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Abstract: Although it is self-evident that today’s groundwater issues have a history that frames both
problems and responses, these histories have received scant attention in the socio-hydrogeological
literature to date. This paper aims to enrich the field of socio-hydrogeology with a novel, histor-
ical perspective on groundwater management whilst simultaneously demonstrating the value to
water history of engaging with groundwater. This is achieved by applying hydrogeological, socio-
hydrogeological, and historical methods in an interdisciplinary and collaborative research process
while analysing a case study of urban groundwater management over a 150-year period. In the
German capital Berlin, local aquifers have always been central to its water supply and, being close
to the surface, have made for intricate interactions between urban development and groundwater
levels. The paper describes oscillations in groundwater levels across Berlin’s turbulent history and
the meanings attached to them. It demonstrates the value to socio-hydrogeology of viewing the
history of groundwater through a socio-material lens and to urban history of paying greater attention
to subsurface water resources. The invisibility and inscrutability associated with groundwater should
not discourage attention, but rather incite curiosity into this underexplored realm of the subterranean
city, inspiring scholars and practitioners well beyond the confines of hydrogeology.

Keywords: Berlin; groundwater levels; socio-hydrogeology; urban history

1. Introduction

As the emergent field of socio-hydrogeology gains traction within the water research
community, considerable work is being dedicated to defining its disciplinary contours,
thematic range, and practical value. Pioneering studies on the interaction of groundwater
and society address applications of a structured interdisciplinary approach [1], health
issues [2,3], groundwater governance [4], participatory approaches [5,6], and the link to
geo-ethics including effective outreach strategies [7]. This body of scholarship has already
mapped out an impressive terrain for socio-hydrogeology but is distinctive for focusing
almost exclusively on current challenges of groundwater assessment and management. It
is thus a very ‘presentist’ take on socio-hydrogeology that is being advocated. Although it
is self-evident that today’s groundwater issues have a history that frames both problems
and responses, these histories have received scant attention in the literature. This criticism
can be levelled not only at socio-hydrogeologists. It also applies to a surprising extent to
water historians. Their concern has, to a large degree, been focused on the water resources
visible and accessible above ground. We know little, in particular, about the social and
political dimensions to the history of groundwater. On both fronts—socio-hydrogeology
and water history—there exists a serious knowledge gap.

This paper aims to enrich the field of socio-hydrogeology with a novel, historical
perspective on groundwater assessment and management whilst simultaneously demon-
strating the value to water history of engaging with groundwater as a socio-material
configuration. The core objective is to show how the field of socio-hydrogeology could
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benefit from extending its concern for temporal dynamics to consider histories of ground-
water politics, debates, and patterns of use. The paper reveals past social dimensions
to hydrogeology not only from the vantage point of historical analysis today, but also
through the eyes of past hydrogeologists. This makes the findings particularly relevant for
modern-day managers of groundwater resources.

In line with the exploratory nature of this venture, the chosen method of analysis is
a case study of Berlin’s urban groundwater management covering a period of 150 years.
Berlin’s hydrogeology is shaped by the Quaternary glacial periods. The low-lying Warsaw–
Berlin glacial valley, which is mainly composed of sandy and gravelly deposits, is flanked
by plateaus in the north and in the south, which are to a large extent covered with thick
boulder clay and glacial till of the ground moraines. The average 150 m thick Quaternary
and Tertiary unconsolidated sediments form the freshwater reservoir and can be divided
into four aquifers. The second, predominantly Saale-age aquifer, is referred to as the main
aquifer, since it is the principal source of water supplied to the city [8].

The city of Berlin lends itself admirably as a case study for several reasons. First, the
local aquifers described above have always been central to Berlin’s water supply. Today,
all of its drinking water stems from groundwater sources in and around the city that are
replenished by passing surface water, precipitation, and infiltration ponds. Second, the
water table is, in many locations, very close to the surface, making for intricate interactions
between urban development and groundwater levels. Third, the city has monitored
groundwater levels, for this reason, continuously since 1869, providing rare documentation
over a long period of time. Fourth, urban development in Berlin has been highly volatile
since the early twentieth century, pitted by frequent socio-economic and political crises
(e.g., hyper-inflation, depression, war, division, and reunification) that have impacted
significantly upon levels of water use and, consequently, groundwater abstraction. All
these factors make Berlin ideally suited to a long-term analysis of the complex and dynamic
relationship between urban development, water use, and groundwater levels in a city. Our
focus on groundwater levels does not deny the importance of groundwater quality to the
city. However, this will not be discussed here, to allow full attention to be paid to the
complex issue of interactions between the city and groundwater levels.

The fact that Berlin today is still struggling to cope with volatile groundwater levels
in parts of the city emphasises the practical importance of developing a finer understand-
ing of the history of urban socio-hydrogeology. This is reflected in the interdisciplinary
collaboration underpinning the paper, which has been researched and written by a socio-
hydrogeologist and a historian of urban infrastructures. We have drawn on our own
literatures—on hydrogeology and water history, respectively—and applied our specific
research methods, interpreting groundwater records and interviewing hydrogeologists
(two semi-structured expert interviews) on the one hand and analysing historical docu-
ments on the other. By combining these different sources of knowledge, we developed a
cross-disciplinary approach capable of unpacking the socio-material configurations and
temporal dynamics so critical to understanding urban groundwater management.

The paper begins with literature reviews on the treatment of the past in (socio-)
hydrogeology and of groundwater in (urban) water history, culminating in an analytical
framework to guide the research. An empirical section then presents the Berlin case,
tracing a 150-year relationship between the city and groundwater up to the present day.
The subsequent interpretative section discusses the implications of the findings for research
and practice on socio-hydrogeology. The conclusions summarise the principal arguments
and plot a trajectory for future research.

2. Connecting Pasts and Presents of Socio-Hydrogeology
2.1. (Socio-) Hydrogeology and Its Treatment of the Past

Historical analysis has not been common in socio-hydrogeological research. Even
though the very first paper introducing socio-hydrogeology [1] argues that incorporating
the knowledge of local stakeholders can help to depict, understand, and use the historical
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context of a given study region, this is not applied in the case study there, nor in most
of the literature published since. A few papers begin by mentioning the importance of
history [4,9], but this is not pursued in their analysis. Only one paper explicitly takes a
historical perspective by describing and analysing past natural and social conditions that
have led to the current groundwater situation [10]. Di Pelino et al. [2] lament the absence of
history in socio-hydrogeology and advocate a so-called eco-health approach, which would
include historical context. However, the authors do not elaborate on how this might be
applied.

