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Abstract. This paper offers a conceptual approach to ex-1 Introduction
plore the complex dynamics of floodplains as fully coupled
human-water systems. A number of hydrologists have re-

. . : 2 Since the earliest recorded civilisations, such as those in
cently investigated the impact of human activities (such a . . R
esopotamia and Egypt that developed in the fertile ripar-
flood control measures, land-use changes, and settlement pat-

. .- 1an areas of the Tigris and Euphrates and Nile rivers, humans
terns) on the frequency and severity of floods. Meanwhile, . . . -

. L . . have settled in floodplain areas, as the ecological conditions
social scientists have shown how interactions between so- . . i
) . : . .~ ~and geographical location offered favourable conditions for
ciety and waters in deltas and floodplain areas, including o .

) . cultural organisation, agricultural development, trade, and
the frequency and severity of floods, have an impact on the

; : . : ) economic growth (Di Baldassarre et al., 2010). With the evo-
ways in which social relations unfold (in terms of governance, .. . -
e o L lution of food production, water and communication tech-
processes, policies, and institutions) and societies are organ-_, . . e .
; . o . nologies, infrastructure systems, and shifts in economic sys-
ised (spatially, politically, and socially). However, we argue 2 -
. ) . : tems (pre-modern to capitalist), many societies are no longer
that the interactions and associated feedback mechanisms be-. . o ;
. . . reliant on direct proximity to the floodplain for favourable
tween hydrological and social processes remain largely un-

) | itions. N hel fl lai -
explored and poorly understood. Thus, there is a need to beqeve opment conditions. Nevertheless, floodplain areas to

e day are home to some of the largest urban settlements (Mc-
ter understand how the institutions and governance process y g (

interact with hydrological processes in deltas and roodeainsec;srana1han etal., 2007); nine of the ten largest urban agglom-

; . .. “erates in the world (United Nations, 2012) are located in
to influence the frequency and severity of floods, while (in ; . :
: ’ ) deltas or floodplain areas, with most of them in the global
turn) hydrological processes co-constitute the social realm .
) . : south. While human settlements and subsequent methods of
and make a difference for how social relations unfold to

o roduction and land use have changed in composition and
shape governance processes and institutions. Our research

goal, therefore, is not in identifying one or the other side of orm over time, they have undoubtedly grown in sheer size

the cycle (hydrological or social), but in explaining the re- and ecological impact. As a resuilt, flooding nowadays af-

lationship between them: how, when, where, and why theyfects more than 100 million people per year, and it is the

. . ) most damaging natural hazard as it causes about half of all
interact, and to what result for both social relations and hy- ) )

: ) : deaths from weather-related disasters (Ohl and Tapsell, 2000;
drological processes? We argue that long time series of hy

drological and social data, along with remote sensing dataOpperman etal., 2009). Flood risk is dramatically increas-

: . ing in many parts of the world because of increasing popu-
can be used to observe floodplain dynamics from unconven:_= . . : .
: . .~ lation growth in floodplains, leading to considerable changes
tional approaches, and understand the complex interactions . . i

. land use and/or the impact of climate change (Milly et al.,

between water and human systems taking place in floodplai 002; Di Baldassatrre et al., 2010). Moreover, this risk is not

areas, across scales and levels of human impacts, and within . . .
: S » . : equally distributed throughout society, as some population
different hydro-climatic conditions, socio-cultural settings,

and modes of governance groups have more resources than others to prevent, mitigate,
9 ' or recover from flood events (Masozera et al., 2007).
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The global increase in flood risk, and related complex ofof people living in flood prone areas, and improve the re-
socio-political, economic, and ecological problems is at thesilience of human settlements in floodplains (Di Baldassarre
forefront of much current research (Apel et al., 2009; Di Bal- and Uhlenbrook, 2012). However, all these floodplain mod-
dassarre et al., 2010; Lane et al., 2011; Landstrom et al.els focus on the hydrological processes and do not explicitly
2011; Di Baldassarre and Uhlenbrook, 2012; Harvey et al. simulate the interactions with human activities.

