) lower data protection rulesg. no GDPR data compliance, facilitating the
development of tools and subsequent innovatio@$early, the large volume of groundwater research
derived patents for China and India is related to the increasing economic development and available
resources for researdim general, including groundwater topics (UNESCO Science Report: towards 2030).

Patents for groundwater in WIPO database
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and and Nitrate and clogging and and arsenic
Nanoparticle* Hormone*
B USA mcChina European Patent office

Figure 4.7 Groundwater research derived patents
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Patents for groundwater in WIPO database
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Figure 4.8 Total number of groundwater research derived patents

4.1.1.3 HRGSYS analyses:

In this section the HREYS three dimensional classification system (refeFigure3.1) for the EIGR
populated resources is explored for resources at intersections for research topics (RT), operational actio
(OA) for each of the 5 societal challenges (SC) and selected for the analysis of gaps and trends. Analyses
be performed in allltiree directions, i.e. (RT, OA) for each SC, (RT, SC) for each OA and (OA, SC) for eacl
which complement each other. As we are most concerned to explore gaps within societal challenges, tr
resources at intersections are inspected between research sopnd operational actions fagach ofthe
a20AS0Ft OKIWASHEERNBE B3 f WKIOSY | 1S 9y PBANRY YSyY i
FYR {20ASGeQ FT2NJ KS 9L DwL.R thé BIGRbatScantalnsiscidhiidti@ieR 6 S
(Class 1+2) as well as information which to a lesser degree has been reviewed or otherwise quality assul
(Class 3+4). Clearly, the in this project developed EIGR has a population which is much smaller compare
large scientific databases as Sasfor Web of Science) and also contains mainly Class 3 and 4 informatior
(Figure 4.6) and gives insight in research topics and operational actionpcaged to groundwater
management and operation, which is not available in the Scientific Scopus database.

In the 3D representation of HREY'S, the 125 positions (intersections) above described can be more easil
analysed by slicing the cube along eacls,agbtaining 15 plots representing the distribution of the 5x5
positions for each overarching group. The most useful analysis for the KINDRA aim (gaps & trends analy
is related to the five slices for each Societal Challenge. By this way, five [glotsimg the occurrence of
records for each SC as a function of OA and RT can be derived.

For instance, ifigure49F 2 NJ 42 OA SO+t DOEKI3A Sy IBKWEH Sk £ & KXy ASNRA S
{dzlLJLJE € Q Aa NBflIGA@Ste ¢St LRLMzAIFIGISRET 6KAOK Aa
F2N) 420ASGFt OKIFIffSyaS WC22RQ ¢KSy O2 ¢aclogidaSaydisy 3

Looking at the SC Healthtersection plot Figure4.9), counting 57 records, it is clear that population is
related mainly to Chemistry and Geology RTs, while OAs connected with Health aredatsmtgment and
Managemenf Water Suppl@and, to a minor extent, Monitoring. In fact, chemical properties and
withdrawals for drinking purposes are fields strictly connected with Health. Severatemmrals locations
appear for Geography, Physics & Mathematics, Modeling and Mapping, which seemetmdapparent
relationships with Health.
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Figure 4.9 EIGR data (RT, OA) plot for SC = Health. The size of the bubbles indicates the relative amount of
data at a specific intersection, whereas the number indicates the number of available resources
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Figure 4.10 EIGR data (RT, OA) plot for SC = Food. The size of the bubbles indicates the relative amount of
data at a specific intersection, whereas the number indicates the number of available resources

Concerning the EIGR distribution of resources for the category Fagadré4.10.) it appears that there ia

very limited number of records$t covers less than 1% (13 data) of the uploaded information. Assessment
and management and Water supply are the most relevant concerning teea@pnal Actions, while for the
Research Topics, that is the case for Geology and Chemistry. There is a clear gap in submitted research
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knowledge for this Societal Challengesonfirmed by 17 intersections on 25 show zero records.
Consequently, no sigficant correlations can be inferred for this SC.

¢KS {20AS0Fft [/ KI t506FiEed.11%5 o af e upl@aded NfBrmation, it shows
correlations mainly with Geology, where 80% of occurrences are located. This is a promising issl
demonstrating the link between hydrogeolp@nd energy, while clear gaps appear for all other OAs (no
NEO2NRa FdG Fff F2NJ .A2f23&0¢ ! Y2y3d h! az W aasSaa
records.
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Figure 4.11 EIGR data (RT, OA) plot for SC = Energy. The size of the bubbles indicates the relative amount
of data at a specific intersection, whereas the number indicates the number of available resources

