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ABSTRACT
This paper presents some of the reasons for studying the history of hydrology and for the formation of 
the International Association of Hydrological Sciences (IAHS) History of Hydrology Working Group. In 
particular, we consider the importance of recording the histories of hydrological data, catchments, 
diversity in hydrology (of both people and topics), and what can be gained from the historical literature 
in hydrology. We also consider why the classical concepts of catchment response to rainfall have evolved 
slowly in hydrology, despite identified limitations, and how the major impetus for change in the 1970s, in 
the form of techniques for measuring environmental tracers, effectively came from developments out-
side the discipline. We conclude by speculating whether the questions posed by recent machine learning 
studies might lead to further change and understanding.
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Why study the history of hydrology?

“Everything of importance has been said before by somebody who 
did not discover it.”         

Alfred North Whitehead (18611947) in Science, 1906, p. 417

Hydrology is largely a historical geoscience; it depends on quali-
tative and quantitative observations recorded in the past and the 
experimental testing of hypotheses formed from these observa-
tions. In this way, it is also an inductive science, in that it relies on 
inferences made from those observations in different ways to 
make statements about places where there are no observations 
available. Hydrology aims to predict responses into the future 
where observations are not yet available, albeit while also making 
use of deductive principles in the conservation of mass, energy and 
momentum. Past observations have also shaped our perceptions 
about how hydrological systems work, such that scientists gain 
some perspective of the historical development of hydrological 
concepts about the catchment water balance. These observations 
have been recorded in the books on the history of hydrology by 
YiFu Tuan (1968) and Asit K. Biswas (1970), in a number of more 

recent articles (e.g. Dooge 1976, 2001, Koutsoyiannis and 
Mamassis 2021, Duffy 2017, Abbott et al. 2019), in papers in a 
special issue of Hydrology and Earth System Science on the History 
of Hydrology in 2020 (Barontini et al. 2020), and in the current 
Special Collection of Hydrological Sciences Journal (Barontini et al. 
2024, Beven 2024a, Levia et al. 2024, McDonnell et al. 2024).

Perhaps one of the most fundamental developments in the 
history of hydrology is the catchment water cycle and the 
understanding that the flow of springs and streams could be 
supported by rainfall alone. Although this concept took time 
to be substantiated with data and scientific evidence, and to 
gain acceptance, it has existed as a perceptual model since the 
age of Greek philosophers (refer to Koutsoyiannis and 
Mamassis 2021). From non-European traditions, the devel-
opment of descriptions of the water cycle from multiple 
sources can be cited, including the Indian Vedic period 
(Singh et al. 2020), the Sumerian and Akkadian eras 
(Perbidon 2024), the Zhou Yi Book of Changes (Zhou et al. 
2011) and the water cosmogony of the Incas (Mazadiego et al. 
2009). Pierre Perrault1 and Edme Mariotte2 in the 17th 
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century are generally credited with being the first persons to 
quantify the catchment water balance and show that rainfall 
volumes exceeded those of river streamflows. But even they 
had some difficulties explaining how springs in the moun-
tains could continue to flow in dry periods.

Since then, there has been a huge expansion of quantitative 
observations of catchment systems, and a great leap forward in 
process understanding is associated with the First International 
Hydrological Decade (IHD, 1965–1974) (Nace 1980). Another 
advancement started in the 1970s with the use of environmental 
tracers, followed by a further impetus in the 1990s with the 
increased use of remote sensing to reveal some of the spatial 
variability in catchment processes, and, more recently, there has 
been an increase of spatial and temporal data collection (e.g. 
Tauro et al. 2018). Yet we are still unsure that we have the 
correct perceptual understanding of how catchments respond 
to rainfall (Beven 2012, Beven and Chappell 2021, Wagener et al. 
2021). In this respect, hydrologists and their perceptual models 
are the product of their own history as students and research 
scientists, as conditioned by their teachers, their reading and 
their field experience (Beven 1987). Indeed, there may be differ-
ent competing perceptual models, especially in those parts of the 
system that lie below the ground surface and where recording 
observations is difficult (though refer, for example, to Binley et 
al. 2015). After all, we still cannot be sure of closing the 
water balance for any catchment, or any control volume 
outside the laboratory, by measurement (e.g. Beven 2006, 
2019, Beven et al. 2020, Condon et al. 2020), so some 
uncertainty in interpretation is inevitable. In such circum-
stances, there is a temptation to fill any gaps with spec-
ulative reasoning. This was true in the days of François and 
Perrault in the 17th century (Barontini and Settura 2024, 
Beven 2024a, and McDonnell et al. 2024, in this Special 
Collection). It remains the case today given how leaky our 
headwater catchments might be (Tischendorf 1969, Fan 
2019, Oda et al. 2024), how they can contribute directly 
to flow in larger watersheds (Ameli et al. 2018), and how 
old some of the water contributing to stream discharge can 
be (e.g. McDonnell et al. 2024). The one lesson we can 
learn from the history of science, in general, is that we can 
be sure our current concepts will be replaced in the future 
and that new observations or new types of observations 
might lead to reinterpretations of our perceptual models.