2012; Pappenberger et al., 2012; Winsemius et al., 2013; In recent years, many physical scientists, geomorpholo-
www.kulturisk.e). However, as we argue in this paper, a suf- gists, and hydrologists have pointed to what they identify as
ficient understanding of the dynamics of flood risk is still the increased impact of societies on hydrological systems in
lacking, preventing the formulation of sustainable and equi-most regions of the world (Sanderson et al., 2002; Liu et al.,
table floodplain management strategies. We argue that ad2007; Werner and MacNamara, 2007; Kareiva et al., 2007;
dressing the challenges of floodplains (minimising the im-Di Baldassarre et al., 2010; Wagener et al., 2010). Savenije
pact of flood events, while maintaining ecosystem servicest al. (2013), for instance, identified four main types of hu-
and supporting continued ecologically sustainable and soman impacts on catchment hydrology: (i) direct diversion of
cially inclusive human life) urgently requires the develop- water flows (e.g. water supplies to cities, industries and agri-
ment of new types of knowledge, based on the insights fromculture, (ii) stream network transformation (e.g. construction
both natural and social scientists, using theories of socialof dams and reservoirs), (iii) changing river basin character-
nature interactions in a transdisciplinary research agendastics (e.g. deforestation, urbanisation, drainage of wet-lands
Transdisciplinary approaches (see also Jahn et al., 2012) fand agricultural practices), and (iv) alteration of the regional
cus on integrating knowledge produced within different sci- or global climate (e.g. greenhouse gas emissions and land
entific disciplines as well as knowledge produced outside ofcover changes).

academia (i.e. lay knowledge). In this context, Sivapalan et al. (2012) argued that a fun-

The following sections of the article proceed to discuss re-damental science underpinning integrating water resources
cent theoretical insights from hydrological sciences that for-management is still missing and provided future directions
ward a transdisciplinary analysis of floodplain systems asfor the new discipline of socio-hydrology. In particular, they
co-produced by social and natural processes (Sect. 2), aneimphasised the need to go beyond the study of hydrological
then discuss theoretical insights from social sciences that forprocesses in pristine areas and investigate how societies live
ward a transdisciplinary analysis of floodplain systems asand interact with a changing biophysical environment. Socio-
co-produced by social and natural processes (Sect. 3). Whydrology will also have a crucial role in “Pantha Rei”, the
follow this by illustrating why, particularly in floodplains, upcoming IAHS (International Association of Hydrological
the dynamic interrelations between social realms (i.e. inter-Sciences) Scientific Decade (Montanari et al., 2013).
sect of political, economical, cultural domains) and nature Other natural scientists have approached the validity of
are apparent (Sect. 4), as well as the current limitations irfloodplain models from different yet related directions, illus-
understanding floodplain systems (Sect. 5). We then set ourating the ways in which knowledge regarding flooding is
our argument, based on the above, as to why floodplain reeo-produced through science and politics, and calling for the
search and flood risk science require a new transdisciplinarproduction of localised datasets to run models predicting spa-
approach (Sect. 6), and we conclude by exploring the waytial inundation. In particular, Lane et al. (2011) call attention
forward to develop the necessary research methodologie® the ways in which different types of social interaction with
needed to understand the combined social and natural conthe biophysical environment, through forms of river mainte-
position of floodplains across time and space (Sect. 7). nance, influence water levels and flood risk, and the need to