The most of the EIGR records are related to 8Grhate, Environment and Resoascfigure 4.12), where

all 25 intersections include some records. The higher occurrence is, as usual, for Geology among RTs anc
W 33S3aa¥ByhE3aSsyYSyidQ T2 Ndonfirhsathat BIGRA éontefft lisOdriented towards
hydrogeological contributions for management and practical solutions, aimed at solving climatic anc
environmental critical issues, by using and protecting water resources.
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SOCIETAL CHALLENGES
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Figure 4.12 EIGR data (RT, OA) plot for SC = Climate, Environment and Resources. The size of the bubbles
indicates the relative amount of data at a specific intersection, whereas the number indicates the number of
available resources

Finally, a significant number of records deal with8Q 2t A O&8 I L y Yy 2 @iguied. By with 32R  {
intersections containing records. A different distribution among RTs and OAs appears for this SC: besi
Geology, Geography becomes prevalent specially asessment andvlanagemenf probably for
correlation with Basin Management Plans. Also for OAs, Mapping and Modeling a percentage higher the
other SCshas been observedievealing the importance of these instruments for policy and society.
Conversely, Monitoring hasweery limited importance respect with other SCs.
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Figure 4.13 EIGR data (RT, OA) plot for SC = Policy, Innovation and Society. The size of the bubbles indicates
the relative amount of data at a specific intersection, whereas the number indicates the number of available
resources

Slicing the 3D cube along the OA and RT axemsderedess important for gap analysis. Only a resuming
plot has been included for OAs and RTs, compacting the occurrence otiretwb categories. In the OA
resuming plot Figure4.14), SC4 and SC5 are the most important, while amongaRd@istance Geology and
Chemistry show the highest occurrence. There is a clear gapgdai&thFood and¥t 2 f hoatiol and Y
SOASGeQo

The other resuming plot for RTBigure4.15) clearly show the concentration of records for SC4 Climate,
Environment and Resources and the abaited gap for Food and, to some extent, for Health; among OAs,
Assessment and Management is prevalent, but otherseatbgories havsignificantoccurrences.

28



'OPERATIONAL ACTIONS (OA)

Policy, innovation
and society

Climate, environment
and resources

g

bt Energy
=

&}

Z

-

—

z

= Food |
Q

-

<

b=

=

QO o
3 Health
77}

-

a0

I
Biology

0 0
]
26 0
@ ®
197 32 42
i 2 :
® ® @
5 4 24
1 I T
Chemistry Geography Geology
RESEARCH TOPICS (RT)

I
Physics and mathematics

Figure 4.14 Resuming intersection plot of EIGR records for Operational Actions
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4.1.1.4 Cooccurrence analysis

The ceoccurrence analysis for the EIGR system is limited to{tt e OA SG It / KI ff Sy 3
OYBANRYYSY(l YR wSaz2dz2NDSaQ FT2NJ 6KAOK mMdpno NBEO2N
records for SGFood (13), SCHRealth (57), SCBnergy (55) and S@&wlicy, Innovation and Society (150)
contain tao few records to make reliable inferences

Detailed analysis of gaps is based on addpth approach, using the keywords of the KINDRA Thesaurus
inserted by the EIGR user associated to each record, and analyse them by the VOS viewer tool, which allc
to visualize not only the occurrence (frequency) higothe connections (caccurrence) among keywords
(see method chapter).

Keywords are extracted from the EIGR database by selecting all the available records and exporting t
selected dataset as a .txtd which can be imported in Excel for further analysis. In each cell, the keywords
are separated by "###" characters, for next processing it is necessary to replace them with ", " (comma ar
space) and saved in a new .txt file, for VOSviewer processaikmgt care that each row of the file
corresponds to an EIGR record. For further processing in Excel only the KEINERRAataset keywords are
recognized, generating a suitable string for each record. These new strings contain only tH&€ NHDER
keywordsand can be saved in a .txt file for processing in VOSviewer. If the number of 256 characters
exceeded, some sequences of characters ", , , , , ," need to be deleted. The VOSviewer software does
always correctly recognize the EKGRRIDRA dataset keypnds where even the use of "###" characters leads
to errors. Therefore, a specific thesaurus file was developed for creating graphs in VOSviewer which alloy
to determine which words have to be corrected (and how) or discarded during the VOSviewer prgcessi
C2NJ LINPOSaaAay3a AY +h{@ASHESNE GKS a/NBFHGS I YI LI
the "Create" button in VOSviewer left menu. The output files contain the statistical information, e.g. the
number of occurrences and links, as had evaluations of their strength.The entire EIGR database has been
analysed by different methodologies of the VOSviewer tool: the density map, the cluster map and the cluste
density map, which combines the previous two. Some significant examples efplws have been selected

and inserted for evidencing the links and clusters of the EIGR population helping to identify gaps.