In this commentary, we address the issue of why the study 
of the history of hydrology is important, as illustrated by 
papers from this Hydrological Sciences Journal Special 
Collection. We consider what we can learn from the histories 
of hydrological data, catchments, past scientists, and past 
papers, and how they are relevant in what appears to be a 
period of significant change. With knowledge of the past, we 
can avoid making similar mistakes and shed light on how past 
concepts, ancestral knowledge and paradigms in hydrology 
have developed and changed. Recording these histories is 
part of the aims of the International Association of 
Hydrological Sciences (IAHS) Working Group on the 
History of Hydrology3 that was constituted in 2023 following 
a session at the IAHS Congress in Montpellier, France, in June 

of that year. The working group particularly aims to record the 
contributions of female hydrologists (refer also to the recent 
paper of Ali et al. 2023) and the history of hydrology in 
countries and regions that historically have not been so widely 
acknowledged and reported.

The importance of the history of hydrological data

“History is merely a list of surprises. It can only prepare us to be 
surprised yet again.”                                

Kurt Vonnegut (19222007) in Slapstick, 1976

Hydrology is an observation-dependent field of study. Thus, the 
history of hydrological data is of particular importance, but 
standards of curation of data from past routine monitoring 
and research studies vary widely. In some countries, data are 
open source and readily available online (though often without 
the metadata of quality controls and uncertainty estimates). In 
some research studies, however, obtaining data from past field 
experiments is often difficult, with the only resort sometimes 
being digitizing figures in published papers. Older data, even 
when saved as charts, punched cards or magnetic tapes, may not 
have been converted to a form where it can easily be accessed, 
and access to information about issues with the data might be 
even more difficult. This challenge is currently particularly 
pertinent since a substantial part of recent hydrological research 
now aims to apply machine learning methods, which require 
large volumes of data to effectively model catchment behaviour. 
Although machine learning has shown promise in improving 
predictions (though not necessarily in enhancing our under-
standing, as noted by Beven 2020b), this approach is heavily 
dependent on the large databases such as Catchment Attributes 
and MEteorology for Largesample Studies (CAMELS) (e.g. 
Addor et al. 2017) that have been put together nationally and 
internationally. However, these databases are frequently limited 
to daily streamflow observations, restricting the applicability of 
machine learning techniques to other modelling scenarios such 
as higher frequency or water chemistry data.

Moreover, the reliability of model predictions and the infer-
ences about catchment processes are fundamentally shaped by 
the quality of the underlying data, including precipitation, 
streamflow, and landscape maps. This is seldom reported in 
detail, even in databases like CAMELS, which do not include 
any information on the quality control or reliability of those 
data. Although there are International Organization for 
Standardization (ISO) standards and World Meteorological 
Organization (WMO) recommendations for particular types 
of point measurements (WMO 2008, ISO 2020), it is still the 
case that there is a lack of common standards for hydrological 
observations, even within single countries, making comparisons 
difficult, and the source of uncertainties associated with the data 
are rarely reported. Other types of data, such as vegetation and 
land management, including some remote sensing data, are 
often recorded only as classes, with a consequent need for an 
(uncertain) interpretation of their hydrological significance.

3See https://iahs.info/Initiatives/Working-Groups/History-of-Hydrology/. (last accessed 11.02.2025)
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There are important issues of reliability and accuracy for 
spatially and temporally variable patterns of rain and snow 
inputs at catchment scale, for actual evapotranspiration esti-
mates in space and time, for streamflow estimates, and for 
characterizing the flow response of catchments, especially 
smaller and flashier catchments. Additionally, data collected 
during projects of limited duration, even during the digital age, 
can be lost even when most grant awarding agencies now insist 
on having an explicit data archiving plan for a project to be 
funded. In other cases, data are treated as commercial, in 
confidence, and are not readily available to researchers or 
other practitioners.

The value of historical data is enhanced in times of change, 
and we are living through a time of change (Milly et al. 2008). 
Although many experimental catchment studies in the past 
have been concerned with the characterization of the response 
of catchments, at particular periods of time such data are 
invaluable when trying to assess the nature and magnitude of 
changes. Such changes might be in terms of changing land use, 
including deforestation, reforestation or urban development, 
or as a result of crossboundary water transfers for irrigation or 
other purposes, or because of changing climate forcings. 
Revisiting past catchment experiments or maintaining sites 
with long records can be a valuable source of information.

An important question, then, is how we, as scientists, can 
ensure that the historical information about our data and how 
it is derived is not lost to time – and surely much of the 
information from the time when both rainfalls and water levels 
were recorded on paper charts is almost certainly lost (refer to 
Westerberg and Karlsen 2024). For for some iconic research 
catchments, there have been some recent efforts to save and 
digitize old charts (e.g. the Maimai catchment in New Zealand, 
McDonnell et al. 2021b). As more and more journals insist on 
explicit data statements and more datasets are made open 
source with DOI references, this situation will gradually 
improve. We note, however, the need for such datasets to be 
provided along with the associated metadata and some indica-
tion of uncertainty estimates.

The importance of the history of catchments in 
hydrology

“It has been said that history repeats itself. 
This is perhaps not quite correct; it merely rhymes.”                   

Theodor Reik, (18881969) in The Unreachables, 1965.