include these variables within model functions (Lane et al.,
2011; Landstrom et al., 2011). This latter point supports our
2 Theorising floodplain systems from the perspective of ~argument regarding the need to consider the ways in which
hydrological sciences societies interact with water as constitutive of hydrological
processes, and the need to include social-nature interactions
In the past decades, several scientific studies have been caas integral, not external, to hydrological science.
ried out by hydrologists to understand flood processes, and
many numerical models predicting floodplain inundation and
river hydraulics have been developed (Bates and De Roo3 Theorising floodplain systems from the perspective of
2000; Nardi et al., 2006; Hunter et al., 2007; Bates, 2012).  social sciences
Some of these models have proved capable of making reli-
able predictions of the areas that can potentially be inundateth a parallel, but not yet connected, avenue of research, so-
in case of flooding (Horritt et al., 2007; Di Baldassarre et al., cial scientists have for many years called attention to the
2009). Thus, floodplain models are nowadays widely used irever present interaction between societies and natures. Hu-
flood risk management as floodplain mapping, in particular,man geographers have shown that there has never been a
can support land-use and urban planning, raise the awarenepsior “natural” environment (Braun, 2002), and argue notions
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of society or nature as a domain separate from the othelations unfold and how societies become organised (Bakker,

are false (Latour, 1991; Swyngedouw, 1999; Castree an@012).

Braun, 2001; Ostrom, 2009). Supporting this claim toward Hence, we posit that social relations (embedded in politi-

a combined social-nature, social scientists have sought to ileal economies, institutional configurations, cultural organisa-

lustrate the ways in which people, technologies, organismgions) are seen as always having been constitutive of how we

and geophysical processes are woven together through wateerceive, understand, order, interact and ultimately re-order

(Rademacher, 2011; Carse, 2012; Pritchard, 2011; Barneghysical environments, while the hydrological environment

2012). also ‘matters’ and must be internalised in understanding so-
Environmental historians have demonstrated how aquaticieties.

features such as rivers are not givens but, rather, are shaped

through the intertwining of human and nonhuman natures o . . .

(Cioc, 2002: White, 1996; Worster, 1992). Similarly, geogra- 4 Floods fil‘l’ld SOCI”etIESZ relationships between the social

phers and sociologists have illustrated how hydrological pro- ~ 2nd the “natural

cesses and geo-morphological properties have been constith.—hiS paper argues that a socio-hydrological approach is par-
tive of social relations and organisation (Carroll 2012; Braun,. . :
ticularly needed for the study of floodplain dynamics as

2000; Mosse, 2003). Sociologists, anthropqloglsts and_geo most floodplains have been impacted by the presence of hu-
raphers have all shown how the hydrological properties of

water are not fixed, but changed through interactions Withman settlements since the first recorded civilisations. Indeed,

society, both discursively for instance with the standardisa—pOpmaltEd floodplains are ideal laboratories for the study of

tion of water as HO as a product of economic modernisation socio-hydrological processes as the interactions between hu-

(Hamlin, 1990), and materially as the quality and quantity man and water systems are apparent and have dramatic im-

: . pacts. In floodplains, human settlements, flood control mea-
are changed through water abstraction, pollution and treat*

. i ) sures and the hydrology of floods have gradually co-evolved
ment processes (Lucklin, 1987; Tarr, 1996; Gandy, 2002)'at similar temporal (years to decades) and spatial (flood-
Other research has destabilised the presumed fixity of the P y P

hydrological cycle (Linton, 2010) showing how it was so- plain) scales, while they are also abruptly affected by the sud-

: . i S .~ _den and localised occurrence of flood events. As mentioned,
cially constructed in a particular historical and geographical L . L
setting many societies in floodplains were significantly shaped by

Complex systems theory has also examined interactionéhe occurrence of floods, while the frequency of floods
P y y was being significantly shaped by societies (TeBrake, 2002).

ecologists to explain (unexpected) dramatic shifts in ecosys)—lrhus’ we believe that populated floodplains offer a great op-

tems as a result of human impacts (Berkes and Folke, 199é:_)ortun|ty to detect and understand socio-hydrological pro-