In Figure4.16 the density map of the whole EIGR database is shown. The map is structured in a way the
supports the notion that the amount of records uploaded on the EIGR is sufficient for the aim of the project
In fact, different fields of groundwater research are clgadentified, as underlined by the red lines
indicating thedelineatonsand identifying main topics of groundwater. Clusters and keyword links can be
identified asGroundWater GW) budget, GW properties, GW quality, GW & Environment and GW use. The
identification of keyword delineation and clusters e.g. represented by the keywords Aquifer and Drinking
Water, seems to support the notion of representativeness of the EIGR catalogiirectly, this result can

be considered a confirmation of the adequacy ¢ tadopted classification (and of the visualization tool) in
representing the hydrogeological research and knowledge, because relationships between keywords al
reflecting existing correlation in real world.

A similar representation is available tgtworkandcluster mapanalysisfigured.17). Differentcolours have

a correspondence to main topics identified in previous map, while the dimension obudbéles is
representing theifrequency ofoccurrence. In line with previous results, the management of groundwater
resources is linked with the GWD (blue clusterivimich the groundwater body ia prevalent keyword,
comparable with the moreacientificoriented keyword aquifer and linked with several clusters; GW quality
(green cluster) is clearly located, as GW properties (red cluster). GW use (yellow cluster), includir
management and protection, shows clear links with geographical regions.
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Figure 4.16 Density map of the entire EIGR database (2178 records, 242 keywords used) and delineated
into regions
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Between the different classes of research & knowledge, some similarities and some differences can ¢t
inferred. As expected, Classes 1 &Hdw Figure4.18) moretypical research keywords, highlighting the
academic approach to hydrogeology; in this graph, management and policy keyword families are located f
from the core area, as satellites. Conversely, in Classes 8efwbrk andcluster map(Figure4.19), the
assessment and management keyword group is becoming central, showing higher occurrences and mc
strict relationships. This fact is a consequenceth® applicationoriented content of these classes of
documents, more aimed at solving practical problems and offering management opttimsr than
scientific explorations
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Figure 4.18 Network map of Classes 1 & 2 (705 records)
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Additional analyses have been performed for each overarching category of the three main categories OA, |
and SC. Somggnificant maps are shown below, for OAs and SCs.

Theclusterdensity network map of OMapping Figure4.20) is clearlycentred on mapping keywordeSeral
keywords fall in the same cluster (green), but other clusters show direct links with mapping, as the on
related to groundwater resources and drinking water (red cluster), while the blue and the yellow clusters
more related to groundwater propertge are far from the centre. The distribution is in agreement with the
role of OA mapping in groundwater issues.

A density map for OAnonitoring figure 4.21) is showing the central location of the main keyword
WYY 2 y A (aadNik sfran@ links with geochemistry, qualjtpollution and characterization keywords, as
expected. Very few links exist with important keywords as climate, protection, chemical status, which ar
far satellites in the map.
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Figure 4.20 Cluster density map of OA Mapping in EIGR (164 records)
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Figure 4.21 Density map of OA Monitoring in EIGR (237 records)

The corresponihgdensity map for OModeling Figured.22) is less fragmented. All keywords surround the
main Modeling keyword, having links in differetitections, as characterizatiomgper area in the map),
properties (ower area) and policy an@GWD (left area): this last link is very strong, revealing that modelling
is a tool very important for policy applications. On the opposite sigt(area), groundwater bodyand

geophysical method«eyword has a large occurrence, but is less linket thié core area.
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Figure 4.22 Density map of OA Modeling in EIGR (397 records)
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For OA Water Supply, the network map has beleosen Figured.23) to illustratethe main links and clusters:
the yellow cluster is centered on groundwater resources and include many different keyvedatisd to
management other two important clusters aréhe red (monitoring and drinking water keywords) and the
green (groundwater bodgentered). Minor clusters are related to pollution and protection (blue cluster)
and to environment and health (pink clustefhe clusters show overlapping which is partciyl clear for
GKS R2YAYFrGAYy3 WIANRdzyRgFGSNI NBaz2dz2NODSaQ oeStf?2
multidisciplinarity, which is useful and needed for complex and multifaceted research areas

Finally, due to the highégFigure4.24) number of records, OAAssessment and Manageméhias been
represented by density cluster map. Groundwater resources is the central keyword, and its green cluste
includes the GWD and the ecological keywomndsich is important for groundwater dependent ecosystem
research Other clusters as the red (dkimg water) and the yellow (contamination and remediation) are well
represented, while minor clusters include the pink (GW properties) and the blue, related to the policy anc
society.The latter cluster illustrates the underrepresentation of policy andetgén groundwater resources
knowledge for the EIGR data

The analysis of keyword distribution for RTs is difficult, due to the limited number of records for four of these
fields. Consequently, only the map based on RT Geology is considered relevanénsitg mhap Figure

4.25) is cenéred on groundwater resources, and many main keywords are lodatdte surrounding area.