Looking beyond the limited literature on socio-hydrogeology to hydrogeology in
general, the picture is little better. Based on a literature review of papers written by hydro-
geologists or related natural scientists or published in a hydrogeological or hydrological
journal, it appears that the treatment of history is highly selective. Most hydrogeological
publications dealing with the past relate either to the impact of earlier over-abstractions on
current groundwater regimes or to long-term contamination of groundwater (e.g., [11,12]).
However, the focus here is purely on environmental parameters. A much smaller but
more relevant body of literature situates historical hydrogeological topics within a given
socio-political, economic, or legal context, often drawing conclusions for the future based
on the analysis of the past [13–19]. Robertson [16] (p. 356), for example, analyses historical
debates from 1910 onwards around groundwater governance in Australia’s Great Artesian
Basin and concludes that “if there is going to be real seriousness about sustainable man-
agement of the GAB [Great Artesian Basin], what is needed is to learn from the history
of its management, [ . . . ] and work to build a relationship between the regulator and the
regulated, which empowers all groundwater users.”

Many publications deal with the history of the discipline of hydrogeology itself. Topics
range from profiles of eminent hydrogeologists [20,21], the development of hydrogeology
as a science [22–26], and the establishment of hydrogeological associations [27] to country-
specific histories [28–33]. Even if some of these publications recognise the influence of
context on the progress of hydrogeology (e.g., [30]), they are largely descriptive, seeing
history as a linear trajectory of scientific progress. This also applies to the country studies
included in the IAH edited volume “History of Hydrogeology” [34], which reads like a
series of success stories with little critical reflection on how and why this ‘progress’ was
possible. It talks, for instance, of Africa as “the other training and playground for French
hydrogeologists” (ibid., p. 75) and overlooks uncomfortable periods such as the World
Wars in the chapter on Germany (ibid., pp. 102–109).

An exception to these largely descriptive and selective histories of hydrogeology is
Narasimhan’s [35] publication on hydrogeology in North America. In the sub-chapter
“Groundwater and Society”, for example, the author analyses how in the past, present, and
future, water has always been and will always be contested between those who want to
control it and those who depend upon it. By drawing on the past, he is able to highlight
the potential role hydrogeology can have in any future judicious management of finite
groundwater resources by demonstrating the close relationship and mutual dependencies
between hydrogeology and society. A publication by Stephens and Ankeny [36] further
questions the linear narrative of the history of hydrogeology by showing that there have
been individual non-scientists who independently developed significant hydrogeological
knowledge.

A final group of publications was identified that explicitly uses historical documents,
either exclusively [37–39] or in addition to hydrogeological methods [40,41]. In doing so,
the authors generate new insights that can question previous findings based only on hydro-
geological sources. For example, in their work about the salinity processes in an Australian
aquifer, Dahlhaus et al. [41] (p. 1283) argue that “[by] using multiple lines of evidence
from non-hydrogeologic sources such as geomorphic, archaeological and historical records
[ . . . ] the validity of the assumptions about salinity processes in Australian landscapes is
challenged.” Similar to this approach, it is common for hydrogeologists beyond academia
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to analyse historical documents, maps, and photographs when working at contaminated
sites [42].

Even though a critical and holistic historical perspective is not common in (socio-) hy-
drogeological research, the literature review offers some promising ideas for our analytical
framework. These relate primarily to how past groundwater use, (mis)understandings of
groundwater, and (lack of) regulation continue to shape present-day practices (e.g., [43]).
Interestingly, several authors have an urban focus to their work, depicting the relationship
between the development of cities and their groundwater resources (e.g., [18]).

2.2. Urban Water History and Its Treatment of Groundwater

Turning to the second dimension of relevant research—on groundwater in histories
of water resources and cities—we can attest a similar degree of sporadic and superficial
attention. The literature on urban water history is rich on rivers and cityscapes, urban
water supply, water-based pollution, and sanitation systems, but largely silent on urban
groundwater. Pioneering books on the socio-natures of water have changed the way we
understand the interaction between a city, its surface water, and water infrastructures, but
groundwater is mentioned—if at all—only in passing [44–51]. One possible explanation
relates to the invisibility of groundwater: the problems emanating from its overuse or
contamination are generally less tangible than in the case of river or lake water. There is
often a temporal lapse between intervention and effect [52]. A second explanation is that
the use of groundwater sources for urban water supply has, in many cities, been replaced
by externally sourced piped water and is thereby associated with the pre-modern era
(e.g., [53]). As Foster et al. [54] emphasise, however, groundwater use is still very prevalent
in cities of the Global South, where there is evidence of past practices being reactivated in
the present.

An online search of peer-reviewed journals publishing on water history revealed
only a tiny number of papers that foreground the history of groundwater in general, let
alone in cities. Many papers on groundwater refer only obliquely to ‘long histories’ of
groundwater exploitation or pollution, assuming these to be self-explanatory (e.g., [55]).
The few dedicated to groundwater history provide a fascinating, but very incomplete,
impression of the issues at stake. These relate to the history of groundwater contamination
from wastewater seepage and industrial pollution [56,57], the institutional legacy of past
groundwater development in England [58], the history of excessive groundwater pumping
in the USA [59], the origins of groundwater rights and regulation in California [60], and
the role of groundwater in the history of Vienna [61]. All these contributions are largely
descriptive and—with the exception of Haidvogl et al. [61]—lack conceptual framing.

Whilst the limited literature on groundwater history provides some important markers
for empirical analysis, conceptual inspiration must be sought elsewhere. The ‘material
turn’ within the social sciences and humanities has generated a powerfully relational
understanding of socio-materiality. This work is directing attention toward the myriad
ways in which social and material worlds shape each other, rather than exist as distinct
entities. Urban historians are using this insight to highlight ways of “rematerializing cities”,
exploring materiality as a formative factor of past power relations [62]. Human geographers
are talking of the need to see ‘things’ not as pre-given artefacts that enable or constrain social
action, but as “historical products of material, representational and symbolic practices” [63]
(p. 18). The ‘material turn’ is reflected in water research informed by urban political ecology
and social-ecological studies that highlight sociotechnical hybrids [64], techno-natures [51],
socio-hydrology [65,66], and socio-natural interactions [61,67].