Another theme on the historyofhydrology.net site is the his-
tory of “experimental and representative catchments.” This 
wording was introduced in the first IHD organized by WMO 
and the United Nations Educational, Scientific and Cultural 
Organization (UNESCO) starting in 1965 (UNESCO 2015), 
which will celebrate its 50th anniversary in 2025. Many 
experimental and representative catchments were started in 
that decade. Some have survived with (more or less) 

continuous data to the present day, including within the 
UNESCO Flow Regimes from International Experimental 
and Network Data (FRIEND) initiative (UNESCO 2023)4 

and the EuroMediterranean Network of Experimental and 
Representative Basins (ERB).5 But the histories of most of 
those catchments (and earlier experimental catchments) are 
not that well known. By histories, here, we mean the way in 
which the characteristics of the catchments studied have chan-
ged, the records and metadata of the observations made in 
those catchments, and the results of analyses made for differ-
ent purposes, which may only appear in grey literature in the 
local language, resulting in less accessibility than journal pub-
lications or books published in the English language. This has 
led to some excellent catchment science research being 
neglected.

Some histories of experimental catchments have been writ-
ten, for example for the Maimai catchment in New Zealand 
(McDonnell et al. 2021a) and the Panola catchment in the USA 
(Aulenbach et al. 2021). Books or special issues of journals 
have been published on some research catchments (such as 
Hubbard Brook, Coweeta, Walnut Gulch, Plynlimon, 
KervidyNaizin, etc.), but much of the history is missing. 
There have also been collective initiatives in the form of 
long-term hydrological observatories (e.g. Bogena et al. 
2018a, 2018b, Fovet et al. 2018, Gaillardet et al. 2018), but 
again the history of those observatories is not very well 
recorded. More generally, away from research catchments, 
there has been a tendency for centralization and privatization 
of regional and national water management and the hydro-
logical observations that they collect. This potentially results in 
the loss of local knowledge about the idiosyncrasies of catch-
ments (and their datasets) associated with local observers with 
“boots on the ground.”

This can be an even greater problem where catchments have 
been hydrologically modified for water resource engineering 
or other applications involving, for example, the construction 
of reservoirs, water transfers across divides, agricultural irriga-
tion and underdrainage, urban drainage networks and major 
land use and land management changes. This is particularly 
the case for agricultural and urban catchments, due to their 
high heterogeneity. Such modifications are often not well 
recorded (or may be treated as commercial in confidence) 
and, therefore, cannot be easily included in modelling studies 
for decision making. Similarly, significant natural events such 
as fires, insect infestations, past catastrophic floods and 
droughts, and past climates and glaciations can have a residual 
impact on the current hydrology. The history and its effects on 
the apparent catchment water balance and response processes 
can be important but may not be recorded (but refer, for 
example, to Woodsmith et al. 2004). What we observe today 
is the result of that history, and much of that history is lost to 
time (Beven 2015).

Another aspect of the history of catchments is the applica-
tion of hydrological models to the data from those catchments. 
This inevitably involves some simplifying assumptions, even 

4See also https://en.unesco-montpellier.org/friend-water-program#:~:text=FRIEND%2DWater%20(Flow%20Regimes%20From,and%20temporal%20distribution%20of 
%20%20water. (last accessed 11.02.2025)

5https://erb-network.simdif.com/. (last accessed 11.02.2025)
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when the purpose of a model application is to test hypotheses 
about the hydrological response processes for that catchment, 
including the possibility of multiple hypotheses (e.g. Clark et 
al. 2011, Prieto et al. 2021). More generally, models are often 
applied for purely pragmatic or legacy reasons or as institutio-
nalized recipes to give working solutions for practical pro-
blems (e.g. Addor and Melsen 2019, Melsen 2022). More 
rarely, some models are used for post-audit analyses of the 
type conducted, such as those by Konikow and Bredehoeft 
(1992) and Anderson and Woessner (1992) for groundwater 
modelling applications. Emphasizing and expanding these 
types of analyses could be valuable for understanding what 
methods and models might work or be improved.

Changing paradigms in hydrology (or not)?

“A new scientific truth does not triumph by convincing its opponents 
and making them see the light, but rather because its opponents 
eventually die, and a new generation grows up that is familiar with it.”                                                             

Max Planck (1858–1947)

It is often suggested that science progresses through the evolu-
tion of paradigms (Kuhn 1962) or research programmes 
(Lakatos 1970), which have a degree of historical inertia. In 
practice, and certainly in hydrology, progress is somewhat 
messier than a transition from one paradigm to another. In 
the mythologies of the philosophies of science, the Popperian 
concept of inducing paradigm change by the experimental 
falsification of hypotheses is far too simplistic (Popper 1959). 
Historical studies in the sociology of science have suggested 
that the evolution of concepts is more constructed amongst 
groups of researchers (e.g. Latour 1987). The extreme post- 
positivist view that all science is a social construct is likely not 
valid, but understanding the development of hydrological 
thought, and the limitations of hydrological theory, can 
empower the development of any scientist and facilitate the 
generation of new ideas.

Catchments are unique (e.g. Beven 2000), and although 
catchment theories strive for generalization, they are often 
developed under specific conditions that limit their broader 
applicability. The same challenge applies to models. Although 
there is a growing push for the development of community 
hydrological models, these models reflect the conditions in 
which they were created and are not easily generalizable. Like 
all sciences, hydrology seeks to create universal theories and 
models that can be applied across diverse contexts. However, 
this pursuit carries the risk of misapplication, such as using 
models outside the conditions for which they were originally 
designed and tested (Beven 1989, Grayson et al. 1992). To 
avoid such pitfalls, a deep understanding of the history of 
hydrological theory and model development is crucial. Only 
by recognizing the contexts in which these tools were created 
can we ensure they are applied appropriately.