A gapseems to beepresentedby the fact that the groundwater body keyword is far from the main area,
and also the pollution and contamination group is located@medistance from the centre. Some gaps
seem to continue to exist between groundwater resources and groundwater bddghwas to be tackte

for reaching a direct interaction between groundwater use and related policies.
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Figure 4.23 Network map of OA Water supply in EIGR (215 records)
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Similar analyses have been perfornfedother SCsbut limiting thepresentation ofvisualization to SC4 and
SC5. Analysis of SC1, SC2 and SC3, due to the limited number of records (less than 60 metadata availab
each of these SCaje therefore not included hete

A very structured clusr map (Figure4.26) hasbeen obtained for SC4 Climate, Environment and Resource,
where groundwater resources and groundwater body are in the sgoimk) cluster; the other clusters are
surrounding the core aregrouping the keywords in management (red), policy (blue), pollution (yellow) and
monitoring (green), all of them well connected with the main keywords.
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Figure 4.26 Network and cluster map of SC4 Climate, Environment and Resources in EIGR (1903 records,
231 keywords used)

Finally, the networland clustemap for SC5 Policy, Innovation and Society, appears very scatbemraadny
keywordsand with overlapping clustergigure4.27). Different satellites on modelling, ecosystems, aquifer
recharge, waste and energy are very far from the core area, based on management and integrate
management. This map reaks that policy actions are present and significant, but the coordination among
them is very limited at the moment; consequently, a real integrated management has not been achievet
until now.
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Figure 4.27 Network and cluster map of SC5 Policy, Innovation and Society in EIGR (150 records)

4.1.1.5 Geographical distribution of EIGR categories

From the geographic point of view, EIGR records distribution strongly depends on the activities performe
by each single national expert, uploading a different humber of metadata. A simple analysis can b
conductedfor each of the main three categorids.Figure4.28the graphfor Operational Actions is showing
that the high percentage of OA Assessment and Management is influenced by the Czech wehpert,
uploaded about 600 records mainly classified in this OA, but also by the records inserted by the Consortiul
For the other countries, the distribution among the OAs does not show a prevalent action, and records ar
distributed among them.
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Figure 4.28 Distribution of Operational Actions by nations in EIGR records

Geographic distribution of records f&Ts Figure4.29) dearly shows the prevalence of Geology, which is
only partially balanced by Chemistry, mainly for records uploaded by Denmark, Finland, France, Germa
and from the Consortium.

Finally, SCdistribution confirms the absolute prevalence of SC4 Climate, Environment and Resources in &
countries, without significant differences per countries for the other $¢gife4.30).
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Figure 4.30 Distribution of Societal Challenges by nations in EIGR records

By VOSviewer, additional anadgson contribution by countries va been conducted. A particular series of
cluster maps ofhe keywords has den prepared for each countrywhere the percentage amount of each
keyword can be visualized. A limited number of these mapshown below, for selected countries where
distribution of keywords shows particular trends with respect te theneral keyword cluster map for the
whole database, shown iRigure4.31.
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4.1.1.6 Cooccurrence network map representations of geographical distributionkefywords

Figure4.31 below shows the entire EIGR database classified for the percentage keywords from EIGR
resources that belong to the time period tweeen 19972016. The blue, green, yellewrange and red
colours varying continuously from the blue to red represent percentage resources from 0 to about 15 %.
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Figure 4.31 EIGR network map for period 1997-2016 and % keywords (note that colour scale in following
graphs does not correspond to Figure 4.32 to Figure 4.36) from a nation. All nations

Interestingly, it is now possible to distinguish the distributions of percentage keywords for each individua
country with respect to data subiited to EIGR. The use of this is demonstrated for a few countries with
sufficient submitteddataL & A a4 &4SSy GKFIG GKS {1S@62NR WYl LILAY3
with high frequency for Belgium, Denmark and Hungary, but less so for itdl§@ain. In principle, these
maps can be constructed for shorter or longer time periods and indicate trends in percentage keywords an
clusters of keywords on a European regional scale.
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Figure 4.32 EIGR overlay graph for period 1997-2016 and % keywords for Belgium
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Figure 4.33 EIGR overlay graph for period 1997-2016 and % keywords for Denmark
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Figure 4.34 EIGR overlay graph for period 1997-2016 and % keywords for Hungary
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Figure 4.35 EIGR overlay graph for period 1997-2016 and % keywords for Italy
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Figure 4.36 EIGR overlay graph for period 1997-2016 and % keywords for Spain
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4.1.2 Scopus analyses