One focus of attention has been on water experts as curators of knowledge. This body
of scholarship explores the discursive and political work of water engineers, hydrologists,
and—by inference—hydrogeologists. It highlights the multiple roles enacted by water
experts in history. They are shown to have operated as mediating agents of environmental
and institutional transformation [68], agenda-setters of the hydrological cycle [69], political
negotiators [70], and even historians themselves. “The ability to integrate disparate lines
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of inquiry into a narrative history,” Reuss [70] (p. 538) remarks, “thus becomes another
useful analytical skill for engineers”. Exploring how hydrogeologists interpreted and
construed past data on groundwater levels and urban water use is particularly pertinent to
our historical analysis of the Berlin case.

2.3. A Framework for Analysing Pasts and Presents of Socio-Hydrogeology

Looking across the diverse literatures reviewed above, we identified from them three
categories that address issues fundamental to our paper. These categories, devised from
our literature review, are: (1) temporalities of groundwater; (2) histories of co-constitution
between a city and its groundwater; and (3) historical knowledge about groundwater.
Following common practice in the social sciences, these categories are developed not only
to capture the state-of-the-art in relevant scholarship, but also—significantly—to guide
our later interpretation of the Berlin case study, functioning thus as an original analytical
framework (see Section 4) with the potential to inspire future research on similar topics.

2.3.1. Socio-Material Temporalities of Groundwater

These temporal dimensions refer, first, to long-term legacies of groundwater use.
These can be environmental (e.g., because of past contamination), institutional (e.g., long-
standing groundwater rights), socio-economic (e.g., industrial heritage), or infrastructural
(e.g., the path dependence of a combined sewer system). Second, temporality is significant
for groundwater monitoring, which relies on past measurements of water tables to assess
risks for urban development and water supply and to develop reliable future scenarios.
Third, mismatches of temporal scale, for instance between short-term extraction and long-
term replenishment of groundwater resources, are a characteristic challenge confronting
groundwater management.

2.3.2. Histories of Co-Constitution between a City and Its Groundwater

Groundwater and cities co-evolve in numerous ways. Most obviously, groundwater
has enabled or constrained urban development in the past. Conversely, shifting urban
contexts—whether political, socio-economic, or cultural—can shape groundwater use,
resulting in over-abstraction or contamination. The literature on the socio-materiality of
water directs attention to the dynamic and selective relationship between water under-
ground and urban structures on the surface. Here, the distinctiveness of groundwater,
especially vis-à-vis surface water, is particularly significant in terms of its invisibility and
inscrutability.

2.3.3. Historical Knowledge about Groundwater

The history of hydrogeology itself raises a third set of issues worthy of attention. The
development of urban hydrogeology as an applied science can reveal the motives and
methods of monitoring and mapping groundwater. It also highlights the role of hydrogeol-
ogists as curators of this knowledge, in particular how they made sense of groundwater
data and what narratives of a city’s socio-material history they told. Finally, it is important
to note that past knowledge about groundwater can be forgotten or overlooked. Exploring
how and why groundwater pasts have been disregarded or selectively remembered by
which actors is key to our endeavour.

3. The Berlin Case: Tracing a 150-Year Relationship between City and Groundwater
3.1. Monitoring Groundwater Depletion as a Consequence of Urbanisation, 1870–1920

Berlin has always had an intimate, yet ambivalent, relationship with the water beneath
its surface. Several historical place names such as Moderloch (Mildew Hollow), Gänsepfuhl
(Goose Puddle), or Torffenne (Peat Fen) are testimony to the marshland existence of its
early inhabitants [71] (p. 3). In the glacial valley (Berliner Urstromtal) running across
today’s city centre, the groundwater table was a mere two to six metres below the surface
around the turn of the last century [72] (p. 41). This had significant benefits, primarily for
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drinking water supplies. Plentiful groundwater could be accessed readily with shallow
household wells [73]. Far into the twentieth century it was widely held—erroneously—that
Berlin possessed virtually inexhaustible supplies of groundwater [74] (p. 413).

However, high groundwater levels brought with them problems of damp living con-
ditions, recurrent flooding, and contaminated sources of drinking water. In the nineteenth
century, as the city grew, so too did the public health risks of living in such close proximity
with underground water. It was, indeed, medical experts who first drew attention to prob-
lems related to the city’s groundwater levels [71]. They pointed to water-borne epidemics,
notably of typhoid fever, as products of groundwater contamination and chronically damp
housing. The pathologist Rudolf Virchow initiated the first scientific observations of
groundwater levels in the city in the mid-1860s at the same time as he was designing,
together with the city planner James Hobrecht, its radically new sewer system [71] (p. 1).
In 1869, Hobrecht established a network of 29 groundwater monitoring wells in Berlin as
the first of its kind (Figure 1). In the eyes of these leading municipal figures, removing
sewage and controlling groundwater were key components in the campaign to improve
public hygiene.
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Berlin’s groundwater monitoring network was extended over the following decades.
By 1938, it comprised some 2000 observation wells spread across the (enlarged) city that
were operated by a variety of public bodies including the water/wastewater utilities,
waterways authority, and water research office, with data collated centrally by the city’s
water management unit [72]. It is extraordinary to reflect that data on Berlin’s groundwater
levels have been collected several times a week continuously since 1870, with only a
brief interruption at the end of the Second World War, between April and June 1945 [73].
The longevity of this monitoring system can be explained by shifting concerns about
groundwater levels. Once the construction of the sewer system and other ways of managing
urban water flows had reduced the risk of water-borne diseases significantly by the early
twentieth century, the chief problem was no longer groundwater levels being too high, but
of them becoming too low [71].

In the early decades of the twentieth century, processes of urbanisation and industrial-
isation had a massive impact on Berlin’s groundwater levels. Waterworks were extracting
a huge amount of water from the city’s aquifers, wastewater was being pumped out of
the city to surrounding sewage farms whilst the sealed surfaces of streets, pavements, and
roofs were preventing natural groundwater recharge with rainwater [71] (pp. 3–4), [72]
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(pp. 41–43), [76]. In addition to these long-term, structural interventions to the city’s
hydrological cycle, short-term construction projects had major localised impacts on the
city’s groundwater resources. The relatively high groundwater table in many parts of the
city made it necessary, when building deep structures required for underground lines,
sewers, and tall buildings, to pump water continuously out of building sites. The effect of
this was to lower groundwater levels by as much as 15 metres in some parts of the city [77]
(p. 180) such as at Alexanderplatz, Potsdamer Platz, and Gesundbrunnen [72] (p. 41).