. ; . cesses.
Gunderson et al., 1995; Gunderson and Holling, 2002; Schef- A number of social studies have shown how the sever-

fer et al., 2001). Interactions and reactions between ecolog- .
. . o : |}y and frequency of floods can determine whether human
ical and human agents were identified as creating causa

l0oos. broducing non-linear emeraent. self-oraanisin anOsettlements in floodplains are viable and sustainable (My-
bs, P cing . ' gent, rganising, anc, o o al.,, 2008; Green et al.,, 2011; Schultz and Elliott,
adaptive social-ecological systems (SES). Since its origin

in ecological sciences, the SES approach has been appliedolz)' Meanwhile, many hydrological studies have investi-

in other social science disciplines to develop normative Con_gated the impact of human act|V|t|es_ (F'.g‘ 1) such as flood
cepts for natural resources management (Armitage et al control, land-use changes and urbanisation on the frequency
2087_ Ostrom, 2009). In compariso%m o other socia?sciencéand severity of floods (Brath et al., 2006; Di Baldassarre et
frameworks used to examine social-nature interactions (de‘:’ll" 2009; Heine and Pinter, 2012). Heine and Pinter (2012),

scribed in the previous paragraph), SES theory pays Verfor instance, analyzed the effect of levee building (one of the
i . X > paragraph), Y pay ¥nost common flood control measures) on flood levels. They
little attention to ways in which relations of (political, eco-

. . . . . proved by means of an empirical assessment, that, while
nomic and social) power shape interactions between soci . S .
ere is no significant effect of the levee construction dur-
and natural agents. . . :
. . , . ing the non-flood condition, the levee system does have in
More recently, attention has been paid in the field of sci- L . .
. . flood condition (i.e. the one for which this control measure
ence and technology studies to how social realms not only B . o
. : . . Is expected to work) “an abrupt, statistically significant and
produce the symbolic, social, and hydrological properties

of water, but also how social realms are built, at least par-generally large in magnitude” (p. 3225) effect on the water

tially, in and through engagements with water (Barnes an Jt()avels at the study sites upstream or within reaches protected

) . Iy _by levees. This confirms similar findings of Di Baldassarre et
Alatout, 2012; Budds, 2009). Responding to criticisms of so al. (2009) in their study to analyse the impact of human in-

cial constructivism, social-nature studies are becoming more . .
; : erventions through structural measures on the hydrological
balanced by attention to how hydrological processes and ma-

. o . : response.
terial properties in turn make a difference to how social re- P
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. . . . . Levee building/heightening Room for the river
Fig. 1. Humans’ alterations of physical processes in floodplains:  (floodplain protection) (floodplain reconnection)

schematic example of unprotected floodplains, which typically ex-

hibits richness of natural processes and complex inundation patterns
(left panel); schematic example of protected floodplain, whereby

flood propagation processes are typically controlled by man-made
structures, such as levees or dikes (right panel).

As an example of two-way interactions between humanrig. 2. Floodplains as fully coupled human-water systems: shifts
