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On the use of large language models '?
in the water domain: Navigating the

Scylla of naive techno-optimism and the

Charybdis of technology denial

Dear Editor,

I would like to thank Dr. Ray for his Letter to the Editor (Ray, 2023)
responding to my article “Artificial intelligence in the water domain:
Opportunities for responsible use” (Doorn, 2021).

In his letter, Dr. Ray seeks to reimagine how Al, in the form of advanced
language models such as OpenAl's ChatGPT, could be more effectively
harnessed to address some of the issues articulated in my article. He focuses
on three issues in particular: the potential of ChatGPT in revolutionizing the
concepts of Theory-Guided Data Science (TGDS), ChatGPT's potential in the
democratization of decision-making, and ChatGPT's potential in establish-
ing a robust communication bridge between diverse professionals working
in the water sector. While I largely agree with Dr. Ray's analysis of gaps and
work that still needs to be done, I do not share his optimism about ChatGPT
and Large Language Models (LLMs) more generally. Since ChatGPT is just
one of the many LLMs currently being developed, I will use the term LLM
and not ChatGPT to respond to Dr. Ray's points.

Before doing so, it is important to realize how LLMs work. In very simple
terms, an LLM is a language model consisting of a neural network trained
on huge datasets of unlabeled text. Using a “next-word prediction para-
digm” these models can generate human-like responses to concrete
prompts (Bubeck et al., 2023). However, LLMs are also prone to generating
factually nonsensical or incorrect text. This “hallucination” (Ji et al., 2023)
happens because the data on which these models are trained are often in-
complete or contradictory.

Let us now look at the three points mentioned by Dr. Ray, to start with
TGDS. Dr. Ray rightly stresses the inherent complexities involved with the
integration of theoretical understandings of natural systems and data-
driven models. True as that may be, it is good to carefully consider the ra-
tionale behind TGDS, which is to combine the strengths of data-driven
methods with those of physics-based solutions, thereby avoiding some of
the shortcomings one would have if one would rely solely on either data-
driven approaches or theory-based approaches. It is not entirely clear
how Dr. Ray sees the role of LLMs in TGDS. If his idea is to delegate all
the physics theory to LLMs, the approach might fall into the trap of purely
data-driven models that are black boxes with no physical meaning and little
explanatory power. To put it in more blunt terms, the very reason to bring
in physics is to avoid the data-driven models providing meaningless output,
and this role of “safeguarding” the physics theory is exactly what halluci-
nating LLMs cannot perform. However, if Dr. Ray's suggestion is to use
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LLM as a source of inspiration to complement “traditional” physics-based
approaches, LLMs may indeed have something to offer to TGDS.

The second suggestion made by Dr. Ray is to use LLMs to use the “natural
language processing capabilities” of LLMs to facilitate participatory ap-
proaches. While it may be interesting to explore this use of LLMs further in a
protected space, it is questionable whether it will enhance the fairness and le-
gitimacy of policies and strategies formulated, as Dr. Ray suggests. It is now
quite well-known that LLMs may be quite biased (Ferrara, 2023) and their
use may in fact reproduce biases rather than making the decision-making pro-
cesses more fair and legitimate. Likewise, I share Dr. Ray's view that, given the
dynamic nature of our society and our environmental challenges, we cannot
uncritically rely on a fixed set of predetermined values, something I stressed
in my original contribution as well, but neither can we uncritically take the
output of LLMs as the final answer to what the relevant values are. Especially
when dealing with changing values, data-driven methods may be too conser-
vative in the sense of reproducing existing values (and power relations) and
not capturing value dynamism and emerging values.

Lastly, and in response to my plea to strengthen exchange and collabora-
tion between water professionals and data analists, Dr. Ray suggests to use
LLMs to facilitate effective communication between these groups. He refers
to LLMs' “proficiency in natural language understanding and generation”.
Again, I find this an original suggestion and it would be interesting to see
whether LLM-based tools can be used as an interface or intermediary be-
tween people who talk different “disciplinary” languages. However, I
strongly disagree with Dr. Ray's reference to LLMs' “understanding of natural
language”. Admittedly, LLMs can produce human-like text. However, to refer
to this capacity as “understanding” seems to overstate the workings of LLMs.
LLMs do not comprehend text in the sense that humans do. Their output is
ultimately the result of heavy statistical analyses and pattern recognition
(Masters, 2023). That is exactly why LLMs sometimes run adrift when they
lack the relevant data to perform these analyses. In those situations, the
LLMs do not “understand” that their output is best described as hallucinatory.

Again, I would like to thank Dr. Ray for his original and thought-
provoking response to my article and I hope that his Letter with my
response will spur further discussion.
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