The negative impacts of declining groundwater levels were serious and wide-ranging.
First, several water wells in the city centre ran dry, threatening not only local drinking water
supply, but also the capacity to fight fires [71] (p. 8), [72] (p. 41). Second, many buildings
in the city centre suffered structural damage. This particularly applied to those built on
foundations made of wooden stakes. Once these stakes were no longer submerged in
groundwater, they began to rot, requiring costly repair work or demolition [78]. Prominent
buildings that were saved thanks to extensive foundational repairs included the Imperial
Palace before the First World War and the Imperial Library in the 1920s [72] (p. 41), [78]
(p. 237). Other buildings suffered from land subsidence because of falling groundwater
levels such as the New Museum, where frescos cracked under the shifting pressures from
below [72] (p. 41). Third, the environmental impact of declining groundwater levels was
severe, particularly in the vicinity of waterworks with high abstraction rates. The most
prominent casualties were the lakes in the Grunewald. Their water levels dropped so
sharply that they had to be artificially replenished with water pumped from the nearby
River Havel—to the tune of 7.8 million m3 between 1913 and 1916 [71] (p. 2). In the city’s
parks, it was reported that trees were suffering from a lack of water if located close to the
wells serving major waterworks such as at Wuhlheide [72] (p. 41).

Since the municipal authorities and water utilities were unwilling to curb demand
for water, they left themselves with little alternative but to shore up existing groundwater
resources. Familiar with the interdependency between surface water and groundwater in
the region, they explored methods of recharging groundwater to offset over-exploitation,
at least in part. By the 1920s, all the city’s larger waterworks were operating some form
of artificial groundwater recharge, whether bank filtration from neighbouring rivers or
percolation of river water in special filtration beds [74] (p. 413). Julius Denner, the city’s
most prominent hydrogeologist, argued that groundwater recharge should be extended
beyond the needs of water supply to cover the wider urban environment, re-creating
water-based landscapes dried out during urbanisation [74] (pp. 414, 466).

3.2. Observing and Explaining Groundwater Fluctuations as an Indicator of Urban Change,
1920–1950

What the monitoring of Berlin’s groundwater levels revealed, over a long period,
was that the steady downward path characteristic of the imperial era (1871–1918) became
more fluctuating and accentuated in the interwar period [76]. Although groundwater
levels continued to decline between 1920 and the Second World War (Figure 2), this overall
trend hid some significant deviations from the norm, in both directions. It was Denner
himself who recognised, with the benefit of hindsight, that there was a close correlation
between groundwater levels and the economic performance of the city [73]. When Berlin
was suffering from economic disruption or decline—as during the hyperinflation of 1920–
1923 or during the Depression of 1929–1933—industrial production dropped, building
work slowed down and, as a result, groundwater levels recovered. At times of economic
growth, between 1924 and 1929 and again between 1934 and 1938, interventions in the
city’s groundwater resources intensified and levels dropped once again. Figure 3 presents
a simplified graph designed by contemporaries to illustrate this volatility.
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(adapted from Ref. [72]) (p. 42).

Hydrogeologists were adamant that this fluctuation in groundwater levels could not
be attributed to variations in annual precipitation [71,73]. Human interventions were the
driving forces. In the late 1920s, it was the construction of underground transit lines that
was highlighted for criticism [76] (p. 115). In the 1930s, it was the unregulated operation of
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private wells by factories, hotels, and department stores. The Berlin water utility blamed
groundwater abstractions by these self-suppliers, estimated at 40–50 million m3 of water
in 1933, for structural damage caused to many buildings in the city centre (Landesarchiv
Berlin A Rep. 015, No. 143; Landesarchiv Berlin A Rep. 255, No. 131). Denner put the
figure for 1938 even higher, at ca. 70 million m3, in addition to some 50 million m3 pumped
out of construction sites [73] (p. 62).

As the graph in Figure 3 also reveals, the war had a massive impact on groundwater
levels in the reverse direction. Between 1940 and 1946, we can see groundwater levels
once again rising, but this time more dramatically than during earlier crises [73] (p. 62).
By 1945, Berlin was experiencing groundwater levels that had not been known since the
1880s. Several factors contributed to this striking phenomenon. Construction in the city
had been severely restricted at the outbreak of hostilities and ground to a standstill as
the war progressed. Consequently, rising groundwater did not need to be pumped out
of building sites [77]. The abstraction of groundwater from private wells operated by
hotels, shops, and factories fell sharply due to a drop in demand and bombing damage.
Aerial bombardment also broke up sealed surfaces and made them more permeable to
rainwater. The destruction of infrastructure for water supply and wastewater disposal
increased water leakage temporarily. Groundwater levels also rose as a result of the River
Spree being blocked by destroyed bridges, causing sharply increased bank filtration [79]
(p. 34). In addition, the demand for water from the public utility by both households and
industry dropped significantly as people and production relocated beyond the city to avoid
the bombing raids. When one of the utility’s waterworks in Lichtenberg was closed in
response to this drop in demand and bombing damage, groundwater levels rose by over
2.5 metres in a radius of up to 2.5 kilometres [73] (p. 62). This is all documented in a report
on groundwater levels commissioned by the city government immediately after the war
that was compiled by Denner [75]. Figure 4 maps the levels identified in October 1945,
marking a stark contrast to those from earlier years.
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The city government was keen to assess the situation because of the severe problems
that rising groundwater was causing. Damp and flooding of low-lying cellars were, in
Denner’s words, “a familiar phenomenon in the city centre” [73] (p. 64). Septic tanks were
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overflowing in the worst affected outlying areas such as Biesdorf-Süd, Kaulsdorf-Süd, and
Mahlsdorf-Süd [77] (p. 181). Horticultural land was flooding from below, causing fruit
trees to die: a major concern in the hunger-stricken city. What the experience revealed
was that building in Berlin had, over the previous decades, relied on groundwater levels
remaining as low as they had become following urbanisation. The planning and building
community had not reckoned with a situation where groundwater could rise to anywhere
near its nineteenth-century levels. This was, intriguingly, recognised by experts at the time.
One building surveyor wrote scathingly in 1948:

“The damage today that is not only unpleasant but also the source of serious concern and
great suffering could have been avoided if every building and development plan had been
based on the highest natural groundwater levels rather than, as was often the case, the
levels prevalent at the time of building”.