In order to enable comparison of popular research areasrasédarch performance for the different research
topics and operational actions within each societal challenge between Scopus and EIGR, a subset of the tc
Scopus database on groundwater research with publications was extracted, which contained ah&ast o
keyword from each of the three overall categories (SC, OA and RIS every document in this subset can

be placed in at least one of the 125 coordination points in the-BRE classificatioRigure4.37 shows the
scholarly output for groundwater and hydrogeology research (number of class 1 and 2 publications) for th
period 19972016 according to Scopus and Web of Science using the baseline stanch (BSS) =
DNRdzy Rgl G4 SNJ 2NJ & 3 NP dzFét thegdorapktdBet ab deardk strivdsFoa e @pbsbabedf
co-occurrence map pls. reféo Tabled. Thesearch string that combines the baseline search string with any
keyword fromall three overall SC, OA and RT categories returns a publication set of about half (63.248) «
the total number of groundwater research publications for the period 19076 (125.003). This subset of
publications was used to develop intersection plots for panison with the classified EIGR resouréegure

4.37 furthermore illustrates that the Scopus database contains over 30.000 research publicatiang (ab
30%) more than the WoS database, supporting the conclusion that Scopus has a better coverage of t
natural science and engineering research areas than WoS (Mongeon arAdui3a2i016).
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Scopus vs WoS, 1997-2016

Baseline search string (BSS) = Groundwater or "Ground Water"” or Hydrogeolog*
®Scopus ®WoS

number of publications (Class 1 and 2)
0 20000 40000 60000 80000 100000120000 140000

Baseline Search String (BSS)

BSS + any term from thesaurus:

Search string

BSS + any OA term + any RT term + any SC term:

643

BSS and not any term from thesaurus 5=

Figure 4.37 Comparison of scholarly output on groundwater and hydrogeology research available in the
Scopus and Web of Science databases. The publication set including any terms (keywords) from the OAs,
RTs and SCs is used to develop intersection plots in the following

Socigal Challengeqrefer to section 2.1 Publications
on used SC abbreviations)

SC1I Health 7.786
SCZ; Food, Agriculture 15.899
SCZ; Energy 6.324

SC4 Climate, Environment, Resources| 44.465

SCE& Policy, Innovation, Society 13.217

SCe&; Transport 2606

Table 2 Number of class 1 and 2 groundwater research publications in Scopus for each of the selected SCs

for the period 1997-2016 (both years included). Note that documents can be assigned to more than one SC,

so the total exceeds the size of the dataset (63248). * SC O6Food and agricultur
Scopus, SC 6Foodd in EI GR

Besides the societal challenges used in the-8RE classification systéisted inTable2 we also performed

Fy aasSaavySyd 2F 3INRdzyRgl G§SNI NBSaASFNOK NBflF SR
OGN yalLR2NIéd ¢KAA {/ 3 K2¢SgJS NbhakKthedothdr SCsiamdyhalfbiitesey (
were already included among the publications related to the other SC. It was therefore decided not tc
include this as an additional SC. Keyworgbcourrence maps for this societal challenge is providdtdgure

4.55 andFigure4.56.

4.1.2.1 HRGSYS analyses:
DNRdzy Rgl GSNI NB&aSFNOK NBfFGSR G2 NBaSINOK (2LAO0
to EIGR as the project is initiated by the European Federation of Geologists and primarily include wo
conducted by hydrogeologist (as shown in pregi@ection). Thi©jowever, results in a clear bias towards
hydrogeological research for the publication information in EIGR compared to searches performed in th
Scopus database including all reseatopics Figure4.38), whichclearly demonstrate that groundwater
research is much more diverse than indicated by the EIGR database. However, the intersection plots of R
GDS2f 238¢ F2N 9 LFdwedBYbERNh der@oddtrats thatRnhost Igroundwater research is
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O2y RdzOGSR 6AGKAY {/n &/ ftAYlFGSZI Sy gdiNRyexksyromthey R
Scopus database and show examples of groundwater research gaps identified by these analyses one by
for the five societal challenges applied in the EIGR classification.
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CLIMATE, ENVIRONMENT AND RESOURCES
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PUBLICATIONS IN THE PERIOD 2007-2016
SOCIETAL CHALLENGES-CLIMATE, ENVIRONMENT AND RESOURCES

Assessment and
management
g Water supply . ‘ . ‘ ‘
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Figure 4.38 Comparison of scholarly output with co-occurrence between Kkeywor (
environment and resources o0, -akid) and the fiveemaimaperationraetiens g+ c h
axis) in A) EIGR and B) Scopus for the period 2007-2016
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A)
PUBLICATIONS IN THE PERIOD 2007-2016 (EIGR)
RESEARCH TOPICS-GEOLOGY
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Figure 4.39 Comparison of scholarly output with co-occurrence between keywords of research topic RT4
i Ge o | thegfiyedmain operational actions (x-axis) and main societal challenges (y-axis) in A) EIGR and B)
Scopus, for the period 2007-2016
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The plot below(Figure4.40) F2 NJ {/ m &l SIf 0 Ké¢ & K ghdmber Gfkcl8ss & and 2 € |
publications) of papers containing at least one keyword for each of the OAs and RTs as extracted fro
Scopus.