and water systems, Fig. 2 shows how societies mobilise capin floodplain management between “living with floods” (top panel)
ital, labour, political will and scientific expertise to ratio- and “fighting floods” (bottom panel).
nalise, build, and raise levees to “protect” floodplains (red
downward arrow). This then reduces the frequency of flood-
ing in priority areas which are deemed (economically, po_their investment in housing and commercial activities. In re-
litically, socially and culturally) important. Following this, SPonse, low-income informal settlements emerged along the
as a result of the reduced frequency of flooding for somebanks of the canal as this no-build, yet high-risk, space be-
segments of society, these forms of development and settlsc@me physically available for habitation, provided proximity
ment continue to take place, and expand, in the floodplairf® & water supply, and ensured the absence of higher income
(Fig. 2, bottom panel). Based on this pattern, White (1945)land uses in what was considered marginal space (Abey-
identified a “levee effect”, whereby, paradoxically, flood con- sekere, 1989). In current-day Jakarta, the continued informal
trol structures might even increase flood risk, as protectiorrban poor settlements along this bank has severely compro-
from frequent flooding reduces perceptions of risk and en-mised its flood water protection capacity as the canal volume
courages (certain kinds of) human settlements in floodplairiS increased by wastewater discharge from households, while
areas, which are then vulnerable to high-consequence anéPW is impeded by dumping of solid waste. This raises the
low-probability events (Burton and Cutter, 2008; Di Bal- risk of flooding not only for informal settlements directly ad-
dassarre et al., 2009; Ludy and Kondolf, 2012). Thus, thefacent to the canal, but for the entire city (Caljouw et al.,
process of building and raising levees often leads to a shif2005; World Bank, 2011).
from frequent flooding of rural areas to rare, but potentially These examples are meant to illustrate various relation-
catastrophic, flooding of urbanised or industrialised areas. Irfhips and consequences that take place in floodplains. First,
response to these unintended consequences of levee builte responses of societies to flood risk and flood events
ing, some societies have then changed and adapted their apan change the probability of flooding as well as the in-
proach to floodplain management. For example, in some reterrelated adverse potential consequences (White's levee ef-
gions, such as in the Netherlands and California, there hatect). Second, the mobilisation towards, processes of, differ-
been a shift from continuous levee heightening to give backential effects of flood risk protection and engagement with
some room to the river (Fig. 2, green arrow) via floodplain flood events unfold within social relations. Flood protection
reconnection (Opperman et al., 2009). This shift in humanis enrolled within social, as well as hydrological, relations
adjustment to floods involves not only a change in engineer-Of power as certain kinds of settlements, economic activi-
ing approach, but also social, political, and cultural processeéi€s, and social organisation are made more or less possible.
(Disco, 2002; Bijker, 2007). Adaptations in responses to floodplain dynamics are there-