[77] (p. 181)

In the short-term, little could be done to alleviate the resulting problems. Artificially
lowering groundwater levels was technically feasible, but uneconomic. Berlin’s municipal
water utility, Berliner Wasserwerke, steadfastly refused to extract more groundwater from
the worst affected areas simply to reduce localised flooding [77] (p. 181). Pumping
rising groundwater out of cellars was far too expensive because it needed to be done
continuously. Stop-gap solutions included raising the floor level of cellars with rows of
bricks and reactivating disused open drains, still existent in some outlying areas, to redirect
water away [77] (p. 181).

The long-term solution, as Denner argued at the time, was to wait until economic
recovery would cause groundwater levels to fall once again [73]. Pointing to his analysis of
groundwater data in Berlin spanning the previous 75 years, he used historical evidence
to demonstrate the close interdependence between a city’s economic performance and its
groundwater table. In his own words:

“The groundwater levels and economic circumstances presented here demonstrate a
striking correlation over a long period. They clearly reveal groundwater levels to be a
mirror image of the development and economic performance of Berlin”.

[73] (p. 65)

Essentially, he was saying that groundwater levels were a reverse proxy indicator of
the city’s well-being, rising in times of hardship and falling during boom periods. Because
both high and low groundwater levels could have negative consequences, he concluded
that Berlin could not do without continuous and thorough research of its hydrogeology [73]
(p. 65).

3.3. Perceiving Low Groundwater Levels as a Permanent Feature of the Post-War City, 1950–1989

Denner’s prediction that economic recovery would resolve the immediate problems
posed by high groundwater levels proved true. By the early 1950s, as the economy on
both sides of the politically divided city recovered and water use increased, groundwater
levels dropped once more. Initially, the memory of high groundwater levels continued
to have a bearing on building plans and practices. In 1952, the Senate Department for
Building and Housing of West Berlin commissioned a map to inform the construction
industry not only about the city’s geology, but also its groundwater levels [80]. When
the new faculty buildings of the Technical University of Berlin were built in 1955–1959 at
Ernst-Reuter-Platz, located in the glacial valley, the architect used special types of concrete
to protect the foundation and basement against groundwater [81].

However, in the following decades, the topic disappeared from the agenda of water
engineers. A review of all the professional journals on water infrastructure in both German
states between 1955 and 1989 produced not a single article addressing Berlin’s groundwater
levels explicitly. It was as if the problem had gone away for good, with continuous
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urban growth a guarantor of low groundwater levels. This is reflected in a small, but
significant alteration to the building regulations for West Berlin. Between 1871 and 1958,
the requirements had always been for the floor of any inhabited property to be at least
30 cm [82] (§93) or even 50 cm [83,84] (§26, No. 6) above the highest groundwater level.
In the 1966 version of the building regulations, however, the term “highest groundwater
level” was dropped. Instead, a less binding requirement was formulated: “Structures shall
be built in such a way that their stability is not impaired by the nature of the foundation
soil or by groundwater” [85] (§31, No. 1). In the opinion of Berlin’s senior hydrogeologist
today, confidence in the technical feasibility to build below the groundwater level overrode
any residual concerns about structural damage from damp (Interviewee 2, 19 January 2021).
Especially in the vicinity of waterworks, it was assumed that groundwater levels, thanks
to growing water demand, would remain low.

Intriguingly, on the other side of the Wall, the authorities in East Berlin continued to be
confronted with problems of high groundwater levels, as documented in the General Plan
for Urban Infrastructure Services of 1970 (Magistrat von Groß-Berlin 1970, Landesarchiv
Berlin C Rep. 107, No. 811). However, this occurred only at a few geologically distinctive
sites, where, for instance, the shallow Panke Valley aquifer impacted upon built structures.
Being an expression of the complexity and diversity of groundwater levels in Berlin, this
phenomenon was ignored by engineers and urban planners during the years of political
division. Of greater concern to them were problems emanating from the divided city being
served by a common aquifer. Excessive abstraction on one side of the political divide could
seriously impact upon the other. This happened when pumping activities at East Berlin’s
Johannisthal waterworks led to a significant drawdown of the water table in the district of
Neukölln in West Berlin (Interviewee 2, 19 January 2021).

In scientific circles, the problematic relationship between increasing water use and
falling groundwater levels never disappeared from the agenda. In 1958, the consequences
for Berlin’s water management were a topic at a national water conference, the “Deutsche
Gewässerkundliche Tagung” [86]. Two decades later, the ecological consequences of de-
clining groundwater levels for the lakes in southwest Berlin were a cause for concern [87],
promoting calls in the 1980s from both the scientific community [88] and the West Berlin
Senate [89] (pp. 128–129) for an increase in artificial groundwater recharge to compen-
sate for the drawdown. There was also evidence in East Berlin that problems of low
groundwater levels were re-emerging. In February 1980, the old Friedrichstadt-Palast on
Friedrichstrasse had to be closed due to irreparable damage to rotting wooden foundations
supporting the 120-year-old building.

Whilst hydrogeologists within the city administration and academia continued to be
aware of the potential volatility of groundwater levels, urban planners and architects no
longer considered high water tables an issue of future concern. The institutional memory
of high groundwater levels—for them at least—proved short-lived.

3.4. Experiencing Sharp Rises in Groundwater Levels in the Reunified, Post-Industrial City,
1990–2020

In the immediate aftermath of Berlin’s reunification in 1990, concern re-emerged
that the predicted expansion of the city’s economy and population would bring with it a
massive increase in water use. In the early 1990s, it was widely expected that Berlin—as
the reinstated capital of Germany and bridgehead between East and West—would grow
from 3.4 to 4.0 million inhabitants by 2010 and to six million in the longer term [90,91]
(p. 55). This, it was feared by hydrogeologists, would drive groundwater levels down to
dangerously low levels. The Berlin water utility called for a massive expansion of artificial
groundwater recharge, with plans for infiltrating 135 million m3 of water a year on sites
in the Spandau Forest and Karolinenhöhe [90]. In addition to artificial recharge, the city
government also proposed promoting the efficient use of potable and industrial water,
increasing the use of rainwater, and unsealing surfaces [92].