FUBLICATIONS IN THE PERIOD 2007-2016
SOCIETAL CHALLENGES-HEALTH

Assessment and 4646 4894
management
T 2687 2al6
= Water supply 3574 3§28
E 26 1909
s 2387
i
=
b4
o Modelling
< 1294 11K5 #99 570 §79
=
z
; Monitoring
i 1622 1660 107 %0 e
=
Mapping
e Te4 Raz Gl6 497 435

Biology Chemisiry Geography Geology Physics and mathematics

RESEARCH TOFPICS (RT)

Figure 440Schol arly output for SC1 dtithed lelatdtd®RTsafndOAsh e di f f €

Figure 4.40 illustrates that there is about an order of magnitude difference between the RT and OA
combinations with the lowest (Physics and mathematics combined with Mapping) and highest (chemistr
comhbined with assessment and management) number of publications, 435 and 4894, respectively, withil
research areas related to SC1.

This clearly demonstrates that the dominant research interest is within biology and chemistry, which is
logical as they closelyelate to health issues controlled by water quality affected by e.g. microbial and
chemical pollutants, but it does not reveal whether any of the combination of keywords in the 25 intersection
I NE 02 dSNBR LINE LIShiffe eegearth!compaiewlthedolir gfi@reactiénk. This may reflect
that research on human health in relation to the quality of groundwater resources and the geology of
aquifers (groundwater bodies) have a relatively little relevance for society. However, recent research an
asessments of health issues related to the occurrence of nitrate (Schullehner et al., 2018) and arsenic
groundwater (Wens et al., 2016) indicate that this is a research gap where more research is required.

The intersection plot for SG2a C2 2 R€  k Bigu@4d42. Fhé fighre illustrates that there is a factor 7
difference in the number of publications between the RT and OA combinations with testi¢ggeology and
biology combined with Mapping) and highest (Geography combined with water supply) scholarly output
1615, 1635 and 11401, respectively, within research areas related to SC2.

Considering again the fact that nitrate is the pollutant mosgtrently causing poor groundwater chemical

status in Europe, and that sources of nitrate are often dominated by pollution from agriculture, the relatively
low number of publications on biology, geology and mapping may indicate a research gap on thia topic.
large number of European coastal waters and ecosystems have poor ecological status (EEA, 2015), but li
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knowledge exist about where these ecosystems are linked to poor groundwater chemical status etc. This
supported by assessments of recent teclahieport from Working Group Groundwater within the Common
Implementation Strategy for the Water Framework Directive (e.g. European Commission, 2015). The repa
state that EU member states often argue that they do not have the necessary data and undergtah
aguatic ecosystems to be able to derive groundwater threshold values based on good status objectives
the Water Framework and Groundwater directives. Hence, they are not able to assess groundwater chemic
status for nitrate for the protection oécosystems due to a lack of the understanding of ecosystem needs
and the link between groundwater chemical status and the ecological status of groundwater associate
aguatic ecosystems. The same is the case for many groundwater dependent terrestrial vatiengoor
guantitative and chemical status of groundwater may cause failure to meet the environmental objectives
and ensure good ecological status for these ecosystems. This support the call for more transdisciplina
research between hydrogeologists ardologists as e.g. concluded in technical reports of Working Group
Groundwater within the Common Implementation Strategy for the Water Framework Directive (European
Commission, 2015).
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1 T T T T
Biology Chemistry Geography Geology Physics and mathematics

RESEARCH TOPICS (RT)

Figure 4.41 Scopus data (RT, OA) plot for SC = Food. The size of the bubbles indicate the relative amount
of data at a specific intersection, whereas the number indicates the number of available resources

The intersections for SeEnhergy Figure4.42) demonstrates, that the category of Energy covesslastantial
amount of the obtained information. The distribution of the data along the Operational Actions and Researct
Togcs is relatively even.

This means that important hits can be found at each csmsgion of the the Operational Actions and
Research Topics axes. This highlights the importance of the conducted research activity connected to enel
issues. A research gagannot easily be detected in this energy sheet. On one hand, this proves the
importance of the energy topic. On the other hand, it also proves that this energy topic is very complex an

50



broad. As it was mentioned earlier, geothermal energy utilization{ lpeanps, thermal water resources,
underground waste heat storage, conventional and fwomventional hydrocarbon resources are hot issues

in the different European countries in order to solve energy related problems. The importance of the
Assessment and magement topic with 15929 data (28 % of the total uploaded data) is clearly indicated by
the obtained Scopus data.
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Figure 4.42 Scopus data (RT, OA) plot for SC3 = Energy. The size of the bubbles indicate the relative amount
of data at a specific intersection, whereas the number indicates the number of available resources