In hydrology, hypothesis testing by experiment is very 
difficult at any scale of interest (Beven 2001, 2010, Davies et 
al. 2011, 2019). That is, in part, because of the necessarily 
approximative nature of the science and the multiple sources 
of epistemic uncertainties that provide the context for inter-
pretation of understanding of catchment systems (Beven 2019, 

Beven and Lane 2022). It is often difficult to close the water 
balance by observation without allowing for substantial uncer-
tainty in any of the terms of the water balance equation; it is 
even more difficult to gain some appreciation of the complex 
spatially and temporally variable processes that control the 
hydrograph response to an event input. Even in the early 
days of the IHD, there were arguments about the value of 
experimental catchments (refer, for example, to Hewlett et al. 
1969), but such field studies provide valuable means of gen-
erating hypotheses and support abductive reasoning (Baker 
2017, McKnight 2017).

Despite good field evidence to question many classical 
hydrological concepts, these concepts continue to be used to 
the present day. The classical concepts that have constituted 
the dominant paradigm in hydrological thinking include the 
widespread occurrence of Hortonian infiltration excess runoff 
generation (even though Horton himself had a more sophisti-
cated perceptual model of infiltration; Beven 2004b, 2021); the 
use of the Richards equation (or Richardson-Richards equa-
tion; refer to Raats and Knight 2018 or Nimmo 2024) to 
represent water flow in soils (even though in the case of 
Richards 1931, it was based on the wrong experiment, exclud-
ing the possibility of bypass flow; refer to Beven 2014, 2018); 
the advection–dispersion equation for transport in stream, 
soils and groundwater (with spatial dependence induced by 
heterogeneities, bypassing and dead zones); or the misuse of 
velocities in the time of concentration response and geomor-
phological unit hydrograph concepts (e.g. Beven 2020a). It 
would seem that in these hydrological cases, contrary to the 
Planck quote above, the classical concepts are outlasting their 
opponents, such that the dominant paradigm survives despite 
the identified limitations.

The one area where there has been some fundamental 
change in thought and understanding in hydrology is in the 
perceptual models of runoff generation in catchments. Even if 
the Hortonian infiltration excess concept persists, its applic-
ability is now recognized as being far more limited than ori-
ginally believed, mainly confined to dry catchments or during 
exceptionally intense rainfall events. Its dominance of the “era 
of infiltration” (Beven 2021) could not survive the evidence of 
environmental tracers, starting in the 1970s, suggesting that 
much of the storm response hydrograph in many wet catch-
ments could be made up of water stored prior to the event. 
Indeed, explaining this was deemed a double paradox by 
Kirchner (2003), albeit that a (perhaps overly simplistic) expla-
nation in terms of celerities being faster than velocities had 
been expressed long before (e.g. Beven 1989). As more detailed 
studies were made of the spatial and temporal variability of 
tracer concentrations in rainfall and throughfall, and various 
possibilities of fractionation due to evaporation and vegetation 
uptake, the perceptual model became necessarily more 
complex.

The history of how the hydrological community has 
responded to the tracer evidence for pre-event water in the 
hydrograph has yet to be properly explored. Early attempts to 
model the combined flow and tracer responses were based on 
modifications to conceptual storage models (such as the 
Birkenes model of Christophersen and Wright 1981). A more 
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comprehensive theory of storage-age-selection functions has 
been developed more recently but has normally been applied 
with flow as a specified input (e.g. Rinaldo et al. 2015, Harman 
2019, Benettin et al. 2022). There are still several models of 
catchment flow and tracer responses that do not explicitly 
recognize the difference between flow velocities and celerities. 
Alternative conceptual frameworks exist to integrate flow and 
tracer transport, such as percolation theory or random particle 
tracking for flow through soils (Davies et al. 2013, Hunt et al. 
2014), but have not been widely explored. Other water quality 
characteristics might also yield insights where such data are 
made available (see e.g. Lehmann et al. 2007, Janzen and 
McDonnell 2015, at the hillslope scale). There remains a lack 
of datasets with high-frequency observations of water quality 
variables or environmental tracers (e.g. Bieroza et al. 2023, 
Kirchner et al. 2023).

There is another important aspect of the difference in water 
velocities and pressure wave celerities in catchment response, in 
addition to the implications for water residence and transit times 
(McDonnell and Beven 2014). That is in the treatment of storage- 
flow hysteresis at the catchment scale, since the difference sug-
gests that the hysteresis should be state and scale dependent (as 
shown, for example in McGlynn and McDonnell 2003, Davies 
and Beven 2015). At the pore scale in soil physics there have been 
explicit treatments of hysteresis. However, at the catchment scale, 
hysteresis has been left implicit in the representation of catch-
ment storages and their parameters in hydrological models. 
There is information in the changing hysteresis in flow, tracers 
and water quality that can yet be exploited. That is another area 
where a change of paradigm might be needed.