What happened instead was a rise in groundwater levels throughout the city. The
reason for this was an unexpected decrease in water use by industry, small businesses,
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and households. De-industrialisation, the prevalence of water-saving appliances, and the
introduction of full-cost water pricing across the whole city were the principal drivers of a
massive reduction in water demand. Water supplied by the city’s waterworks dropped by
40% from 378 million m3 in 1989 to only 225 million m3 in 2000. The decline in the eastern
districts was even higher, at 62%. Several small waterworks in Berlin ceased production
completely in the early years after reunification [93]. Since 2000, the decline in water use has
slowed significantly and in the hot summer months of 2003 and 2006 water consumption
rose slightly again for the first time [94]. However, this increase was temporary and
in 2010 groundwater levels at some observation wells not influenced by waterworks
abstraction were at levels similar to those of the immediate post-war period [79]. The areas
with particularly high groundwater levels are primarily in the glacial valley and/or near
decommissioned waterworks, as clearly visible in Figure 5 [8].
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As a result of these high groundwater levels, but also due to inadequate sealing
of building foundations, damage to structures has increased in Berlin since the early
1990s [94]. Many of these buildings were constructed at a time of low groundwater levels
following post-war reconstruction when few people were willing to contemplate that
groundwater levels would ever rise again. The city’s leading hydrogeologist, one of the
two hydrogeological experts interviewed for this study, today explains this collective
oversight as follows:

“People lack the imagination of what groundwater is like, how groundwater works and
how dangerous it can be and that groundwater levels fluctuate. They just don’t want to,
or can’t, accept that. For example, in the Blumenviertel, that’s such a typical example
[ . . . ] where groundwater levels have been low since living memory, and living memory
means 40 years, yeah”..

(Interviewee 2, 19 January 2021)

Problems of damp buildings resulting from rising groundwater brought the issue
back into the public domain. Affected residents began to protest actively, setting up their
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own website (https://www.grundwassernotlage-berlin.de/, accessed on 13 April 2021)
and attracting a lot of media and political attention (e.g., [95]). A controversy has emerged
between those who frame groundwater as a constraint on urban development who are
demanding support from the state and those who emphasise the importance of protecting
and sustaining local groundwater resources, as required by law. Those in the first group,
comprising organisations such as the Chamber of Commerce and Industry [96] and the
Association of German Property Users [97] as well as affected citizens, have devised their
own terminology to justify their demands, talking of “settlement-compatible groundwater
levels” to place the onus of change on groundwater levels. For those in the second group,
primarily hydrogeologists working for the city government, this term does not make sense:

“Unfortunately, the term “settlement-compatible groundwater levels” has become some-
what established. If you look at it closely, this is of course a completely hollow term
that cannot say anything at all. Because today, in the 21st century, we have all the
technical possibilities to erect buildings in practically all situations. [ . . . ] It’s all about
the question is that accepted or is it [ . . . ] up to the state to intervene to provide for
certain conditions. That’s one of the big conflicts.”.

(Interviewee 1, 3 December 2020)

The Berlin water utility, Berliner Wasserbetriebe, positions itself somewhere in the
middle of this dispute. In its strategy for future water supply, the core principles highlighted
include, in addition to obvious issues such as security of supply and cost-effective operation,
careful groundwater management and measures to ensure that groundwater levels are
compatible with urban settlements [98] (p. 3).

In 2012, the Senate Department for the Environment, Transport, and Climate Protection
established the “Groundwater Roundtable” as a new conflict resolution format [99]. At this
roundtable, pilot areas for different situations were identified to support citizens affected
by high groundwater levels in finding technical and legal solutions [100]. This approach is
proving helpful in defusing the conflict, at least from the perspective of hydrogeologists:

“And we realise, also in our direct contacts, that there is this small minority that is
completely resistant to advice and facts. But with, I don’t know, 95%, 99% of the people
you can really get through and explain the contexts to them, and these are usually also
understood and more or less grudgingly accepted.”.

(Interviewee 1, 3 December 2020)

To provide planners and architects with reliable, scientifically robust knowledge for
development projects, the city’s hydrogeologists have recently developed the concept
of the “expected highest groundwater level”, which is based on a historical analysis of
groundwater level data [79]. This site-specific information is an indispensable aid in
the design of building foundations and any necessary sealing against groundwater. It is
available online for most parts of Berlin on the Senate website [101].

Today, as Berlin’s population grows once more, we are witnessing yet another shift
in direction, albeit on a modest scale. After production at Berlin’s waterworks reached its
lowest point in 2012 (202 million m3), it has risen since 2015 to 235 million m3 in 2018 [8]
and 233.2 million m3 in 2019 [102]. Even though most observation wells do not yet show
declining groundwater levels, the continuous rise in water use is viewed by the authorities
as a clear indication that the pressure on groundwater resources will increase noticeably.
This is to be seen against the backdrop of reduced groundwater recharge due to the effects
of climate change. In addition, the consequences of the coal phase-out in Lusatia by 2038
will lead to significantly less Spree water reaching the city as the flooding of the opencast
pits with water redirected away from this river will take several decades [103]. The city’s
hydrogeologists are taking a systemic and adaptive approach to these multiple challenges:

“It is more an attempt to manage, to steer the whole thing, in order to keep an eye on
[ . . . ] these highly varied effects and their interdependencies. So, a large part of it, I

https://www.grundwassernotlage-berlin.de/
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would say, is more about observation, monitoring, management and less about active
control. That is only possible to a limited extent in a system like this.”.

(Interviewee 1, 3 December 2020)

The Berliner Wasserbetriebe is becoming more specific in its own response. It plans
to increase artificial groundwater recharge, construct new wells, and reactivate old water-
works such as at Jungfernheide and Johannisthal [104].

4. Discussing the Implications for Research and Practice

In his publication on the history of hydrogeology in North America, Narasimhan [35]
(p. 20) states that “hydrogeology is a historical science”. However, what does this mean?
Narasimhan [35] explains it with the basic fact that hydrogeologists, like geologists in
general, are concerned with the question of how the Earth became as it is today. However,
we argue that it can and should mean much more. With the help of the Berlin case and our
analytical framework, we discuss in this section the added value of a socio-material history
not only for the (socio-) hydrogeological research community, but also for practitioners of
groundwater use and regulation. Furthermore, we will shed light on how hydrogeology,
given its generic concern for the past, can provide important pointers for water history.
Demonstrating how the analytical framework is applied to the Berlin case indicates its
potential value for future research on groundwater histories elsewhere.

