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Introduction
Hydrogeology is a complex field that requires an 

understanding of both hydrology and geology, and it is 
interlinked with many other disciplines, from health science 
to agriculture and social sciences. It is also a growing subject, 
since climate change and anthropic pressures on the water 
cycle and aquifers worldwide have become more and more 
evident (Abbott et al., 2019; Berghuijs et al., 2024; de Graaf 
et al., 2019; Jasechko et al., 2024; Smerdon, 2017; Van Loon et 
al., 2016) and need to be addressed with adequate knowledge 
and tools.

Identifying open issues inside a discipline can help address 
them and improve the discipline itself. The hydrological 
community launched several activities in this direction. In 
2019, the “twenty-three unsolved problems in hydrology” were 
published (Blöschl et al., 2019), highlighting areas of research, 
methodologies, and communication which the community 
agreed on needing answers. The goals of that work were to 
increase the coherence of the scientific progress in hydrology by 
having common research subjects, but also to spread awareness 
of the fact that many hydrological processes were (and still are) 
not fully understood. From 2013 to 2022, the International 
Association of Hydrological Sciences (IAHS) organized the 
scientific decade “Panta Rhei - Everything Flows: Change in 
hydrology and society”, pushing a community-coordinated 
effort to better understand the increasing human impact on 
the water cycle (Kreibich et al., 2025), after the identification 
of a lack of research and action in this aspect (Brondizio et al., 
2016; Montanari et al., 2013).

At the 7th National Meeting on Hydrogeology (Flowpath), 
organized by the Italian Chapter of the International 
Association of Hydrogeologists (IAH) in June 2025, the Italian 
hydrogeological community was asked to answer a generic but 
crucial question: “What are the problems and open issues to 
be addressed in hydrogeology in Italy?”. The discussion was 
led by ECHN-Italy members (Early Career Hydrogeologists 
Network), structured to have a 5-minutes intervention from 

5 inter-generational and crossing-background speakers, and 
then leave the next hour and a half to 2-minutes interventions 
from the event’s participants. From the collection of the 
speeches, 6 clusters of topics were identified, highlighting the 
most pressing areas that would need intervention to improve 
hydrogeology in the country.

This article thus delineates the first community-led 
recognition of open issues in Italian hydrogeology, and aims 
to be a small cornerstone for future and broader discussions 
within the community, fostering collective actions on the 
identified problems and potentially extending the debate to 
the global IAH community.

Results
During the discussion, 24 interventions were collected. 

The full list of intervening people’s names is reported in the 
Acknowledgment section. From these, a total of 46 topics 
were obtained by identifying the main points of each speech. 
The topics were then grouped into 6 clusters based on their 
affinity. The clusters are presented and briefly described in the 
section below, and the topics that led to their definition are 
further discussed in the subsequent section.

Topic clusters
The following paragraphs summarize the discussion 

by grouping the community contributions into clusters. 
The clusters’ titles summarize the open issues identified.  
In Table 1, the number and percentage of topics grouped into 
clusters are shown.
1. Teaching and education

The current academic education in Italy is thought not to 
be fit for an up-to-date training of a hydrogeologist able to 
address the complexity of the topic and to confront with other 
disciplines.

2. Lack of interdisciplinarity
A paradox was found: the hydrogeologist inherently needs 

to be a figure able to manage multiple disciplines, but there 
is a prevalent sentiment that current people working and 
researching on hydrogeology in Italy lack the ability to 
confront with other disciplines and professionals. There is a 
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tendency towards having a figure able to do everything itself 
rather than being able to talk with people with different 
knowledge.
3. Data: availability, knowledge, homogeneity

Hydrogeological data in Italy has been deemed as generally 
hard to access, scarce, and not uniform among different entities 
and regions. A lack of understanding of how to manage and 
utilize the data was also identified.

4. Approach to complexity
The trade-off between the need for simplification and the 

complexity of the hydrogeological systems has been identified 
as a main reason for concern, particularly if simplification is 
used to avoid dealing with complex systems with more care, 
rather than a way to make them more understandable.

5. AI tools rise
On the verge of the rise of Artificial Intelligence (AI) tools 

such as Large Language Models (LLMs) and Deep Learning 
(DL) models applied to hydrogeology, the need for their 
conscious utilization has been evidenced as a relevant issue 
to address. 

6. Out of clusters
Outside of the identified topic clusters, a case was made 

about the need to address contaminants of emerging concerns 
and the Italian policies and regulations fragmentation across 
regions and administrations.

Discussion on the topic clusters
Teaching and education

The most prominent topics were teaching and education, 
covering 35% of all the topics mentioned (Table 1). The 
discussion sparked from assessing a general lack of new 
enrollments in geology university programs. From there, 
interventions hypothesised the reasons that may be behind 
this. The education offered at the moment was described as 
static, with difficulties in evolving to teach multidisciplinary 
knowledge suitable to the new requests of society and 
human challenges, such as climate change, alongside a lack 
of developing critical thinking in students. An insufficient 
awareness among young students and general society about 
the role and the job of both geologists and hydrogeologists 

was also noted: geologists are seen as “mere describers of the 
world” and not as professionals capable of providing reliable 
data and solutions to concrete problems. This is reflected in 
the educational offerings, with a lack of courses that integrate 
multidisciplinary knowledge, particularly important for 
hydrogeologists, as they need to be able to comprehend and 
manage the complexity of the discipline and the linkages 
with others.