One aspect of paradigm change is that it is often associated with 
critical inputs from outside a discipline. An example in hydro-
logical thinking is the use of isotope tracers in demonstrating the 
sources of water used by plants in transpiration (Dawson and 
Ehleringer 1991, Brooks et al. 2010, McCormick et al. 2021). In 
fact, hydrology overlaps with many other disciplines, with water 
acting as a driver and transport agent, as well as hydrological 
processes being affected by the evolution of soils, vegetation and 
landforms, anthropogenic interventions and climate change. This 
implies that an interdisciplinary approach to hydrology is neces-
sary (refer, for example, to Gascuel-Odoux et al. 2018). Indeed, 
perhaps there is much more to learn from a study of the history of 
such disciplinary overlaps in different contexts.

These are just some examples where the tracing of 
history might more objectively uncover fundamental 
changes and evolution of ideas in the development of 
hydrological thinking. It is not as if changes in paradigm 
have not been suggested (refer, for example, to Beven 1987, 
Falkenmark 2004, 2006, McDonnell et al. 2007, Wagener et 
al. 2008, Zehe et al. 2013, Sivapalan 2015, Peters-Lidard et 
al. 2017, Savenije and Hrachowitz 2017, 2018, Hunt et al. 

2021). We suggest that there is indeed value in such studies 
and more research themes that might be worthy of better 
understanding such histories.

The importance of the history of people in hydrology

“History will be kind to me for I intend to write it.”                                               
Winston S. Churchill (1874–1965)

In addition to understanding the history of hydrology as a 
discipline, the history of the individuals who shaped its 
development can be equally important. The personal jour-
neys of researchers provide valuable insights into the 
evolution of scientific ideas and the human elements 
behind major breakthroughs. However, preserving the 
records of past scientists presents a notable challenge. 
Historically, when records were kept on paper they were 
often thrown away upon retirement from a post or after 
death. Now, most of those records are in digital form, 
some of which will remain traceable for some time (jour-
nal articles as portable document formats (PDFs), prize 
nomination speeches, etc.) but correspondence in the 
form of emails, and records of the development of pro-
jects, might not be so readily accessible. Even curricula 
vitae (CVs), which will normally have a complete compi-
lation of publications over a career, can disappear on 
retirement from an institution.6 Even for Robert Horton, 
a 20th century hydrologist, new research is still adding to 
his list of publications (Vimal et al. 2024).

It is, therefore, rather important to create biographies, 
archives and interviews, either personally or for groups and 
institutions, while this is still relatively easy to do (e.g. refer 
to Rosbjerg 2020, Houben and Batelaan 2022; together with 
Black and Werrity 2024 and Houben et al. 2024 in this 
Special Collection). That is another aim of the IAHS work-
ing group, with initiatives to increase the number of bio-
graphies on the history-of-hydrology.net wiki site 
(managed by Keith Beven, Lancaster Environment 
Centre),7 to increase the number of interviews with emi-
nent hydrologists on the History of Hydrology YouTube 
site (managed by Okke Batelaan, Flinders University),8 and 
to create a digital archive of the 94 boxes of papers from 
Robert Horton9 in the US National Archives (see Beven 
2004a, Smith et al. 2024, Vimal et al. 2024; 2025 marks the 
150th anniversary of Horton’s birth). Discussions are also 
underway with the Dooge Center of Water Resources 
Research, University College Dublin, about creating an 
archive of the papers and notes left by Professor James C. 
I. Dooge.10 Other contributions and initiatives would be 
welcomed by the Working Group, particularly from the less 

6When Keith Beven cleared his office on retiring from Lancaster University in 2015, many boxes of papers associated with particular projects were thrown away, as well 
as many boxes of reprints from the days before digital copies were readily available, collections of card bibliographies, and 5.25” floppy disks for which readers have 
all but disappeared. He still has some boxes of 3.5” floppy disks, but earlier boxes of punched cards of computer programs and data, outputs in the form of line- 
printer paper and backups in the form of magnetic tapes had already been lost in previous moves.

7www.history-of-hydrology.net. (last accessed 11.02.2025)
8https://www.youtube.com/@historyofhydrologyintervie846. (last accessed 11.02.2025)
9http://www.history-of-hydrology.net/mediawiki/index.php?title=Horton,_Robert_Elmer. (last accessed 11.02.2025)
10http://www.history-of-hydrology.net/mediawiki/index.php?title=Dooge,_JCI_(Jim). (last accessed 11.02.2025)
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represented countries, many of which have long histories of 
hydrological studies and water resource engineering. It is 
important that our history reflects the diversity of those 
scientists and countries who have contributed to it.

The importance of documenting the work of 
historically neglected groups

“Certain people discouraged me, saying [science] was not a good 
career for women. That pushed me even more to persevere.”                             