Social scientists have also studied the political choices im{fore simultaneously social (and by this we mean also polit-
plicit in patterns of risk distribution, as protection for partic- ical, economic, and cultural), technical, and ecological pro-
ular places implies trade-offs for other places. In the colonialcesses. Thus, if social-nature relations have an impact on how
city of Batavia (currently Jakarta, Indonesia), a ten-meter-flood risk protection unfolds in the present (defining inter-
wide flood canal (Banjir canal) was constructed to protectventions and determining where, who and what will be pro-
the European colonial population from flood risk in the cap- tected and to what level), then past and future changes to
ital city (van Breen, 1917). However, directing of flood wa- flood dynamics also need to be understood as the product of
ters away from the economic interests, commercial activitiedhistorically produced political, economic, social and hydro-
and settlements of colonial authorities left informal indige- logical relations of power.
nous settlements at greater risk and physically discouraged
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5 Current limitations in understanding floodplains tional transdisciplinary research is required for the develop-
ment of methods for the dynamic assessment of (future) flood
The dynamic interactions between the hydrological and so+isk, which is very much needed in a rapidly changing envi-
cial dimensions of floods and the ways in which they ronment.
co-produce subsequent hydrological and social processes Recently, some interesting attempts in integrating human
through feedback mechanisms are poorly understood. As and water systems in flood analysis have been proposed
result, theoretical insights are currently limited in their abil- (Dutta et al., 2003; Werner and MacManara, 2007). How-
ity to explain these complex floodplain dynamics. ever, given the aforementioned lack of understanding of the
In hydrology, humans are currently considered as an exterinteractions and feedback loops between social and hydro-
nal forcing (or boundary condition) to the floodplain system logical processes, the coupling was often done with refer-
without representing these relevant reciprocal effects of soence to specific case studies. For instance, Werner and Mac-
cial relations on hydrological processes. Hence, predictiongManara (2007) simulated the development of New Orleans
of future trajectories of floodplain dynamics over long time via complex landscape, damage, and socio-economic (agent-
scales (30-50yr) are unavoidably incomplete and in manybased) modelling, whereby these different components were
cases misleading. For instance, by referring to the exampldinked with assumptions based on site-specific observations.
of Fig. 2, when flood prevention measures are planned and Thus, although these recent research works did represent
designed, state-of-the-art models can indeed provide quanta fundamental step into moving from mono-disciplinary to
tative predictions of the corresponding reduction of flood- interdisciplinary approaches, they did not advance our un-
ing probability. However, there are no insights about howderstanding of the interactions and feedback loops between
such a reduction, within particular types of social organisa-human and water systems, required for the dynamic assess-
tion and socio-political relations, might then encourage (for-ment of (future) flood risk.
mal or informal) human settlements and therefore trigger an
increase of the potential adverse consequences of flooding.
Neither can we figure out how the latter will in turn lead to 6 Towards a transdisciplinary understanding of
the requirement of additional flood prevention measures, as floodplains
the ways in which such settlements impact upon hydrolog-
ical processes is informed by social relations: the inclusionTo address the inter-related, complex, and dynamic socio-
of informal settlements into planning processes, provision ofhydrological challenges in floodplains, we propose a trans-
urban services such as waste removal, monitoring of zoninglisciplinary approach. This will enable an understanding of
regulations in no-build areas, political processes, intra-cityhow social relations influence flood hydrology, while the hy-
migration patterns of such populations, and perceptions ofirology of floods influences the unfolding of social relations.
risk across various social-economic classes in society. Our For this purpose, we suggest historical, empirical, trans-
current inability to understand socio-hydrological processedisciplinary studies of structural interventions within sev-
that are taking place in floodplains as human-water systemsral floodplains characterised by diverse hydrological con-
is of serious concern, as this lack often contributes to fur-ditions and socio-political contexts. Investigating differences
ther increased flood risk by limiting our ability to use appro- in the structural interventions and the dominant flood mitiga-
priate land-use and urban planning, and understand potentigiion approaches sets a rich research agenda: how these dif-
implications of structural interventions given different social ferent socio-technical approaches in floodplains are formed,
settings. adapted and reformed through social, political, technical and
The scientific literature has traditionally addressed theeconomic processes; how they require and/or entail a reorder-
analysis of flood risk by means of mono-disciplinary (or ing of social relations leading to shifts in governance and
also multidisciplinary, within the same realm of science) ap-creating new institutions, organisations and knowledge; and
proaches, whereby water and human systems are typicallifow these societal shifts then impact floodplain hydrology. It
treated separately by using two (or more) different methodsjs expected that the interpretation of the reciprocal effects