4.1. Socio-Material Temporalities of Groundwater
4.1.1. Mapping Groundwater Volatility

Our first observation on the temporality of groundwater is that hydrogeologists do
take a historical perspective. They use the past to interpret the present and predict the
future. In Berlin, the volatility of groundwater levels, creating problems as well as oppor-
tunities, prompted hydrogeologists to set up a network of observation wells in 1869 that
today number around 1000. By analysing changing groundwater levels over time, Berlin’s
hydrogeologists have been able to explain current conditions (e.g., [73]) and develop
predictions for the highest expected groundwater level [79]. However, these tasks have
never been straightforward due to difficulties in accommodating the different timescales
involved in groundwater extraction and replenishment. Mismatches between temporal
scales have always beleaguered attempts to characterise, understand, and communicate
the fluid nature of groundwater systems as well as to manage them. The limited pur-
chase of hydrogeological explanation may lie, we argue, in the selective historicity of the
discipline. By focusing only on the materiality of groundwater flows and neglecting the
socio-economic histories so central to groundwater’s use, hydrogeologists have blinded
themselves to more complex and robust insights afforded by a socio-material lens on their
matters of concern.

4.1.2. Visibility of Groundwater

Groundwater and its volatility may be self-evident to the experts, but how far is it
visible to the public? Up until the 19th century, groundwater was encountered in everyday
life in the form of domestic dug wells or, later, public handpumps. This was particularly
true in Berlin, where direct access to groundwater was possible across large parts of the city.
As water supply infrastructure moved underground and outside the city, groundwater
lost its local visibility. Dealing with groundwater was no longer the terrain of the citizen,
but of the expert. Groundwater quality was supervised by hydrogeologists, infrastructure
systems by water engineers, and building sites liable to groundwater flooding by architects
and surveyors. As a result, many people no longer recognise wells as wells. Interestingly,
Berlin’s water utility has recently installed public drinking fountains across the city. Many
of them feature a depiction of the groundwater’s path from the aquifer to the tap [105].
This reflects a growing recognition by experts that rendering groundwater invisible can
create more problems than it solves.
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4.1.3. Discourses about Groundwater

Despite groundwater having become disconnected from the everyday lives of most
Berliners, public debates over groundwater levels have raged and subsided over the past
150 years. Intriguingly, the way that groundwater is perceived and problematised has
altered sharply during this time. This reflects similar discursive shifts on groundwater in
other cities such as Bruges, Belgium [18]. In Berlin, groundwater was initially discussed
as something that required removal to permit habitation at all. It then became something
that was a part of everyday life in Berlin, encountered via wells and handpumps, and
something potentially dangerous to public health. It was gradually seen as something
that can be systematically observed and monitored, if not controlled. In response to
over-use, groundwater later came to be seen as something that needed replenishing,
even as something worth protecting. Interestingly, many of these diverse perceptions of
groundwater resurfaced after the Second World War, showing that these discourses do not
follow a linear trajectory. Only in recent years has a radically new approach to groundwater
emerged that acknowledges the limits to human control and the necessity to work with and
for an unpredictable and invaluable resource. In contrast, the city of Munich still attempts
to control urban (ground)water [106].

4.2. Histories of Co-Constitution between a City and Its Groundwater
4.2.1. Access to Water

The availability of readily accessible groundwater resources has always influenced
the location and development potential of cities. In Berlin, near-surface groundwater
provided citizens with easy and widespread access to relatively safe water in the 19th
century, avoiding reliance on potentially more polluted surface water. To this day, deep
aquifers enable Berlin to source its water needs locally. During the Cold War, this proved
critical to the very survival of West Berlin as a self-dependent urban entity. However, the
spatial proximity between urban groundwater and urban residents has always created as
many challenges as benefits.

4.2.2. Water and Public Hygiene

Berlin’s shallow groundwater is highly vulnerable to contamination, and as the city
grew and industrial activity increased, the water quality of the uppermost aquifer declined
at the end of the 19th century. At the same time, the damp living conditions caused by
high groundwater levels represented a second threat to public health. Such concerns over
public hygiene, which were also prevalent in other European cities at the time (e.g., [107]),
eventually led to the construction of an elaborate sewer system to drain the city of unwanted
(waste)water, but also marked the beginning of regular groundwater monitoring. Even
though septic tanks are not used anymore, the water of the uppermost aquifer still shows
numerous traces of pollution from past and present urban development and is not potable.

4.2.3. Urban Structures under Threat

Groundwater levels, as Denner [73] argued in the 1940s, have long mirrored the urban
condition. At times of urban growth and economic development, when water extraction is
high, groundwater levels decline, sometimes sharply. At times of economic depression,
crisis, or stagnation when demand for water declines, groundwater levels recover. This
volatility of groundwater levels would have less significance if it did not impact signifi-
cantly upon the built environment of the city. For centuries, Berlin’s hydrogeology has
forced builders to take groundwater into account during construction. Before the 20th
century, high groundwater levels required buildings to be built on piles with shallow
cellars. Periods when groundwater levels significantly rose, such as in the 1940s and since
the mid-1990s, have caused structural damage to buildings constructed at a time when
groundwater levels were low. This post-reunification experience is reflected in other cities
of Eastern Germany such as Dessau [108]. Berlin’s oscillating experience between low and
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high groundwater levels reveals fundamental challenges surrounding the co-existence of
fixed structures and a volatile natural resource.

4.2.4. Ecological Concerns

Already at the beginning of the 20th century concerns were being raised about the
impact of over-extraction of groundwater not only on the built environment but also on the
city’s ecology. The drying up of the Grunewald lakes was a visible warning that quenching
the city’s thirst and pumping away its liquid wastes came at a cost to water-based urban
landscapes. As a countermeasure, groundwater was artificially replenished with surface
water pumped onto infiltration beds. This practice has been continued ever since, with the
rationale being strengthened in recent years by ecological considerations such as retaining
and restoring groundwater-dependent ecosystems like peatlands.

Together, these four drivers reveal the limitations of treating groundwater and cities
as distinct entities, rather than interdependent in multiple ways. More than this, the case of
Berlin alerts us to the importance of understanding the local specificity of a city’s geology,
economy, politics, and culture when exploring this relationship. This reflects the findings
of Richter et al. [53] on the water histories of four cities in Australia and the USA. Finally,
our findings challenge traditional assumptions about the linear trajectory of groundwater
depletion over time as cities develop, pointing rather to the possibility of more complex
and fluctuating relationships worth exploring by both (socio-)hydrogeologists and water
historians.