Francoise Barre-Sinoussi, 2008 Nobel Laureate

Doumenting history and work is a particular problem for 
those scientists and countries that are not so well repre-
sented in the literature because of gender and/or language 
issues. There is a documented bias going back millennia 
(Ali et al. 2023) that has consciously and unconsciously 
excluded the acknowledgement of women’s contributions 
to and participation in hydrology and the geosciences. 
Women were banned outright from many universities 
around the world, and from scientific conferences until 
around 1939 (Gewin 2019); however, they were sometimes 
allowed to be present because women were believed to 
provide social cohesion for the men in attendance – a 
form of benevolent sexism that conveys a set of attitudes 
which seemed positive at the surface but served to mini-
mize and undermine women. Women’s participation also 
boosted the financial success of a conference because male 
members bought extra tickets for them (Gewin 2019). Yet 
we know that women provided substantial, unseen contri-
butions to the geosciences (e.g. Foote 1856, Livingston 
1910) that failed to be recognized, and their contributions 
and discoveries were often credited to men. It was common 
for male scientists to have women assistants, and the well- 
known male geologists of the time encouraged women to 
do some of the most time-consuming work of writing and 
illustrating (Burek and Higgs 2021). When these men died, 
several biographies of them were written after their death 
by women to whom they were related. These biographies 
show the depth of understanding the women authors had 
of the geological material and the importance of publishing 
the work posthumously (Burek and Higgs 2021). Prior to 
personal computers, administrative assistants – overwhel-
mingly women – had the responsibility to typeset manu-
scripts for publication over time. We can infer that to 
become efficient in their role, they would have also had 
to deeply understand the material they were transcribing.

Recent attempts to categorize the history of women in 
ecology (Langenheim 1996), limnology (Catalán et al. 2023), 
geology (Vincent 2020), and hydrology (Ali et al. 2023) review 
the presence of women throughout these disciplines, their 
significant – yet unrewarded or unacknowledged – contribu-
tions, and the exclusionary practices that they endured. 
Mattheis et al. (2022) show that many of these barriers are 
still in existence today due to strongly hierarchical environ-
ments with severe power imbalances. These barriers lead to the 

continued denial of opportunities for women’s career advance-
ment, such as honours and awards (Holmes et al. 2020, Meho 
2021, Krause and Gehmlich 2022), first authorship (Pico et al. 
2020) and peer review outcomes (Fox and Paine 2019); speak-
ing opportunities at technical meetings (Ford et al. 2018); 
leadership of editorial boards (Henriques and Garcia 2022); 
recommendation letters (Dutt et al. 2016); and other exclu-
sionary behaviour for historically excluded groups (Marin‐ 
Spiotta et al. 2023).

There is also a great deal of variability in how well the 
recent history of hydrology in different countries is 
recorded, particularly when the original papers are not 
published in the English language. Papers in this Special 
Collection of Hydrological Science Journal are concerned 
with the countries of Slovakia, Croatia, Lebanon, Ukraine, 
Russia, Japan, Brazil France, Germany, the Czech Republic, 
Turkey and Austria (Faybishenko et al. 2024, Holko et al. 
2024, Houben et al. 2024, Hrončeková et al. 2024, 
Kutchment and Gelfan 2024, Levia et al. 2024, Merheb et 
al. 2024, Nakamura et al. 2024, Pavlić et al. 2024, Pereira et 
al. 2024), and the history of the organization of water 
management on the Mekong River (Orieschnig and Venot 
2024). In France, efforts by Charles Obled to highlight the 
work of Eduard Imbeaux in the late 19th century (Beven 
2020a), by Bruno Ambroise to recognize the work on vari-
able contributing areas by Pierre Cappus in 1960,11 and by 
Vazken Andréassian on the legacy of Evald Oldekop 
(Andréassian et al. 2016) are notable, and in the German- 
speaking area by Georg Houben to highlight the founding 
groundwater hydrology contributions of father and son 
Thiem (Houben and Batelaan 2022) and Philipp 
Forchheimer (Houben et al. 2024). Recent papers by 
McDonnell (2023) and Nan et al. (2024) have started to 
look at the history of experimental hydrology in China, 
which was greatly influenced by the changing political 
situation in the 20th century. The contributions of 
Russian hydrologists are gradually becoming more widely 
known, with more publications in English (e.g. Smakhtin 
2002), and an archive of hundreds of biographies that has 
been created from an independent initiative in Russia.12 

There have also been some histories of hydrological insti-
tutions, including the history of IAHS (Rosbjerg and Rodda 
2019) and the International Commission on Water 
Resource Systems (Uysal et al. 2024 in this Special 
Collection).

People from underrepresented groups are often unfairly 
and unequally burdened with the unseen labour of advo-
cacy, representation, and (or) mentoring (refer to 
McKinsey & Company and LeanIn.org 2021, Bangham et 
al. 2022). These activities siphon time away from tradi-
tional research and academic activities that tend to be 
rewarded in the sciences. The underrepresentation of 
women on the History of Hydrology working group wiki 
site and YouTube channel are evidence of this phenom-
enon; that is, the difficult task of uncovering the erased or 

11http://www.history-of-hydrology.net/mediawiki/index.php?title=Cappus,_Pierre. (last accessed 11.02.2025)
12at https://hydrohistory.ru/ (in Russian). (last accessed 11.02.2025)
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overlooked contributions of underrepresented groups or 
regions tends to fall to those peoples or regions already 
marginalized. This is a complex but important issue that 
remains persistent in the sciences. Effort such as the 
History of Hydrology can provide a framework to over-
come these barriers, but ultimately it will likely fall to our 
community to commit to acknowledge, equally value, and 
even reward this labour.