¢CKS AYGSNRSOUGAZY L)X 20 F2N) G§KS {204 S IFigured.43ishosS y 3
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for the EIGR data iRigure4.38, but where RT4 Geology was clearly very dominant for EIGR, Scopus dat:
displays a more even distribution across all research topics, as expede8.Nd t £ = (G KS h! 4
YFEYlF3SYSyiQ KrFra | oNRFR &a02L)S 6KSNBE 20KSNJ 2LJ
WY2YAG2NAY3 YR WYIFLILIAY3IQ NBE Y2NB yINNRgteEe RS
W 3aSaayYSyid FyR Yyl 3SYSyiQo
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SOCIETAL CHALLENGES
CLIMATE, ENVIRONMENT AND RESOURCES
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Figure 4.43 Scopus data (RT, OA) plot for SC = Climate, Environment and Resources. The size of the bubbles
indicate the relative amount of data at a specific intersection, whereas the number indicates the number of
available resources
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that OAS is more prevalent as this operational action is closely associated to the political and societal sphel
of interest, more tharthe othermore specific © Ovgater supply, modelling, monitoring and mapping, which
GeLIAOFEftE FNB LINIG 2F GKS ONRIFRSNI Wl aaSaaySyda |
based diagram it again becomes clear that almost all intersections (RT, OA) are underdkeekbeased
towards the EFG submitted resources with focus on geology asdl OAP! 34 SaavYSyd FyR Y
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SOCIETAL CHALLENGES
POLICY, INNOVATION AND SOCIETY

Assessment and - | 6641 ‘ 7890 7648 6462 7464
management
g Water supply
= 3893 3297 3936
2 4596 4595 393
V4
©
£ .
Q Modelling
“ 2611
- 3347 3501 3337
= 4191
4
e
& ;i
< Monitoring (
E 2155 by 4 2233 1911 282
)
Mapping
L 990 1246 1595 1501 1479
1 T 1 1 \
Biology Chemistry Geography Geology  Physics and mathematics
RESEARCH TOPICS (RT)

Figure 4.44 Scopus data (RT, OA) plot for SC = Policy, Innovation and Society. The size of the bubbles
indicate the relative amount of data at a specific intersection, whereas the number indicates the number of
available resources

4.1.2.2 Bibliometric maps and caccurrence analysis

Resources are extracted from Scopus database using search strings that contain all keywords belonging
each of the categories (5 for each axiFigure3.10 ® C2NJ Ayadl yOSs GKS &SI ND
2 1 GSNJ {dzlJLI e Q O2y il ATable XXK&woFd2 fisedZngcanyb@atign Svigh dh2 DERefing
aSEFNODK adNAYy3I F2NJ h!n a2l G§SNI { dzLJL) & ¢

Water suppl* Abstract* Extract* Energy produc* Food Produc* Drinking water

Mining Industr* Farm* Agricultur* Touris*

The complete research strings for constructing the VOSvieweiccorrence maps for each of the figures
below is listed in the Appenditable4

Thereforea search in Scopus for OA {Water Supply} in the period-2098 is:

TITLE-ABSKEY( ( Groundwater OR O0Ground Watero OR hydrogeol og
abstract* OR extnecgy PRodMec*0 OR Afood produc*0o OR Adrin
OR industr* OR farm* OR agricultur* OR touris*) AND [any term from SC 1 - 5] AND [any term

from RT 1 -5]) AND PUBYEAR > 1996 AND PUBYEAR < 2017
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Figure 4.45 and Figure 4.46 analyses the relation between and -cocurrence of the most importd
keywords related to groundwater and human health. The plots clearly indicate and confirm the close relatiol
between groundwater pollution in general, water supply, drinking water, cancer risk, human health as wel
as the contents of certain elements $uas arsenic, radioisotopes and lead, which may occur in groundwater
both as a result of natural and anthropogenic impact. The research publications on the occurrence of arser
and the related health issues are mainly related to Asia (Bangladesh anyl donéido high groundwater
concentrations of arsenic in these countries, but recent studies in the Netherlands (van der Wens et al
2016) indicate that this topic should be higher on the agenda in Europe, and that health benefits of reducin
arsenic in grandwater should be evaluated at a European scale.
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Figure 4.45 VOSviewer density map of most frequent keywords occurring within SC1 7 Health

The Dutch study concluded that lowering of the drinking water stan@@k¥S¥or arsenic from 10 pg/l to

1.0 g/l would reduce the occurrence of cancer and related deaths significantly (van der Wens et al., 201
2017). Hence, research assessing the castkeffect of reducing the DWS for As to 1.0 pg/l in Europe in
general is highly warranted, and such research requires hydrogeological and hydrochemical assessments
the current groundwater content of arsenic across Europe.

Arsenic has the strongest krio human health issues according toatcurrence network mag=jgure4.45,
0St 26 WRNH,While graind@atet INEDN in general a weaker butstill significant link to
human health.