4.3. Historical Knowledge about Groundwater
4.3.1. Hydrogeologists as Curators of Groundwater Pasts

The Berlin case reveals the prominent role played by hydrogeologists during Berlin’s
recent past in collecting information on groundwater levels, making sense of these data,
and presenting their own narratives of Berlin’s groundwater to a wider audience. Julius
Denner was an early such example. In 1932, he developed a groundwater contour map of
Berlin as a representation of a ‘new normal’ of low groundwater levels reflecting urban
development trends (Figure 2). However, only a few years later he changed his story
in response to severe disruptions to the urban economy and diminished groundwater
use. From the perspective of the immediate post-war era, he no longer argued for a ‘new
normal’, but concluded that groundwater levels will always respond to, and therefore
reflect, societal changes [75]. Denner is not the only hydrogeologist to have created his own
narratives about Berlin’s groundwater. More recently, a senior hydrogeologist for the Berlin
Senate has reiterated these older stories, adding to them new dimensions such as rising
groundwater temperatures due to urban heat effects and groundwater itself as an ecosystem
worth protecting. The official celebration of 150 years of groundwater monitoring in Berlin
in 2019 was a fitting occasion for him to expound on these new chapters to the city’s
groundwater history [109], thus perpetuating a tradition of hydrogeologists as curators of
urban groundwater knowledge.

4.3.2. The Selectivity of Groundwater Histories

The histories told by Berlin’s hydrogeologists, however, have not always gone un-
challenged, and have often been ignored or forgotten. City planners and architects, in
particular, have resented the limitations to urban development posed by groundwater
levels, whether too high or too low. They often responded by ignoring knowledge on the
volatility of groundwater levels, wanting to believe that they would remain permanently
low following urbanisation. The damage caused to many buildings affected by subsequent
rising groundwater—both during the 1940s and since the 1990s—could have been avoided
if this knowledge had been widely accessible or accepted [77]. One can thus speak of
institutional amnesia about past high groundwater levels being prevalent in departments
responsible for urban development and construction. Even the city’s hydrogeologists
showed a disregard for their own history, arguing erroneously in 1993 that “although
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groundwater levels have been measured in Berlin for more than 100 years, groundwater
contour maps for the entire city area have not yet been produced” [92] (p. 2), thus ignoring
the work of Julius Denner (e.g., [75]). More recently, we have shown that the hydrogeolo-
gists’ narrative has been criticised for subordinating urban development to groundwater
concerns, generating a competing narrative of the construction industry and homeowners
around the need to make groundwater responsive to building requirements.

5. Conclusions

This paper has demonstrated the value to the emergent field of socio-hydrogeology
of viewing the history of groundwater through a socio-material lens. This novel perspec-
tive creates new opportunities for socio-hydrogeology, building on the existing temporal
sensitivity of hydrogeologists to physical processes of groundwater formation and use,
yet expanding this with other temporalities relating to societal structures and practices.
The 150-year history of Berlin’s groundwater presented in this paper underlines the sig-
nificance of integrating both historical and social aspects into hydrogeology. Taking a
long-term perspective on trends in groundwater levels can reveal a degree of volatility that
challenges the widespread assumption that there is a simple, linear correlation between
urban development and groundwater depletion. Inserting the ‘social’ into hydrogeological
assessments of the past can draw attention to the complex interdependencies between
groundwater resources and urban development. Taken together, such socio-material his-
tories of groundwater can help hydrogeologists anticipate how socioeconomic changes
might impact upon groundwater resources and how shifts to groundwater levels might be
problematised or ignored in urban discourses or by particular actor groups.

The example of one prominent urban hydrogeologist, Julius Denner, indicates that
this insight was recognised over 70 years ago. Aware of the strong interdependence
between urban development trends and groundwater levels, he constructed historical
narratives intended to sensitise people beyond his field of expertise to the risks involved in
over-exploiting or disregarding groundwater. His contemporaries in Berlin today are recog-
nising the importance of developing powerful narratives around the city–groundwater
interface capable of countering the call for groundwater resources to be subordinated
to the protection of built urban structures. The Berlin case illustrates just how selective
memories of high (or low) groundwater levels can be. For many decades after the Second
World War, urban planners and architects were unwilling to consider the possibility that
groundwater levels might one day rise to structurally threatening levels. A widespread
conviction that economic growth would invariably keep groundwater levels low culti-
vated institutional amnesia on this issue that has, ultimately, proven damaging and costly.
Berlin’s experience, although unique, can inform other cities dependent upon groundwater
resources about the relevance of their own social, economic, and organisational histories
for groundwater management. Here, socio-hydrogeologists have an important role to
play in encouraging hydrogeologists to embrace social–historical dimensions alongside the
environmental–historical dimensions already prominent in groundwater science.

To this end, socio-hydrogeologists can draw inspiration from research by urban
historians, political ecologists, and human geographers into the historical production of
material, institutional, and representational practices. The conceptual framing of resources
such as water as socio-natural configurations, whose meaning and agency are not pre-given
by virtue of their physical properties but are generated through the interaction of social
and material forces, can help challenge simplistic, essentialist narratives of groundwater
science. Conversely, the Berlin case highlights the value to (urban) water history of taking
a closer look at groundwater. When studying urban waterscapes, we argue that historians
should pay greater attention to subsurface water resources and how they reflect, enable, or
constrain the development of a city. The invisibility and inscrutability commonly associated
with groundwater resources should not discourage attention, but rather incite curiosity
into this underexplored realm of the subterranean city. Historical knowledge is invaluable
in unpacking the complex and dynamic relationship between a city and its groundwater.
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We conclude this paper with an appeal for more interdisciplinary research between
(socio)-hydrogeologists and (urban) water historians. The research underpinning this piece
and the interpretations of its findings were only possible through intensive exchange at this
epistemological interface. It enabled us, as a hydrogeologist and a historian, to critically
appraise selective narratives of our respective fields that ignore certain periods of time,
societal contexts, or scientific expertise. By appreciating the relationship between urban
society and groundwater resources in its multiple manifestations, this kind of work can
be an inspiration for scholars and practitioners well beyond the confines of hydrogeology.
The analytical framework we developed and applied can provide guidance for future
endeavours at this interface.
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