The history of hydrological literature

“There is nothing new, except what has been forgotten.” Attributed 
to Marie Antoinette

“Indeed, history is nothing more than a tableau of crimes and 
misfortunes.”                                                

Voltaire, in L’Ingénu, 1767, ch. 10

As noted earlier, having an accurate understanding of the 
current paradigm and its limitations is an important part of 
instigating change. That means trying to encourage early 
career scientists to read and understand original papers that 
were seminal in the development of different frameworks in 
hydrological thought. The IAHS has played an important role 
towards this aim by publishing the series of Benchmark Papers 
in Hydrology for nine different areas of hydrology, with Jeff 
McDonnell as the series editor.13 Each of these volumes is 
accompanied by an introductory summary and commentary 
on each of the selected papers written by the editors for each 
volume. These outline some of the reasons why those particu-
lar papers were chosen as Benchmarks.

Nearly every early career researcher in hydrology will pro-
duce a literature review. This is generally considered an impor-
tant part of the learning process in demonstrating background 
knowledge of a subject area. However, a lot of that knowledge 
is received knowledge that is repeated (including in hydrolo-
gical textbooks) without going back to the original sources. 
The original papers are not always consistent with the percep-
tions of those studies in the collective memory. Examples are 
the rejection of the Manning equation (which he did not 
originate) in Manning’s original paper (see Williams 1970), 
and Horton’s thinking about infiltration (see Beven 2004b). 
Too often, now, sources are cited without being properly 
studied, and there are complaints that many reviews and 
meta-analyses are of poor quality (Baveye 2024). With the 
widespread use of search engines such as Google Scholar, this 
problem is exacerbated by the ease of finding paper titles and 
copying citations, often without the need to look further than 
the abstract. Proper and serious treatment of the literature is 
important to understand how hydrology has developed and to 
contextualize current research, and can lead to important 
insights about how concepts have been misused in the past 
(e.g. Beven 2020a, 2021). Some of the most important original 
papers continue to offer critical information as to how hydrol-
ogy has evolved and the gaps that remain (refer to Vimal and 
Singh 2022 for Horton’s original work on evaporation and his 

extensive reliance on original sources and large bodies of work 
dating back to the 1700s and late 1800s).

Many seminal papers are now available online (including 
the entire series of IAHS Red Books, and all the Transactions 
series of the American Geophysical Union (AGU)), but some 
are not, either for copyright reasons or because the hard copy 
has not been scanned. For the pre-internet age, it has been 
reported that for every article that is accessible, there may be 
two others that are not indexed in search engines (Google 
Scholar, Web of Science, among others; Vimal et al. 2024).14 

A critical question is how best to harness modern technology 
to provide an informative guide to that past literature and the 
overwhelming production of papers today (e.g. Brandt and 
Tague 2023). Large language models (LLMs) are indeed advan-
cing the way historical analysis can be done with advanced 
language processing capabilities. For example, in a recent work 
(Miao et al. 2024), 310 000 studies published globally between 
1980 and 2023 were analysed to trace the evolution of hydro-
logical research. This analysis revealed the changing global 
patterns of production of scientific papers and collaborations 
between institutions in hydrology over time, but also how 
there has been insufficient attention paid in the literature to 
some major basins prone to heavy rainfall and frequent flood-
ing, such as the Mekong, Brahmaputra, Irrawaddy, Huaihe, 
and Haihe River basins. It is currently an open question as to 
how far artificial intelligence will help or hinder a correct 
appreciation of the literature, in summarizing what is avail-
able, where what is available might include misinterpretations.

What more can we learn from the history of 
hydrology?

“The past is a foreign country; they do things differently there.” L. P. 
Hartley (1895–1972), in The Go-Between, 1953

“In this context, we can learn a lot from the human–water interac-
tions of ancient civilisations [. . .], provided the difference in the 
socio-political and economic systems can be accounted for 
(Question 23). The importance of the historical perspective comes 
from the inability to perform experiments on the interaction of 
people and water, which is reminiscent of the general difficulty of 
experimentation in hydrology . . ..”                                                        

Blöschl et al. (2019, p. 1151)

The hydrological past was considered “a foreign country,” 
especially before the widespread availability of digital compu-
ters, and there has been undoubted progress in hydrology in 
the last 100 years. That progress includes a better understand-
ing of how catchments work (particularly from the use of 
tracers), better measurement techniques (including remote 
sensing), better computational tools (including improved 
visualization tools) and greater appreciation for uncertainties 
in hydrological data. Yet the discussion above suggests that 
progress has perhaps been limited by a certain historical inertia 
in the slow evolution of dominant paradigms in hydrology, 
despite the limitations of those paradigms in dealing with 

13see https://iahs.info/Publications-News/?category=6. (last accessed 11.02.2025)
14Keith Beven’s most cited paper, published in 1979, does not appear on Web of Science (nor do any of the papers in the Hydrological Sciences Bulletin precursor of this 

journal) but has 9838 citations on Google Scholar!
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spatial heterogeneities, surface and subsurface preferential 
flows, explicit treatment of state- and scale dependent sto-
rage-flow hysteresis, defining the control volume of a catch-
ment, and . . . [add your own favourite epistemic challenge 
here]. And all this against a backdrop of declining field work 
in favour of the development and application of models (Burt 
and McDonnell 2015).

A major reason for this slow evolution is that, given the 
uncertainties in hydrological data and the subsequent approx-
imations needed in the analysis of even the water balance 
equation, the theory and models have been largely accepted 
as sufficient, with parameter fitting taking up the slack of those 
uncertainties (Beven 2024a). Such acceptance is conditioned 
by the requirements of practical applications of hydrology, as 
reflected in the nature of hydrological education and text-
books. It owes more to sociology of science and engineering 
applications as activities with a history than the classical posi-
tivist model of hypothesis generation and testing in how a 
science should work (refer to Addor and Melsen 2019 and 
Melsen 2022, in relation to models in this respect).