based on hydrological and socio-economic methods. Naturahnd interactions between floods and societies taking place
scientists focus on the study of the probability of flooding in diverse floodplains will ultimately facilitate the develop-
(i.e. hazard), while social scientists examine the exposurement of theories explaining the dynamics of floodplains as
vulnerability or resilience of the system (Apel et al., 2009; Di coupled human-water systems. In this context, conceptual-
Baldassarre et al., 2010; Harvey et al., 2012; Pappenberger &ing human-flood interactions can be a fruitful way to for-
al., 2012; Winsemius et al., 201®&ww.kulturisk.ey. How- malise knowledge from different disciplines, formulate hy-
ever, the aforementioned examples showed that, in realitypotheses, and explore long-term dynamics (Di Baldassarre et
the two components are deeply intertwined. Any changes iral., 2013).
flood hazard lead to changes in vulnerability (levee effect), Understanding the way societies approach, understand,
and vice versa (Fig. 2). Hence, while much progress has beeoontrol and influence flood conditions — and why — while they
made in the static assessment of (current) flood risk, addiare also shaped by them is a challenging research agenda.
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flood disasters as shocks to the system (after Green et al., 2011),
whereby the frequency and severity of floods will eventually deter-
mine if development in the floodplain (red dotted line) is more or Fig. 4. Analysing the socio-hydrology of floodplain systems:
less desirable than development in other areas (green line). changes in the cross section of Po River at Pontelagoscuro (ltaly)
in the period 1878-2005, showing the significant levee heighten-
ing of around 3 m (top panel); hydrological changes in flood mag-
nitude due to levee heightening (bottom right); human population
Some principles, such as entropy or optimality (Parker anddynamics in the floodplain areas “protected” by the (continuously
Smith, 1990), might serve to this purpose. For instance, it carieightened) levees (bottom left panel).
be hypothesised that societies react and adjust to a changing
environment pursuing the maximisation of their benefits or
minimising the (perceived) costs (Fig. 3). However, defin- as emphasising the role of social relations in floodplain sci-
ing cost and benefit functions of people is difficult as hu- ence and providing a concrete example of the advantage of
man decision-making is often a balance of multiple, conflict- bringing together physical and social science disciplines for
ing objectives, and the attitude towards risk and uncertaintywhat will be increasingly needed in the future: transdisci-
can strongly vary across human societies depending on pgslinary approaches to understanding hydrological change.
litical and socio-economic conditions as well as cultural val-
ues (Eiser et al., 2012; Wachinger et al., 2012). Moreover,
humans have powerful tools to shape floodplain dynamics7 Methodological implications of transdisciplinary
that go beyond the adaptation strategies of natural ecosys- research
tems, and the development of these tools themselves can be
boosted by (often unpredictable) technological revolutionsAs discussed in the previous sections, conventional hydro-
(Taleb, 2007). As a result, the trajectories of societies can extogical science studies, endeavours in understanding flood-
hibit abrupt jumps that are much more dramatic that than theplain dynamics, consider human activities as external forcing
ones we typically see in “nature”. For these reasons, the comand often aim to predict future dynamics. Their main aim is
plex dynamics of floodplains as deeply intertwined human-to discover universally applicable (natural) laws that can help
water systems might eventually be unpredictable in quantitain solving problems such as preventing flood events. Tradi-
tive terms. However, although floodplain theories might ex-tionally, critical social scientists focus on studying the past to
hibit limited predictive power, they have an important value understand the present, and the predictive capacity within the
by explaining the complex interactions and reciprocal links social sciences realm remains limited. Even though progress
between floods and societies. This in turn can be used to dehas been made in social-nature studies by internalising hy-
fine the range of variables which do need to be consideredirological processes and material properties in understand-
in any prediction, so as to prevent maladaptive responses dng how social relations unfold and how societies become
even false knowledge. organised, this mainly builds on highly context-specific in-
The understanding of the socio-hydrology of floodplains sights and thus far we have not discovered in literature such
will therefore ultimately help to overcome the current lack of studies carried out in floodplains. Engaging in transdisci-
fundamental science underpinning integrated flood risk manplinary research therefore has considerable methodological
agement. New knowledge about the evolution of floodplainsimplications to transcend these differences while building on
as human-water systems will also improve floodplain mod-the conceptual strengths of each.
elling by including social processes and human activities as Initial interesting insights might be derived by analysing
intrinsic dynamics of floodplains rather than a boundary con-long time series of hydrological data and human population
dition — and therefore contribute to planning better measuredynamics in specific case studies. For instance, Fig. 4 shows
to reduce flood risk. Moreover, the development of socio-a qualitative data analysis of floodplain dynamics for the Po
hydrological theories will provide additional benefits, such River in Italy, which provides an example of a first step into