This topic has also been identified on a global scale. IAH’s 
vice president released a newsletter to the global community 
(IAH, 2025), recognising a general crisis in the academic field 
of Earth Sciences, launching the idea and intent on “reframing 
geology and hydrogeology as disciplines of opportunity and 
tools toward a safer, more sustainable future”. From 2015, IHE 
Delft and partners have been organizing the “International 
Master’s programme on groundwater and global change”, 
named GroundwatCH (groundwatermaster.eu), specifically 
aimed at addressing gaps in higher education regarding 
groundwater understanding and its interaction with surface 
water and changes at global scale.

Lack of interdisciplinarity
The second cluster (20% of interventions, Table 1) is closely 

linked to the first, but the discussion around it went further 
in not only deeming the lack of interdisciplinarity as only due 
to the current Italian hydrogeologists’ education, but also in 
recognising a compartmentalisation between geologists and 
other figures, underlining a lack of multidisciplinary teams 
and collaboration often due to lack of comprehension of each 
other needs, limits and opportunities. Some interventions also 
noticed a missing link between academia and professionals in 
the hydrogeological field, with the latter being usually delayed 
compared to the advances made in the field by the first. The 
current societal and research contexts need a figure able to 
understand other disciplines, but not necessarily able to do 
everything themselves, rather than being able to collaborate 
and cooperate with other experts and professionals.

Data: availability, knowledge, homogeneity
17% of the speeches addressed data availability, knowledge, 

and homogeneity as an open issue in the Italian hydrogeological 
context (Table 1). Data has been described as generally 
hard to access and usually scarce, and not homogeneously 
collected and stored. At the same time, when large datasets 
are available, there is a lack of skills in being able to manage 
them. These factors both lead and generate from what has 
been identified as a lack of understanding of the importance 
of openly available data and how to transform it into crucial 
information.

Approach to complexity
Embracing complexity is an increasingly important matter 

in current hydrogeology as well as in the current and future 
research and social context (Basel et al., 2022; Huang et al., 
2025; Pande & Sivapalan, 2017; Sivapalan et al., 2012). 13% of 
the topics unveiled (Table 1) a well-known trade-off between 

Tab. 1 - Identified topic clusters, numbers, and percentages of topics grouped into each cluster.

Tab. 1 - Definizione dei cluster per numero e percentuale di argomenti.

Cluster 
number

Cluster title
Number of 

topics in 
cluster [-]

Percentage 
of topics in 
cluster [%]

1 Teaching and education 16 34.8

2 Lack of interdisciplinarity 9 19.6

3 Data: availability, 
knowledge, homogeneity

8 17.4

4 Approach to complexity 6 13.0

5 AI tools rise 5 10.9

6 Out of clusters 2 4.3

All 46 100
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the inherent complexity of the systems considered and the 
need to simplify to provide insights and solutions, especially 
when modelling is involved (Hugman & Doherty, 2022). 
Simplification has been however described as usually the 
winner in this trade-off, since there is a lack in the community 
to be able to collectively address and represent systemic 
and complex conditions. The lack of vision and the fear of 
complexity can thus lead to oversimplified shortcuts, which 
have been deemed as a topic of concern in the discussion.

AI tools rise
All the interventions regarding AI tools, such as LLMs 

and DL models, revolved around the need to utilize them 
knowing both their perks and their limits (11% of the total 
topics, Table 1). The rise of these tools has been relevant in 
many fields of research (Elali & Rachid, 2023; Volpi et al., 
2023), and hydrogeology is no exception (Alagha et al., 2017; 
Jung et al., 2024). The discussion agreed on their relevance 
and potential, but also warned that their use has to be 
backed up by real knowledge. The need is to avoid reliance 
on a “black-box” approach (i.e. without knowledge on the 
underlying processes in models), and instead retain control 
over algorithms through an appropriate choice of parameters, 
grounded in the user’s fundamental understanding of the 
physical setting and involved processes.

Conclusion
Identifying problems and issues is the first step to being 

able to solve them. Often, problems are “known” by everyone 
in a community, but until they are discussed, there is no way 
to address them. The Italian hydrogeological community 
made this first step by reflecting on issues in hydrogeology 
in Italy. This was done by dialoguing among peers at the 7th 
Edition of Flowpath, the National Meeting on Hydrogeology, 
organized by the Italian Chapter of the International 
Association of Hydrogeologists (IAH), in an open discussion 
held by ECHN-Italy.

By analysing the outcomes of the discussion, with more 
than 20 interventions, six main clusters of open issues 
were identified. They address relevant concerns linked with 
hydrogeologists’ reality in the country: teaching and education 
of hydrogeology in Italy, the lack of interdisciplinarity both 
taught and practiced, a general lack of data knowledge and 
availability, a short-sighted approach to complexity, and the 
need to consider the rise of AI tools.

The list presented in this article can now be a starting 
point to collectively recognize them and work towards their 
solutions. No solution can be found for problems not known.
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