This then raises the question as to just how the various 
aspects of the history of hydrology might address current 
hydrological issues and inform future studies. One example 
is the way in which various post-positivist viewpoints are now 
being developed, particularly in the realm of sociohydrology in 
dealing with the impacts of change in (nonstationary) hydro-
logical systems, for example within the current IAHS 
Hydrology Engaged Local People IN a Global world 
(HELPING) programme.15 This wider interdisciplinary frame-
work includes works on intergenerational visions (i.e. van 
Hateren et al. 2023), composite risks in codependent scales 
(Pörtner 2022), human-centred early warning systems (WMO 
2022), panarchy theory of convergence (Sundström et al. 
2023), climate justice (Bustamante et al. 2023), planetary 
boundaries (Richardson et al. 2023), ancestral co-creation of 
water knowledge with inclusiveness (Doubleday 2019, Roca- 
Servat et al. 2021, Krenak 2024), and the recent open hydrol-
ogy initiative (UNESCO 2024). In a changing global history, 
where decarbonization, digitalization and decolonization of 
science are rapidly emerging, these wider views, many taken 
from history, can expand our vision, models and dialogue.

A further example is provided by how the history might 
inform an evaluation of hydrological models. Another objec-
tive of the History of Hydrology working group is to clarify 
and reconstruct the reasoning behind model development, 
track the origin of model assumptions, and distinguish con-
cepts such as perceptual models from their implementation 
in equations and computer codes, including solution meth-
ods, model diagnosis, and probabilistic formulations and 
uncertainty estimation. Increasing transparency in model 
development would help assess the realism of model assump-
tions and identify gaps in knowledge. The dominant positi-
vist paradigm has, until recently, been associated with a great 
many (but only relatively few classes of) hydrological models 
(refer, for example, to Beven 2012 and the discussion of 
Fenicia et al. 2024). There have been articles published on 
the histories of various models, but mostly written from the 

viewpoint of their developers (e.g. the Stanford Watershed 
Model in Crawford and Burges 2004; SWAT in Gassman et 
al. 2007; PDM in Moore 2007, SHE in Refsgaard et al. 2010; 
Topmodel in Beven et al. 2021, HBV in Seibert and 
Bergström 2022). These accounts are, perhaps, filtered 
through a perspective of model success. But, as noted earlier, 
these models have not generally been subjected to any form of 
post-audit analyses based on comparing historical simula-
tions with actual data on outcomes. Such analyses might 
help in learning how to identify, select and improve model 
structures, how to make predictions in data-scarce environ-
ments and ungauged catchments, and how to use model 
diagnostics or limits of acceptability in hypothesis testing to 
select models that can be accepted as fit-for-purpose (Fenicia 
et al. 2014, Beven and Lane 2022, Prieto et al. 2022, Beven 
2024b). To do so, however, requires that the histories of those 
applications and the past simulations be stored and be 
accessible.

Machine learning models have shown improved streamflow 
predictions compared to traditional models by leveraging data 
from multiple catchments, rather than relying solely on data 
from a single catchment (e.g. Kratzert et al. 2024). This is 
noteworthy both for practical applications and because it high-
lights potential gaps in our understanding as captured by 
traditional models in treating catchments as unique (Beven 
2000, 2020b). However, machine-learning models challenge 
several established paradigms that have long guided model 
development, such as physical laws like mass balance, which 
they do not explicitly enforce; the principle of parsimony, as 
they involve vastly more parameters; and consistency with 
physical expectations (e.g. more rainfall should lead to more 
flow, and higher temperatures to less), which they often fail to 
meet (Reichert et al. 2024).

Although the results of machine learning models are promis-
ing, there is still no compelling reason to abandon traditional 
modelling principles entirely. Additionally, these models are 
heavily dependent on historical data, which carry their own 
uncertainties and inconsistencies. This highlights the impor-
tance of critically examining the limitations of historical data 
in order to maximize what we might learn from the machine 
learning research programme (as with all models in hydrology; 
Beven 2019). If machine learning is to inform future hydrolo-
gical understanding, then it is possible that it might lead to 
another paradigm shift. Perhaps history will just again find 
another form of compensation for the limitations of the obser-
vations in taking advantage of the spatial history across multiple 
catchments as well as the more traditional temporal history for a 
single catchment. History will, in time, tell us.

In fact, there is more to be done on all of the historical topics 
outlined above, particularly in terms of how the developments 
of hydrological thinking and concepts have evolved within the 
sociological contexts of research groups and funding priorities 
over time. We hope that the IAHS History of Hydrology 
Working Group will be able to make some progress in enhan-
cing the histories, especially the contributions of women and 
minority groups that have been less recognized in the past, and 
the co-evolutionary human–water feedbacks of interconnected 

15https://iahs.info/Initiatives/Scientific-Decades/helping-working-groups/. (last accessed 11.02.2025)
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water resource systems. We encourage more active participation 
in the working group to achieve these ends.

“Difficulty is the excuse history never accepts.”                                                  
Edward R. Murrow (1908–1965)
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