Time (hours)
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transdisciplinary research activities that can be performed talitions (from dry to humid and tropical regions). A great
increase our understanding of socio-hydrological processespportunity to examine floodplains as human-water systems
in floodplains. The top panel of Fig. 4 shows how the river is offered nowadays by the current “flood of data”, i.e. the
cross section has changed in the period 1878-2005 and, iproliferation of global space-borne data (Lincoln, 2007), to
particular, the fact that levees were heightened about threperform a worldwide comparative analysis (Bloeschl, 2006)
meters. Arrow 1 of Fig. 4 summarises the results of a recentf floodplains as human-water systems. In particular, vari-
study, which demonstrated that this levee heightening led tamus sources of remote sensing data characterised by a spa-
an increase of the magnitude of floods because of reducetial resolution useful for the observation of the most signif-
storage of flood water (Di Baldassarre et al., 2009). The Ar-icant floodplain dynamics (50-250 m; Blyth, 1997; Apel et
row 2 of Fig. 4 shows that building and raising levees haveal., 2009: Di Baldassarre et al., 2011) are currently avail-
also contributed to changes in perception of flood risk, illus-able, such as: space-borne digital elevation models for the
trated by the increase of human population in floodplain ar-numerical description of floodplain topographies (LeFavour
eas (the aforementioned “levee effect”, see Fig. 2). The popand Alsdorf, 2005; Schumann et al., 2010); flood extent maps
ulation growth was first interrupted by the occurrence of thederived from satellite imagery for the observation of inun-
Word War Il and then, much more dramatically, by the oc- dation patterns (Alsdorf and Lettenmaier, 2003; Di Baldas-
currence of the large flood disaster of 1951 (Fig. 4). Inter-sarre et al., 2011); and population distribution data for track-
estingly, the severity of the 1951 flooding was in turn exacer-ing patterns of human settlements (Linard and Tatem, 2011,
bated by the aforementioned increase of flood magnitude dukinard et al., 2012).
to levee heightening (Arrow 3 of Fig. 4). Afterwards, levees  Additional sources of valuable data for the observation of
and dikes were reinforced and further heightened and thigloodplain dynamics are the global river flow archives (e.qg.
led to a renovated increase of human population in the “proWMO Global Runoff Data Centre; UNESCO FRIEND Eu-
tected” floodplain areas (Fig. 4). However, it should be men-ropean Water Archive; Hannah et al., 2011) and databases
tioned that the changes in flood frequency might be driven byof recorded flood disasters (e.g. Dartmouth Flood Observa-
other causes, such as climate change and variability (Merzory) along with information about the human interactions
et al., 2012), while the settlement patterns might be influ-with the environment (e.g. land-use maps, flood control in-
enced by other socio-political and economic processes. Caufrastructures). Lastly, it is worth mentioning that more flood-
tion is thus required in detecting and attributing trends whichplain data are expected in the near future, such as the ones
might lead to difficulties in drawing substantial conclusions from the SWOT mission (Surface Water and Ocean Topog-
on these kinds of studies alone. raphy; Alsdorf et al., 2007), which will measure water levels
Hence, a second step is needed to compliment the researt¢h centimetric accuracy every ten days with complete global
with additional studies to cross-check the findings as well ascoverage for all rivers above hundred meter wide.
to better understand the social relations and organisation pro- These new sources of social and hydrological data can be
ductive of the observed interactions. For instance, in-depthused to identify significant relationships between the occur-
analysis could provide insight into the decision making pro-rence of flooding and patterns of human settlements. This
cess around the heightening of the levee and how particulacan be done by performing a spatial regression analysis for
modes of governance, dominant in society, led to this parnumerous diverse floodplain systems in terms of hydrologi-
ticular technical intervention over other options. Moreover, cal condition and socio-political context. Emerging patterns
in-depth analysis is needed to understand how risks are peand interrelations then need to be cross-checked with the in-
ceived and distributed among various socio-economic classedepth empirical research obtained within specific floodplains
and other social constructs (e.g. gender, ethnicity) and hovand, where needed, complemented with additional empirical
this influenced human settlement patterns. This in turn willresearch in other floodplains and/or socio-political historic
contribute to understanding how differential outcomes arestudies at larger spatial scales to test hypotheses and further
produced in the engagement with nature and how this poenrich our understanding of floodplain systems.
tentially leads to structural inequities in society that influ- Hence, instead of using these new data sources to calibrate
ence (future) decision-making processes. For these analyse®ld models”, as the current approach would suggest, there
ethnographic empirical research is needed based on quantis a need to iteratively exploit the new observations to track
tative (e.g. surveys) and qualitative (e.g. interviews, obserfloodplain dynamics, look for emerging behaviours, com-
vations) research methodologies in combination with desk-plement this with context-specific empirical research. This
studies of policy, legal and financial documents. will allow scientists and practitioners to work together to
Once rich understandings are obtained for particular flood-test hypotheses about ways in which social and hydrological
plains, step three in the proposed research approach thgsrocesses interact within floodplain systems to change flood
involves comparative analysis of floodplain systems acrossisk, and distribution of risk across society.
different social-political contexts, various ecological condi-
tions influenced by levels of human impact (from pristine to
strongly urbanised areas), and diverse hydro-climatic con-
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