In the rim ofplots inFigure4.45 and Figure4.46 one finds eg. 1) pharmaceuticals, drugs and pathogens in
the top/upper periphery of the diagram; 2) fluorides, cobalt, copper, manganese and selenium in the lower
3) chlorine compounds and ammonia to the left and 4) carcinogens to the right. All these contarhianaamts

no or few links to healthelated keywords (human, world health organisation) indicating that gaps may exist
in the knowledge and understanding of the effects of these pollutants. That a gap exists at least for some
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these pollutants is e.g. inditad by the growing number of highly cited research papers on groundwater and
emerging contaminants (e.g. Lapworth et al., 2012).

Nitrate only appeas as aminor keyword in the shown plots and hence does not appear to be a prominent
research topic imelation to human health at a first glance although nitrate is the pollutant in Europe, which
most frequently results in poor chemical status for groundwater bodies andcoampliance with EU
directives. Based on a very recent paper on the link betweeatsiin groundwater and drinking water and
the occurrence of colorectal cancer in Deark (Schullehner et al., 2018)js appears to be a severe cress
disciplinary research gap, globally.
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Figure 4.46 VOSviewer network map for SC1-Health showing co-occurrence and links between most
important keywords

Figure4.47 and Figure4.48 show that the most frequently occurring keywords of SC2 are agriculture,
irrigation, water quality, groundwater pollution and nitrate. Shog that both groundwater quantitative
and chemical status are important research topics related to food security and sustainable agriculture
Agriculture, nitrate, ecosystem and wetland all occur quite centrally indicating that more research anc
knowledgein relation to nitrate and ecosystems than indicated by the previous figure may exist. However,
nitrate or nutrient loads are not among the most frequent keywords indicating that the link between
groundwater chemical status, nitrate and nutrient loadsiwers and further the nutrient loadings to the
associated ecosystems in lakes (surface waters), transitional and marine waters are not properly understoc
and covered. This supports the conclusions of the Technical Report on groundwater associated aqua
ecosystems published by the European Commission (European Commission, 2015) that a gap exists on
research topic.

55



water use efficiency
soil e wneat
watacbance nitrate leaching
p b o soil surveys
water budget computer simulation "2

g erosion
hydrological modeling crop production Pl2Nts (Botany) coiy ook,
remote sensing groungﬂow sail profile

drought B

manures

ing

rain 2gricultural runoff  NItroge
water flow  canada S

i eulture g :

S north america nutrient manc

z agricultural soils
PO e bon herbit
plants eroicide
rice cattle
climate e biogeochemistry degradation . sai
biodegradation
groundwater abstraction n europe fenillzer(emp.mum methodology
dwater management saline water soil pollution

pollution control. yyater environment

nonhuman
lake water - animalia
extraction animal
nit water treatment remediation

4 gas chromatography
I distribution on controlled study

wate‘ality 9 risk factor mass 59“:\11"“ etry
. ronmental mor.m food SR

river watel

human activity pollution freshwater 5

polluticn monitoring

mination
isotope
saline intrusion aquifer poliution  5°°/°8Y
i

coastal aquifer ndia quality control  Water analysis

turkey potable water I arsenic

. ) I
drinking water metal  cadmium
iron  jead

agricultural activities
groundwater quality
chioride

_geochemistry trace element
idrochemistry principal component analysis. chromium
hw cluster analysis sulfate boron manganase
total dissolved solids :cgklum ] world health organization
chiorine magnesium

fluoride
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Figure 4.48 VOSviewer network map showing co-occurrence and links between most important keywords
within SC2 AFoodo

Figure 4.49 and Figure 4.50 indicate that the most frequently occurring keywords of SD@rgy ae
hydrogeology, geothermal energy, geothermal flow, geothermal fields, groundwater pollution, groundwater
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resource, energy resource, water supply, soil, environmental monitoring and carbon dioxide. Thes
keywords clearly reflect the international tendensief how energy related issues and challenges are
connected to groundwater resources. Geothermal energy prospecting and utilization are in close
relationship with groundwater resources if renewable energy is cited. There are many regions all over th
world where the natural conditions are favorable to produce geothermal energy. Hydrothermal systems
cannot be operated in a sustainable manner without the proper knowledge of hydrogeology and reliable
monitoring. It is also a weknown fact that energy produiin can cause environmental pollution in many
cases reaching even the subsurface media and groundwater resources. This is the reason why strc
connections were revealed among energy and groundwater and soil pollution. There are innovative solutior
how groundwater treatment and soil remediation can be effective and reliable. The utilization of thermal
water resources, geothermal energy and the increasing number of heat pumps for the heating of houses ar
buildings can support to reduce the human carbonxdie emission and the carbon footprint. Although
traditional carbonbased energy supply is still very important, that dominance of the research activity has
been shifted to the direction of renewable energy resources all over the world. This tendencg edsob
recognized in the coccurrence analysis of the keywords connected to the energy.

Figure 4.49 VOSviewer density map of most frequent keywords occurring within SC3T A Ener gy 0
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